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401 <

402~ Y

SWITCH SENDS INPUT
SIGNAL TO SIM-1

SIM-1 PROCESSES INPUT
SIGNAL

l

SIM-1 TRANSMITS INPUT SIGNAL
(NETWORK MESSAGE) TO ECU

'

ECU PROCESSES INPUT SIGNAL

6
406~ CONTROL SIGNAL (NETWORK

407

408

409~

l

ECU GENERATES 1ST AND 2ND
CONTROL SIGNALS

'

ECU TRANSMITS 1ST

MESSAGE) TO VIM-5

'

VIM-5 TRANSMITS 1ST
CONTROL SIGNAL (POWER) TO
REAR SCENE LIGHTING

:

ECU TRANSMITS 2ND CONTROL
SIGNAL (NETWORK MESSAGE)
TO SIM-1

'

SIM-1 TRANSMITS 2ND
CONTROL SIGNAL (POWER) TO
LED FEEDBACK INDICATOR

US 6,993,421 B2

FIG. 4
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501
™ PARKING BRAKE TURNED OFF

l

902~ PARKING BRAKE SENSOR
TRANSMITS INPUT SIGNAL TO VIM-1

l

VIM-1 PROCESSES INPUT SIGNAL

'

504 VIM-1 TRANSMITS INPUT
N SIGNAL (NETWORK
MESSAGE) TO ECU

l

ECU PROCESSES INPUT SIGNAL

'

506 \| ECU GENERATES 1ST AND
2ND CONTROL SIGNALS

Y

ECU TRANSMITS 1ST
CONTROL SIGNAL (NETWORK
MESSAGE) TO VIM-5

Y

508 VIM-5 TRANSMITS 1ST
™ CONTROL SIGNAL (NO POWER)
TO REAR SCENE LIGHTING

l

N ECU TRANSMITS 2ND
CONTROL SIGNAL (NETWORK
MESSAGE) TO SIM-1

'

SIM-1 TRANSMITS 2ND CONTROL F|G 5
SIGNAL (PERIODIC POWER) TO .
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702
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PRIORITY N LOAD
SHED VOLT.?

70
3 START LOAD SHED TIMER

704

BATT.VOLT. <
PRIORITY N LOAD
SHED VOLT.?

PRIORITY N
DEVICES
ACTIVE?

709 —
ACTIVE PRIORITY =N

!

710 ~] TURN OFF PRIORITY N DEVICES;
DENY ANY REQUESTS FOR
ENGAGEMENT OF PRIORITY N
DEVICES; N=N+1

706
AN

US 6,993,421 B2
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708
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801
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START LOAD RESTORE TIMER
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LOAD RESTORE
TIMER ELAPSED?
807
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ACTIVE PRIORITY =N

'

TURN ON PRIORITY N DEVICES;
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1001 ~| E-MASTER SWITCH SENDS
INPUT SIGNAL TO SIM-1

'

1002 ~{ 5|M-1 PROCESSES INPUT SIGNAL

'

SIM-1 TRANSMITS INPUT SIGNAL
(NETWORK MESSAGE) TO ECU

'

1004 .| ECU PROCESSES
INPUT SIGNAL

!

1005 | ECU CAUSES FLASHING OF
LED INDICATORS OF
SEQUENCED SYSTEMS

l

1006 J ECu GENERATES 1ST, 2ND, 3RD
AND 4TH CONTROL SIGNALS

l

1007 ECU TRANSMITS 1ST
CONTROL SIGNAL (NETWORK
MESSAGE) TO VIM-1

l

1008~ __ VIM-5 TRANSMITS 1ST
CONTROL SIGNAL (POWER) TO
1ST EMERGENCY LIGHTING
SUBSYSTEM

1003

1009 _| l FIG. 10A

1/2 SEC DELAY
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1010 ~ ECU TRANSMITS 2ND
CONTROL SIGNAL (NETWORK
MESSAGE) TO VIM-1

l

VIM-1 TRANSMITS 2ND

1011 ~J CONTROL SIGNAL (POWER) TO
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SUBSYSTEM

1

N 1/2 SEC DELAY

'

1013 ECU TRANSMITS 3RD
N CONTROL SIGNAL (NETWORK
MESSAGE) TO VIM-4

'
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SUBSYSTEM

l

1/2 SEC DELAY
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1016 | ECU TRANSMITS 4TH
CONTROL SIGNAL (NETWORK
MESSAGE) TO VIM-5
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1ST EMERGENCY
LIGHTING SUBSYSTEM

|

2ND EMERGENCY
LIGHTING SUBSYSTEM

3RD EMERGENCY
LIGHTING SUBSYSTEM

|

;

3RD EMERGENCY
LIGHTING SUBSYSTEM

1ST EMERGENCY
LIGHTING SUBSYSTEM

'

|

4TH EMERGENCY
LIGHTING SUBSYSTEM

5TH EMERGENCY
LIGHTING SUBSYSTEM

l

'

5TH EMERGENCY
LIGHTING SUBSYSTEM

4TH EMERGENCY
LIGHTING SUBSYSTEM

l

6TH EMERGENCY
LIGHTING SUBSYSTEM

FIG. 11A

FIG. 11B
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1420
1832 INTERFACE MODULE
\
1815
PROGRAM MEMORY uP
BIOS | 1836
FIRMWARE 1831 1834
/| /
OPERATING | - 1838
el DATA MEMORY
HARNESS
APPLICATION 1840 ADDRESS =M
(CHASSIS CONTROL |/ 1846
PROGRAM) )
CONFIGURATION
APPLICATION 1842 INFORMATION
(VARIANT CONTROL (FOR MODULES AT
PROGRAMS) L )DRESSES=1..M..N..
APPLICATION 1844 /O STATUS 1848
(AUXILIARY CONTROL | INFORMATION
PROGRAM) (FOR MODULES AT /
ADDRESSES= 1..M..N)

FIG. 18
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STATE | INPUT#1 | INPUT#2 | OUTPUT #1 | OUTPUT #2
1 OFF OFF OFF OFF
2 OFF ON ON ON
3 ON OFF OFF OFF
4 ON ON OFF OFF
5 OFF ? ON OFF
6 ON ? OFF OFF
7 ? ON OFF OFF
8 ? OFF OFF OFF
9 ? ? OFF OFF
FIG. 19
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/O /O
/
/
410
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TRUCK CHASSIS £
VARIANT v
s/SIMs WRECKER
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110 o T 1417
I
, -
e \
1418¢ < \
PUMPER OTHER
TRUCK VARIANTS
VARIANT
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ACQUIRE LOCAL INPUT
STATUS INFORMATION FROM
LOCAL INPUT DEVICES

'

STORE LOCAL INPUT 1854
STATUS INFORMATION
IN I/O TABLE

l

ACQUIRE NON-LOCAL I/O | 4g56
STATUS INFORMATION [~
VIA NETWORK

'

STORE NON-LOCAL 1/O 1858
STATUS INFORMATION |~
IN /O TABLE

l

DETERMINE OUTPUT 1860
STATES OF LOCAL |~
OUTPUT DEVICES

'

CONTROL LOCAL | 1862
OUTPUT DEVICES

!

STORE LOCAL OUTPUT | .,
STATUS INFORMATION IN |— 186
/O TABLE

'

BROADCAST LOCAL /IO [ - 1866 FIG. 23
STATUS INFORMATION
OVER NETWORK

1852
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RECEIVE THROTTLE, BRAKE, 2010
SHIFT, AND STEERING INPUTS AT d
FIRST INTERFACE MODULE

'

BROADCAST /O STATUS INFORMATION
INCLUDING THROTTLE, BRAKE, SHIFT,
AND STEERING INPUTS OVER
COMMUNICATION NETWORK

'

RECEIVE 1/0 STATUS BROADCAST AT 2014
INTERFACE MODULES COUPLED TO DRIVE [~
CONTROLLERS AND DRIVE WHEELS

'

CONTROL DRIVE MOTORS IN ACCORDANCE |~ 2016
WITH /O STATUS INFORMATION

FIG. 28
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CONFIGURATION
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CHARACTERIZE CHANGE IN - 2022
VEHICLE CONFIGURATION

'

RECONFIGURE CONTROL SYSTEM 2024

Y
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FIG. 30



U.S. Patent

1914

Jan. 31, 2006 Sheet 31 of 65

1914 1950 197819\83 1914

US 6,993,421 B2

1914

1982 1982
J (]

i (@] 1

]

1

1928
L

FIG. 31A

1912

1914~ 194 1982

1928

1980}

FIG. 31B



US 6,993,421 B2

8Z61 azZ61 8z61 8Z61

[T
=]
o
e
3 3AINA aAINa IANG IAING anNa AN 3nNa AN
7 N /] N /] N /]
=
2 37NAOW 37NAOW 3INAON 31NAOW
i 3IOV4HILNI 3DV4NILINI IOV4NILNI 3OV4NILNI
” N pe6l N pe6l N g6l
=

‘ A A o A / Y ¥ g '

9.6}
- e -

U.S. Patent



US 6,993,421 B2

Sheet 33 of 65

Jan. 31, 2006

U.S. Patent

8z61 o761 8Z61 8z61
IAINA JAING IAINA IAINA JAINA JAINA JAING IAINA
N /] N /] N /]
061 06} 06}

_ _ _ _
371NGOW 31NAOW IINAONW 31NAOW
JOVAYILNI JOVAHILNI JOVAYILNI JOV4HILNI
™ pes1 N\ b6l el /]

- \V \V —\y / 4/ -
9/61
- \ -




U.S. Patent Jan. 31, 2006 Sheet 34 of 65 US 6,993,421 B2

1994~ 1990

MANUFACTURER 1996

1998
\

1992

‘ DISTRIBUTORS

CUSTOMERS

1990 —1997

o |

RETAILERS

FIG. 33



US 6,993,421 B2

Sheet 35 of 65

Jan. 31, 2006

U.S. Patent

. SYOSN3S
.Vm mu _ H_ NOILO3HIQ /g33dS
bbb ~ aNim
6LL S\ L
NILSAS AVdSIia HMAS/OIN \ v
L (4415 NOILD313a \ / 9pL Z Y3LHOI4 1, \ HAAIFOTE Sd9 H
IOWS/THIA 8yl i) / -34i4 el
- e |-
051 ——] \ HIALNAWOD HOLYdSIa sep
v1ivd NOILVLS HO1vdSIa 201 SYOSNI3S
IVINILYW \ / ocL ~| ONIHOLINOW H
SNOAYVYZVYH 9k \ 3024N0S3Y
7 . Pl gy | 04 | NIDAXO || 4AD3YH SdO
951 \ _ _ AVIdSIO [
[ ¥ MONYL A 99 i
dviN AVIdsIa || | ¥Mds/oIn
oNIaTINg mw__m Zol Y 171 —| HMIS/OIN H
W3LSAS E 11 ozL VA43JWvVO | |
e -1 vueoia
¥3LN4WOD LIWT1IH vl
0zt /] |
WILSAS L ¥ILHOI43YIA
ONIYOLINOW _ W3ILSAS
ONIQTINg €Ll H31NdWOD
) . ayvog-NO
\\ (3414 40 3IN30S)
ONIaTINg € MONYL 3Hi4 ZMonyL 3ui4 V7 | MOMML 31

Okl




US 6,993,421 B2

Sheet 36 of 65

Jan. 31, 2006

U.S. Patent

Ge Ol

o
AN

HYOSN3IS

NOILO3HIQ/dITJS ONIM

SHOSN3S
LYW ZVH I~ Zg1

gzl oet
AN R N A
|
YH3INvYO
121 —1 dXdS/OIN WLIIa I INIOV
| NIDAXO
q _ i ~1 NvOd ~ Bt}
| Zri T
8l £eh ~
N\ / "
HIAIFOIH | |
AV1dSl BENE!
a Sd9 | orL — mw<>> ~ 91
}
erl _—— e b e WHHHHHHHHHHHH llllllll
N\ _ !
| ¥ L "
W3goW ]
| ~ ¥cl
| 1 l
_ e e e w e e s a . e o A - . . e e o — o] O |
—_——— —
ll/ 1A/
0gL 09



US 6,993,421 B2

Sheet 37 of 65

Jan. 31, 2006

U.S. Patent

— €L AN

= 921 rd)

] N 7

) N 7

| N Vd ]

_ N ’ ]

| /s ]

] “ /

) ]

| !

i D \-

._ i

N~
O AN
| ™S8l
851
851 p
L \\\\\w F
_ e 871
IS [ --7
. .. A
[ —L/Nm_‘ L)

981 9¢i




U.S. Patent Jan. 31, 2006 Sheet 38 of 65 US 6,993,421 B2

DETECT FIRE |~ 179

!

CONTACT FIRE DEPARTMENT [~ 176

v

TRANSMIT BUILDING PLAN INFORMATION

Y

177

TRANSMIT HAZARDOUS MATERIAL INFORMATION

| 178

!

TRANSMIT FIRE/SMOKE SENSOR INFORMATION

179

FIG. 37

RECEIVE BUILDING PLAN FROM BUILDING
MONITORING SYSTEM

L— 180

Y

RECEIVE FIRE/SMOKE SENSOR INFORMATION
—1 AND HAZARDOUS MATERIAL INFORMATION
FROM BUILDING MONITORING SYSTEM

181

'

TRANSMIT A/V, GPS, AND RESOURCE INFORMATI
TO OTHER FIRE TRUCKS AND FIREFIGHTERS

ON|[_ 182

Y

RECEIVE AV, GPS, AND RESOURCE INFORMATION| - 183
FROM OTHER FIRE TRUCKS AND FIREFIGHTERS

Y

DISPLAY ENHANCED

BUILDING/VEHICLE/FIREFIGHTER INFORMATION

184

FIG. 38



US 6,993,421 B2

Sheet 39 of 65

Jan. 31, 2006

U.S. Patent

6€ Old

984 J

‘NIDAXO
“NVO4 egll ezl \_H_
88l — 'MILVM
:AM3L1VE
73n4
, — BlSl
~
J e
XXX
| 81
mw:_ xx§x
BBl _
~3$ /.w _
2JG|
2 T

eglLL

el




US 6,993,421 B2

Sheet 40 of 65

Jan. 31, 2006

U.S. Patent

Oy Ol

¥'0 G0 SHH G0 SHH8O0 | iiSYHZC0 SHH 9°0 NIOAXO
VIN VIN SHH 60 =] WA SdH ¢'0 SHH €0 WVO4
V/IN VIN V/IN VIN SdH ¢’} SHH 60 H31LVM
VIN V/IN SHH €°¢ SHH 9°¢ SdH G'¢ SHH 9} Ad311vd
VIN V/N SHH G'¢ SdH 8°} SHH 6} SHH C'} 13aN4d
Z# 44 L# 44 P#MONYL | €# MONYL | 2#XMONYL | i#XM0NYL | 30dNOS3Y
H3OVNVIN 304N0S3d
/mw_‘




U.S. Patent Jan. 31, 2006 Sheet 41 of 65 US 6,993,421 B2

ACQUIRE DATA FROM HAZ MAT
191 — SENSORS
, - ACQUIRE WIND
19 SPEED/DIRECTION DATA

|

ACQUIRE PINPOINT LOCATION
AND TIME DATA

'

194 | COMPUTE TIME-BASED SPREAD OF
HAZARDOUS MATERIALS

l

195 —~} GENERATE MAP SHOWING
EVACUTATION REGION

l

196 COMMUNICATE INFORMATION TO
AFFECTED MEMBERS OF GENERAL PUBLIC

193 —

FIG. 41



US 6,993,421 B2

Sheet 42 of 65

Jan. 31, 2006

U.S. Patent

062 82z 922 yzz
/ 4 2 D) SYOSNIS
WILSAS INILSAS INILSAS WILSAS ™~ zzz
J081INOD TOHINOD JOYINOD JOYLNOD
aNIONI NOSSINSNVYL av ILD WIL
™~
_ | | bee
\mmm /
wai ziz




U.S. Patent

Jan. 31, 2006 Sheet 43 of 65 US 6,993,421 B2
212 214
215, INTELLIGENT DISPLAY MODULE 218 e
TEST CONTROL OPERATOR
MODULE INTERFACE
2164 .p DISPLAY 279 233
217 220 L
DIAGNOSTIC -
PROGRAM KEYPAD [ PC
236

232 7

221.) 2247 2267 228 ; 2307
CENTRAL ANTI-LOCK| | TRANSMISSON ENGINE
™ TIRE BRAKE CONTROL CONTROL
INFLATION CONTROL SYSTEM SYSTEM
CONTROL SYSTEM
SYSTEM
234 7 236 7 238 ) 2407
CTIS ABS TRANSMISSON ENGINE
222a 3 222b 3 222¢c > 222d 3
FUEL FUEL FUEL OlL
FILTER PUMP PUMP FILTER
SENSOR SENSOR SENSOR SENSOR(S)
#1 #2
222e 5 222f ~ 2229
AIR FUEL SHUNT
CLEANER DIFFERENTIAL| | RESISTOR
SENSOR PRESSURE
SWITCH

FIG. 43



U.S. Patent Jan. 31, 2006 Sheet 44 of 65 US 6,993,421 B2

250 ———— VEHICLE DIAGNOSTICS ™\ 266
252 ——_ ENGINE CODES
254 — _TRANSMISSON CODES | — 264
256 ——1— ABS CODES

258 ——_CTIS CODES

260 ———— MAINTENANCE JACKET
262 ———_ DATA LOGGER

FIG. 44

302 —— IDMPROMPTS OPERATORTO
SELECT TEST FROM MENU

304 — IDM PROMPTS OPERATOR TO
PERFORM VEHICLE RELATED ACTION

306 — IDM REQUESTS INFORMATION FROM
TIM OR VEHICLE CONTROL SYSTEM

l

308 ——— INFORMATION IS ACQUIRED

l

310 —— INFORMATION IS TRANSMITTED TO IDM

312 —— PROCESS INPUT STATUS INFORMATION

{
314 — DISPLAY RESULTS TO OPERATOR

FIG. 45



US 6,993,421 B2

Sheet 45 of 65

Jan. 31, 2006

U.S. Patent

€2
| 01d F~--| NOSSINSNVYL F{ 3NIONI _
zzz—1 SYOSN3S W3LSAS W3LSAS W3LSAS INILSAS
JOYLNOD | | TOMLNOD JOHLINOD JONINOD
ot are, 122 NIL 119 m< zOmm_s_mz,qE mz_ozu
_ rzz- | 9zz” sez”
W3LSAS W3LSAS omw
ONISNIJSIA| | ONISNIdSIa
MALYM WYO4 8285 92¢ 5 [ /NE
L | Nauis | | NOH |
K >
b€ \ Chee
0L
|_~zee
Leg




US 6,993,421 B2

zZz—SYOSN3S WILSAS U
TONLNOD [ F¢C gcz vz
v yog ye yd
8 122 INLL 19 r
< | [oLd | ---{NOISSINSNVYL}| INIONT |
: | |
< INILSAS WILSAS INTLSAS
= JOHULNOD OH1INOD JOULNOD
z 89¢ av NOISSINSNVYL| | 3NION3
JOH1INOD 7 7
HOLVH3dO 9zz”_| sze” | | ,.\%
g ¥ e
g coe piz- war |
— cie
e
K
-~
p

09g

AT

U.S. Patent



US 6,993,421 B2

Sheet 47 of 65

2006

Jan. 31,

U.S. Patent

8y 'Ol

W3L1SAS
TOHLINOD
¥01vd3do

Nom,m

OLd —{3NION3
,ﬁmL |
ggz—1 S¥OSN3S | m=rais] [WaLsAs IN3LSAS IN3LSAS
TOHLNOD| [TOYHLNOD TOYLNOD TOYLNOD
IN3LSAS Lee INLL 119 ay NOISSIWSNY¥HL| | JNIONT
Muum__od‘o._ ~g/¢ vmm\ mmw\ mmw\ om,N\
= INIJLSAS NE\\
NOILOYdWOD ric-] WAl
OINNVYHAAH
\_v e ZZE
0L€

_/ovw




US 6,993,421 B2

Sheet 48 of 65

Jan. 31, 2006

U.S. Patent

6y 9l
0ld ---{NOISSINSNVHL] --1 3NION3 |
g€ gz’ Copz
| SHOSN3S |
INILSAS INILSAS INILSAS INILSAS
442 JOYLNOD JOYINOD 1O81INOD TOMINOD
NI Lo av NOISSINSNYHL INIONT

“NN.\

vee \

@NN\

8ce .\

omm\

4

b

4

S/

Wai

prz—"

08¢

\

4



U.S. Patent Jan. 31, 2006 Sheet 49 of 65 US 6,993,421 B2

TRUCK 1 MAINTENANCE CENTER
41
ON-BOARD — M1 416 —
COMPUTER SYSTEM | s MAINTENANCE
TEST CONTROL 424 — CENTESF\‘(g%\AMPUTER
MODULE
o1 7 18 MAINTENANGE
P SCHEDULER
OPERATOR 427”428
INTERFACE £
INVENTORY
MANAGER
WEB SERVER
4 DIAGNOSTIC
423 PROGRAM
425 P
/ 420 7
429 430
GPS RECEIVER /
WEB BROWSER

MANUFACTURER
MANUFACTURER | [~ 417 FLEET MANAGER
COMPUTER SYSTEM 432 FLEET MANAGEMENT
437
~ COMPUTER SYSTEM
INVENTORY
MANAGER 438 “
434 ~ D 433 WEB BROWSER
DIAGNOSTIC
PROGRAM <
418
435 B
N TRUCK 2 412
WEB BROWSER
TRUCK 3 413

TRUCK 4 — 414

FIG. 50 ™ a0




U.S. Patent

Jan. 31, 2006 Sheet 50 of 65

Y

US 6,993,421 B2

PERFORM DIAGNOSTIC TEST (FIG. 45) ~ 441

DETERMINE MAINTENANCE IS REQUIRED

- 442

'

ISOLATE FAULT |~ 443

'

IDENTIFY REQUIRED REPLACEMENT PART

|~ 444

'

TRANSMIT REQUEST FOR REPLACEMENT
PART AND MAINTENANCE

445

!

CONFIRM AVAILABILITY

L 446

'

SCHEDULING CONFIRMATION

'

RECEIVE ORDER AND MAINTENANCE | _ 447

DISPLAY CONFIRMATION TO OPERATOR

_ 448

FIG. 51

RECEIVE RECALL INFORMATION

'

CONFIRM APPLICABILITY OF RECALL

FIG. 53

441"

|~ 442



U.S. Patent Jan. 31, 2006 Sheet 51 of 65 US 6,993,421 B2

RECEIVE REQUEST FOR REPLACEMENT | _ 451
PART AND MAINTENANCE

l

VERIFY AUTHORIZATION — 452

'

ACCESS INVENTORY MANAGEMENT SYSTEM (-~ 493
TO DETERMINE PARTS AVAILABILITY

l

PLACE ON-LINE PARTS ORDER FOR  |—-454
NEEDED PARTS

Y

RECEIVE PARTS AVAILABILITY |- 455
INFORMATION

'

ACCESS MAINTENANCE SCHEDULER TO
DETERMINE AVAILABLE MAINTENANCE |~ 496
TIME SLOTS

'

CONFIRM VEHICLE AVAILABILITY

l

TRANSMIT ORDER AND MAINTENANCE |~ 458
SCHEDULING CONFIRMATION

| 457

FIG. 52



U.S. Patent Jan. 31, 2006 Sheet 52 of 65

US 6,993,421 B2

ESTABLISH COMMUNICATION
LINK WITH VEHICLE

_ 475

|

ACQUIRE VEHICLE STATUS REPORTS 476

l

DISPLAY VEHICLE LOCATION
INFORMATION

L~ 477

|

DISPLAY VEHICLE HEALTH AND
OPERATION INFORMATION

- 478

|

VEHICLE DEPLOYMENT

ACQUIRE OPERATOR COMMANDS FOR |~ 479

|

TRANSMIT OPERATOR
COMMANDS TO VEHICLE

- 480

FIG. 54



U.S. Patent Jan. 31, 2006 Sheet 53 of 65 US 6,993,421 B2

ESTABLISH COMMUNICATION LINK | - 485
WITH OFF-VEHICLE COMPUTER

!

CONFIRM TRANSMISSION IS IN | 486
NEUTRAL AND BRAKES ARE LOCKED

'

ENGAGE IGNITION |~ 487

Y

TEST BRAKE SYSTEM |~ 488

Y

TEST CENTRAL TIRE INFLATION SYSTEM

!

TEST TRANSMISSION SYSTEM | 490

!

TEST ENGINE SYSTEM

Y

TEST INDIVIDUAL 1/0O POINTS — 492

Y

ACQUIRE GPS COORDINATES |— 493

Y

LOG OTHER I/O STATUS INFORMATION |— 494

Y

GENERATE VEHICLE STATUS REPORT |~ 499

'

TRANSMIT VEHICLE STATUS REPORT | _ 496
TO OFF-VEHICLE COMPUTER

| 489

| 491

FIG. 55



U.S. Patent Jan. 31, 2006

ACQUIRE GPS COORDINATES

Y

Sheet 54 of 65

- 510

COMPARE GPS COORDINATES
WITH TRAVEL PATH WAYPOINTS

— 511

912

DEV < PREDET

AMOUNT?

COMPUTE DISTANCE BETWEEN
STORED WAYPOINTS

515

!

COMPUTE EXPECTED TRAVEL
DISTANCE SINCE LAST WAYPOINT

516

ACCEPTABLE RATE
OF PROGRESS?

DETERMINE DESIRED MAX SPEED

517

ACTUAL SPEED >

US 6,993,421 B2

DESIRED MAX
SPEED?

LOG CURRENT POSITION,
TIME, AND SPEED

518
514
N\
Y ALERT
DISPATCHER
518
FIG. 56



S
==
I
< 4002 ‘Z) Indy ‘ABpainy| | sosoo0 | ~gseo0id u| opsoubelq ZWIA Pam SMEIS
K
=N pesf sz.xx“ W] esserey
o ON Jee9 uj epojyen|
N MO0TENN dSNS O z_lzoz_glmmD NdY 009 <| Wd¥ eulbu3
) pesn sz&_ 83%_ e
- HdIN 0000 S punole)
oo asns O z..:oz_;.wn_H_ P
anasns O - - _
N0 HONIM 8D arLndNzwiA O yowus~dsns O
wy
N nwoa asns O o _ -
= NI"SOd m._D s zmn O wnanrzan O
w
0 o _ -
3aow Nvw asns O . y
< . n__H_ ndnzan O ainanzan O
-P)
= _ _ - _
¢ ») NO 3ANIONT dSns O _ _ D ELLNANI ZWNIA O S1NdNI ZWIA O
NI"S0d s@
L ] znanzi O vinanzan O
- 3aow oLnv dsns O 1n0"sodsa
& - - —
S L ] windnama O anA oo O
' HdWZ uan0dsns O —
1 NGO Ld1 ) ) L
" M ] INVA ATddns asns O A Nd asns O
=
-~ | w - " - - - -
= 1NO"HONIM'Sd dn U0 14N 1 1oNasns O ATVA_dn dsns O
Keydeiq IO ZWIA - Kejdeiq 1ndu} ZNIA -
h)'e) zoowsy | jaowey| 1SN | ZNIA | HAIA _@ ®
=] deH wej sswag pnl §
O]=] [onsoubeig z0” WIAT - @2Rp=u) Yoru) fensip

1S "Old

U.S. Patent




US 6,993,421 B2

Sheet 56 of 65

Jan. 31, 2006

U.S. Patent

1002 'z} ludy ‘Aepsiny)

MBS

[ Goms | e
gjeiqjen punoub-au)4
€JBUjpIO-0) 8pop 8pajy
puncif-ay4 8JBujpI0-0D a4

\'"4
(IR N AR NN NI

% 5
S

ue1 | wbny | wb || we

o [ [ aom T T | [ [ o | [ 0 [3] 63
_ B doH wey sssoaid ]

(m] k] opsoubeiq seeisiy [

8G Old




US 6,993,421 B2

Sheet 57 of 65

Jan. 31, 2006

U.S. Patent

1002 ‘Z} udy ‘Aepsiny |

:SES

_ yums | Qe
L Geiqeg | | punoif-aad

8jeu|p0-0) 9pop apopy
punab-aild 8jRUJpIO-0D Juolg
RN RN RN AN IR RANENIN] % %
SBUIMS Jopoeieg SUOpISO BXY
XOE) apsoubeiq epy (9
dsf wey sseoaid oL
] agsoubeq seelsly [




US 6,993,421 B2

Sheet 58 of 65

Jan. 31, 2006

U.S. Patent

4002 ‘Z} ludy 'Aepsinyl

SmES

ejeiqiie) punai-any

_ \/
NI NI

o <

-

"
SOR BB BIRRRRRRRNNOIIIL

eeupIo-07) epo PO
punouB-esd 8jeu[ps0-09 Juold
_.:.::-z-\::.:-._ ﬁv Ay
SOUONIMS Jopsles Suogjsod 8jxy
X opsoubelq epxy (Q
¥s7 || wbp | wby | yeq _

@0 || qe | pioon | poog | M4 IV | WA na m @

deH we) ssesnld HonuL

=] opsoube|q Jsaisy Ty

09 Ol




1002 ‘Z} Iudv *Aepsiny) _ -

US 6,993,421 B2

Sheet 59 of 65

Jan. 31, 2006

T GeD
Qe | | puncib-esy

S S

Y
S [

9|BUIpIo-0)) POl Mo
purabaii | (eeupoog| | woid

SAYAIMG Jopsies —
= opsoubeiq epy L9

ye1 || wBnd || bR | w7
ot o)) o | U | INV | INA a3 D mmw

- onsoubeiq Jeersly [

U.S. Patent

19 Old




'\
==
s 1002 'Z} idv *AepainylL | izeo00 | ~s5800Kd U} 9psouBEiq ISIN JeXoRIM ‘SNIEIS
<
o)
=3
A
V-
w
-
[T 2]
o
Qoo
=]
<
o
ko [aAen
m N d a3l umoq Spop ejeg
75 deng %w__m [enuey dsng  [enuBlN  eugx) 440 440
| |
S
&
<&
[g\]
- a3l a1l NO NO
. 43 Wer; pal dn 8pojy jeies wbn wbn
g dsng HOM any dsng any YOuM  uogeeg oM
—
ﬁ.&k@ ¢ojousdy (ejows| ISN | ZWIA | LWNIA __@ @

Bl deH weyf sseond dpnl R
DJ=] [onsoube(q ISW] - eoepeyu] oru) [ensip 5

¢9 Ol

U.S. Patent




US 6,993,421 B2

Sheet 61 of 65

Jan. 31, 2006

U.S. Patent

100Z ‘Z} dy *Aepsiny|

[ zeeo00 |

59600ud U] 9s0uBelq [GUBIO) | EJOWBY JOBIM 'STIEIS

TOYLNOD LSIOHWO0H

ON3IX3 0
1no

IW\.
1 9OF

NI

» JOVHLR

TOYINOD INVHO

1HOR [ {} o] L4317

’ ‘ ’ _zzﬁo_
305 |
¢ IT N

[dn]

310 HOIH H3IMOd JHOIT XHOM
O "_"_OO NO O
.N.me colowey(|ejowed| SN | ZWIA | LAIA 9 @I

deH wey sseoaid pnl IS

[opsouBe|q |ejowsy] - eorpaiu| Yoru| BnsiA B




o
==
ﬂ 100Z 'z ldy ‘Aepainy) | 1€:20:00 [ *~gsao0id u) opsoubeg [youim Zerowey Jexoalm SmES
-
e
(=2
(=)
&
W JOpUIJAD eplIg seAlq JepuA) ep|g Jebuessed
NI =—_t—= 1IN0 NI e {} ] 1N0
NI NI _z;oo_
2 _Mr
[T
A’Od ._ t@l .._ AJ
NS
19
= s
S -
ino 1no [dnl
e 5101 HOH H3IMOd LHOIT YHOM HONIM MOl 141
SRR R -
-
o
= 440 NO
2 O O O O O
.N.CNQ Zooway | jejowy| ISW ZNIA | INIA e @

EE doH waej] sswoid wnl §
O]=] [onsoubeig zejowey]] - eceyalu Yoru] [ensip &5

¥9 Old

U.S. Patent



US 6,993,421 B2

Sheet 63 of 65

Jan. 31, 2006

U.S. Patent

1002 'Z) Wy ‘Aepsinyy [ ewso00 | ~539004d U] 950UBEI LIA JO¥0RIM SIS
Pasn 10N - XX 1B esiensy
(BusoN ON ESIEET
QION310S Qld O |a=5z_ D W 009 < WidY eubu3
e NI¥OQ!
_ _F O pasn 1oN - XX 8ip| U4
T1dI HOH dWalL eutoN HeiN 0000 peedg punaig
_ rewnn 1NO MOOH Aeydsq smels ejofysA”
wornoovas O
RwoN[ ] - ® ~markem O
[BULION NIWoo8a JSN3S LNOMIV1E A 37dI HOH
tHommom O
[BULION ™ ~ |
i  puoy Souzoom_u snuvisTnoaasns O anan i O
dns"waanui Honm O o _
o HOLIMS ssTid ioNsl O woo1g asns O
S e
NV Aunooi ams O NMOG W08 _ _ _
o o AEnoo a13s O (@vidn oo O
Nas“avoT Nww Nvio O _puoN _
o dn Wooe do1s™a anvao O woEmuano O
AadvsLionms O BuLoN
Eﬂ:oomD dous 3 Honm O giryamo AT O
aadvs onws O _ o
_feuoy wasomno 1y O uwrionms 1 O
N LHON Woos
Aedsiq IndinG LNIA - Asidsi indu LINIA -
.N \xm _ celowey | |ejowsy| [SW ZWIA LNIA @ @
E= doH wel sswag pnl ©
= [onsouBei 10 IA] - eoeyau) Yonuy. fensiA K5

G9 Old



US 6,993,421 B2

Sheet 64 of 65

Jan. 31, 2006

U.S. Patent

4002 ‘Z) Iudy ‘epsinyy [

Smels

Loty | | s

_ _ e’
t I

i _

; Y
. --.---c-c----

jBUIpI0-0D) opoN | 8poN _
punaibend | | sjeupr-og | ol l_
—----—.f-\-----L ﬁ Q
SO Jooeles suopisod ey
RO | opsouBeiq epy LY
|

v %&mﬁw_ uﬁ_w_eﬁo woig || | aev | v | | 1@ Q %W

- deH wey ssso0id ML
=] osouBeIq JeelsTy (9

99 'Old




US 6,993,421 B2

Sheet 65 of 65

Jan. 31, 2006

U.S. Patent

1002 ‘1) oquepdog ‘Aepsany ALT OVN s
dsng
Y3L4IHS
ovia | [Fvoug || tHem [l tHon [|lizovenal | oon
dsns ||| Hene (||| " |[]l Sriom {ff|oLd 3dia
NMOQ dn —
MOOTENN .
noow| | (Q] 1007 4id old
HOLOW
NFHSYM|| ([ a3ddim || |[HAND
-~ h._.mr_m,m_._w hv_oo._mw ﬁé:zs@ ﬁo:zp
PR ‘ n _ JoN dsns dsns dsns
dsns
g3 dtS Uy dSNe A4 dSns 5Es
T THO |
&) ) (@) (o> | L] (680
3 = ﬂv YOVd
ewely -
ZouRl — _u 3
XIET] kedsia AL OVN S

Qo &) m) (m) Gew) (@) (=) @O

©3

@

doH ®=ems9 wey drjeS ssed0ld  NonL
opsoubeyq xoru) ensip

.9 "Ol4




US 6,993,421 B2

1

EQUIPMENT SERVICE VEHICLE WITH
NETWORK-ASSISTED VEHICLE SERVICE
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CROSS-REFERENCE TO RELATED
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This application is a continuation-in-part of U.S. Ser. No.
09/927,946, filed Aug. 10, 2001, entitled “Military Vehicle
Having Cooperative Control Network With Distributed I/0
Interfacing,” pending, which is a continuation-in-part of
U.S. Ser. No. 09/384,393, filed Aug. 27, 1999, entitled
“Military Vehicle Having Cooperative Control Network
With Distributed I/O Interfacing,” now U.S. Pat. No. 6,421,
593, which is a continuation-in-part of U.S. Ser. No. 09/364,
690, filed Jul. 30, 1999, entitled “Firefighting Vehicle Hav-
ing Cooperative Control Network With Distributed I/O
Interfacing,” abandoned, each of which is hereby expressly
incorporated by reference. This application is also a con-
tinuation-in-part of U.S. Ser. No. 09/500,506, filed Feb. 9,
2000, entitled “Equipment Service Vehicle Having On-
Board Diagnostic System,” now U.S. Pat. No. 6,553,290,
also expressly incorporated by reference. This application
also claims priority to U.S. Prov. No. 60/342,292, filed Dec.
21, 2001, entitled “Vehicle Control and Monitoring System
and Method,” U.S. Prov. No. 60/360,479, filed Feb. 28,
2002, entitled “Turret Control System and Method for a Fire
Fighting Vehicle,” and U.S. Prov. No. 60/388,451, filed Jun.
13, 2002, entitled “Control System and Method for an
Equipment Service Vehicle,” each of which is also hereby
expressly incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to equipment service
vehicles. The present invention also relates to vehicles that
can communicate with a computer system external to the
vehicle.

Modern vehicles have become increasingly complex and
difficult to maintain. In order to enable more efficient vehicle
maintenance, it is desirable to be able to accurately diagnose
malfunctioning subsystems, such as engine systems, trans-
mission systems, and so on, as well as specific vehicle parts
or components. When a malfunction is not properly diag-
nosed, the result is typically that parts which are fully
operational are repaired or replaced, that parts which are
repairable are replaced, and/or that parts which are not fully
operational are not repaired or replaced. Accurate diagnoses
therefore allow more efficient vehicle maintenance by avoid-
ing unnecessary repairs and replacements, and by enabling
necessary repairs and replacements to be made.

Co-pending application Ser. No. 09/500,506 discloses a
network-based on-board diagnostic system capable of per-
forming diagnostic tests to assess vehicle operational readi-
ness and, if a problem exists, to quickly fault isolate to a
replaceable item. This system offers numerous advantages,
for example, this system makes it possible to diagnose
vehicle malfunctions without necessarily bringing the
vehicle to a maintenance depot. Indeed, the services offered
by this system are available wherever and whenever the
vehicle is in operation.

However, once a vehicle problem is diagnosed, there
remains the potential that the vehicle may be out of service
for an extended period of time. Many times the part is unique
to the specific equipment service vehicle and must be
ordered directly from the manufacturer. It would be desir-
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able simplify the process of ordering replacement parts once
a vehicle problem has been diagnosed.

In addition to replacing and repairing parts, equipment
service vehicles often have routine and preventative main-
tenance performed at regular intervals. In many instances,
routine maintenance is only scheduled if the operator notices
that it is time for the maintenance. However, operators may
be busy with other duties and forget to schedule the equip-
ment service vehicle for maintenance. Accordingly, it would
be advantageous to have an equipment service vehicle that
can schedule routine maintenance with little or no input
from the operator or other person responsible for maintain-
ing the vehicle.

In addition to routine maintenance, equipment service
vehicles may be the subjects of a recall. Currently, commu-
nicating recall information to the owners of equipment
service vehicles is typically done using sales records and
general advertisements. However, these methods may not
reach those owners that purchased the vehicle used or have
moved to a new location since the original sale. In many
recall situations, the number of owners that do not receive
the recall information or do not act on the information once
it is received is substantial. Accordingly, it would be advan-
tageous to communicate the recall information to a computer
on the equipment service vehicle that may inform the owner
of the recall and may even automatically set up a service
appointment to comply with the recall.

Even in situations where servicing of a vehicle is not
needed, it is often desirable to be able to assess and monitor
vehicle performance from remote locations. For example, in
the context of a fleet of vehicles, it is sometimes desirable to
be able to quickly and easily obtain information about the
fleet of vehicles without necessarily having to bring the
vehicle into a service depot.

There is an ongoing need for equipment service vehicles
and related method and systems that make maintaining and
servicing the vehicle simpler and easier. Decreasing the
amount of time spent on service and repair of the vehicle
decreases the costs associated with maintaining and owning
the vehicle. There is also an ongoing need for methods and
systems that facilitate assessing and monitoring vehicle
performance from remote locations.

SUMMARY OF THE INVENTION

According to a first preferred embodiment, a method of
ordering parts for an equipment service vehicle comprises
performing a diagnostic test on the equipment service
vehicle, the performing step being performed by an on-
board computer system of the equipment service vehicle and
transmitting a request for a replacement part for the equip-
ment service vehicle, the request being transmitted from the
on-board computer system to an off-board computer system
by way of a wireless radio-frequency (RF) communication
link.

According to a second preferred embodiment, a method
of scheduling maintenance for an equipment service vehicle
comprises performing a diagnostic test on the equipment
service vehicle. The performing step is performed by an
on-board computer system of the equipment service vehicle.
The method further comprises transmitting a request to
schedule the equipment service vehicle for maintenance.
The request is transmitted from the on-board vehicle com-
puter system to an off-board computer system by way of a
wireless radio-frequency communication link.

According to a third preferred embodiment, a method of
distributing recall notice information for an equipment ser-
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vice vehicle comprises transmitting recall notice informa-
tion indicating that a part on-board the equipment service
vehicle is the subject of a recall, the recall notice information
being transmitted from an off-board computer system to an
on-board computer system and displaying the recall notice
information to an operator of the equipment service vehicle
using a display on-board the equipment service vehicle.

According to a fourth preferred embodiment, a system
comprises an equipment service vehicle and an off-board
computer system. The equipment service vehicle comprises
a communication network, a plurality of vehicle subsystems,
and an on-board computer system. Each vehicle subsystem
comprises a mechanical system and an electronic control
system that controls the mechanical system. Each respective
electronic control system is connected to the communication
network and transmits information pertaining to the health
and operation of the mechanical system on the communi-
cation network. The on-board computer system includes a
test control module which is coupled to the plurality of
vehicle subsystems by way of the communication network.
The test control module is programmed to acquire at least
some of the information pertaining to the health and opera-
tion of the mechanical system. The on-board computer
system also includes an operator interface that is coupled to
the test control module. The operator interface comprises a
display that displays the information pertaining to the health
and operation of the mechanical system. The operator inter-
face displays a menu of test options to an operator of the
equipment service vehicle and receiving an operator input.
The operator input is indicative of a menu selection made by
the operator, and the menu selection indicates a test selected
by the operator. The on-board computer system performs the
selected test on the vehicle and displays results of the test to
the operator using the operator interface. The results of the
test indicating that a vehicle part is in need of replacing. The
on-board computer is capable of establishing a wireless
radio-frequency communication link with the off-board
computer system to place an order for a replacement part to
replace the vehicle part.

Other objects, features, and advantages of the present
invention will become apparent to those skilled in the art
from the following detailed description and accompanying
drawings. It should be understood, however, that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the present invention, are given by
way of illustration and not limitation. Many modifications
and changes within the scope of the present invention may
be made without departing from the spirit thereof, and the
invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a fire truck having a control
system according to one embodiment of the present inven-
tion;

FIG. 2 is a block diagram of the control system of FIG. 1
showing selected aspects of the control system in greater
detail;

FIG. 3. is a simplified block diagram of the control system
of FIGS. 1-2;

FIG. 4 is a flowchart showing the operation of the control
system of FIG. 3 to turn on an output device in response to
an operator input;

FIG. § is a flowchart showing the operation of the control
system of FIG. 3 to turn off an output device in response to
the failure of an interlock condition;
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FIG. 6 is another simplified block diagram of the control
system of FIGS. 1-2;

FIG. 7 is a flowchart showing the operation of the control
system of FIG. 6 to implement load management when
battery voltage decreases;

FIG. 8 is a flowchart showing the operation of the control
system of FIG. 6 to restore power to output devices that have
been shed during the load management illustrated in FIG. 7;

FIG. 9 is another simplified block diagram of the control
system of FIGS. 1-2;

FIGS. 10A-10B are flowcharts showing the operation of
the control system of FIG. 9 to implement load sequencing
in response to an operator input;

FIGS. 11A-11B are flowcharts showing the operation of
the control system of FIG. 9 to implement load sequencing
in different orders depending on an operating mode of the
fire truck;

FIG. 12 is a schematic view of an aerial device having a
control system according to another embodiment of the
present invention;

FIG. 13 is a more detailed block diagram of the control
system of FIG. 12;

FIG. 14 is a schematic view of a military vehicle having
a control system according to another embodiment of the
present invention;

FIGS. 15-16 are block diagrams of the control system of
FIG. 14 showing selected aspects of the control system in
greater detail, and FIGS. 17A—-17B are modified views of the
block diagram of FIG. 16 showing the operation of the
control system to reconfigure itself in a failure mode of
operation;

FIG. 18 is a diagram showing the memory contents of an
exemplary interface module in greater detail;

FIG. 19 is truth table in which an output is controlled with
an additional layer of failure management for inputs with
undetermined states;

FIG. 20 is an overview of a preferred variant vehicle
system,

FIG. 21 is a block diagram of the control system of FIG.
14 showing selected aspects of the control system in greater
detail;

FIG. 22 is an I/O status table of FIG. 21 shown in greater
detail;

FIG. 23 is a flowchart describing the operation of the
control system of FIG. 21 in greater detail;

FIG. 24 is a data flow diagram describing data flow
through an exemplary interface module during the process
of FIG. 23;

FIG. 25 is a schematic diagram of an exemplary embodi-
ment of an electric traction vehicle providing an exemplary
embodiment of an AC bus assembly coupled to various
modules on the vehicle;

FIG. 26 is a schematic diagram showing the vehicle of
FIG. 25 being used as a mobile electric power plant;

FIG. 27 is a schematic diagram showing selected aspects
of a control system of FIG. 25 in greater detail;

FIG. 28 is a flowchart showing the operation of a control
system of FIG. 25 in greater detail;

FIG. 29 is a schematic diagram showing auxiliary drive
modules used in the vehicle of FIG. 25;

FIG. 30 is a flowchart showing another aspect of the
operation of a control system of FIG. 25 in greater detail;

FIG. 31Ais a top plan view illustration of an exemplary
embodiment of a differential assembly coupled to an electric
motor for driving at least two wheels and supported by a
suspension assembly, and FIG. 31B is an end view partial
sectional view of an exemplary embodiment of an electric
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traction vehicle support structure coupled to a suspension
assembly which suspends at least one wheel relative to the
vehicle support structure;

FIGS. 32A-32B is a block diagram showing various
configurations for connecting interface modules to drive
controllers in the electric traction vehicle of FIG. 25;

FIG. 33 is a schematic block diagram illustrating various
entities connected to the Internet for the transmission of data
indicative of an electric traction vehicle;

FIG. 34 is a block diagram of a fire fighting system that
includes multiple fire fighting vehicles and other systems
according to another preferred embodiment of the present
invention;

FIG. 35 is a block diagram showing one of the firefighting
vehicles of FIG. 34 in greater detail;

FIG. 36 is a diagram showing the operation of the system
of FIG. 34,

FIGS. 37-38 are flowcharts showing the operation of the
system of FIG. 34 in greater detail;

FIG. 39 is an image displayed to a user of the system of
FIG. 34,

FIG. 40 is a resource manager window generated using
the system of FIG. 34;

FIG. 41 is a flowchart showing another aspect of the
operation of the system of FIG. 34 in greater detail;

FIG. 42 is a schematic view of a military vehicle having
a diagnostic system according to one embodiment of the
present invention;

FIG. 43 is a block diagram of the diagnostic system of
FIG. 42 showing selected aspects of the diagnostic system in
greater detail;

FIG. 44 is a menu displayed by a display of the diagnostic
system of FIG. 42 showing various services offered by the
diagnostic system;

FIG. 45 is a flow chart showing the operation of the
diagnostic system of FIG. 42 to perform a diagnostic test
procedure;

FIG. 46 is a schematic view of a firefighting vehicle
having a diagnostic system in accordance with FIGS. 42—45;

FIG. 47 is a schematic view of a mixing vehicle having a
diagnostic system in accordance with FIGS. 42-45;

FIG. 48 is a schematic view of a refuse handling vehicle
having a diagnostic system in accordance with FIGS. 42—45;

FIG. 49 is a schematic view of a snow removal vehicle
having a diagnostic system in accordance with FIGS. 42—45;

FIG. 50 is a schematic view of vehicle maintenance,
monitoring, parts ordering, readiness assessment, and
deployment system according to another embodiment of the
present invention;

FIG. 51 is a flowchart showing the operation of an
on-board vehicle computer system in the system of FIG. 50
during a parts ordering process;

FIG. 52 is a flowchart showing the operation of a main-
tenance center computer system in the system of FIG. 50
during a parts ordering process;

FIG. 53 is another flowchart showing the operation of an
on-board computer system in the system of FIG. 50 during
a parts ordering process;

FIG. 54 is a flowchart showing the operation of a main-
tenance center computer system in the system of FIG. 50
during a readiness assessment process;

FIG. 55 is a flowchart showing the operation of an
on-board vehicle computer system in the system of FIG. 50
during a readiness assessment;

FIG. 56 is a flowchart showing the operation of the system
of FIG. 50 to detect non-conformance to a predetermined
route; and

10

15

20

25

30

35

40

45

50

55

60

65

6

FIGS. 57-67 are various examples of screen display for
real time remote monitoring of vehicle I/O status informa-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Patent application Ser. Nos. 09/364,690; 09/384,393;
09/927,946; and 60/342,292, upon which priority is claimed,
disclose various embodiments of control system architec-
tures in connection with fire trucks, military vehicles, elec-
tric vehicles and other types of vehicles and combinations
thereof. An advantageous use of a control system of the type
disclosed is for service, repair, monitoring, parts ordering,
and similar features. For such uses, the control systems
described in the above-mentioned applications may be used
to control additional output devices associated with the
vehicle, and to provide I/O status information which may be
transmitted off-board the vehicle, and so on, as described
below. For convenience, the contents of the above-men-
tioned applications is repeated below, followed by a descrip-
tion of service, repair, and monitoring applications which in
a preferred embodiment use a control system of a type
disclosed in the above-mentioned applications but which
could also use other vehicle-based computer systems.

A. Fire Truck Control System

1. Architecture of Preferred Fire Truck Control System

Referring now to FIG. 1, a preferred embodiment of a fire
truck 10 having a control system 12 is illustrated. By way of
overview, the control system 12 comprises a central control
unit 14, a plurality of microprocessor-based interface mod-
ules 20 and 30, a plurality of input devices 40 and a plurality
of output devices 50. The central control unit 14 and the
interface modules 20 and 30 are connected to each other by
a communication network 60.

More specifically, the central control unit 14 is a micro-
processor-based device and includes a microprocessor 15
that executes a control program 16 (see FIG. 2) stored in
memory of the central control unit 14. The control program
is shown and described in greater detail below in conjunc-
tion with the flowcharts of FIGS. 4, 5, 7, 8 and 10. In
general, the control unit 14 executes the program to collect
and store input status information from the input devices 40,
and to control the output devices 50 based on the collected
status information. The control program preferably imple-
ments an interlock system (e.g., FIG. 5), a load manager
(e.g., FIGS. 7-8), and a load sequencer (e.g., FIGS.
10A-10B). As described below, the central control unit 14 is
preferably not connected to the I/O devices 40 and 50
directly but rather only indirectly by way of the interface
modules 20 and 30, thereby enabling distributed data col-
lection and power distribution. The I/O devices 40 and 50
are located on a chassis 11 of the fire truck 10, which
includes both the body and the underbody of the fire truck
10.

In the illustrated embodiment, two different types of
interface modules are used. The interface modules 20 inter-
face mainly with switches and low power indicators, such as
LEDs that are integrally fabricated with a particular switch
and that are used to provide visual feedback to an operator
regarding the state of the particular switch. For this reason,
the interface modules 20 are sometimes referred to herein as
“SIMs” (“switch interface modules™). Herein, the reference
numeral “20” is used to refer to the interface modules 20
collectively, whereas the reference numerals 21, 22 and 23
are used to refer to specific ones of the interface modules 20.
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The interface modules 30 interface with the remaining I/O
devices 40 and 50 on the vehicle that do not interface to the
interface modules 20, and therefore are sometimes referred
to herein as “VIMs” (“vehicle interface modules”). The
interface modules 30 are distinguishable from the interface
modules 20 mainly in that the interface modules 30 are
capable of handling both analog and digital inputs and
outputs, and in that they are capable of providing more
output power to drive devices such as gauges, valves,
solenoids, vehicle lighting and so on. The analog outputs
may be true analog outputs or they may be pulse width
modulation outputs that are used to emulate analog outputs.
Herein, the reference numeral “30” is used to refer to the
interface modules 30 collectively, whereas the reference
numerals 31, 32, 33, 34 and 35 are used to refer to specific
ones of the interface modules 30.

Although two different types of interface modules are
used in the illustrated embodiment, depending on the appli-
cation, it may be desirable to use only a single type of
interface module in order to reduce inventory requirements.
Additionally, while in FIG. 1 three of the interface modules
20 and five of the interface modules 30 are shown, this
arrangement is again simply one example. It may be desir-
able to provide each interface module with more 1/O points
in order to reduce the number of interface modules that are
required, or to use more interface modules with a smaller
number of I/O points in order to make the control system 12
more highly distributed. Of course, the number of interface
modules will also be affected by the total number of I/O
points in the control system.

FIG. 1 shows an approximate distribution of the interface
modules 20 and 30 throughout the fire truck 10. In general,
in order to minimize wiring, the interface modules 20 and 30
are placed so as to be located as closely as possible to the
input devices 40 from which input status information is
received and the output devices 50 that are controlled. As
shown in FIG. 1, there is a large concentration of interface
modules 20 and 30 near the front of the fire truck 10, with
an additional interface module 34 at mid-length of the fire
truck 10 and another interface module 35 at the rear of the
fire truck 10. The large concentration of interface modules
20 and 30 at the front of the fire truck 10 is caused by the
large number of switches (including those with integral LED
feedback output devices) located in a cab of the fire truck 10,
as well as the large number of other output devices (gauges,
lighting) which tend to be located in the cab or otherwise
near the front of the fire truck 10. The interface module 34
that is located in the middle of the truck is used in connection
with I/O devices 40 and 50 that are located at the fire truck
pump panel (i.e., the operator panel that has I/O devices for
operator control of the fire truck’s pump system). The
interface module 35 that is located at the rear of the fire truck
10 is used in connection with lighting and other equipment
at the rear of the fire truck 10.

The advantage of distributing the interface modules 20
and 30 in this manner can be more fully appreciated with
reference to FIG. 2, which shows the interconnection of the
interface modules 20 and 30. As shown in FIG. 2, the
interface modules 20 and 30 receive power from a power
source 100 by way of a power transmission link 103. The
power transmission link 103 may comprise for example a
single power line that is routed throughout the fire truck 10
to each of the interface modules 20 and 30. The interface
modules then distribute the power to the output devices 50,
which are more specifically designated with the reference
numbers 51a, 52a, 53a, 54a—c, 55a—c, 56a—b, 57a—c and
58a—d in FIG. 2.
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It is therefore seen from FIGS. 1 and 2 that the relative
distribution of the interface modules 20 and 30 throughout
the fire truck 10 in combination with the arrangement of the
power transmission link 103 allows the amount of wiring on
the fire truck 10 to be dramatically reduced. The power
source 100 delivers power to the interface modules 20 and
30, which act among other things as power distribution
centers, and not directly to the output devices 50. Because
the interface modules 20 and 30 are located so closely to the
I/O devices 40 and 50, most of the I/O devices can be
connected to the interface modules 20 and 30 using only a
few feet of wire or less. This eliminates the need for a wire
harness that extends the length of the fire truck (about forty
feet) to establish connections for each I/O devices 40 and 50
individually.

Continuing to refer to FIG. 2, the switch interface mod-
ules 20 and the interconnection of the interface modules 20
with various I/O devices will now be described in greater
detail. The interface modules 20 are microprocessor-based,
as previously noted, and include a microprocessor that
executes a program to enable communication over the
communication network 60, as detailed below.

The same or a different microprocessor of the interface
modules 20 may also be used to process input signals
received from the input devices 40. In particular, the inter-
face modules 20 preferably perform debounce filtering of
the switch inputs, so as to require that the position of the
switch become mechanically stable before a switch transi-
tion is reported to the central control unit 14. For example,
a delay of fifty milliseconds may be required before a switch
transition is reported. Performing this filtering at the inter-
face modules 20 reduces the amount of processing that is
required by the central control unit 14 to interpret switch
inputs, and also reduces the amount of communication that
is required over the communication network 60 because
each switch transition need not be reported.

Physically, the interface modules 20 may be placed near
the headliner of a cab 17 of the fire truck 10. Traditionally,
it is common practice to locate panels of switches along the
headliner of the cab for easy access by an operator of the fire
truck. Additionally, as detailed below, in the preferred
embodiment, the interface modules 20 are connected to
switches that have integrally fabricated LEDs for indicating
the state of the output device controlled by the switch to
provide maximum operator feedback. These LEDs are out-
put devices which are connected to the interface modules 20.
Therefore, by locating the interface modules near the head-
liner of the cab, the amount of wiring required to connect the
interface modules 20 not only to the switches and but also
to the LED indicators is reduced.

In the preferred embodiment, the interface modules 20
have between ten and twenty-five each of inputs and outputs
and, more preferably, have sixteen digital (on/off switch)
inputs and sixteen LED outputs. Most of these inputs and
outputs are utilized in connection with switches having
integrally fabricated LEDs. However, it should be noted that
there need not be a one-to-one correspondence between the
switches and the LEDs, and that the inputs and the outputs
of the interface modules 20 need not be in matched pairs. For
example, some inputs may be digital sensors (without a
corresponding output device) and some of the outputs may
be ordinary digital indicators (without a corresponding input
device). Additionally, the LED indicators associated with the
switch inputs for the interface module 21 could just as easily
be driven by the interface module 23 as by the interface
module 21, although this arrangement is not preferred. Of
course, it is not necessary that all of the inputs and outputs
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on a given interface module 20 be utilized and, in fact, it is
likely that some will remain unutilized.

One way of establishing a dedicated link between the I/O
devices 40 and 50 and the interface modules 20 is through
the use of a simple hardwired link. Considering for example
an input device which is a switch, one terminal of the switch
may be connected (e.g., by way of a harness connector) to
an input terminal of the interface module 20 and the other
terminal of the switch may be tied high (bus voltage) or low
(ground). Likewise, for an output device which is an LED,
one terminal of the LED may be connected to an output
terminal of the interface module 20 and the other terminal of
the LED may again be tied high or low. Other dedicated
links, such as RF links, could also be used.

To provide maximum operator feedback, the LEDs that
are located with the switches have three states, namely, off,
on, and blinking. The off state indicates that the switch is off
and therefore that the device controlled by the switch is off.
Conversely, the on state indicates that the switch is on and
that the device controlled by the switch is on. The blinking
state indicates that the control system 12 recognizes that a
switch is on, but that the device which the switch controls is
nevertheless off for some other reason (e.g., due to the
failure of an interlock condition, or due to the operation of
the load manager or load sequencer). Notably, the blinking
LED feedback is made possible by the fact that the LEDs are
controlled by the control unit 14 and not directly by the
switches themselves, since the switches themselves do not
necessarily know the output state of the devices they control.

A specific example will now be given of a preferred
interconnection of the interface modules 21, 22, and 23 with
a plurality of I/O devices 40 and 50. Many or all of the I/O
devices 40 and 50 could be the same as those that have
previously been used on fire trucks. Additionally, it should
be noted that the example given below is just one example,
and that a virtually unlimited number of configurations are
possible. This is especially true since fire trucks tend to be
sold one or two at a time and therefore each fire truck that
is sold tends to be unique at least in some respects.

In FIG. 2, the interface module 21 receives inputs from
switches 41 that control the emergency lighting system of
the fire truck. As previously noted, the emergency lighting
system includes the flashing emergency lights (usually red
and white) that are commonly associated with fire trucks and
that are used to alert other motorists to the presence of the
fire truck on the roadway or at the scene of a fire. One of the
switches 41a may be an emergency master on/off (E-master)
switch used to initiate load sequencing, as described in
greater detail below. The interface module 21 may also be
connected, for example, to switches 41b that control the
emergency siren and horn. The interface module 21 is also
connected to LEDs 51a that are integrally located in the
switches 41a and 41b and that provide operator feedback
regarding the positions of the switches 41a and 41b, as
previously described.

The interface module 22 receives inputs from switches
42a that control lighting around the perimeter of the fire
truck 10, switches 42b that control scene lighting, and
switches 42¢ that control lighting which aids the operators in
viewing gauges and other settings at the pump panel. The
interface module 22 is also connected to LEDs 524 that are
integrally located in the switches 42a, 42b and 42¢ and that
provide operator feedback regarding the positions of the
switches 42a, 42b and 42c.

The interface module 23 receives inputs from switches
43 that control heating and air conditioning, and switches
43b that controls miscellaneous other electrical devices. The
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interface module 23 is connected to LED indicators, some of
which may be integrally located with the switches 43a and
43b and others of which may simply be an LED indicator
that is mounted on the dashboard or elsewhere in the cab of
the fire truck 10.

Continuing to refer to FIG. 2, the vehicle interface mod-
ules 30 and the interconnection of the interface modules 20
with various I/O devices will now be described in greater
detail. As previously mentioned, the interface modules 30
are distinguishable from the interface modules 20 mainly in
that the interface modules 30 are capable of handling both
analog and digital inputs and outputs, and in that they are
capable of providing more output power to drive output
devices such as digitally-driven gauges, solenoids, and so
on. The interface modules 30 preferably have between
fifteen and twenty-five each inputs and outputs and, more
preferably, have twenty inputs (including six digital inputs,
two frequency counter inputs, and six analog inputs) and
twenty outputs (including six outputs that are configurable
as analog outputs).

Like the interface modules 20, the interface modules 30
are microprocessor-based and include a microprocessor that
executes a program to enable communication over the
communication network 60. The same or a different micro-
processor of the interface modules 30 may also be used to
process input signals received from the input devices 40 and
to process output signals transmitted to the output devices
50.

For the interface modules 30, this processing includes not
only debounce filtering, in the case of switch inputs, but also
a variety of other types of processing. For example, for
analog inputs, this processing includes any processing that is
required to interpret the inputs from analog-to-digital (A/D)
converters, including converting units. For frequency inputs,
this processing includes any processing that is required to
interpret inputs from frequency-to-digital converters,
including converting units. This processing also includes
other simple filtering operations. For example, in connection
with one analog input, this processing may include notifying
the central control unit 14 of the status of an input device
only every second or so. In connection with another analog
input, this processing may include advising the central
control unit 14 only when the status of the input device
changes by a predetermined amount. For analog output
devices, this processing includes any processing that is
required to interpret the outputs for digital-to-analog (D/A)
converters, including converting units. For digital output
devices that blink or flash, this processing includes imple-
menting the blinking or flashing (i.e., turning the output
device on and off at a predetermined frequency) based on an
instruction from the central control unit 14 that the output
device should blink or flash. In general, the processing by
the interface modules 30 reduces the amount of information
which must be communicated over the communication link,
and also reduces the amount of time that the central control
unit 14 must spend processing minor changes in analog
input status.

Preferably, the configuration information required to
implement the I/O processing that has just been described is
downloaded from the central control unit 14 to each inter-
face module 30 (and each interface module 20) at power-up.
Additionally, the harness connector that connects to each of
the interface modules 20 and 30 are preferably electronically
keyed, such that being connected to a particular harness
connector provides the interface modules 20 and 30 with a
unique identification code (for example, by tying various
connector pins high and low to implement a binary code).
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The advantage of this approach is that the interface modules
20 and 30 become interchangeable devices that are custom-
ized only at power-up. As a result, if one of the interface
modules 30 malfunctions, for example, a new interface
module 30 can be plugged into the control system 12,
customized automatically at power-up (without user
involvement), and the control system 12 then becomes fully
operational. This enhances the maintainability of the control
system 12.

A specific example will now be given of a preferred
interconnection of the interface modules 31, 32, and 33 with
a plurality of I/O devices 40 and 50. This example continues
the example that was started in connection with the interface
modules 21, 22, and 23. Again, it should be noted that the
configuration described herein is just one example.

The interface modules 31, 32, 33, 34 and 35 all receive
inputs from additional switches and sensors 444, 45a, 464,
47a and 48a. The switches may be additional switches that
are located in the cab of the fire truck or elsewhere through-
out the vehicle, depending on the location of the interface
module. The sensors may be selected ones of a variety of
sensors that are located throughout the fire truck. The
sensors may be used to sense the mechanical status of
devices on the fire truck, for example, whether particular
devices are engaged or disengaged, whether particular
devices are deployed, whether particular doors on the fire
truck are open or closed, and so on. The sensors may also be
used to sense fluid levels such as fuel level, transmission
fluid level, coolant level, foam pressure, oil level, and so on.

In addition to the switches and sensors 444, the interface
module 31 is also connected to a portion 54a of the emer-
gency lighting system. The emergency lighting system
includes emergency lights (usually red and white) at the
front, side and rear of the fire truck 10. The emergency lights
may, for example, be in accordance with the guidelines
provided by the National Fire Protection Association.
Because the interface module 31 is located at the front of the
fire truck, the interface module 31 is connected to the red and
white emergency lights at the front of the fire truck.

The interface module 31 is also connected to gauges and
indicators 54b which are located on the dashboard of the fire
truck 10. The gauges may indicate fluid levels such as fuel
level, transmission fluid level, coolant level, foam pressure,
oil level and so on. The indicators may include, for example,
indicators that are used to display danger, warning and
caution messages, warning lights, and indicators that indi-
cate the status of various mechanical and electrical systems
on the fire truck. The interface module 31 may also be
connected, for example, to an emergency sound system
including an emergency siren and emergency air horns 54c,
which are used in combination with the emergency lights
54a.

In addition to the switches and sensors 454, the interface
module 32 is also connected to perimeter lighting 554, scene
lighting 55b and utility lighting 55¢. The perimeter lighting
55a illuminates the perimeter of the fire truck 10. The scene
lighting 55b includes bright flood lights and/or spot lights to
illuminate the work area at a fire. The utility lighting 55¢
includes lighting used to light operator panels, compart-
ments and so on of the fire truck 10.

In addition to the switches and sensors 464, the interface
module 33 is also connected to PTO sensors 46b. The PTO
sensors 46b monitor the status of a power take-off mecha-
nism 97 (see FIG. 1), which diverts mechanical power from
the engine/transmission from the wheels to other mechanical
subsystems, such as the pump system, an aerial system and
so on. The interface module 33 is also connected to a portion
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56a of the FMVSS (Federal Motor Vehicle Safety Standard)
lighting. The FMVSS lighting system includes the usual
types of lighting systems that are commonly found on most
types of vehicles, for example, head lights, tail lights, brake
lights, directional lights (including left and right direction-
als), hazard lights, and so on. The interface module 33 is also
connected to the heating and air conditioning 56b.

In addition to the switches and sensors 474, the interface
module 34, which is disposed near the pump panel, is
connected to pump panel switches and sensors 47a, pump
panel gauges and indicators 574, pump panel lighting 575,
and perimeter lighting 57¢. The pump system may be
manually controlled or may be automatically controlled
through the use of electronically controlled valves. In either
case, the various fluid pressures are measured by sensors and
displayed on the gauges and indicators 57a.

Finally, in addition to the switches and sensors 48a, the
interface module 35 is also connected to emergency lighting
584, scene lighting 585, FMVSS lighting 58¢, and the utility
lighting 58d. These lighting systems have been described
above.

The interface modules 20 and the interface modules 30
are connected to the central control unit 14 by the commu-
nication network 60. The communication network may be
implemented using a network protocol, for example, which
is in compliance with the Society of Automotive Engineers
(SAE) J1708/1587 and/or J1939 standards. The particular
network protocol that is utilized is not critical, although all
of the devices on the network should be able to communicate
effectively and reliably.

The transmission medium may be implemented using
copper or fiber optic cable. Fiber optic cable is particularly
advantageous in connection with fire trucks because fiber
optic cable is substantially immune to electromagnetic inter-
ference, for example, from communication antennae on
mobile news vehicles, which are common at the scenes of
fires. Additionally, fiber optic cable is advantageous because
it reduces RF emissions and the possibility of short circuits
as compared to copper-based networks. Finally, fiber optic
cable is advantageous because it reduces the possibility of
electrocution as compared to copper in the event that the
cable accidentally comes into contact with power lines at the
scene of a fire.

Also connected to the communication network 60 are a
plurality of displays 81 and 82. The displays 81 and 82
permit any of the data collected by the central control unit
14 to be displayed to the firefighters in real time. In practice,
the data displayed by the displays 81 and 82 may be
displayed in the form of text messages and may be organized
into screens of data (given that there is too much data to
display at one time) and the displays 81 and 82 may include
membrane pushbuttons that allow the firefighters to scroll
through, page through, or otherwise view the screens of data
that are available. Additionally, although the displays 81 and
82 are both capable of displaying any of the information
collected by the central control unit 14, in practice, the
displays 81 and 82 are likely to be used only to display
selected categories of information. For example, assuming
the display 81 is located in the cab and the display 82 is
located at the pump panel, the display 81 is likely to be used
to display information that pertains to devices which are
controlled from within the cab, whereas the display 82 is
likely to be used to display information pertaining to the
operation of the pump panel. Advantageously, the displays
81 and 82 give firefighters instant access to fire truck
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information at a single location, which facilitates both
normal operations of the fire truck as well as troubleshooting
if problems arise.

Also shown in FIG. 2 is a personal computer 85 which is
connected to the control unit 14 by way of a communication
link 86, which may be a modem link, an RS-232 link, an
Internet link, and so on. The personal computer 85 allows
diagnostic software to be utilized for remote or local trouble-
shooting of the control system 12, for example, through
direct examination of inputs, direct control of outputs, and
viewing and controlling internal states, including interlock
states. Because all I/O status information is stored in the
central control unit 14, this information can be easily
accessed and manipulated by the personal computer 85. If a
problem is encountered, the personal computer can be used
to determine whether the central control unit 14 considers all
of the interface modules 20 and 30 to be “on-line” and, if
not, the operator can check for bad connections and so on.
If a particular output device is not working properly, the
personal computer 85 can be used to trace the I/O status
information from the switch or other input device through to
the malfunctioning output device. For example, the personal
computer 85 can be used to determine whether the switch
state is being read properly, whether all interlock conditions
are met, and so on.

The personal computer 85 also allows new firmware to be
downloaded to the control unit 14 remotely (e.g., from a
different city or state or other remote location by way of the
Internet or a telephone link) by way of the communication
link 86. The firmware can be firmware for the control unit
14, or it can be firmware for the interface modules 20 and 30
that is downloaded to the control unit 14 and then transmit-
ted to the interface modules 20 and 30 by way of the
communication network 60.

Finally, referring back to FIG. 1, several additional sys-
tems are shown which will now be briefly described before
proceeding to a discussion of the operation of the control
system 12. In particular, FIG. 1 shows an engine system
including an engine 92 and an engine control system 91, a
transmission system including a transmission 93 and a
transmission control system 94, and an anti-lock brake
system including an anti-lock brake control system 95 and
anti-lock brakes 96. The transmission 93 is mechanically
coupled to the engine 92, and is itself further mechanically
coupled to a PTO system 97. The PTO system 97 allows
mechanical power from the engine to be diverted to water
pumps, aerial drive mechanisms, stabilizer drive mecha-
nisms, and so on. In combination, the engine system, the
transmission system and the PTO system form the power
train of the fire truck 10.

The control systems 92, 94 and 95 may be connected to
the central control unit 14 using the same or a different
communication network than is used by the interface mod-
ules 30 and 40. In practice, the control systems 92, 94 and
95 are likely to be purchased as off-the-shelf systems, since
most fire truck manufacturers purchase rather than manu-
facture engine systems, transmission systems and anti-lock
brake systems. As a result, it is likely that the control
systems 92, 94 and 95 will use a variety of different
communication protocols and therefore that at least one
additional communication network will be required.

By connecting the systems 92, 94 and 95 to the central
control unit 14, an array of additional input status informa-
tion becomes available to the control system 12. For
example, for the engine, this allows the central control unit
14 to obtain I/O status information pertaining to engine
speed, engine hours, oil temperature, oil pressure, oil level,
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coolant level, fuel level, and so on. For the transmission, this
allows the central control unit 14 to obtain, for example,
information pertaining transmission temperature, transmis-
sion fluid level and/or transmission state (1st gear, 2nd gear,
and so on). Assuming that an off-the-shelf engine or trans-
mission system is used, the information that is available
depends on the manufacturer of the system and the infor-
mation that they have chosen to make available.

Connecting the systems 92, 94 and 95 to the central
control unit 14 is advantageous because it allows informa-
tion from these subsystems to be displayed to firefighters
using the displays 81 and 82. This also allows the central
control unit 14 to implement various interlock conditions as
a function of the state of the transmission, engine or brake
systems. For example, in order to turn on the pump system
(which is mechanically driven by the engine and the trans-
mission), an interlock condition may be implemented that
requires that the transmission be in neutral or 4th lockup
(i.e., fourth gear with the torque converter locked up), so that
the pump can only be engaged when the wheels are disen-
gaged from the power train. The status information from
these systems can therefore be treated in the same manner as
I/O status information from any other discrete I/O device on
the fire truck 10. It may also be desirable to provide the
central control unit 14 with a limited degree of control over
the engine and transmission systems, for example, enabling
the central control unit 14 to issue throttle command
requests to the engine control system 91. This allows the
central control unit to control the speed of the engine and
therefore the voltage developed across the alternator that
forms part of the power source 100.

2. Manner of Operation of Preferred Fire Truck Control
System

The operation of the control system 12 will now be
described in greater detail, including the manner in which
interlock control, load management, and load sequencing are
implemented by the control system 12.

a. Operation Overview and Interlock Control

Referring now to FIGS. 3-5, a first example of the
operation of the control system 12 is given. FIG. 3 is a block
diagram of the control system 12, which has been simplified
to the extent that some of the structure shown in FIGS. 1-2
is not shown in FIG. 3. Additionally, FIG. 3 shows in greater
detail a switch 341 (which is one of the switches 414 in FIG.
2), rear scene lights 351 (which are part of the rear scene
lighting 58b in FIG. 2), and an LED indicator 352 (which is
one of the switch LED feedback indicators 51« in FIG. 2).
The rear scene lights 351 are considered a single output
device since they are both connected to one output of the
interface module 35, even though there are in fact two lights.
Finally, the central control unit 14 is also shown to include
an interlock system 316, which is implemented in the control
program 16 executed by the microprocessor 15.

FIG. 4 is a flowchart showing the operation of the control
system 12 to activate the rear scene lights 351 in response to
an input signal received from the switch 341. One of the
advantages of the control system 12 is that input signals
from the input devices 40 are processed by the control unit
14 and do not directly control the output devices 50.
Switches represent user input commands but do not close the
electrical circuit between the power source 100 and the
output device controlled by the switch. As will be described
below, this simplifies control system wiring and makes
possible more flexible control of output devices.

In order to highlight this aspect of the control system 12,
it will be assumed that the switch 341 is a soft toggle switch.
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Thus, the switch 341 is physically a momentary switch, i.e.,
a switch that closes when pressed but, when pressure is
removed, automatically returns to an open position. The
control system 12 makes the switch 341 emulate a latched
switch, i.e., a switch that remains closed when pressed and
returns to an open position only when pressed again.

First, in step 401, the switch 341 transmits an input signal
to the interface module 21. The input signal is transmitted to
the interface module 21 as a result of a change in the status
of the switch, for example, when an operator presses the
switch. The input signal from the switch 341 is transmitted
to the interface module 21 by way of a hardwired commu-
nication link 101 which may, for example, comprise a wire
that connects a terminal of the switch 341 to an input
terminal of the interface module 21 (with the other terminal
of the switch 341 being tied high or low). Other types of
dedicated links may also be used.

At step 402, the interface module 21 processes the input
signal. For the switch 341, the interface module performs
debounce filtering, for example, by waiting until the
mechanical position of the switch stabilizes (e.g., fifty
milliseconds) before the transmitting the input signal to the
control unit 14.

At step 403, the interface module 21 transmits the input
signal in the form of a network message to the control unit
14 (“ECU” in FIG. 4). The network message is sent by way
of the communication network 60 and, in particular, by way
of a network communication link 61 that links the interface
module 21 to the control unit 14.

At step 404, the control unit 14 processes the input signal.
As previously noted, the switch 341 is physically a momen-
tary switch (i.e., a switch that closes when pressed but, when
pressure is removed, automatically returns to an open posi-
tion) but is made to emulate a latched switch (i.e., a switch
that remains closed when pressed and returns to an open
position only when pressed again). Accordingly, to process
the input signal, the control unit 14 first determines that the
switch 341 has experienced an off->on transition (i.e.,
because the switch 341 was previously off but is now on),
and then determines that the present state of the rear scene
lights 351 are off. Accordingly, at step 405, the control unit
14 generates a first control signal to turn on the rear scene
lights 351, as well as a second control signal to turn on LED
indicator 352.

At step 406, the control unit 14 transmits the first control
signal in the form of a second network message to the
interface module 35. The network message is sent by way of
the communication network 60 and, in particular, by way of
a network communication link 65 that links the central
control unit 14 to the interface module 35. In practice, the
network communication link 65 may utilize some or all of
the same physical media utilized by the network communi-
cation link 61, depending on the network architecture that is
utilized. In the illustrated embodiment a bus architecture is
utilized, but it should be understood of course that other
types of network architectures (such as ring or star archi-
tectures) may also be utilized.

At step 407, the interface module 35 transmits the first
control signal to the rear scene lights 351. The control signal
is transmitted in the form of a power control signal on a
hardwired communication link 105. The hardwired commu-
nication link 105 may, for example, comprise a wire that
connects a terminal of the switch 341 to an input terminal of
the interface module 21. The power control signal from the
interface module 35 has two states, namely, an “on” state in
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which power is provided to the lighting system 351 and an
“off” in which power is not provided to the lighting system
351.

At step 408, the control unit 14 transmits the second
control signal to the interface module 21 by way of the
network communication link 61 in the form of a third
network message. At step 409, the interface module 21
transmits the second control signal to the LED indicator 352
in the form of a power control signal on a hardwired
communication link 102. As previously noted, the LED
indicator 352 is located integrally with the switch 341 (e.g.,
at the tip of the lever of the switch 341, in a manner such that
the LED is clearly associated with the switch 341). There-
fore, when the second control signal is transmitted to the
LED indicator 352, thereby turning on the LED indicator
352, the LED indicator provides feedback to the operator
regarding the status of the rear scene lights 351. In the
present situation, the on state of the LED indicator 352
indicates that the rear scene lights 351 are on.

When the switch 341 is released, another input signal (not
shown) is sent to the interface module 21 which indicates
that the input state of the switch has changed from on to off.
The control unit 14 recognizes the on—off transition, but
ignores the transition pursuant to making the switch 341
emulate a latched switch.

It may be noted therefore that the switch 341 does not
complete the electrical power circuit for the rear scene lights
351. When the switch 341 is released, the switch 341 opens
but this change does not cause any change in the output
status of the scene lights 351. The opportunity for the central
control unit 14 to process the input signal from the switch
341 (as well as other input devices) makes the control
system 12 more flexible and robust while at the same time
reducing wiring and therefore reducing the number of failure
points.

For example, a feature that is easily implemented in the
control system 12 is two-way or, more generally, N-way
switching. To implement N-way switching, it is only nec-
essary to define N switches as inputs that control a given
lighting system, and to program the control unit 14 to toggle
the state of the lighting system every time the latched state
of one of the N switches changes. A complicated and
wiring-intensive N-way switching circuit is not required
because the control logic required to implement N-way
switching is not hardwired but rather is programmed into the
control unit 14. Another feature that is easily implemented
iS progressive switching, in which the control unit 14
responds differently each time a given switch is pressed.

In addition to the advantages that are achieved due to the
processing of the inputs, additional advantages are achieved
in connection with processing the outputs. Thus, another
advantage of the control system 12 is that the outputs are
capable of multiple modes of operation, without any addi-
tional hardware, depending on the mode of operation of the
vehicle. Thus, the same output device can have a digital
mode of operation, an analog mode of operation, and a
flashing mode of operation. For example, the same set of
lights can be made to operate as high beam headlights at
night (digital), as day-time running lights during the day
(analog), and as flashing white lights in an emergency
situation. (This is especially true if analog outputs are
implemented using pulse width modulation to emulate a true
analog-type output.) Because specialized hardware for each
mode of operation is not required, it is much easier to
provide any given output device with the ability to operate
in different modes.
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Another advantage with respect to the processing of
outputs is that the central control unit 14 has the ability to
synchronize or desynchronize different output devices. For
example, in connection with the flashing emergency lights,
it is possible to more precisely control the emergency lights
and to have different lights flashing with exactly the same
frequency but at a different phase. This prevents multiple
sets of lights from undesirably turning on at the same time.
For fire trucks with circuit breakers, this situation is unde-
sirable because it can cause the current draw of the multiple
sets of lights to trip a circuit breaker, thereby rendering the
flashing emergency lights inoperative altogether.

Referring now to FIG. 5§, the operation of the control
system 12 to disengage the rear scene lights 351 in response
to a changed interlock condition is illustrated. Federal Motor
Vehicle Safety Standard (FMVSS) regulations prohibit the
use of white lights on the back of a vehicle when the vehicle
is moving forward. This regulation prevents other drivers
from confusing the vehicle with oncoming traffic. Therefore,
if a fire truck at the scene of a fire has white rear scene lights
turned on and a firefighter decides to move the fire truck, the
firefighter must first remember to turn off the white rear
scene lights. FIG. 5 illustrates the operation of the control
system to implement an interlock system 316 that eliminates
the need for the firefighter to have to remember to turn off
the rear scene lights in this situation.

To implement this type of control, a sensor 342 that
monitors the status of the parking brake is utilized. The
control rules governing the interlock condition for this
example are then as follows. The rear scene lights 351
should disengage when the parking brake is disengaged.
However, the rear scene lights are allowed to be on when the
parking brake is off. Therefore, the rear scene lights are
turned off only when there is an on—off transition of the
parking brake and, otherwise, the rear scene lights are
allowed to be on.

Accordingly, by way of example, the parking brake is
turned off at step 501. At step 502, the parking brake sensor
342 transmits an input signal to the interface module 31. At
step 503, the interface module 31 processes the input signal.
For example, the interface module 31 performs debounce
filtering to require stabilization of the mechanical state of the
sensor before a state change is recognized.

At step 504, the interface module 31 transmits the input
signal in the form of a network to the control unit 14 by way
of a network communication link 67. At step 505, the control
unit 14 processes the input signal. For example, the control
unit 14 determines that the rear scene lights 351 are on, and
that there has been an on—off transition in the state of the
parking brake sensor 342. Accordingly, at step 506, the
control unit 14 generates a first control signal to turn off the
rear scene lights 351 and a second control signal to cause the
LED indicator 352 to blink.

At step 507, the control unit 14 transmits the first control
signal in the form of a network message to the interface
module 35. In turn, at step 508, the interface module 35
transmits the control signal to the rear scene light lights 351,
thereby causing the rear scene lights to turn off.

At step 509, the control unit 14 transmits the second
control signal in the form of a network message to the
interface module 21. In turn, at step 510, the interface
module 35 transmits the control signal to the LED indicator
352, thereby causing the LED indicator 352 to blink. The
blinking state of the LED indicator 352 indicates to the
operator that the control unit 14 considers the switch 341 to
be on, but that the rear scene lights 351 are nevertheless off
because some other condition on the fire truck is not met. In
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this case, the rear scene lights 351 are off due to the on—off
transition in the state of the parking brake. In this way,
operator feedback is maximized.

The flowchart of FIG. 4, at step 510, shows the use of a
single control signal to cause the LED indicator 352 to blink.
In practice, the blinking of the LED indicator 352 may be
achieved in a variety of ways. For example, if a simple
hardwired connection between the interface module 21 and
the LED indicator 352 is utilized, the interface module 21
may periodically provide periodic on and off control signals
to the LED indicator 352 by periodically applying power to
the output terminal that is connected to the LED indicator
352. Alternatively, if a blinker module is utilized, the inter-
face module may provide a single control signal to the
blinker module, which then controls blinking of the LED
indicator 352.

If the operator then pushes and releases the switch 341 a
second time while the parking brake is off, the process in
FIG. 4 is repeated and the rear scene lights 351 turn on. In
this case, the rear scene lights 351 turn on even though the
parking brake is off, because the control system 12 only
prevents the rear scene lights from being on when the
parking brake is first released. If the operator pushes and
releases the switch 341 a third time, the control system 12
turns off the rear scene lights 351.

b. Load Management

Referring now to FIGS. 6-8, a second example of the
operation of the control system 12 is given. FIG. 6 is another
block diagram of the control system 12, which has been
simplified to the extent that some of the structure shown in
FIGS. 1-2 is not shown in FIG. 6. Additionally, FIG. 6
shows a plurality of output devices 651, 652, 653 and 654
that have load management priority levels equal to one, two,
three and four, respectively. The output devices 651, 652,
653 and 654 are exemplary ones of the output devices 50 of
FIGS. 1-2. Finally, the central control unit 14 is shown to
include a load manager 616, which is implemented in the
control program 16 executed by the microprocessor 185.

Because the output devices 651, 652, 653 and 654 are
assigned four different load management priority levels, the
load manager 616 is referred to as a four level load manager.
As will become apparent, implementing a load manager
with additional priority levels can be achieved simply by
defining additional priority levels. Indeed, it is even possible
for the load manager 616 to have the same number of levels
as there are output devices, by assigning every output device
a different priority level and by shedding the output devices
one by one as the battery voltage drops.

FIG. 7 is a flowchart showing the operation of the load
manager 616. In particular, the flowchart of FIG. 7 describes
the operation of the load manager 616 to turn off output
devices in layers when the system voltage decreases. It may
be noted that a similar approach may be used when the
system voltage increases, in which case devices that are
sensitive to over voltage conditions may be turned off in
layers as the system voltage increases.

At step 701, the load manager initializes tracking vari-
ables and sets the active priority equal to zero. The active
priority is the priority level that is currently shed. (In the
described embodiment, the parameter N is typically equal to
the active priority minus one. However, the parameter N
could also simply be equal to the active priority.) Therefore,
assuming that none of the output devices 651, 652, 653, 654
are shed, then the active priority level is equal to zero. The
active priority increases as shedding occurs.
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At step 702, the control unit 14 determines whether the
battery voltage has decreased to the priority N load shed
voltage. Initially, the tracking variable N is equal to one and
so, initially, the control unit 14 is determining in step 702
whether the battery voltage has decreased enough for the
first layer of shedding to occur. If the battery voltage has not
decreased, then the control unit 14 continues to monitor the
battery voltage until the priority 1 load shed voltage is
reached.

At step 703, when the battery voltage has decreased to the
priority 1 load shed voltage, then the control unit 14 starts
a load shed timer. The purpose of the load shed timer is to
ensure that a temporary reduction in the battery voltage (for
example, caused by engagement of an output device that
draws a significant amount of current) is not misinterpreted
as the battery running out of power, so that the control unit
14 does not unnecessarily start shedding output devices.

The control unit 14 continues to monitor the battery
voltage at step 704 until the load shed timer elapses at step
705. During this time, the control unit 14 continues to
monitor whether the battery voltage is equal to or less than
the priority 1 load shed voltage. If the battery returns above
the load shed voltage, then that indicates only a temporary
voltage reduction has occurred and therefore the process
returns to step 702 after the active priority is set equal to N-1
at step 706. In this case, since N is equal to one, the active
priority remains equal to zero, in other words, no output
devices are shed.

If the battery voltage is still equal to or less than the
priority 1 load shed voltage when the load shed timer elapses
at step 705, then the process proceeds to step 707. At step
707, the control unit 14 determines whether any of the
priority 1 output devices are active. If none of the priority 1
output devices 651 are active, then N is incremented by one,
and the process proceeds to step 702. At step 702, the control
unit 14 determines whether the battery voltage has decreased
to the priority 2 load shed voltage. Thus, because the battery
voltage is low, but there were no priority 1 output devices
651 to shed at step 707, the control unit determines whether
it is appropriate to start shedding priority 2 output devices
652. The control unit 14 repeats the process and continues to
search for a level of devices to shed until either the battery
voltage is not low enough to justify shedding the next layer
of devices (in which case the process proceeds to step 706,
where the active priority is set equal to the highest level at
which the battery voltage is low enough to cause shedding,
if there were output devices to shed, and then the process
returns to step 702) or until step 707 is answered affirma-
tively (in which case the process proceeds to step 709, where
the active priority is set equal to the priority level at which
output devices are available for shedding, and then the
process proceeds to step 710).

At step 710, these output devices are shed, the variable N
is incremented, and the process proceeds to step 702 where
the control unit 14 determines whether the battery voltage is
less than the load shed voltage of the next priority level. The
process then repeats until the battery voltage is greater than
the load shed voltage of the next priority level.

When the active priority level becomes non-zero, the
control unit 14 denies all requests for engagement of devices
that have a priority level which is equal to or less than the
active priority level. Thus, all devices that have a priority
level which is equal to or less than the active priority level
remain off, at least until the battery voltage increases and it
becomes appropriate to restore some output devices, as
described below in connection with FIG. 8.
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As previously described, some output devices are con-
trolled by switches that are integrally fabricated with an
LED indicator. For such output devices, the control unit 14
causes the appropriate LED indicator to start blinking,
thereby advising the operator that the switch is recognized
by the control unit 14 as being turned on, but that the
associated output device is nevertheless disengaged because
it is being load managed. The process of making indicator
LEDs blink was described previously in connection with
FIG. 4.

Referring now to FIG. 8, a process for restoring power to
output devices is illustrated. The battery is connected to the
alternator and, if loading is reduced enough, the battery will
begin to regain voltage. Therefore, it may become appro-
priate to restore power to at least some output devices. The
process shown in FIG. 8 for restoring power is essentially
the opposite of the process shown in FIG. 7. The process of
FIG. 8 may be performed in time alternating fashion with
respect to the process of FIG. 7.

In particular, at step 801, it is determined whether the
battery voltage has increased to the priority N load restore
voltage. For example, if the active priority is currently set
equal to three, then step 801 determines whether the battery
voltage is greater than or equal to the priority 3 load restore
voltage. The priority 3 load restore voltage is preferably
larger than the priority 3 load shed voltage in order to
implement a hysteresis effect that avoids output devices
from flickering on and off.

At step 802, when the battery voltage has increased to the
priority 3 load restore voltage, then the control unit 14 starts
a load restore timer. The purpose of the load restore timer is
to ensure that a temporary voltage surge is not misinter-
preted as the battery regaining power, so that the control unit
14 does not inappropriately start restoring output devices.

The control unit continues to monitor the battery voltage
at step 803 until the load restore timer elapses at step 804.
During this time, the control unit 14 continues to monitor
whether the battery voltage is still equal to or greater than
the priority 3 load shed voltage. If the battery returns below
the load restore voltage, then that indicates only a temporary
voltage surge and therefore the process returns to step 801
after the active priority is set equal to N-1 at step 805. In this
case, since N is equal to four (N is always one greater than
the active priority in the described embodiment), the active
priority remains equal to three, in other words, no output
devices are restored.

If the battery voltage is still equal to or greater than the
priority 3 load restore voltage at step 804, then the process
proceeds to step 806. At step 806, the control unit 14
determines whether any of the priority 3 output devices 653
are inactive. If none of the priority 3 output devices are
inactive, then N is decremented by one, and the process
proceeds to step 801. At step 801, the control unit 14
determines whether the battery voltage has increased to the
priority 2 load restore voltage. Thus, because the battery
voltage has increased, but there were no priority 3 output
devices 653 to restore at step 806, the control unit deter-
mines whether it is appropriate to start restoring priority 2
output devices 652. The control unit 14 continues to search
for a level of devices to restore until either the battery
voltage is not high enough to justify restoring the next layer
of devices (in which case the process proceeds to step 805,
where the active priority is set equal to the highest level at
which the battery voltage is high enough to permit restoring,
if there were output devices to restore, and then the process
returns to step 801) or until step 806 is answered affirma-
tively (in which case process proceeds to step 808, where the
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active priority is set equal to the priority level at which
output devices are available for restoring, and then the
process proceeds to step 809).

At step 809, these output devices are restored, the variable
N is decremented, and the process proceeds to step 702
where the control unit 14 determines whether the battery
voltage is greater than the load restore voltage of the next
priority level. The process then continues until the battery
voltage is less than the load restore voltage of the next
priority level, or until all devices have been restored. Once
a level of output devices has been restored, the control unit
14 starts accepting requests to turn on output devices having
the restored priority level.

The implementation of the load manager 616 in the
control unit 14 permits a high degree of flexibility to be
obtained. For example, the priority level of output devices
can be changed without requiring any hardware changes.
For example, air conditioning might be given a higher
priority in summer, when air conditioning is more critical for
cooling off firefighters that have been inside a burning
building, and less of a priority in winter when the outside
temperature may be below freezing.

Further, the priority of the output devices can change
dynamically as a function of the operating mode of the fire
truck. Thus, in FIG. 6, the output device 658 is illustrated as
having a priority X. The variable X may be set equal to one
value for most operating conditions. However, upon receiv-
ing a request for the output device 658, the central control
unit can review the I/O state of the fire truck and, if
predetermined I/O conditions are met, give the output device
658 al higher load management priority level, thereby allow-
ing the output device 658 to turn on. Because the load
management priority level is a software-assigned value, and
is not hardwired by relay logic, it is possible to change the
load management priority level of output devices dynami-
cally while the fire truck is operating at the scene of a fire.

An additional advantage of the control system 12 is that
it is more flexible and allows a higher level of load man-
agement granularity to be achieved. With the control system
12, it is possible to shed individual output devices instead of
just groups of devices. For example, it is possible to shed
individual lights within a lighting system without turning off
the whole lighting system.

Another advantage of the control system 12 is that it can
be given the ability to predict operational requirements of
the fire truck, such that potential operational difficulties can
be avoided. For example, with the load manager 616, the
battery current draw may be monitored and very low priority
loads may be preemptively shed in order to slow down or
prevent the loss of battery power.

Another advantage of the control system 12 is that can be
given the ability to perform prognoses of various system
conditions and use the information obtained to alleviate or
prevent operational difficulties. For example, the load man-
ager 616 can predict, based on a knowledge of how much
battery current is being drawn, how long the battery will last
until it is necessary to start shedding output devices. Other
examples also exist. For example, water flow from an
on-board water supply can be monitored and the amount of
time remaining until water is depleted can be displayed to an
operator of the fire truck 10. This allows firefighters to know
with greater accuracy how quickly they need to get the fire
truck connected to a fire hydrant before the water supply is
depleted. Similarly, for oxygen masks used in the basket of
an aerial, oxygen flow can be monitored and the amount of
time remaining until oxygen is depleted can be displayed to
an operator of the fire truck. Again, this allows firefighters to
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know with greater accuracy how quickly the oxygen supply
should be replenished. Although conventionally, fire trucks
have level indicators that indicate the amount of water or
oxygen remaining, firefighters are generally more concerned
about the amount of time remaining rather than the absolute
quantity of water/oxygen remaining. This is especially true
since the water and oxygen flow rates can vary significantly
during the operation of the fire truck.

c¢. Load Sequencing

Referring now to FIGS. 9, 10A, and 10B, a second
example of the operation of the control system 12 is given.
FIG. 9 is another block diagram of the control system 12,
which has been simplified to the extent that some of the
structure shown in FIGS. 1-2 is not shown in FIG. 9.
Additionally, FIG. 6 shows a plurality of switches 941-945,
a plurality of emergency lighting subsystems 951-954, and
a plurality of LED indicators 955-959. The central control
unit 14 includes a load sequencer 916, which is implemented
in the control program 16 executed by the microprocessor
15.

In FIGS. 9, 10A and 10B, the operation of the load
sequencer is described with respect to four emergency
lighting subsystems 951-959. It may be noted that the load
sequencer may be used in other situations to control other
output devices. For example, another load sequencer may be
used when battery power is first applied, and another when
the ignition is first turned on.

The lighting subsystems 951-59 may each, for example,
comprise one emergency light or a set of emergency lights
that are coupled to an output of one of the interface modules
30. Additionally, while only four subsystems are shown, in
practice the load sequencer may be used to control addi-
tional emergency lighting subsystems.

The switches 941, 942, 943 and 944 respectively control
the emergency lights 951, 952, 953 and 954. The remaining
switch 945 is the E-master switch. For any given set of
emergency lights, both the E-master switch and the respec-
tive switch 941-944 must be turned on. Initially, the previ-
ous active on/off states of the switches 941-944, which have
been stored in non-volatile memory, are recalled. Then,
when an emergency call is received, an operator activates
the E-master switch 945.

At step 1001, E-master switch 945 transmits an input
signal to the interface module 21. At step 1002, the interface
module processes the input signal. At step 1003, the inter-
face module 21 transmits the input signal in the form of a
network message to the central control unit 14. At step 1004,
the central control unit processes input signal.

At step 1005, the control unit causes blinking of the LED
indicators 955-959 of the sequenced emergency lighting
subsystems 951-954. In particular, the control unit transmits
control signals (in the form of network messages) to the
interface modules that are connected to the LED indicators
955-959, which in turn transmit the control signals to the
LED indicators 955-959 themselves, in the manner previ-
ously described. The operation of the indicators 955-959 is
the same as has previously been described, namely, the LED
indicators 955-959 blink when the switches 941-944 are
turned on but the lighting subsystems 951-954 are not
turned on. As the subsystems 951-954 turn on one by one,
so too do the LED indicators 955-959. Accordingly, because
the operation of the LED indicators 955-959 indicators is
the same as has been described elsewhere, the operation of
the LED indicators 955-959 will not be described further.

At step 1006, the central control unit generates first,
second, third, fourth and fourth control signals. At step 1007,
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the central control unit 14 transmits the first control signal in
the form of a network message to the interface module 35.
At step 1008, the interface module 35 transmits the first
control signal in the form of a power signal to the first
emergency lighting subsystem 951.

The control unit 14 then transmits additional control
signals at one-half second intervals. Thus, after a one-half
second delay at step 1009, the central control unit transmits
the second control signal in the form a network message to
the interface module 31 at step 1010. At step 1011, the
interface module 31 then sends the second control signal in
the form of a power signal to the second emergency lighting
subsystem 952. After another one-half second delay at step
1012, the central control unit 14 transmits the third control
signal in the form a network message to the interface module
34 at step 1013. At step 1014, the interface module 34 then
sends the third control signal in the form of a power signal
to the third emergency lighting subsystem 953. Finally, after
another one-half second delay at step 1015, the central
control unit 14 transmits the third control signal in the form
a network message to the interface module 35 at step 1016.
At step 1017, the interface module 35 then sends the second
control signal in the form of a power signal to the fourth
emergency lighting subsystem 954. As previously indicated
in connection with step 510 of FIG. 5, there are a variety of
ways in which the blinking/flashing of outputs can be
achieved, using either only a single control signal or using
a first control signal followed by multiple additional control
signals.

Referring now to FIGS. 11A and 11B, another advantage
of the control system 12 is the flexibility of the load
sequencer 916. Like the load manager 616, the load
sequencer 916 can operate as a function of the operating
mode of the fire truck. Thus, in FIG. 11A, the load sequencer
916 turns subsystems on in a first order (1 st, 2nd, 3rd, 4th,
5th, 6th) in a first operating mode of the fire truck 10. In a
different operating mode of the fire truck, a somewhat
different group of subsystems is load sequenced and they are
load sequenced in a different order (3rd, 1st, 5th, 4th, 7th,
8th). The two different modes of operation can be activated,
for example by two different master on/off switches. In the
context of emergency lighting systems, this arrangement is
useful where it is desirable to have the emergency lighting
subsystems load sequence differently depending on whether
the fire truck is traveling from the fire station to the fire or
vice versa.

As another example of load sequencing performed as a
function of the operating mode of the truck, it may be noted
that, because the control unit 14 knows the on/off states of
all of the output devices 50, load sequencing can be per-
formed taking into account the current on/off state of the
output devices that are load sequenced. For example, if some
output devices are already turned on, then the load sequencer
916 can immediately proceed to the next output device
without wasting time turning on a device that is already
turned on. This advantageously permits load sequencing to
be performed more quickly.

3. Aerial Control

Referring now to FIG. 12, a preferred embodiment of a
fire truck 1210 with an aerial 1211 having an aerial control
system 1212 is illustrated. By way of overview, the control
system 1212 comprises an aerial central control unit 1214,
a plurality of microprocessor-based interface modules 1220,
1230 and 1235, a plurality of input devices 1240, and a
plurality of output devices 1250. The central control unit
1214 and the interface modules 1220, 1230 and 1235 arc
connected to each other by a communication network 1260.
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The control system 1212 is similar in most respect to the
control system 12, with the primary difference being that the
control system 1212 is used to control the output devices
1250 on the aerial 1211 based on input status information
from the input devices 1240, rather than to control the output
devices 50 on the chassis 11. The interface modules 1220
and 1230 may be identical to the interface modules 20 and
30, respectively, and the central control unit 1214 may be
identical to the central control unit 14 except that a different
control program is required in connection with the aerial
1211. Accordingly, the discussion above regarding the inter-
connection and operation of the interface modules 20 and 30
with the input devices 40 and output devices 50 applies
equally to the central control unit 1214, except to the extent
that the control system 1212 is associated with the aerial
1211 and not with the chassis 11.

The aerial control system 1212 also includes the interface
modules 1225-1227, which are similar to the interface
modules 20 and 30 except that different I/O counts are
utilized. In the preferred embodiment, the interface modules
1225-1227 have twenty-eight switch inputs (two of which
are configurable as frequency inputs). As previously noted,
rather than using several different types of interface mod-
ules, it may be desirable to use only a single type of interface
module in order to reduce inventory requirements. Addi-
tionally, the number of interface modules and the I/O counts
are simply one example of a configuration that may be
utilized.

It is desirable to use a control system 1212 for the aerial
1211 which is separate from the control system 12 in order
to provide a clear separation of function between systems
associated with the aerial 1211 and systems associated with
the chassis 11. Additionally, as a practical matter, many fire
trucks are sold without aerials and therefore providing a
separate aerial control system enables a higher level com-
monality with respect to fire trucks that have aerials and fire
trucks that do not have aerials.

A specific example will now be given of a preferred
interconnection of the interface modules with a plurality of
input devices 1240 and output devices 1250. The interface
module 1221 receives inputs from switches 1241a which
may include for example an aerial master switch that acti-
vates aerial electrical circuits, an aerial PTO switch that
activates the transmission to provide rotational input power
for the hydraulic pump, and a platform leveling switch that
momentarily activates a platform (basket) level electrical
circuit to level the basket relative to the current ground grade
condition. The LED indicators 1251 provide visual feedback
regarding the status of the input switches 1241a.

The interface modules 1225 and 1231 are located near a
ground-level control station at a rear of the fire truck 10. The
interface modules 1225 and 1231 receive inputs from
switches 1242a and 12434 that include, for example, an auto
level switch that activates a circuit to level the fire truck
using the stabilizer jacks and an override switch that over-
rides circuits for emergency operation. The interface mod-
ules 1225 and 1231 may also receive inputs from an operator
panel such as a stabilizer control panel 1242b, which
includes switches that control the raising and lowering of
front and rear stabilizer jacks, and the extending and retract-
ing of front and rear stabilizer jacks. The stabilizer is an
outrigger system which is deployed to prevent the fire truck
from becoming unstable due to the deployment of an aerial
system (e.g., an eighty-five foot extendable ladder). The
interface module 1231 may drive outputs that are used to
control deployment the stabilizer, which can be deployed
anywhere between zero and five feet.
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The interface modules 1226 and 1232 are located near a
turn table 1218 at the rear of the fire truck 10. The interface
modules may receive inputs from switches and sensors
12444 and 1245a, as well as switches that are part of an
aerial control panel 1245bh and are used to control the
extension/retraction, raising/lowering, and rotation of the
aerial 1211. The interface modules 1226 and 1232 drive
outputs that control the extension/retraction, raising/lower-
ing, and rotation of the aerial 1211, as well as LED indica-
tors 1254b that provide operator feedback regarding the
positions of switches and other I/O status information. The
interface modules 1227 and 1233 are located in the basket of
the aerial and provide duplicate control for the extension/
retraction, raising/lowering, and rotation of the aerial.

Additional inputs and outputs 12515 may be used to
establish a communication link between the control system
12 and the control system 1212. In other words, the digital
on/off outputs of one control system can be connected to the
switch inputs of the other control system, and vice versa.
This provides for a mechanism of transferring I/O status
information back and forth between the two control systems
12 and 1212.

The control system 1212 has complete motion control of
the aerial 1211. To this end, the control program 1216
includes an envelope motion controller 12164, load motion
controller 12165 and interlock controller 1216¢. Envelope
motion control refers to monitoring the position of the aerial
and preventing the aerial from colliding with the remainder
of the fire truck 10, and otherwise preventing undesirable
engagement of mechanical structures on the fire truck due to
movement of the aerial. Envelope motion control is imple-
mented based on the known dimensions of the aerial 1211
and the known dimensions and position of other fire truck
structures relative to the aerial 1211 (e.g., the position and
size of the cab 17 relative to the aerial 1211) and the position
of the aerial 1211 (which is measured with feedback sensors
1244 and 12454). The control system 1212 then disallows
inputs that would cause the undesirable engagement of the
aerial 1211 with other fire truck structures.

Load motion control refers to preventing the aerial from
extending so far that the fire truck tips over due to unbal-
anced loading. L.oad motion control is implemented by using
an appropriate sensor to measure the torque placed on the
cylinder that mechanically couples the aerial 1211 to the
remainder of the fire truck. Based on the torque and the
known weight of the fire truck, it is determined when the fire
truck is close to tipping, and warnings are provided to the
operator by way of text messages and LED indicators.

Interlock control refers to implementing interlocks for
aerial systems. For example, an interlock may be provided
that require the parking brake be engaged before allowing
the aerial to move, that require the stabilizers to be extended
and set before moving the aerial 1211, that require that the
aerial PTO be engaged before attempting to move the aerial,
and so on.

Advantageously, therefore, the control system makes the
operation of the aerial much safer. For example, with respect
to load motion control, the control system 1212 automati-
cally alerts firefighters if the extension of the aerial is close
to causing the fire truck to tip over. Factors such as the
number and weight of people in the basket 1219, the amount
and weight of equipment in the basket 1219, the extent to
which the stabilizers are deployed, whether and to what
extent water is flowing through aerial hoses, and so on, are
taken into account automatically by the torque sensors
associated with the cylinder that mounts the aerial to the fire
truck. This eliminates the need for a firefighter to have to
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monitor these conditions manually, and makes it possible for
the control system 1212 to alert an aerial operator to unsafe
conditions, and puts less reliance on the operator to make
sure that the aerial is operating under safe conditions.

4. Scene Management

Referring now to FIG. 34, a firefighting system 110 in
accordance with another preferred aspect of the invention is
shown. The system 110 comprises a plurality of fire trucks
111-114, a central dispatch station 116, and a wireless
communication network 120 which connects the fire trucks
111-114 and the central dispatch station 116. Also shown is
a building 117, which is assumed to be the scene of a fire,
as well as a pair of firefighters 118-119 who are assumed to
be located inside the building 117. Of course, although four
fire trucks and two firefighters are shown, it is also possible
to use the system 110 in conjunction with fewer or additional
fire trucks and/or firefighters. Also, although in the preferred
embodiment the firefighting system 110 includes all of the
devices shown in FIG. 34, it is also possible to construct a
firefighting system that only uses some of the devices shown
in FIG. 34.

The fire trucks 111-114 are each constructed in generally
the same manner as the fire truck 10 previously described,
and therefore each have a control system 12 or 1412 as
previously described in connection with FIGS. 1-13. The
fire trucks 111-114 each further include a digital camera
126, a speaker/microphone system 127, a display 128,
resource monitoring sensors 130, hazardous material sensors
132, and wind speed/direction sensors 134. Although these
features are described in connection with the fire truck 111
in FIG. 34, it should be noted that the fire trucks 112-114
include these features as well.

Referring now also to FIG. 35, the fire truck 111 is shown
in greater detail. The computer system 124 may be imple-
mented using a single computer, but is preferably imple-
mented using a computer 125 in combination with one or
more of the interface modules 30 previously described in
connection with FIGS. 1-13. In this regard, it may be noted
that the sensors 130-134 are preferably specific ones of the
sensors 44a, 45a, 46a, 47a, and 48a that are connected to the
interface modules 31-35 as previously described. The sen-
sors 130-134 are therefore connected to the interface mod-
ule (or modules) 30 which in turn is connected to the
communication network 60. The computer 125 is also
connected to the communication network 60 along with the
interface modules 20 and 30 and therefore is able to receive
data from anywhere in the control system 12. Assuming a
single central control unit 14 is used as described in con-
nection with FIGS. 1-13, data is received by the computer
125 from the interface modules 20 and 30 by way of the
central control unit 14. Alternatively, if a distributed control
scheme is used as described in connection with FIGS.
14-24, then data may be received directly from the interface
modules 20 and 30.

The resource monitoring sensors 130 further include a
water level sensor 136, an oxygen level sensor 138, a fuel
level sensor 140, and a foam agent sensor 142. The water
level sensor 136 monitors the amount of water in an on-
board storage tank (not shown) available to be pumped and
dispensed on the fire in progress. The oxygen level sensor
138 monitors the amount of oxygen available for life support
systems for firefighters in or near the scene of the fire. The
fuel level sensor 140 monitors the amount of fuel available
for the engine 92 of the fire truck 10. The foam agent sensor
142 monitors the amount of foam agent available to be



US 6,993,421 B2

27

dispensed on the fire in progress. Other sensors that monitor
the levels of other consumable resources may also be
provided.

In addition to the resource monitoring sensors 130, the
hazardous material sensors 132 and the wind speed/direction
sensors 134 are also provided. The hazardous material
sensors 132 include sensors that monitor the air for hazard-
ous materials combusting or emitted from the fire. The wind
speed/direction sensors 134 include one or more sensors that
in combination measure wind speed and direction.

The computer 125 is connected to the communication
network 60 along with the interface modules 20 and 30 and
itself serves as an additional interface module. The computer
125 is different than the interface modules 20 and 30 in that
the computer 125 has enhanced graphics capability to permit
the computer 125 to interface with video I/O devices,
specifically, an input device in the form of the digital camera
126 and an output device in the form of the display 128. The
computer 125 is capable of receiving streaming digital video
information from the digital camera 126 and using the
digital information, as well as information from other
sources, to drive the display 128. The digital camera 126
may be any device that is capable of generating digital video
information. Preferably, the digital camera 126 is a rugge-
dized webcam and is mounted at a location on the fire truck
111 that permits a clear view of the fire to be developed, for
example, on the roof of the fire truck 111 or at the end of an
aerial of the fire truck 111. The display 128 is connected to
the wireless communication network 120 by way of the
computer 125 and receives digital video information from
the communication network 120 by way of the computer
125. The display 128 is preferably a ruggedized, flat panel
touch screen SVGA display or better, allowing for the
display of high resolution streaming video information on-
board the fire truck 111. The display 128 may be mounted in
an operator compartment or on the side of the fire truck 111,
for example. The computer 125 is preferably also connected
to a speaker/microphone system 127 which comprises a
microphone and a speaker system that are connected to the
computer 125, e.g., by way of a sound card. The speaker/
microphone system 127 is used to acquire and communicate
voice information over the communication network 120, as
detailed below.

The computer 125 is connected to a wireless modem 143
which connects the computer 125 to the communication
network 120. Preferably, the communication network 120 is
implemented using the internet and the wireless modem 143
connects the computer 125 to a secure area of the world wide
web (“the web”). The wireless modem 143 is a cellular
telephone modem and connects the computer 125 to the
internet by way of a wireless telephone link to an internet
service provider. The cellular telephone service used in this
regard services the geographic region which includes the
building 117 and preferably services the entire municipal
region serviced by the fire trucks 111-114. In practice, it may
be desirable to use multiple cellular telephone modems
operating in parallel at each vehicle to obtain additional
bandwidth to permit the computer 125 to receive and display
high resolution video information from the other fire trucks
112-114 in real time. Alternatively, a high bandwidth inter-
net connection could also be established by establishing
respective satellite links between the fire trucks 111-114 and
an internet-enabled based station. Other forms of high
bandwidth wireless networks may also be used, including
network links that do not involve the internet.

Finally, the computer 125 is connected to the global
positioning system (GPS) receiver 135. The GPS receiver
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135 provides the computer 125 with pinpoint coordinates
regarding the location of the fire truck 111.

Referring back to FIG. 34, the central dispatch station 116
further includes a central dispatch computer system 146 and
a display 148. The central dispatch station 116 coordinates
deployment of fire trucks vehicles to fires. The central
dispatch station 116 is connected to the communication
network 120 and receives information from the fire trucks
111-114 and the building 117 as described below. The
display 148 is connected to the communication network 120
by way of the dispatch computer system 146 and receives
digital video information from the communication network
120 by way of the dispatch computer system 146.

The building 117 comprises a building monitoring system
150 which further includes a building computer system 151
and a fire/smoke detection system 152. The building com-
puter system 150 has stored therein building map informa-
tion 154 and data 156 describing the storage locations of
hazardous materials throughout the building 117. The fire/
smoke detection system 152 comprises a plurality of fire/
smoke detection sensors 157 and 158 (see FIG. 36) distrib-
uted throughout the building 117. Herein, a “fire/smoke
detection sensor” is a sensor that is capable of detecting fire
and/or smoke.

The building map information 154 may simply comprise
a digitized form of the architectural plans for the building
117. Preferably, however, the building map information 154
is provided in a simplified format that shows only the basic
layout of the building 117. Preferably, the building map
information 154 also includes a plurality of GPS waypoints
which pinpoint fiducial locations in the building 117 to
permit registration of the building map information 154 with
location information acquired from other GPS devices. In
particular, the GPS coordinates are preferably used to relate
specific locations shown on the building map to specific
lateral/longitudinal coordinates, so that images of other
objects having known GPS coordinates (such as the fire
trucks 111-114 and the firefighters 118—119) superimposed
on to the building map information 154, as detailed below.

Rather being stored in the building computer system 151,
the building map information may alternatively be stored in
the dispatch computer system 146 and/or in the computer
systems 124 and 160. In this regard, it may be noted that
most municipalities require that building plans be on file
with the municipality. Therefore, it may be preferable as a
practical matter to ensure that appropriate electronic build-
ing plans are also in place for all buildings in a municipality
before a fire occurs. If necessary, simplified building maps
may be generated based upon paper copies of on-file build-
ing plans, especially since only the most basic building plan
information is used in the system 110.

The hazardous material information 156 comprises infor-
mation which pertains to the types of hazardous materials
located in the building 117 and information which pertains
to the locations of the various types of hazardous materials
in the building 117. Often, hazardous materials are stored in
known production areas or in designated storage areas, and
the hazardous material information may comprise the loca-
tions of these areas. Alternatively, containers that store the
hazardous materials may be provided with position tran-
sponders to permit the location of the containers to be
tracked in real time. In this event, the transponders are
preferably provided with unique identifying codes to iden-
tify the container and thereby identify the hazardous mate-
rial in the container as well as other specifics (e.g., amount,
type, toxicity, volatility, age, and so on).
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The firefighters 118-119 are assumed to be inside the
building 117. As with the fire trucks 111-114, the firefighters
118-119 are provided with generally the same equipment
even though only the firefighter 118 is shown in detail. The
firefighter 118 is provided with a computer system 160, a
digital camera 162, a microphone/speaker system 164, a
display 166, a GPS receiver 168 and an oxygen sensor 170.
Preferably, the devices 160-170 are lightweight, ruggedized,
and integrally provided in the form of an intelligent helmet.
The computer system 160 is connected to the communica-
tion network 120 by way of a cellular telephone modem as
previously described in connection with the computer 125.
The digital camera 162 is preferably mounted to provide a
view of the fire in progress as seen by the firefighter 118. The
microphone/speaker system 164 is mounted in the helmet
and allows for voice communication with the firefighter 118
over the communication network 120. The display 166 may
be provided in the form of a transparent eye piece which
allows for the injection of video into the eye piece, such that
the firefighter 118 can simultaneously view the video infor-
mation as well as the firefighter’s own surroundings (akin to
night vision equipment). Alternatively, the display 158 may
be provided in the form of a heads-up display in which video
information is projected onto a visor of the helmet. Other
arrangements may also be used, such as a small flat panel
display mounted on an exterior surface of an arm panel of
the firefighter’s protective clothing. The GPS receiver 168
provides the computer 160 with the real time coordinates of
the firefighter 118 inside the building 117, thereby allowing
the firefighter’s location to be transmitted over the commu-
nication network 120. Finally, the oxygen sensor 170 is also
connected to the computer system 160 and permits the
oxygen supply level available to the firefighter 118 to be
broadcast over the communication network 120. Of course,
other sensors could also be mounted in the helmet or
elsewhere with the firefighter and used to broadcast infor-
mation over the communication network 120.

Referring now to FIGS. 36-39, the operation of the
system of FIG. 34 will now be described. FIG. 36 shows a
simplified plan view of the building 117 (including interior
office space, meeting rooms, corridors, laboratories, and/or
warehouse space) which is assumed to be located at the
scene of a fire. The fire trucks 111-114 as well as the
firefighters 118—119 are located around the perimeter of the
building 117 to fight the fire. In FIG. 36, only about one-half
of one floor of the building 117 is shown, however, the
building 117 is also shown on the display 128. The fire truck
114 is located at a position that cannot be seen in FIG. 36
except on the display 128.

FIGS. 37-38 are flowcharts that describe the operation of
the system of FIG. 34 in the context of the scene of FIG. 36.
With reference to FIG. 37, FIG. 37 shows the operation of
the building computer system 151. It may be noted that,
although the steps are shown in a particular order in FIG. 37,
there is no need for the steps to be performed in the order
shown.

When a fire breaks out at the building 117, the fire is
detected at step 175 by the building computer system 151
using the fire/smoke detection system 152. At step 176, the
building computer system 151 contacts the local fire depart-
ment, and in response the fire trucks 111-114 and firefighters
118-119 are deployed to the scene of the fire. At step 177,
the building computer system 152 transmits the building
map information 154 to the fire trucks 111-114, the central
dispatch station 116, and the firefighters 118-119 by way of
the communication network 120. For example, in the con-
text of a municipal fire department, fire department officials
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may coordinate with the owners of local businesses and
other buildings to ensure that the building computer system
151 is provided with e-mail an address for the dispatch
computer system 146, which can then forward the building
map information 154 to the computer systems 124 and 160.
Alternatively, the building map information 154 and may be
transmitted to the computer systems 124 and 160 directly, or
may already be stored in the computer systems 124 and 160.

At step 178, the building computer system 151 transmits
hazardous material information 156 to the fire trucks
111-114, the central dispatch station 116, and the firefighters
118-119 by way of the communication network 120. At step
179, the building computer system 151 transmits informa-
tion from the fire/smoke detection system 152 to the fire
trucks 111-114, the central dispatch station 116, and the
firefighters 118119 by way of the communication network
120. Again, the transmissions in steps 178 and 179 may
occur either directly or indirectly by way of the dispatch
station 116. Steps 178 and 179 are thereafter repeated at
regular intervals throughout the duration of the fire or as
long as the computer system 151 remains operational. (In
this regard, it may be noted that, other than the sensors 157
and 158, some or all of the computer system 151 may be
located off-site, thereby allowing the computer system 151
to remain operational throughout the duration of the fire.)
Because the steps 178 and 179 are repeated at regular
intervals, the fire trucks 111-114 and firefighters 118-119
are provided with information updated in real time pertain-
ing to the locations of active fire/smoke detection sensors
and the locations of hazardous materials (in the case where
position transponders are used) inside the building at the
scene of the fire.

With reference to FIG. 38, FIG. 38 shows the operation of
the computer systems 124, 146, and 160. Again, although
the steps are shown in a particular order in FIG. 38, there is
no need for the steps to be performed in the order shown.
After the fire breaks out, the computer systems 124, 146, and
160 receive the building map information 154 from the
building monitoring system at step 180. At step 181, the
computer systems 124, 146, and 160 receive updated infor-
mation from the fire/smoke detection system 152 and
updated hazardous material information 156.

At step 182, the computer systems 124 and 160 transmit
audio-visual information, GPS location information, and
resource information to other ones of the fire trucks 111-114
and the firefighters 118-119 by way of the communication
network 120. It may be noted that the dispatch computer 146
does not perform step 182 in the illustrated embodiment. For
the fire trucks 111-114, the transmitted audio-visual infor-
mation includes digital image information acquired by the
digital camera 126 and digital voice information acquired by
the speaker/microphone system 127, the transmitted GPS
information includes the GPS coordinates acquired by the
GPS receivers 133, and the transmitted resource information
includes the information generated by the resource moni-
toring sensors 130. For the firefighters 118-119, the trans-
mitted audio-visual information includes digital image
information acquired by the digital camera 162 and digital
voice information acquired by the speaker/microphone sys-
tem 164, the transmitted GPS information includes the GPS
coordinates acquired by the GPS receiver 168, and the
transmitted resource information includes information gen-
erated by the oxygen sensor 170.

At step 183, the computer systems 124, 146 and 160
receive the audio-visual information, GPS location informa-
tion, and resource information from the other ones of the fire
trucks 111-114 and firefighters 118-119 transmitted in step
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182. At step 184, the computer systems 124, 146 and 160
drive the displays 128, 148 and 166, respectively, to display
some or all of the information received at step 183.

FIG. 36 shows an image 186 generated by the display 128
of the fire truck 111 and displayed to an operator of the fire
truck 111. Although the image is shown as being generated
at the fire truck 111, the same or similar images are prefer-
ably also at the remaining fire trucks 112—-114 and/or at the
dispatch station 116. The same image could also be gener-
ated for the firefighters 118-119 by the display 166, how-
ever, it is preferred that the firefighters 118-119 be provided
with a more simplified image as detailed below.

The image 186 includes multiple views 187 of the fire in
progress. The views 187 may be displayed based on digital
video information generated by the digital cameras 126 of
any of the fire trucks 111-114 and/or based on digital video
information generated by the digital cameras 162. Therefore,
the operator of the fire trucks 111-114 and/or the dispatcher
at the dispatch station 116 is provided with the ability to
view the scene of the fire from multiple vantage points at a
single, potentially remotely-located display.

The image 186 also includes the building map informa-
tion 154 received from the building computer system 151.
The portion of the image 186 that includes the building map
information as well as other information is shown in greater
detail in FIG. 39. Referring now also to FIG. 39, the image
186 includes a plurality of icons used to display additional
information to the operator. The computer 125 uses the GPS
coordinates received from the GPS receivers 133 and 168 as
previously described to display the icons simultaneously
with the building map information 154, thereby displaying
an enhanced building map that provides an overall indica-
tion of the relative locations of various components of the
fire fighting system 110. Specifically, the image 186 includes
icons 111a—114q that display the locations of the fire trucks
111-114, respectively, relative to the building 117. The
image 186 also includes icons 111a—114a that display the
locations of the fire trucks 111-114, respectively. The image
186 also includes icons 1574 that indicate which ones of the
fire/smoke detection sensors 157 are active (that is, are in a
state that indicates that fire or smoke has been detected) and
where the active sensors 157 are located. The image 186 also
includes icons 159a that display the locations of the haz-
ardous materials 159 located in the building 117.

The computer systems 124 and 146 are preferably pro-
vided with web browser interfaces, thereby allowing the
operator to obtain additional, more detailed information by
clicking on or touching (in the case of a touch screen
interface) various portions of the image. The computer
systems 124 and 146 then modify the image 186 in response
to receiving the operator input. For example, as shown in
FIG. 39, the operator is able to click on the icon 113a
representing the fire truck 113 to display resource levels
acquired by the resource monitoring sensors 130. Addition-
ally, with reference to FIG. 36, when the operator clicks on
the icon 1134 for the fire truck 113, one of the views 187
changes so as to be supplied with digital video information
supplied by the digital camera 126 mounted on the fire truck
113. In connection with the firefighters 118 and 119, the
operator is able to click on the icons 1182 and 119z to have
the digital video information from the digital camera 162
displayed on the image 186, and to have an information
displayed pertaining to the amount of oxygen remaining as
detected by the oxygen level sensor 170. The operator is also
able to click on one of the icons 118a-119a to establish a
private voice communication link with the respective fire-
fighter 118—119 to permit a particularly urgent message to be
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communicated to the firefighter 118-119 without the fire-
fighter 118—119 being distracted by other voice traffic. The
operator is also able to click on one of the icons 1592
representing the hazardous material to find out additional
information regarding the hazardous material, such as infor-
mation pertaining to the amount, type, toxicity, volatility,
age, and so on of the hazardous material. Some of this
information may also be communicated by adjusting the
appearance of the icon 159a (e.g., the icons 1594 may be
formed of different letters to represent different types of
hazardous materials). The operator can also click on one of
the views 187 to have the view displayed in a larger format.

It is therefore seen that a tremendous amount of detailed
information regarding the scene of the fire is easily acces-
sible to the operator of the fire trucks 111-114 and the
dispatcher at the dispatch station 116. This information can
be used to facilitate resource deployment decisions. For
example, in FIG. 39, the fire chief may decide to move the
fire truck 112 to a position between the fire trucks 111 and
114, since the information in FIG. 39 indicates that more
resources are needed on the other side of the building 117.
This is especially the case because the locations of hazard-
ous materials inside the building 117 are known, and it may
be possible to fight the fire in a manner that prevents the fire
from spreading to portions of the building 117 that store
hazardous materials. Alternatively, depending on the situa-
tion, it may be possible to deploy firefighters to extricate
stored hazardous materials from the building 117. Such a
dangerous activity, if undertaken, can be carefully monitored
in real time from the fire trucks 111-114 or the dispatch
station 116 because the locations of the firefighters 118-119,
the locations of active fire/smoke detection sensors 157, and
the locations of the hazardous materials can be monitored in
real time. Therefore, firefighter safety and fire fighting
effectiveness are improved.

As previously noted, the fire trucks 111-114 are provided
with the microphone/speaker systems 127 and the firefight-
ers are provided with the microphone/speaker systems 164
that are used to acquire and exchange voice data. Preferably,
the icons 111a—114a and 118a-119a are displayed differ-
ently (i.e., highlighted) when voice data is received from the
respective fire truck 111-114 or the respective firefighter
118a-119a. As a result, when an operator of the fire truck
111 is listening to voice data come over the speaker system
127, for example, the image 186 provides the operator with
an indication of which firefighter or fire truck operator is
talking by highlighting the appropriate icon 111a—114a and
1184-119a. Additionally, by clicking on the appropriate
firefighter icon 1184-119a, it is possible to also view the
digital video information acquired by the digital camera 162
carried by the firefighter 118 or 119, and thereby view the
scene of the fire from the perspective of the firefighter inside
the building. This arrangement therefore greatly enhances
improves the ability to communicate with firefighters
located inside the building 117 at the scene of the fire, and
therefore further improves firefighter safety and effective-
ness.

In addition to displaying resource information for one fire
truck/firefighter at a time, it may also be desirable to provide
a resource manager window as shown in FIG. 40. Referring
now to FIG. 40, the resource manager 189 is executed by the
computer systems 124 and 146 and displayed on the displays
128 and 148. The resource manager displays information
regarding levels of consumable resources available as indi-
cated by the sensors 130 and 170. The information is
displayed in the form of a chart with the consumable
resource levels of each of the fire trucks 111-114 and
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firefighters 118-119 being displayed in the form of amount
of time remaining before the consumable resource is com-
pletely depleted. Therefore, it is possible for a fire chief,
dispatcher or other responsible party to quickly assess
system status and determine when/where reinforcement
resources will be required.

As previously noted, the same information that is trans-
mitted to the fire trucks 111-114 is preferably also trans-
mitted to the firefighters 118119 inside the building 117.
The image displayed to the firefighters 118-119 may be the
same as the image 186 displayed to the operator of the fire
trucks 111-114. The firefighters 118-119 are therefore pro-
vided with building map information for the building 117.
Additionally, the firefighters 118—119 are also provided with
a superimposed indication of their current position (updated
in real time) inside the building 117 as well as a superim-
posed indication of the location (also updated in real time)
of active fire/smoke detection sensors 157. Advantageously,
this arrangement increases firefighter safety and effective-
ness by allowing the firefighters 118-119 to navigate the
building 117 more safely and with greater ease.

Preferably, the computer system 160 is equipped with
voice recognition software to permit the computer system
160 to adjust the image displayed to the firefighter 118 in
response to voice commands. The voice command interface
may be used in lieu of the point and click operator interface
or touch screen interface described above and to cause the
computer system 160 to perform other specific tasks. For
example, when the firefighter wishes to exit the building
117, the firefighter 118 is provided with the ability to issue
a voice command to the computer system 160 (such as “find
the nearest exit”). The computer system 160 then executes a
pre-stored exit-finding algorithm to determine the nearest
safe exit (taking into account active or previously active fire
alarms) and displays a series of arrows that guide the
firefighter 118 to the exit. The arrows are preferably pro-
vided with a 3-D appearance such that the arrows appear
closer as the firefighter 118 approaches the point at which a
right/left turn is required. More complicated direction-giv-
ing schemes could also be used. For example, the entire
interior of the building 117 may be displayed in 3-D format,
such that structures in the building 117 are seen to move past
the firefighter 118 as the firefighter 118 progresses through
the building (in a manner akin to modern virtual reality
video games), thereby allowing particular doors to be high-
lighted by the computer system 160 as the firefighter 118
moves through the building 117. This approach, however, is
not preferred.

The communication network 120 may also be used to
communicate emergency information to the general public.
For example, with reference to FIG. 41, evacuation infor-
mation may be communicated. Thus, at step 191 of FIG. 41,
data is acquired from hazardous material sensors 132. At
step 192, wind speed/direction data is acquired from sensors
134. Preferably, step 191 is performed over several minutes
to obtain not just instantaneous wind speed but also a profile
of wind gusts. At step 193, the computer system 124 receives
pinpoint location and time information describing the time at
which the hazardous materials began to be spread and the
source location. This information, for example, may be
manually entered by an operator. At step 194, a rate of
movement of the hazardous materials is computed based on
the wind speed and direction. At step 195, a map is generated
showing a tentative evacuation region. At step 196, an
electronic alert message is sent to residents of the geo-
graphic area to advise the residents of the threat of the
hazardous material. The electronic alert message (e.g., an
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e-mail message) may be used to complement other forms of
communication (e.g., a siren) to provide residents with more
detailed information as to the nature of the threat and/or
written instructions as to how to proceed.

The preferred fire fighting system 110 therefore also
improves community safety. As previously discussed, in
situations where the scene of the fire stores hazardous
materials, community safety is improved because the fire-
fighters are provided with more information regarding the
location, types, amounts and so on of hazardous materials at
the scene of the fire and therefore are better able to tailor
their fire fighting efforts to prevent the release of hazardous
materials into the atmosphere. Additionally, in situations
where hazardous materials are released, citizens are pro-
vided with better information regarding the nature of the
threat and therefore are more likely to respond appropriately.

5. Additional Aspects

From the foregoing description, a number advantages of
the preferred fire truck control system are apparent. In
general, the control system is easier to use, more flexible,
more robust, and more reliable than existing fire truck
control systems. In addition, because of these advantages,
the control system also increases firefighter safety because
the many of the functions that were previously performed by
firefighters are performed automatically, and the control
system also makes possible features that would otherwise be
impossible or at least impractical. Therefore, firefighters are
freed to focus on fighting fires.

The control system is easier to use because the control
system provides a high level of cooperation between various
vehicle subsystems. The control system can keep track of the
mode of operation of the fire truck, and can control output
devices based on the mode of operation. The functions that
are performed on the fire truck are more fully integrated to
provide a seamless control system, resulting in better per-
formance.

For example, features such as load management and load
sequencing are implemented in the control program
executed by the central control unit. No additional hardware
is required to implement load management and load
sequencing. Therefore, if it is desired to change the order of
load sequencing, all that is required is to modify the control
program. It is also possible to have different load sequencing
defined for different modes of operation of the vehicle with
little or no increase in hardware. The manner in which load
management is performed can also be changed dynamically
during the operation of the fire truck.

The control system is robust and can accept almost any
new feature without changes in wiring. Switches are con-
nected to a central control unit and not to outputs directly,
and new features can be programmed into the control
program executed by the central control unit. A system can
be modified by adding a new switch to an existing interface
module, or by modifying the function of an existing switch
in the control program. Therefore, modifying a system that
is already in use is easy because little or no wiring changes
are required.

Additionally, because the control system has access to
input status information from most or all of the input devices
on the fire truck and has control over most or all of the output
devices on the fire truck, a high level of cooperation between
the various subsystems on the fire truck is possible. Features
that require the cooperation of multiple subsystems are
much easier to implement.

The fire truck is also easier to operate because there is
improved operator feedback. Displays are provided which
can be used to determine the I/O status of any piece of
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equipment on the vehicle, regardless of the location of the
display. Additionally, the displays facilitate troubleshooting,
because troubleshooting can be performed in real time at the
scene of a fire when a problem is occurring. Troubleshooting
is also facilitated by the fact that the displays are useable to
display all of the I/O status information on the fire truck.
There is no need for a firefighter to go to different locations
on the fire truck to obtain required information. Trouble-
shooting is also facilitated by the provision of a central
control unit which can be connected by modem to another
computer. This allows the manufacturer to troubleshoot the
fire truck as soon as problems arise.

LED indicators associated with switches also improve
operator feedback. The LEDs indicate whether the switch is
considered to be off or on, or whether the switch is consid-
ered to be on but the output device controlled by the switch
is nevertheless off due to some other condition on the fire
truck.

Because the control system is easier to use, firefighter
safety is enhanced. When a firefighter is fighting fires, the
firefighter is able to more fully concentrate on fighting the
fire and less on having to worry about the fire truck. To the
extent that the control system accomplishes tasks that oth-
erwise would have to be performed by the firefighter, this
frees the firefighter to fight fires.

The control system is also more reliable and maintainable,
in part because relay logic is replaced with logic imple-
mented in a control program. The logic in the control
program is much easier to troubleshoot, and troubleshooting
can even occur remotely by modem. Also mechanical circuit
breakers can be replaced with electronic control, thereby
further reducing the number of mechanical failure points and
making current control occur more seamlessly. The simplic-
ity of the control system minimizes the number of potential
failure points and therefore enhances reliability and main-
tainability.

The system is also more reliable and more maintainable
because there is less wire. Wiring is utilized only to estab-
lished dedicated links between input/output devices and the
interface module to which they are connected. The control
system uses distributed power distribution and data collect-
ing. The interface modules are interconnected by a network
communication link instead of a hardwired link, thereby
reducing the amount of wiring on the fire truck. Most wiring
is localized wiring between the I/O devices and a particular
interface module.

Additionally, the interface modules are interchangeable
units. In the disclosed embodiment, the interface modules 20
are interchangeable with each other, and the interface mod-
ules 30 are interchangeable with each other. If a greater
degree of interchangeability is required, it is also possible to
use only a single type of interface module. If the control
system were also applied to other types of equipment service
vehicles (e.g., snow removal vehicles, refuse handling
vehicles, cement/concrete mixers, military vehicles such as
those of the multipurpose modular type, on/off road severe
duty equipment service vehicles, and so on), the interface
modules would even be made interchangeable across plat-
forms since each interface module views the outside world
in terms of generic inputs and outputs, at least until config-
ured by the central control unit. Because the interface
modules are interchangeable, maintainability is enhanced.
An interface module that begins to malfunction due to
component defects may be replaced more easily. On power
up, the central control unit downloads configuration infor-
mation to the new interface module, and the interface
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module becomes fully operational. This enhances the main-
tainability of the control system.

Because the interface modules are microprocessor-based,
the amount of processing required by the central control unit
as well as the amount of communication that is necessary
between the interface modules and the central control unit is
reduced. The interface modules perform preprocessing of
input signals and filter out less critical input signals and, as
a result, the central control unit receives and responds to
critical messages more quickly.

B. Military Vehicle Control System

Referring now to FIG. 14, a preferred embodiment of a
military vehicle 1410 having a control system 1412 is
illustrated. As previously indicated, the control system
described above can be applied to other types of equipment
service vehicles, such as military vehicles, because the
interface modules view the outside world in terms of generic
inputs and outputs. Most or all of the advantages described
above in the context of fire fighting vehicles are also
applicable to military vehicles. As previously described,
however, it is sometimes desirable in the context of military
applications for the military vehicle control system to be
able to operate at a maximum level of effectiveness when the
vehicle is damaged by enemy fire, nearby explosions, and so
on. In this situation, the control system 1412 preferably
incorporates a number of additional features, discussed
below, that increase the effectiveness of the control system
1412 in these military applications.

By way of overview, the control system 1412 comprises
a plurality of microprocessor-based interface modules 1420,
a plurality of input and output devices 1440 and 1450 (sce
FIG. 15) that are connected to the interface modules 1420,
and a communication network 1460 that interconnects the
interface modules 1420. The control system 1412 preferably
operates in the same manner as the control system 12 of
FIGS. 1-13, except to the extent that differences are outlined
are below. A primary difference between the control system
12 and the control system 1412 is that the control system
1412 does not include a central control unit that is imple-
mented by a single device fixed at one location. Rather, the
control system 1412 includes a central control unit that is
allowed to move from location to location by designating
one of the interface modules 1420 as a “master” interface
module and by further allowing the particular interface
module that is the designated master interface module to
change in response to system conditions. As will be detailed
below, this feature allows the control system 1412 to operate
at a maximum level of effectiveness when the military
vehicle 1410 is damaged. Additional features that assist
failure management are also included.

More specifically, in the illustrated embodiment, the con-
trol system 1412 is used in connection with a military
vehicle 1410 which is a multipurpose modular military
vehicle. As is known, a multipurpose module vehicle com-
prises a chassis and a variant module that is capable of being
mounted on the chassis, removed, and replaced with another
variant module, thereby allowing the same chassis to be used
for different types of vehicles with different types of func-
tionality depending on which variant module is mounted to
the chassis. In the illustrated embodiment, the military
vehicle 1410 is a wrecker and includes a wrecker variant
module 1413 mounted on a chassis (underbody) 1417 of the
military vehicle 1410. The weight of the variant module
1413 is supported by the chassis 1417. The variant module
1413 includes a mechanical drive device 1414 capable of
imparting motion to solid or liquid matter that is not part of
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the military vehicle 1410 to provide the military vehicle
1410 with a particular type of functionality. In FIG. 14,
where the variant module 1413 is a wrecker variant, the
mechanical drive device is capable of imparting motion to a
towed vehicle. As shown in FIG. 20, the variant module
1413 is removable and replaceable with other types of
variant modules, which may include a dump truck variant
1418a, a water pump variant 1418b, a telephone variant
1418¢, and so on. Thus, for example, the wrecker variant
1413 may be removed and replaced with a water pump
variant 1418b having a different type of drive mechanism (a
water pump) to provide a different type of functionality
(pumper functionality). The I/O devices 1440 and 1450 used
by the vehicle 1410 include devices that are the same as or
similar to the non-fire truck specific I/O devices of FIGS.
1-13 (i.e., those types of I/O devices that are generic to most
types of vehicles), as well as I/O devices that are typically
found on the specific type of variant module chosen (in FIG.
14, a wrecker variant).

The interface modules 1420 are constructed in generally
the same manner as the interface modules 20 and 30 and
each include a plurality of analog and digital inputs and
outputs. The number and type of inputs and outputs may be
the same, for example, as the vehicle interface modules 30.
Preferably, as described in greater detail below, only a single
type of interface module is utilized in order to increase the
field serviceability of the control system 1412. Herein, the
reference numeral 1420 is used to refer to the interface
modules 1420 collectively, whereas the reference numerals
1421-1430 are used to refer to specific ones of the interface
modules 1420. The interface modules are described in
greater detail in connection with FIGS. 15-18.

Also connected to the communication network 1460 are a
plurality of displays 1481 and 1482 and a data logger 1485.
The displays 1481 and 1482 permit any of the data collected
by the control system 1412 to be displayed in real time, and
also display warning messages. The displays 1481 and 1482
also include membrane pushbuttons that allow the operators
to scroll through, page through, or otherwise view the
screens of data that are available. The membrane pushbut-
tons may also allow operators to change values of param-
eters in the control system 1412. The data logger 1485 is
used to store information regarding the operation of the
military vehicle 1410. The data logger 1485 may also be
used as a “black box recorder” to store information logged
during a predetermined amount of time (e.g., thirty seconds)
immediately prior to the occurrence of one or more trigger
events (e.g., events indicating that the military vehicle 1410
has been damaged or rendered inoperative, such as when an
operational parameter such as an accelerometer threshold
has been exceeded).

Finally, FIG. 14 shows an engine system including an
engine 1492 and an engine control system 1491, a trans-
mission system including a transmission 1493 and a trans-
mission control system 1494, and an anti-lock brake system
including an anti-lock brake control system 1495. These
systems may be interconnected with the control system 1412
in generally the same manner as discussed above in con-
nection with the engine 92, the engine control system 91, the
transmission 93, the transmission control system 94, and the
anti-lock brake system 36 of FIG. 1.

Referring now also to FIGS. 15-18, the structure and
interconnection of the interface modules 1420 is described
in greater detail. Referring first to FIG. 15, the interconnec-
tion of the interface modules 1420 with a power source 1500
is described. The interface modules 1420 receive power
from the power source 1500 by way of a power transmission
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link 1502. The interface modules 1420 are distributed
throughout the military vehicle 1410, with some of the
interface modules 1420 being located on the chassis 1417
and some of the interface modules 1420 being located on the
variant module 1413.

The control system is subdivided into three control sys-
tems including a chassis control system 1511, a variant
control system 1512, and an auxiliary control system 1513.
The chassis control system 1511 includes the interface
modules 1421-1425 and the I/O devices 441 and 1451,
which are all mounted on the chassis 1417. The variant
control system 1512 includes the interface modules
14261428 and the 1/O devices 1442 and 1452, which are all
mounted on the variant module 1413. The auxiliary control
system 1513 includes the interface modules 1429-1430 and
the I/O devices 1443 and 1453, which may be mounted on
either the chassis 1417 or the variant module 1413 or both.

The auxiliary control system 1513 may, for example, be
used to control a subsystem that is disposed on the variant
module but that is likely to be the same or similar for all
variant modules (e.g., a lighting subsystem that includes
headlights, tail lights, brake lights, and blinkers). The inclu-
sion of interface modules 1420 within a particular control
system may also be performed based on location rather than
functionality. For example, if the variant module 1413 has an
aerial device, it may be desirable to have one control system
for the chassis, one control system for the aerial device, and
one control system for the remainder of the variant module.
Additionally, although each interface module 1420 is shown
as being associated with only one of the control systems
1511-1513, it is possible to have interface modules that are
associated with more than one control system. It should also
be noted that the number of sub-control systems, as well as
the number of interface modules, is likely to vary depending
on the application. For example, a mobile command vehicle
is likely to have more control subsystems than a wrecker
variant, given the large number of I/O devices usually found
on mobile command vehicles.

The power transmission link 1502 may comprise a single
power line that is routed throughout the military vehicle
1410 to each of the interface modules 1420, but preferably
comprises redundant power lines. Again, in order to mini-
mize wiring, the interface modules 1420 are placed so as to
be located as closely as possible to the input devices 1440
from which input status information is received and the
output devices 1450 that are controlled. This arrangement
allows the previously-described advantages associated with
distributed data collection and power distribution to be
achieved. Dedicated communication links, which may for
example be electric or photonic links, connect the interface
modules 1421-1430 modules with respective ones of the I/O
devices, as previously described.

Referring next to FIG. 16, the interconnection of the
interface modules 1420 by way of the communication
network 1460 is illustrated. As previously indicated, the
control system 1412 is subdivided into three control systems
1511, 1512 and 1513. In accordance with this arrangement,
the communication network 1460 is likewise further subdi-
vided into three communication networks 1661, 1662, and
1663. The communication network 1661 is associated with
the chassis control system 1511 and interconnects the inter-
face modules 1421-1425. The communication network
1662 is associated with the variant control system 1512 and
interconnects the interface modules 1426-1428. The com-
munication network 1663 is associated with the auxiliary
control system 1513 and interconnects the interface modules
1429-1430. Communication between the control systems
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1511-1513 occurs by way of interface modules that are
connected to multiple ones of the networks 1661-1663.
Advantageously, this arrangement also allows the interface
modules to reconfigure themselves to communicate over
another network in the event that part or all of their primary
network is lost. For example, in FIG. 17A, when a portion
of the communication network 1663 is lost, the interface
module 1429 reconfigures itself to communicate with the
interface module 1430 by way of the communication net-
work 1662 and the interface module 1427.

In practice, each of the communication networks
1661-1663 may be formed of two or more communication
networks to provide redundancy within each control system.
Indeed, the connection of the various interface modules
1420 with different networks can be as complicated as
necessary to obtain the desired level of redundancy. For
simplicity, these potential additional levels of redundancy
will be ignored in the discussion of FIG. 16 contained
herein.

The communication networks 1661-1663 may be imple-
mented in accordance with SAE J1708/1587 and/or J1939
standards, or some other network protocol, as previously
described. The transmission medium is preferably fiber optic
cable in order to reduce the amount of electromagnetic
radiation that the military vehicle 1410 produces, therefore
making the vehicle less detectable by the enemy. Fiber optic
networks are also more robust to the extent that a severed
fiber optic cable is still usable to create two independent
networks, at least with reduced functionality.

When the variant module 1413 is mounted on the chassis
1417, connecting the chassis control system 1511 and the
variant control system 1512 is achieved simply through the
use of two mating connectors 1681 and 1682 that include
connections for one or more communication busses, power
and ground. The chassis connector 1682 is also physically
and functionally mateable with connectors for other variant
modules, i.e., the chassis connector and the other variant
connectors are not only capable of mating physically, but the
mating also produces a workable vehicle system. A given set
of switches or other control devices 1651 on the dash (see
FIG. 14) may then operate differently depending on which
variant is connected to the chassis. Advantageously, there-
fore, it is possible to provide a single interface between the
chassis and the variant module (although multiple interfaces
may also be provided for redundancy). This avoids the need
for a separate connector on the chassis for each different type
of variant module, along with the additional unutilized
hardware and wiring, as has conventionally been the
approach utilized.

Upon power up, the variant control system 1512 and the
chassis control system 1511 exchange information that is of
interest to each other. For example, the variant control
system 1512 may communicate the variant type of the
variant module 1413. Other parameters may also be com-
municated. For example, information about the weight dis-
tribution on the variant module 1413 may be passed along to
the chassis control system 1511, so that the transmission
shift schedule of the transmission 1493 can be adjusted in
accordance with the weight of the variant module 1413, and
so that a central tire inflation system can control the inflation
of tires as a function of the weight distribution of the variant.
Similarly, information about the chassis can be passed along
to the variant. For example, where a variant module is
capable of being used by multiple chassis with different
engine sizes, engine information can be communicated to a
wrecker variant module so that the wrecker variant knows
how much weight the chassis is capable of pulling. Thus, an
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initial exchange of information in this manner allows the
operation of the chassis control system 1511 to be optimized
in accordance with parameters of the variant module 1413,
and vice versa.

It may also be noted that the advantages obtained for
military variants can also be realized in connection with
commercial variants. Thus, a blower module, a sweeper
module, and a plow module could be provided for the same
chassis. This would allow the chassis to be used for a
sweeper in summer and a snow blower or snow plow in
winter.

As shown in FIG. 16, each control system 1511-1513
includes an interface module that is designated “master” and
another that is designated “deputy master.” Thus, for
example, the chassis control system 1511 includes a master
interface module 1423 and a deputy master interface module
1422. Additional tiers of mastership may also be imple-
mented in connection with the interface modules 1421, 1424
and 1425.

The interface modules 1420 are assigned their respective
ranks in the tiers of mastership based on their respective
locations on the military vehicle 1410. A harness connector
at each respective location of the military vehicle 1410
connects a respective one of the interface modules 1420 to
the remainder of the control system 1412. The harness
connector is electronically keyed, such that being connected
to a particular harness connector provides an interface
module 1420 with a unique identification code or address M.
For simplicity, the value M is assumed to be a value between
1 and N, where N is the total number of interface modules
on the vehicle (M=10 in the illustrated embodiment).

The interface modules 1420 each store configuration
information that, among other things, relates particular net-
work addresses with particular ranks of mastership. Thus,
for example, when the interface module 1423 boots up, it
ascertains its own network address and, based on its network
address, ascertains that it is the master of the control system
1511. The interface module 1423 serves as the central
control unit so long as the interface module 1423 is com-
petent to do so. As shown in FIG. 17B, if it is determined
that the interface module 1423 is no longer competent to
serve as master (e.g., because the interface module 1423 has
been damaged in combat), then the interface module 1422
becomes the master interface module and begins serving as
the central control unit. This decision can be made, for
example, by the interface module 1423 itself, based on a
vote taken by the remaining interface modules 1420, or
based on a decision by the deputy master.

Referring next to FIG. 18, an exemplary one of the
interface modules 1420 is shown in greater detail. The
interface modules 1420 each include a microprocessor 1815
that is sufficiently powerful to allow each interface module
to serve as the central control unit. The interface modules are
identically programmed and each include a memory 1831
that further includes a program memory 1832 and a data
memory 1834. The program memory 1832 includes BIOS
(basic input/output system) firmware 1836, an operating
system 1838, and application programs 1840, 1842 and
1844. The application programs include a chassis control
program 1840, one or more variant control programs 1842,
and an auxiliary control program 1844. The data memory
1834 includes configuration information 1846 and I/O status
information 1848 for all of the modules 1420-1430 associ-
ated with the chassis 1417 and its variant module 1413, as
well as configuration information for the interface modules
(N+1 to Z in FIG. 18) of other variant modules that are
capable of being mounted to the chassis 1417.
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It is therefore seen that all of the interface modules 1420
that are used on the chassis 1417 and its variant module
1413, as well as the interface modules 1420 of other variant
modules that are capable of being mounted to the chassis
1417, are identically programmed and contain the same
information. Each interface module 1420 then utilizes its
network address to decide when booting up which configu-
ration information to utilize when configuring itself, and
which portions of the application programs 1840-1844 to
execute given its status as a master or non-master member
of one of the control systems 1511-1513. The interface
modules are both physically and functionally interchange-
able because the interface modules are capable of being
plugged in at any slot on the network, and are capable of
performing any functions that are required at that slot on the
network.

This arrangement is highly advantageous. Because all of
the interface modules 1420 are identically programmed and
store the same information, the interface modules are physi-
cally and functionally interchangeable within a given class
of vehicles. Thus, if an interface module 1420 on one variant
module is rendered inoperative, but the variant module is
otherwise operational, the inoperative interface module can
be replaced with an interface module scavenged from
another inoperative vehicle. When the replacement interface
module 1420 reboots, it will then reconfigure itself for use
in the new vehicle, and begin operating the correct portions
of the application programs 1840—1844. This is the case
even when the two vehicles are different types of vehicles.

Additionally, if a highly critical interface module is ren-
dered inoperable, the highly critical interface module can be
swapped with an interface module that is less critical.
Although the input/output devices associated with the less
critical interface module will no longer be operable, the
input/output devices associated with the more critical inter-
face module will be operable. This allows the effectiveness
of the military vehicle to be maximized by allowing undam-
aged interface modules to be utilized in the most optimal
manner. In this way, the field serviceability of the control
system 1412 is dramatically improved. Further, the field
serviceability of the control system 1412 is also improved by
the fact that only a single type of interface module is used,
because the use of a single type of interface module makes
it easier to find replacement interface modules.

Additionally, as previously noted, each interface module
1420 stores I/O status information for all of the modules
1420-1430 associated with the chassis 1417 and its variant
module 1413. Therefore, each interface module 1420 has
total system awareness. As a result, it is possible to have
each interface module 1420 process its own inputs and
outputs based on the I/O status information in order to
increase system responsiveness and in order to reduce the
amount of communication that is required with the central
control unit. The main management responsibility of the
central control unit or master interface module above and
beyond the responsibilities of all the other interface modules
1420 then becomes, for example, to provide a nexus for
interface operations with devices that are external to the
control system of which the central control unit is a part.

Referring now to FIG. 19, FIG. 19 is a truth table that
describes the operation of the control system 1412 in the
event of failure of one of the interface modules 1420 and/or
one of the input devices 1440. The arrangement shown in
FIG. 19 allows the control system 1412 to be able to
continue to operate in the event of failure using a “best
guess” method of controlling outputs.
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In the example of FIG. 19, two output devices are
controlled based on two input devices. For example, the first
output device may be headlights of the military vehicle
1410, the first input device may be a combat switch or
combat override switch that places the entire vehicle into a
combat mode of operation, and the second input may be an
operator switch for operator control of the headlights. The
second output device is discussed further below. For sim-
plicity, only the input states of two binary input devices are
shown. In practice, of course, the control logic for most
output devices will usually be a function of more input
devices, in some cases ten or more input devices including
analog input devices. Nevertheless, the simplified truth table
of FIG. 19 is sufficient to obtain an understanding of this
preferred aspect of the invention.

The truth table of FIG. 19 shows a number of different
possible input states and the corresponding output states. In
the first two states, when the combat override switch (input
#1) is off, then the headlights (output #1) are controlled as
a function of the operator switch. Thus, if the operator
switch is on, then the control system 1412 turns the head-
lights on, and if the operator switch is off, then the control
system 1412 turns the headlights off. In the third and fourth
input states, the combat override switch is on, and therefore
the control system 1412 turns the headlights off in order to
make the vehicle less detectable by the enemy. It may be
noted that the control system 1412 ignores the input state of
the second input device when the combat override switch is
on. The third column in the truth table could therefore
instead be the output of a safety interlock, since safety
interlocks are another example of input information that is
sometimes ignored when a combat override is turned on.
This would allow the control system 1412 to take into
account the urgency of a combat situation while still also
implementing safety functions to the extent that they do not
interfere with the operation of the vehicle 1410.

The truth table also has a number of additional states (five
through nine) corresponding to situations in which one or
both of the inputs is designated as undetermined (“?” in FIG.
19). Thus, for example, in states five and six, the input state
of the operator switch (input #2) is designated as undeter-
mined. The undetermined state of the operator switch may
be the result of the failure of the interface module that
receives the input signal from the operator switch, a failure
of the electrical connection between the switch and the
interface module, and/or a failure of the operator switch
itself. In the fifth state, when the combat override switch is
off and the state of the operator switch is undetermined, the
control system 1412 turns on the headlights, based on the
assumption that if it is nighttime the operator wants the
lights on and if it is daytime the operator does not have a
strong preference either way. In the sixth state, when the
combat override switch is on and the state of the operator
switch is undetermined, the control system 1412 turns off the
headlights, because the headlights should always be turned
off in the combat mode of operation.

In states seven through nine, the input state of the combat
override switch (input #1) is designated as undetermined.
The undetermined state of the combat override switch may
be caused by generally the same factors that are liable to
cause the state of the operator switch to be undetermined. In
all of these states, the control system 1412 turns off the
headlights, based on the worst case assumption that the
military vehicle may be in combat and that therefore the
headlights should be turned off.

The arrangement shown in FIG. 19 is thus applied to all
output devices 1450 on the military vehicle. In this way, the
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control logic for controlling the output devices is expanded
to take into account a third “undetermined” state for each of
the input devices, and an entire additional layer of failure
management is added to the control logic. In this way, the
control system 1412 is able to remain operational (at least in
a best guess mode) when the input states of one or more
input devices cannot be determined. This prevents output
devices that have an output state based on the input state of
a given input device from being crippled when a system
failure causes one or more input devices to be lost.

This arrangement also allows the output state of each
output device to be programmed individually in failure
situations. In other words, when a given input device is lost,
the control system can be programmed to assume for pur-
poses of some output devices (using the above described
truth table arrangement) that the input device is on and to
assume for the purposes of other output devices that the
input device is off. For example, in FIG. 19, if output device
#2 is another output device that is controlled by the same
operator switch, the control system can be programmed to
assume for purposes of output device #2 that the operator
switch is off in state five rather than on, such that the control
system turns off the output device #2 in state five. In this
way, it is not necessary to assume the same input state for
purposes of all output devices.

It may also be noted that military vehicles tend to make
widespread use of redundant sensors. In this case, by con-
necting the redundant sensors to different ones of the inter-
face modules, the state table for each output device can be
modified to accept either input, thereby making it possible
for the control system 1412 to obtain the same information
by a different route. Further, if the redundant sensors dis-
agree on the input status of a system parameter, then this
disagreement itself can be treated as an undetermined input
state of an input device. In this way, rather than using a
voting procedure in which the sensors vote on the state of the
input device for purposes of all output devices, the uncer-
tainty can be taken into account and best guess decisions
regarding how to operate can be made for each of the various
output devices individually.

As previously described, each interface module 1420 has
total system awareness. Specifically, the data memory 1834
of each interface module 1420 stores I/O status information
1848 for not only local I/O devices 1440 and 1450 but also
for non-local I/O devices 1440 and 1450 connected to
remaining ones of the interface modules 1420. Referring
now to FIGS. 21-24, a preferred technique for transmitting
I/O status information between the interface modules 1420
will now be described. Although this technique is primarily
described in connection with the chassis control system
1511, this technique is preferably also applied to the variant
control system 1512 and the auxiliary control system 1513,
and/or in the control system 12.

Referring first to FIG. 21, as previously described, the
chassis control system 1511 includes the interface modules
1421-1425, the input devices 1441, and the output devices
1451. Also shown in FIG. 21 are the display 1481, the data
logger 1485, and the communication network 1661 which
connects the interface modules 1421-1425. In practice, the
system may include additional devices, such as a plurality of
switch interface modules connected to additional I/O
devices, which for simplicity are not shown. The switch
interface modules may be the same as the switch interface
modules 20 previously described and, for example, may be
provided in the form of a separate enclosed unit or in the
more simple form of a circuit board mounted with associated
switches and low power output devices. In practice, the
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system may include other systems, such as a display inter-
face used to drive one or more analog displays (such as
gauges) using data received from the communication net-
work 1661. Any additional modules that interface with I/O
devices preferably broadcast and receive I/O status infor-
mation and exert local control in the same manner as
detailed below in connection with the interface modules
1421-1425. As previously noted, one or more additional
communication networks may also be included which are
preferably implemented in accordance with SAE J1708/
1587 and/or J1939 standards. The communication networks
may be used, for example, to receive I/O status information
from other vehicle systems, such as an engine or transmis-
sion control system. Arbitration of I/O status broadcasts
between the communication networks can be performed by
one of the interface modules 1420.

To facilitate description, the input devices 1441 and the
output devices 1451 have been further subdivided and more
specifically labeled in FIG. 21. Thus, the subset of the input
devices 1441 which are connected to the interface module
1421 are collectively labeled with the reference numeral
1541 and are individually labeled as having respective input
states [-11 to I-15. Similarly, the subset of the output devices
1451 which are connected to the interface module 1421 are
collectively labeled with the reference numeral 1551 and are
individually labeled as having respective output states O-11
to O-15. A similar pattern has been followed for the interface
modules 1422-1425, as summarized in Table I below:

TABLE 1

Interface Input Output

Module Devices Input States Devices  Output States
1421 1541 I-11 to I-15 1551 O-11to O-15
1422 1542 I-21 to I-25 1552 O-21to O-25
1423 1543 I-31 to I-35 1553 0O-31to O-35
1424 1544 I-41 to I-45 1554 O-41to O-45
1425 1545 I-51 to I-55 1555 O-51to O-55

Of course, although five input devices 1441 and five
output devices 1451 are connected to each of the interface
modules 1420 in the illustrated embodiment, this number of
I/O devices is merely exemplary and a different number of
devices could also be used, as previously described.

The interface modules 1420 each comprise a respective
I/O status table 1520 that stores information pertaining to the
I/O states of the input and output devices 1441 and 1451.
Referring now to FIG. 22, an exemplary one of the I/O status
tables 1520 is shown. As shown in FIG. 22, the I/O status
table 1520 stores I/O status information pertaining to each of
the input states [-11 to I-15, I-21 to 1-25, I-31 to 1-35, [-41
to 1-45, and I-51 to I-55 of the input devices 1541-1545,
respectively, and also stores I/O status information pertain-
ing to each of the output states O-11 to O-15, 0-21 to 0-25,
0-31 to 0-35, 0-41 to 0-45, and O-51 to O-55 of the output
devices 1551-1555, respectively. The I/O status tables 1520
are assumed to be identical, however, each I/O status table
1520 is individually maintained and updated by the corre-
sponding interface module 1420. Therefore, temporary dif-
ferences may exist between the I/O status tables 1520 as
updated I/O status information is received and stored.
Although not shown, the I/O status table 1520 also stores I/O
status information for the interface modules 1426-1428 of
the variant control system 1512 and the interface modules
1429-1430 of the auxiliary control system 1513.

In practice, although FIG. 22 shows the I/O status infor-
mation being stored next to each other, the memory locations
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that store the I/O status information need not be contiguous
and need not be located in the same physical media. It may
also be noted that the I/O status table 1520 is, in practice,
implemented such that different I/O states are stored using
different amounts of memory. For example, some locations
store a single bit of information (as in the case of a digital
input device or digital output device) and other locations
store multiple bits of information (as in the case of an analog
input device or an analog output device). The manner in
which the I/O status table is implemented is dependent on
the programming language used and on the different data
structures available within the programming language that is
used. In general, the term I/O status table is broadly used
herein to encompass any group of memory locations that are
useable for storing I/O status information.

Also shown in FIG. 22 are a plurality of locations that
store intermediate status information, labeled IM-11, IM-21,
IM-22, and IM-41. The intermediate states IM-11, IM-21,
IM-22, and IM-41 are processed versions of selected I/0O
states. For example, input signals may be processed for
purposes of scaling, unit conversion and/or calibration, and
it may be useful in some cases to store the processed I/O
status information. Alternatively, the intermediate states
IM-11, IM-21, IM-22, and IM-41 may be a function of a
plurality of I/O states that in combination have some par-
ticular significance. The processed I/O status information is
then transmitted to the remaining interface modules 1420.

Referring now to FIGS. 23-24, FIG. 23 is a flowchart
describing the operation of the control system of FIG. 21,
and FIG. 24 is a data flow diagram describing data flow
through an exemplary interface module during the process
of FIG. 23. As an initial matter, it should be noted that
although FIG. 23 depicts a series of steps which are per-
formed sequentially, the steps shown in FIG. 23 need not be
performed in any particular order. In practice, for example,
modular programming techniques are used and therefore
some of the steps are performed essentially simultaneously.
Additionally, it may be noted that the steps shown in FIG. 23
are performed repetitively during the operation of the inter-
face module 1421, and some of the steps are in practice
performed more frequently than others. For example, input
information is acquired from the input devices more often
than the input information is broadcast over the communi-
cation network. Although the process of FIG. 23 and the data
flow diagram of FIG. 24 are primarily described in connec-
tion with the interface module 1421, the remaining interface
modules 14221425 operate in the same manner.

At step 1852, the interface module 1421 acquires input
status information from the local input devices 1541. The
input status information, which pertains to the input states
I-11 to I-15 of the input devices 1541, is transmitted from the
input devices 1541 to the interface module 1421 by way of
respective dedicated communication links, as previously
described in connection with FIGS. 3—4. At step 1854, the
input status information acquired from the local input
devices 1541 is stored in the I/O status table 1520 at a
location 1531. For the interface module 1421, the 1/0
devices 1541 and 1551 are referred to as local I/O devices
since the I/O devices 1541 and 1551 are directly coupled to
the interface module 1421 by way of respective dedicated
communication links, as opposed to the remaining non-local
I/O devices and 1542-1545 and 1552-1555 which are
indirectly coupled to the interface module 1421 by way of
the communication network 1661.

At step 1856, the interface module 1421 acquires 1/O
status information for the non-local input devices
1542-1545 and the non-local output devices 15521555 by
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way of the communication network 1661. Specifically, the
interface module 1421 acquires input status information
pertaining to the input states 1-21 to 1-25, I-31 to I-35, 1-41
to 1-45, I-51 to I-55 of the input devices 1542-1545,
respectively, and acquires output status information pertain-
ing to the output states O-21 to 0-25, 0-31 to 0-35, 041
to O-45, O-51 to O-55 of the output devices 1552—1555. The
input status information and the output status information
are stored in locations 1533 and 1534 of the 1/O status table
1520, respectively.

At step 1860, the interface module 1421 determines
desired output states O-11 to O-15 for the output devices
1551. As previously noted, each of the interface modules
1420 stores a chassis control program 1840, one or more
variant control programs 1842, and an auxiliary control
program 1844. The interface module 1421 is associated with
the chassis control system 1511 and, therefore, executes a
portion of the chassis control program 1840. (The portion of
the chassis control program 1840 executed by the interface
module 1421 is determined by the location of the interface
module 1421 on the military vehicle 1410, as previously
described.) The interface module 1421 executes the chassis
control program 1840 to determine the desired output states
0O-11 to O-15 based on the I/O status information stored in
the I/O status table 1520. Preferably, each interface module
1420 has complete control of its local output devices 1450,
such that only I/O status information is transmitted on the
communication network 1460 between the interface mod-
ules 1420.

At step 1862, the interface module 1421 controls the
output devices 1551 in accordance with the desired respec-
tive output states O-11 to O-15. Once the desired output state
for a particular output device 1551 has been determined,
control is achieved by transmitting a control signal to the
particular output device 1551 by way of a dedicated com-
munication link. For example, if the output is a digital output
device (e.g., a headlight controlled in on/off fashion), then
the control signal is provided by providing power to the
headlight by way of the dedicated communication link.
Ordinarily, the actual output state and the desired output
state for a particular output device are the same, especially
in the case of digital output devices. However, this is not
always the case. For example, if the headlight mentioned
above is burned out, the actual output state of the headlight
may be “off,” even though the desired output state of the
light is “on.” Alternatively, for an analog output device, the
desired and actual output states may be different if the
control signal is not properly calibrated for the output
device.

At step 1864, the interface module 1421 stores output
status information pertaining to the desired output states
O-11 to O-15 for the output devices 1551 in the I/O status
table 1520. This allows the output states O-11 to O-15 to be
stored prior to being broadcast on the communication net-
work 1661. At step 1866, the interface module 1421 broad-
casts the input status information pertaining to the input
states [-11 to I-15 of the input devices 1541 and the output
status information pertaining to the output states O-11 to
O-15 of the output devices 1551 over the communication
network 1661. The I/O status information is received by the
interface modules 1422-1425. Step 1866 is essentially the
opposite of step 1856, in which non-local I/O status infor-
mation is acquired by the interface module 1421 by way of
the communication network 1661. In other words, each
interface module 1420 broadcasts its portion of the I/O
status table 1520 on the communication network 1661, and
monitors the communication network 1661 for broadcasts
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from the remaining interface modules 1420 to update the I/O
status table 1520 to reflect updated I/O states for the non-
local I/O devices 1441 and 1451. In this way, each interface
module 1420 is able to maintain a complete copy of the I/O
status information for all of the I/O devices 1441 and 1451
in the system.

The interface modules 1423 and 1425 are used to transmit
I/O status information between the various control systems
1511-1513. Specifically, as previously noted, the interface
module 1423 is connected to both the communication net-
work 1661 for the chassis control system 1511 and to the
communication network 1662 for the variant control system
1512 (see FIG. 17). The interface module 1423 is preferably
utilized to relay broadcasts of I/O status information back
and forth between the interface modules 1421-1425 of the
chassis control system 1511 and the interface modules
1426-1428 of the variant control system 1512. Similarly, the
interface module 1425 is connected to both the communi-
cation network 1661 for the chassis control system 1511 and
the to the communication network 1663 for the auxiliary
control system 1513 (see FIG. 17), and the interface module
1425 is preferably utilized to relay broadcasts of I/O status
information back and forth between the interface modules
1421-1425 of the chassis control system 1511 and the
interface modules 1429-1430 of the auxiliary control system
1513.

The arrangement of FIGS. 21-24 is advantageous because
it provides a fast and efficient mechanism for updating the
I/0 status information 1848 stored in the data memory 1834
of each of the interface modules 1420. Each interface
module 1420 automatically receives, at regular intervals,
complete I/O status updates from each of the remaining
interface modules 1420. There is no need to transmit data
request (polling) messages and data response messages
(both of which require communication overhead) to com-
municate information pertaining to individual I/O states
between individual I/O modules 1420. Although more 1/O
status data is transmitted, the transmissions require less
overhead and therefore the overall communication band-
width required is reduced.

This arrangement also increases system responsiveness.
First, system responsiveness is improved because each inter-
face module 1420 receives current I/O status information
automatically, before the information is actually needed.
When it is determined that a particular piece of I/O status
information is needed, there is no need to request that
information from another interface module 1420 and sub-
sequently wait for the information to arrive via the commu-
nication network 1661. The most current I/O status infor-
mation is already assumed to be stored in the local I/O status
table 1520. Additionally, because the most recent I/O status
information is always available, there is no need to make a
preliminary determination whether a particular piece of I/O
status information should be acquired. Boolean control laws
or other control laws are applied in a small number of steps
based on the I/O status information already stored in the I/O
status table 1520. Conditional control loops designed to
avoid unnecessarily acquiring I/O status information are
avoided and, therefore, processing time is reduced.

It may also be noted that, according to this arrangement,
there is no need to synchronize the broadcasts of the
interface modules 1420. Each interface module 1420 moni-
tors the communication network 1661 to determine if the
communication network 1661 is available and, if so, then the
interface module broadcasts the I/O status information for
local I/O devices 1441 and 1451. (Standard automotive
communication protocols such as SAE J1708 or J1939
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provide the ability for each member of the network to
monitor the network and broadcast when the network is
available.) Although it is desirable that the interface modules
rebroadcast I/O status information at predetermined mini-
mum intervals, the broadcasts may occur asynchronously.

The technique described in connection with FIGS. 21-24
also provides an effective mechanism for detecting that an
interface module 1420 has been rendered inoperable, for
example, due to damage incurred in combat. As just noted,
the interface modules 1420 rebroadcast 1/O status informa-
tion at predetermined minimum intervals. Each interface
module 1420 also monitors the amount of time elapsed since
an update was received from each remaining interface
module 1420. Therefore, when a particular interface module
1420 is rendered inoperable due to combat damage, the
inoperability of the interface module 1420 can be detected
by detecting the failure of the interface module 1420 to
rebroadcast its I/O status information within a predeter-
mined amount of time. Preferably, the elapsed time required
for a particular interface module 1420 to be considered
inoperable is several times the expected minimum rebroad-
cast time, so that each interface module 1420 is allowed a
certain number of missed broadcasts before the interface
module 1420 is considered inoperable. A particular interface
module 1420 may be operable and may broadcast I/O status
information, but the broadcast may not be received by the
remaining interface modules 1420 due, for example, to noise
on the communication network.

This arrangement also simplifies the operation of the data
logger 1485 and automatically permits the data logger 1485
to store I/O status information for the entire control system
1412. The data logger 1485 monitors the communication
network 1661 for I/O status broadcasts in the same way as
the interface modules 1420. Therefore, the data logger 1485
automatically receives complete system updates and is able
to store these updates for later use.

As previously noted, in the preferred embodiment, the
interface modules 1423 and 1425 are used to transmit I/O
status information between the various control systems
1511-1513. In an alternative arrangement, the interface
module 1429 which is connected to all three of the com-
munication networks 1661-1663 could be utilized instead.
Although less preferred, the interface module 1429 may be
utilized to receive 1/O status information from each of the
interface modules 1421-1428 and 1430, assemble the 1/0
status data into an updated I/O status table, and then rebroad-
cast the entire updated I/O status table 1520 to each of the
remaining interface modules 1421-1428 and 1430 at peri-
odic or aperiodic intervals. Therefore, in this embodiment,
I/O status information for the all of the interface modules
1420 is routed through the interface module 1429 and the
interface modules 1420 acquire I/O status information for
non-local I/O devices 1440 and 1450 by way of the interface
module 1429 rather than directly from the remaining inter-
face modules 1420.

From the foregoing description, a number of advantages
of the preferred military vehicle control system are apparent,
some of which have already been mentioned. First, the
control system is constructed and arranged such that failure
at a single location does not render the entire vehicle
inoperable. The control system has the ability to dynami-
cally reconfigure itself in the event that one or more interface
modules are lost. By avoiding the use of a central control
unit that is fixed at one location, and using a moving central
control unit, there is no single point failure. If a master
interface modules fails, another interface module will
assume the position of the central control unit.
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Additionally, because the interface modules are inter-
changeable, if one interface module is damaged, it is pos-
sible to field service the control system by swapping inter-
face modules, obtained either from within the vehicle itself
or from another vehicle, even if the other vehicle is not the
same variant type. This allows the effectiveness of the
military vehicle to be maximized by allowing undamaged
interface modules to be utilized in the most optimal manner.

The use of the control system 1412 in connection with
multipurpose modular vehicles is also advantageous. When
the variant module is mounted to the chassis, all that is
required is to connect power, ground and the communication
network. Only one connector is required for all of the
different types of variants. This avoids the need for a
separate connector on the chassis for each different type of
variant module, along with the additional unutilized hard-
ware and wiring, as has conventionally been the approach
utilized.

Moreover, since every interface module has a copy of the
application program, it is possible to test each interface
module as an individual unit. The ability to do subassembly
testing facilitates assembly of the vehicle because defective
mechanisms can be replaced before the entire vehicle is
assembled.

Finally, the advantages regarding flexibility, robustness,
ease of use, maintainability, and so on, that were discussed
above in connection with fire fighting vehicles also apply to
military vehicles. For example, it is often desirable in
military applications to provide vehicles with consoles for
both a left-hand driver and a right-hand driver. This option
can be implemented without complex wiring arrangements
with the preferred control system, due to the distributed data
collection and the intelligent processing of information from
input devices. Likewise, features such as “smart start” (in
which vehicle starting is controlled automatically to reduce
faulty starts due to operator error) can be implemented by
the control system without any additional hardware.

C. Electric Traction Vehicle

Referring now to FIGS. 25-29, a control system for an
electric traction vehicle 1910 is shown. An electric traction
vehicle is a vehicle that uses electricity in some form or
another to provide all or part of the propulsion power of the
vehicle. This electricity can come from a variety of sources,
such as stored energy devices relying on chemical conver-
sions (batteries), stored electrical charge devices (capaci-
tors), stored energy devices relying on mechanical stored
energy (e.g. flywheels, pressure accumulators), and energy
conversion products. A hybrid electric vehicle is an electric
traction vehicle that uses more than one sources of energy,
such as one of the electrical energy storage devices men-
tioned above and another source, such as an internal com-
bustion engine. By having more than one source of energy
some optimizations in the design can allow for more efficient
power production, thus one can use power from different
sources to come up with a more efficient system for traction.
The disclosure herein can be used to implement electric
vehicles in general and/or hybrid electric vehicles in par-
ticular. The electric vehicle 1910 can implement any of the
other vehicle types described herein (e.g., fire fighting
vehicle, military vehicle, snow blower vehicle, refuse-han-
dling vehicle, concrete mixing vehicle) as well as others not
described herein. Thus, the following teachings regarding
the electric vehicle system may be combined with any/all of
the teachings contained herein.

The electric traction vehicle 1910 preferably comprises a
vehicle platform or vehicle support structure 1912, drive
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wheels 1914, a power source or principal power unit 1916,
a power storage unit 1922, electric motors 1928, servo or
drive controllers 1930, an energy dissipation device 1932,
and interface modules 1934. The vehicle 1910 further com-
prises a control system with a plurality of input and output
devices which vary depending on the application for which
the vehicle 1920 is used. For example, if the vehicle 1910 is
a fire truck, then the vehicle 1910 has input and output
devices such as those described in connection with FIGS.
1-13 in connection with the fire truck 10. Except to the
extent that different I/O devices are used, the control system
the same as the control system 1412 as described in FIGS.
14-24 and is used to receive inputs from these input devices
and control these output devices. The interface modules
1934 are part of this control system and preferably are
constructed and operate in the same manner as the interface
modules 1420 as described above. Specifically, each inter-
face module 1934 preferably processes its own inputs and
outputs based on I/O status information received via I/O
status broadcasts from the other interface modules 1934.

Interconnecting the interface modules 1934 on the electric
traction vehicle 1910 is a communication network 1976 and
an AC power bus assembly 1942 through which the vehicle
and its various functions are controlled and operated. The
communication network 1976 corresponds to the commu-
nication network 60 of FIG. 2 in the case of an electric fire
truck vehicle and to the communication network 1460 in the
case of a electric military vehicle. The communication
network 1976 is used to communication I/O status informa-
tion between the interface modules 1934. The AC bus
assembly 1942 is a power transmission link and corresponds
to the power transmission link 102 of FIG. 2 in the case of
an electric fire truck vehicle and to the power transmission
link 1502 of FIG. 15 in the case of an electric military
vehicle. Also connected to the AC bus assembly 1942 are the
principal power unit 1916, the power storage unit 1922, and
the energy dissipation device 1932. The interface modules
1934 include rectifier circuitry to convert AC power from
the AC bus assembly 1942 to DC power for output devices
such as LED indicators. Also, it may be noted that the AC
power is also provided directly to the drive controllers 1930,
which operate under the control of the interface modules
1934. It is also contemplated that wireless communication
between the interface modules 1934 and the various mod-
ules 1984 can be achieved including communication of
signals 1974 via radio waves, microwaves, and fiber optical
paths including relay via satellite to a central command
center.

With reference to FIGS. 32A-32B, it may be noted that
many commercially-available servo drive controllers may
be network-enabled and therefore an option exists as to the
manner in which the interface modules 1934 are connected
to the drive controllers 1930. Thus, in FIG. 32A, each
interface module 1934 is connected to one or more drive
controllers 1930 by way of dedicated communication links
for hardwired control of the drive controllers 1930. In the
illustrated embodiment, three digital links and one analog
link are shown for each drive controller 1930 representing,
for example, a stop/run output, a forward/reverse output, a
generation/regeneration output, and a variable torque com-
mand (0-100%) output from the interface module 1934. As
indicated in FIG. 25, power from the AC bus assembly 1942
is preferably provided directly to the drive controllers 1930
(rather than through the interface modules 1934), and there-
fore each of the dedicated communication links is used to
transmit only information and not power. Each interface
module 1934 is then connected to the communication net-
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work 1976 which, in FIG. 32A, is implemented as two
separate networks (e.g., a network dedicated for use with the
interface modules 1934, and a separate J1939 network to
connect to the electronic control units for the engine, trans-
mission, anti-lock brake and central tire inflation systems).

In FIG. 32B, each interface module 1934 is connected to
one or more drive controllers 1930 by way of a communi-
cation network for network control of the drive controllers
1930. The same information may be transmitted as in FIG.
32A except that the information is transmitted by way of the
communication network. Because the AC bus assembly
1942 is connected directly to the drive controllers 1930,
there is no need to transmit power from the interface
modules 1934 to the drive controllers 1930. Each interface
module 1934 is then connected to the communication net-
work 1976. If only two network ports are included on the
interface modules 1934, then information obtained from the
electronic control units for the engine, transmission, anti-
lock brake and central tire inflation systems may be obtained
from other interface modules (not shown) connected to a
J1939 network. Alternatively, the interface modules 1934
may be provided with a third network port.

The electric motors 1928 are appropriately sized traction
motors. An exemplary embodiment of an electric traction
vehicle 1910 employs an AC, three phase induction electric
motor having a simple cast rotor, machine mount stator and
sealed ball bearings. An induction motor is preferred
because it avoids brushes, internal switches and sliding
contact devices, with the rotor being the only moving part of
the traction motor. Control of the electric motor 1928 is
achieved by the interface module 1934 through the drive
controller 1930 which is coupled to the motor 1928. The
torque output of the motor 1928 is adjusted based on inputs
received from the operator and transmitted to the interface
module 1934 over the communication network 1976.

The drive wheels 1914 are rotatably mounted on the
vehicle platform 1912 with an electric motor 1928 coupled
to at least one wheel 1914. In one embodiment, the drive
wheels 1914 are each be coupled to respective electric
motors 1928, which in turn are each coupled to respective
drive controllers 1930, which in turn are coupled to respec-
tive interface modules 1934.

Various embodiments of an electric traction vehicle 1910
are based on the number of wheels 1914 that are driven on
the vehicle 1910. For instance, one embodiment includes a
drive wheel 1914 coupled to an electric motor 1928, which
in turn is coupled to a drive controller 1930, which in turn
is coupled to an interface module 1934, which in turn is
coupled to other interface modules (for other vehicle I/0) by
way of the communication network 1976. The vehicle can
also include four drive wheels 1914 coupled to four respec-
tive electric motors 1928, which in turn are coupled to four
respective drive controllers 1930, which in turn are coupled
to four respective interface modules 1934, which in turn are
coupled to other interface modules and to each other by way
of the communication network 1976. In the embodiment of
FIG. 1, eight drive wheels 1914 are coupled to eight respec-
tive electric motors 1928, which in turn are coupled to eight
respective drive controllers 1930, which in turn are coupled
to eight respective interface modules 1934, which in turn are
coupled to other interface modules and to each other by way
of the communication network 1976. Other configurations
may also be used, and the ratio of motors, wheels, servo
drives and interface modules need not be one-to-one relative
to each other. Thus, for example, each interface module
1934 may control one wheel, one axle, a tandem set of axles,
or other set of wheels. As described in greater detail below,
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the vehicle 1910 can also include pairs of drive wheels 1914
which are driven in tandem by a respective one of the
plurality of electric motors 1928. Typically, at least two of
the wheels are steerable.

The torque output of each motor 1928 is adjusted to meet
the requirements established in the associated interface
module 1934 from the I/O status information. The electric
motors 1928 may operate to produce electric torque to drive
the drive wheels 1914 or may operate in a regenerative
braking mode to provide power to the power storage unit
1922, as determined by inputs received from an operator of
the electric traction vehicle 1910.

The electric traction vehicle 1910 can be configured with
one or more modular independent coil spring suspensions
for steerable and non-steerable wheel assemblies and driver
and non-driver axles. Details of such modular independent
coil spring suspensions can be found in U.S. Pat. Nos.
5,538,274, 5,820,150, and 6,105,984 incorporated herein by
this reference, which are assigned to the assignee of the
present invention.

The principal power unit 1916 and the power storage unit
1922 are mounted on the vehicle platform 1912. As previ-
ously noted, the principal power unit 1916 provides power
for multiple electric motors 1928 coupled to individual drive
wheels 1914. This simplifies the transmission of power to
the wheels 1914 as compared to a non-electric vehicle by
eliminating the torque converter, transmission, transfer case,
and drive shafts. Further, because multiple electric motors
1928 are used, the horse power requirements of each electric
motor 1928 are such that standard commercially available
electric motors may be used even in the case of a heavy duty
military vehicle.

The principal power unit 1916 includes a prime mover or
engine 1918 coupled to a generator or alternator 1920. The
prime mover 1918 can be a gas turbine or an internal
combustion engine. The principal power unit 1916 can also
be a fuel cell or a nuclear power device. The fuel cell may
for example be a hydrogen-oxygen fuel cell that produces
electrical power in the process of a chemical reaction that
combines oxygen and hydrogen to create water. If a DC
source is used, an inverter may be used to convert DC power
from the DC source to AC power for the AC bus assembly
1942. In the preferred embodiment, the prime mover 1918 is
a diesel engine optimized for operation at a constant speed
(revolutions per minute). Operating the diesel engine at a
constant, optimal speed eliminates inefficiencies associated
with changing RPM levels during acceleration and decel-
eration, improves overall efficiency, and reduces emissions.

The generator/alternator 1920 is preferably a synchronous
generator producing 460 to 480 volts, three phase, AC 60 Hz
power for the electric traction vehicle 1910. However, it is
contemplated that different sized generators or alternators
can be coupled to the prime mover for purposes of gener-
ating either higher or lower electrical power. For instance, a
single phase system can be utilized or a system that gener-
ates 720 volt power system can be used or a system that
operates at a frequency other than 60 Hz, such as 50 Hz
which is typical in European countries. It is also contem-
plated that the power generated by the principal power unit
1916 can be modified by appropriate auxiliary modules such
as a step-down transformer to provide power to operate
ancillary equipment on or associated with the electric trac-
tion vehicle 1910 such as pumps, instruments, tools, lights,
and other equipment.

The AC bus assembly 1942 includes a plurality of phase
conductors 1944. A first conductor 1946 having a first end
1948 and second end 1950 together with a second conductor
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1952 having a first end 1954 and a second end 1956 can be
configured together with a neutral 1964 to provide single
phase power in one embodiment of the vehicle 1910. A third
conductor 1958 having a first end 1960 and a second end
1962 can be used in conjunction with the first conductor
1946 and the second conductor 1952 to provide three phase
power as shown in FIG. 1. The conductors 1944 can be
stranded metal wire such as copper or aluminum sized and
clad to transmit the power generation contemplated in the
vehicle 1910 design. The conductors 1944 can also be solid
metal bars, generally referred to as bus bars, composed of
appropriate clad metals, such as copper or aluminum, as will
be appreciated by one ordinarily skilled in the art.

Also connected to the AC power bus assembly 1942 is the
power storage unit 1922, as previously mentioned. The
power storage unit 1922 includes an electric power con-
verter 1924 and an energy storage device 1926. The power
storage unit 1922 can be configured to provide electric
power above and beyond that required of the principal
power unit 1916. The energy storage device 1926 can be
electric capacitors, storage batteries, a flywheel, or hydraulic
accumulators. The electric power converter 1924 can be
configured to convert the AC power generated by the
principal power unit 1916 to DC power and transfer such
converted power to the storage device 1926. The electrical
power converter 1924 can also convert the energy stored in
the energy storage device 1926 back to AC power to
augment and supplement the AC power generated by the
principal power unit 1916 over the AC power bus assembly
1942. Applicants have determined that additional horse-
power of short-term power can be provided into the AC
power bus assembly 1942 over the phase conductors 1944
by discharge of an on-board capacitor or battery pack
(energy storage device 1926) under control of the power
storage unit 1922. (Depending on the application, the addi-
tional power may be in the range of 100-600 or more
horsepower, such as 200-300 horsepower.) In one embodi-
ment, the energy storage device 1926 is formed of a bank of
ultracapacitors, such as the PC 2500 ultracapacitor available
from Maxwell Technologies, 9244 Balboa Avenue San
Diego, Calif. 92123. These devices provide a high electrical
energy storage and power capacity and have the ability to
deliver bursts of high power and recharge rapidly from an
electrical energy source/sink over hundreds of thousands of
cycles.

An advantage constructing the energy storage device
1926 of capacitors is that capacitors are relatively easy to
discharge. Therefore, it is possible to discharge the energy
storage device 1926 when maintenance is to be performed
on the vehicle 1910 to avoid electrocution of maintenance
personnel. In FIG. 25, the power storage unit 1922 (includ-
ing the energy storage device 1926) operates under the
control of one of the interface modules 1934. In one embodi-
ment, the interface module 1934 is used to discharge the
energy storage device responsive to operator inputs. For
example, a capacitor discharge switch may be provided in
the cab of the vehicle 1910 and/or near the energy storage
device 1926 and coupled to a nearby interface module 1934.
When the operator activates the switch, the interface mod-
ules 1934 cooperate responsive to ensure that no electrical
power is being coupled to the AC bus assembly 1942 by the
generator 1920 and any other power generating devices,
such that the energy storage device 1926 is the only power
source coupled to the AC bus assembly 1942 (e.g., when the
prime mover or engine 1918 is not moving or is not coupled
to the AC bus assembly 1942, the generator 1920 does not
provide electrical power to the AC bus assembly 1942).
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Therefore, any stored electrical power in the energy storage
device 1926 dissipates to power consuming devices that are
coupled to the AC bus assembly 1942. A variety of power
consuming devices may be provided for this purpose. For
example, an energy dissipation device 1932 (described in
greater detail below) may be used for this purpose. The
dissipating capacity (e.g., resistor size and power ratings) of
the energy dissipation device may be determined as a
function of the desired amount of discharge time. Other
power consuming devices already coupled to the AC bus
assembly 1942, such as an engine cooling fan, may also be
used. In this configuration, the interface module 1934 to
which the engine cooling fan is connected turns on the
engine cooling fan when it is determined that the operator
input at the capacitor discharge switch has been received.

The power storage unit 1922 may be coupled to the
communication network 1976 and controlled by the inter-
face module 1934. The combined electrical power from the
principal power unit 1916 and the power storage unit 1922
will all be available on the AC power bus assembly 1942 for
use by the electric motors 1928 or by any other module 1984
or auxiliary module 1986 as determined by the operator at
the user interface 1936 of the interface module 1934.

In operation, the power storage unit 1922 receives power
from the principal power unit 1916 over conductors 1944 of
the AC power bus assembly 1942. The power received is
converted into the appropriate energy mode required by the
energy storage device 1926 and maintained in the energy
storage device 1926 until required during the operation of
the vehicle 1910. If the principal power unit 1916 is not
functioning for any reason, the energy in the power storage
unit can be utilized to operate, for a given period of time, the
vehicle 1910 or any of the modules 1984 or auxiliary
modules 1986 mounted on the vehicle 1910. In the context
of a military vehicle, the power storage unit 1922 may also
be used in stealth modes of operation to avoid the noise
associated with the prime mover (e.g., diesel engine) 1918
and the generator 1920.

Energy storage recharge of the power storage unit 1922 by
the principal power unit 1916 begins automatically and
immediately after the vehicle 1910 arrives at its destination
and continues during the vehicle’s return run to its original
location. The state of charge of the power storage unit 1922
is maintained between missions by a simple plug connection
to a power receptacle in the vehicle’s garage or storage
location, which receptacle will automatically disconnect as
the vehicle 1910 leaves such site. The power storage unit
1922 can also receive energy generated by the electric
motors 1928 when the motors are configured in a regenera-
tion mode in which case they function as a generator. Such
functionality is utilized in a braking procedure for the
vehicle as determined by the operator at a user interface
1936 (see FIG. 26). The electric motor 1928 and AC power
bus assembly 1942 can also be configured to regenerate
power back to the principal power unit 1916.

As shown in FIG. 26, the vehicle 1910 can also serve as
an on-site power source for off-board electric power con-
suming devices 1951. For example, in the context of a
military vehicle, the vehicle 1910 can serve as a mobile
electric generator. When the vehicle is stationary, the electric
motors 1928 consume substantially zero power. Therefore,
electric power that would otherwise be used to drive move-
ment of the vehicle 1910 can be supplied to off-board
equipment. In the context of an ARFF vehicle, if an airport
loses electricity due to a failure in the power grid, an ARFF
vehicle that implements the system described herein can be
used to generate power for the airport by connecting the
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power bus for the airport to the AC bus assembly 1942
through the use of a suitable connector. Likewise, at the
scene of a fire, the AC bus assembly 1942 can be used to
provide power for scene lighting. In one preferred embodi-
ment, the power generating capacity of the vehicle 1910 is
in the neighborhood of about 500 kilowatts of electricity,
which is enough to power approximately 250-300 typical
homes. Depending on the size of the vehicle 1910 and the
principal power unit 1916, the power generating capacity
may be smaller (e.g., 250 kilowatts) or larger (e.g., 750
kilowatts). Additionally, because the AC bus assembly 1942
provides 480V, three phase, AC 60 Hz power, which is
commonly used in industrial settings, there is no need to
convert the power from the AC bus assembly 1942. In this
regard, in FIG. 26, the off-board power-consuming devices
1951 are shown not to be connected to the communication
network 1976, because the power provided by the AC bus
assembly 1942 can be provided to a variety of standard
devices, including devices which are not specifically
designed for use with the vehicle 1910.

Preferably, an energy dissipation device 1932 is coupled
to the AC bus assembly 1942 and the communication
network 1976. If it is determined that the principal power
unit 1916 or the electric motors 1928 or any other auxiliary
module 1986 generating too much power or are not utilizing
sufficient power, the excess power can be dissipated through
the energy dissipation device 1932. An example of an energy
dissipation device 1932 is a resistive coil that may be
additionally cooled by fans or an appropriate fluid. Another
example of an energy dissipation device 1932 is a steam
generator which utilizes excess heat generated in the vehicle
to heat water to produce steam. Another example of an
energy dissipation device is to have the system back feed the
generator to act as a motor and use the engine as an air pump
to pull power out of the system. The energy dissipation
device, for example, may be used during regenerative brak-
ing when the level of charge in the capacitor bank forming
the energy storage device 1926 is near its peak.

Referring now to FIG. 27, selected aspects of the vehicle
1910 of FIG. 25 are shown in greater detail. The vehicle
1910 further comprises an operator interface 1973 which
includes a throttle pedal 1975, brake pedal 1977, shift
control 1979, and steering wheel 1981. In FIG. 27, these
input devices are shown as being connected to a common
interface module 1934 which is connected to the commu-
nication network 1976 along with the interface modules
1934 coupled to the electric motors 1928 (only one of which
is shown in FIG. 26). Although the input devices 1975-1981
are shown as being coupled to a common same interface
module, the input devices may also be coupled to different
interface modules. The operator interface may also receive
inputs from other input devices to raise or lower the vehicle,
lock the suspension, control a load-handling system, and
control vehicle operation in stealth modes of operation (e.g.,
operating exclusively on the power storage unit 1922). The
operator interface 1973 may include a display that displays
information to the operator such as speed, charge level of the
storage unit 1922, generator efficiency, direction of travel,
alarm status, fuel economy, temperatures, pressures, and
data logging information.

Each interface module 1934 receives the I/O status infor-
mation from the operator interface 1973. For those interface
modules that are connected to a respective drive controller
1930 and electric motor 1928, the I/O status information
from the operator interface 1973 is processed to provide
control signals to control the electric motor 1928. This
process is shown in FIG. 27.
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Referring now to FIG. 28, at step 2010, throttle, brake,
shift, and steering inputs are received from the operator at
the interface module 1934 which is connected to the opera-
tor interface 1973. At step 2012, the throttle, brake, shift and
steering inputs are transmitted by way of the communication
network 1976 (during I/O status broadcasts as previously
described). At step 2014, this information is received at each
of the remaining interface modules 1934. At step 2016, the
interface modules 1934 that control the electric motors 1928
use the throttle, brake, shift and steering inputs to control the
electric motors 1928. To this end, the interface modules
1934 determine a speed or torque command and provide this
command to the drive controller 1930. Other information,
such as vehicle weight, minimum desired wheel speed,
wheel slip control parameters, and other information may
also be used. Although the vehicle 1910 does not include a
mechanical transmission, the shift input from the shift input
device 1979 may be used to cause the electric motors 1928
to operate at different operating points depending on a status
of the shift input device, with each of the operating points
corresponding to different torque production capabilities (or
different tradeoffs between vehicle responsiveness/accelera-
tion capability and motor efficiency).

Each interface module 1934 preferably includes a number
of control subprograms, including a subprogram 1983 for
differential speed control, a subprogram 1985 for regenera-
tive brake control, a subprogram 1987 for efficiency opti-
mization control, and a configuration interface 1989. These
programs provide for further control of the torque/speed
command given by each interface module 1934 to the
respective drive controller 1930.

The differential speed control program 1987 accepts the
steering angle as an input and controls the motor speed of
each motor 1928 such that the wheels 1914 rotate at slightly
different speeds during vehicle turning maneuvers. The
differential speed control program 1987 is an electronic
implementation of a mechanical differential assembly. The
steering angle input may also be used by another interface
module 1934 to control a steering mechanism of the vehicle
1910 to thereby control a direction of travel of the vehicle
1910. Preferably, steering control takes into account other
I/O status information (such as vehicle speed) and is opti-
mized to avoid vehicle slippage (“scrubbing”) during turn
maneuvers. The differential speed control program 1987
monitors motor torque output along with other system
parameters such that the speed difference between motors
does not go above a predefined limit. This can be controlled
both side by side and front to back and combinations of both.
By commanding torque and monitoring and adjusting for
speed difference, optimal tractive force can be put to ground
in any traction condition.

Regenerative brake control program 85 controls the motor
1928 such that the motor provides a braking action to brake
the vehicle 1910 in response a regeneration/auxiliary signal
is received. For example, a signal may be received from a
brake pedal request (the brake pedal 1977 is pressed), no
TPS count, or other user controlled input/switch. This causes
the motor 1928 to act as a generator to regenerate power
back to the power storage unit 1922 or the principal power
unit 1916 via the AC bus assembly 1942. In addition to
regenerative braking, a standard anti-lock brake system is
also used.

The efficiency optimization control program 87 controls
motor speed and torque conditions to allow a first subset of
the motors 1928 to operate at an optimal power for a
particular speed, and a second subset of the motors 1928 to
operate in a regenerative mode. Having one set of motors
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operate 1928 at an optimal power for a particular speed and
a second set of motors 1928 operate in a regenerative mode
is more efficient and draws less net power than having all of
the motors 1928 operating at a non-optimal speed. Alterna-
tive power matching schemes may also be used in which
optimum efficiency for some of the motors 1928 is reached
by having some of the remaining motors 1928 operate in a
non-torque producing mode.

Configuration interface program 1989 allows for recon-
figuration of the vehicle 1910 depending on which types of
auxiliary modules are mounted to the vehicle 1910. The
configuration program 1989 detects what type of auxiliary
modules are connected to the vehicle, and adjusts the
configuration of the control program executed by the inter-
face modules 1934 to take into account the particular
configuration of the vehicle 1910 as determined by which
auxiliary modules are present.

In particular, in the preferred embodiment, the principal
power unit 1916, the power storage unit 1922, and the
energy dissipation device 1932 are provided as auxiliary
modules 1984 that are removably mounted on the vehicle
platform and are removably connected to the communica-
tion network 1976 and the AC bus assembly 1942 by way of
a suitable connector assembly. Other auxiliary modules
1986 may also be provided. An auxiliary module 1986 can
be any type of equipment or tool required or associated with
the function and operation of the vehicle 1910. For example,
the auxiliary module can be a pump, a saw, a drill, a light,
etc. The auxiliary module 1986 is removably connected to
the communication network 1976 and the AC bus assembly
1942. A junction 1988 is used to facilitate the connection of
the modules to the communication network 1976 and the AC
power bus assembly 1942 and multiple junctions 1988 are
located at convenient locations throughout the vehicle 1910.
The junctions 1988 can accommodate various types of
connections such as quick connectors, nuts and bolts, solder
terminals, or clip terminals or the like. The junction 1988
can include a connector to accommodate connection to the
communication network 1976 and/or the AC bus assembly
1942. Additional auxiliary modules can be added to the
vehicle 1910 as circumstances and situations warrant.

In the preferred embodiment, and as shown in FIG. 29,
auxiliary drive modules 1953 are used that each include a
respective one of the drive wheels 1914, a respective one of
the electric motors 1928, a respective one of the drive
controllers 1930, and a respective one of the interface
modules 1934. Like the other auxiliary modules discussed
above, the auxiliary drive modules 1953 are capable of being
removed, replaced, and added to the vehicle 1910. To this
end, each auxiliary drive module includes an electrical
connector that mates with a compatible electrical connector
one the vehicle platform 1912 and a mechanical mounting
system (e.g., a series of bolts) that allows the auxiliary drive
module 1953 to be quickly mounted to or removed from the
vehicle 1910. The electrical connector connects the interface
module 1934 to a communication network 1976 and con-
nects the drive controller 1930 to the AC bus assembly 1942.
Therefore, if one auxiliary drive module 1953 malfunctions,
the auxiliary drive module 1953 can be removed and
replaced with a properly functioning auxiliary drive module
1953. This allows the vehicle 1910 to return immediately to
service while the inoperable drive module is serviced. This
arrangement also allows the same vehicle to be provided
with different drive capacities depending on intended usage.
For example, under one usage profile, the vehicle 1910 may
be provided with four auxiliary drive modules 1953. Under
a second usage profile, the vehicle 1910 may be provided
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with two additional auxiliary drive modules 1953' for extra
drive capacity. Additionally, the vehicle platform 1912 is
preferably a generic vehicle platform that is used with
several different types of vehicles having different applica-
tion profiles requiring different drive capacities. In this
regard, it may also be noted that the principal power unit
1916 is also capable of being removed and replaced with a
principal power unit 1916 with a larger electric generation
capacity. This feature is therefore advantageous in that
auxiliary drive modules 1953 are capable of being added to
and removed from the vehicle as a unit to achieve a
corresponding increase or decrease in the drive capacity of
the vehicle 1910, thereby giving the vehicle 1910a recon-
figurable drive capacity. As previously indicated, the system
can be configured to have one of the interface modules 1934
control a single drive wheel 1914, an entire axle assembly
(one or two motor configuration) as well as a tandem axle
assembly (one and two motor axle configurations), as well
as other permutations and combinations.

Referring to FIG. 28, FIG. 28 shows the operation of the
configuration program 1989. At step 2020, it is detected that
there has been a change in vehicle configuration. The
auxiliary module may be any of the auxiliary modules
described above. Step 2020 comprises detecting that an
auxiliary module has been added in the case of an added
auxiliary module, and comprises detecting that an auxiliary
module has been removed in the case of a removed auxiliary
module. If an auxiliary module has been rendered in oper-
able (e.g., one of the electric motors 1928 has failed), then
step 2020 comprises detecting that the inoperable auxiliary
module has failed.

At step 2022, the configuration change is characterized.
For example, if an auxiliary module has been added or
removed, the type and location of the added/removed aux-
iliary module is determined. If one auxiliary module has
been replaced with another auxiliary module, the location at
which the change was made as well as the module type of
the added and removed auxiliary modules is determined. In
the case where the auxiliary module comprises an interface
module 1934, the different characteristics of the different
auxiliary modules may be stored in the respective interface
modules 1934. As a result, step 2022 may be performed by
querying the interface module 1934 of the removed auxiliary
module (before it is removed) and by querying the interface
module of the added auxiliary module.

At step 2024, the vehicle 1910 is reconfigured to accom-
modate the added auxiliary drive module. Step 2024 com-
prises updating control algorithms in the interface modules
1934. For example, if two auxiliary drive modules are
added, the control algorithms may be updated to decrease
the horsepower produced by the original motors 1928 in
response to a particular throttle input to take into account the
additional horsepower provided by the added electric motors
1928. Alternatively, if one of the electric motors 1928 fails
or is otherwise rendered inoperable, then the updating com-
pensates for less than all drive wheels being driven by
causing the remaining electric motors to be controlled to
provide additional horsepower. This gives the vehicle 1910
different modes of operation, for example, a first mode of
operation in which the electric motors are controlled such
that all of the plurality of drive wheels are driven, and a
second mode of operation in which the electric motors are
controlled such that less than all of the plurality of drive
wheels are driven.

At step 2026, a confirmation is sent to the operator of the
vehicle 1910 via a display of the operator interface 1973 to
confirm that the vehicle has been reconfigured. It may also
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be desirable to transmit this information to other systems.
For example, one of the interface modules 1934 may be
provided with a wireless modem, and the change in con-
figuration information may be transmitted wireless to an
off-board computer using a radio frequency (RF) commu-
nication link. Indeed, any of the information stored in any of
the interface modules or any of the other vehicle computers
(e.g., engine control system, transmission control system,
and so on) may be transmitted to an off-board computer
system in this manner to allow off-board vehicle monitoring
and/or off-board vehicle troubleshooting. The transfer of
information may occur through a direct modem link with the
off-board vehicle computer or through an Internet connec-
tion.

Thus, the vehicle 1910 has a modular construction, with
the principal power unit 1916, the power storage unit 1922,
the energy dissipation device 1932, the auxiliary drive
modules 1953, other drive modules 1984 and 1986, and so
on, being provided as modules that can be easily added to or
removed from the vehicle. Any number of such modules can
be added and is limited only by the extent to which suitable
locations which connections to the communication network
and AC bus assembly 1942 exist on the vehicle 1910. Once
such a device is added, the control system is automatically
reconfigured by the interface modules 1934.

FIG. 25 illustrates the wheels 1914 being driven directly
by an electric motor 1928 through an appropriate wheel-end
reduction assembly 1982 if necessary. Referring now to
FIGS. 31A-31B, a wheel-end reduction assembly 1982 can
also couple the wheels 1914 to a differential assembly 1978
via drive shafts. A plurality of wheel-end reduction assem-
blies 1982 can couple the wheels 1914 to their respective
electric motors 1928. Another embodiment of the vehicle
1910 includes a differential assembly 1978 coupled to the
electric motor 1928 for driving at least two wheels 1914 as
shown in FIG. 27. Additional differential assemblies 1978,
such as three assemblies 1978, with each differential assem-
bly coupled to an electric motor 1928 for driving at least two
wheels, can also be configured in the vehicle 1910.

Referring now to FIG. 33, a method of transferring data
indicative of an electric traction vehicle 1910 to potential
customers over the Internet 1992 includes obtaining infor-
mation on an electric traction vehicle 1910 including dates,
prices, shipping times, shipping locations, general shipping
data, module type, inventory, specification information,
graphics, source data, trademarks, certification marks and
combinations thereof. The method further includes entering
the information on to a terminal 1990 that is operationally
connected to an Internet server. Terminal 1990 may be
microprocessor, a computer, or other conventionally known
device capable of operationally connecting to a convention-
ally known Internet server. The method further includes
transmitting to the information from terminal 1990 to the
Internet server that is operationally connected to Internet
1992. Information be transmitted to the internet from the
interface modules 1934 and may include any of the infor-
mation stored in the interface modules 1934 or any other
vehicle computer, as previously noted. The method allows
manufacturers 1994, distributors 1996, retailers 1997 and
customers 1998, throughout the use of terminals 1990, to
transmit information, regarding the electric traction vehicle
1910 and the potential sale of the electric traction vehicle
1910 to customers, to one another individually, collectively
or by any combination thereof.

Thus, there is provided an electric traction vehicle of
modular design with the modules interconnected by an AC
bus assembly and a data bus network. Other embodiments
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using other types of vehicles are possible. For example, an
electric traction vehicle using a modular component design
can be utilized as a fire truck for use at an airport or one that
can negotiate severe off-road terrain. The vehicle can also be
used in a military configuration with the ability to negotiate
extreme side slopes and negotiate extreme maneuvers at
high speeds. The modular aspect of the vehicle architecture
will allow for optimum placement of components to maxi-
mize performance with regard to center of gravity which
will facilitate its operational capabilities.

D. Network Assisted Monitoring, Service, and Repair

Referring now to FIG. 42, a preferred embodiment of an
equipment service vehicle 210 having a diagnostic system
212 according to an embodiment of the invention is illus-
trated. By way of overview, the diagnostic system 212
comprises an intelligent display module 214, a test interface
module 221 connected to a plurality of sensors 222, and a
plurality of additional vehicle control systems 224-230. The
intelligent display module 214, the test interface module
221, and the plurality of additional vehicle control systems
224-230 are interconnected with each other by way of a
communication network 232.

More specifically, the vehicle 210 is a military vehicle
and, in particular, a medium tactical vehicle. However, it
should be understood that the diagnostic system 212 of FIG.
42 could also be used with other types of military vehicles.
For example, the diagnostic system 212 could be used in
connection with heavy equipment transporter vehicles,
which are used to transport battle tanks, fighting and recov-
ery vehicles, self-propelled howitzers, construction equip-
ment and other types of equipment. These types of vehicles
are useable on primary, secondary, and unimproved roads
and trails, and are able to transport in excess of 100,000
pounds or even in the range of 200,000 pounds or more. The
diagnostic system 212 can also be used in connection with
palletized load transport vehicles, in which a mobile truck
and trailer form a self-contained system capable of loading
and unloading a wide range of cargo without the need for
forklifts or other material handling equipment. Such trucks
are provided with a demountable cargo bed and a hydrau-
lically powered arm with a hook that lifts the cargo bed on
or off the truck. These trucks may be also provided with a
crane to drop off the pallets individually if the entire load is
not needed. Further, the diagnostic system 212 can also be
used in connection with trucks designed for carrying pay-
loads for cross country military missions. Such trucks may
include, for example, cargo trucks, tractors, fuel servicing
trucks, portable water trucks, and recovery vehicles (with
crane and winch). Such trucks are capable of passing
through water crossings three or four or more feet deep.
These trucks can also be used for missile transports/launch-
ers, resupply of fueled artillery ammunition and forward
area rearm vehicles, refueling of tracked and wheeled
vehicles and helicopters, and recovery of disabled wheeled
and tracked vehicles. The diagnostic system 212 can be used
in connection with a wide range of other military vehicles as
well.

The intelligent display module 214 provides an operator
interface to the diagnostic system 212 and also provides
intelligence used to conduct diagnostic tests and other
services. In particular, the intelligent display module 214
includes a test control module 215 (which further includes a
microprocessor 216 and a diagnostic program 217) and an
operator interface 218 (which further includes a display 219
and a keypad 220) (see FIG. 43).
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In the preferred embodiment, the test control module 215
and the operator interface 218 are provided as a single,
integrated unit (namely, the intelligent display module 214)
and share the same housing as well as at least some of the
internal electronics. Other arrangements are possible, how-
ever. For example, as can be easily imagined, it would also
be possible to provide the test control module 215 and the
operator interface 218 in the form of separate physical units,
although this arrangement is not preferred for reasons of
increased cost and parts count. Both the test control module
215 and the operator interface 218 can be obtained in the
form of a single, integrated unit from Advanced Technology,
Inc., Elkhart, Ind. 46517. This product provides a generic
flat panel 4 linex20 character display 219, four button
keypad 220, microprocessor 216, and memory that is
capable of being programmed with a program (such as the
diagnostic program 217) to customize the intelligent display
module for a particular application. Of course, a more (or
less) elaborate intelligent display module could also be
utilized. For example, if on-line parts ordering capability is
incorporated as detailed below, then a display module with
an SVGA flat touch screen monitor with a microprocessor
and memory may be preferred. Also, the test control module
215 may be implemented using one of the interface modules
20, 30, 1420 previously described, providing that the inter-
face module has sufficient graphics capability to drive a
display.

Also in the preferred embodiment, the intelligent display
module 214 is semi-permanently mounted within the vehicle
210. By semi-permanently mounted, it is meant that the
intelligent display module 214 is mounted within the vehicle
210 in a manner that is sufficiently rugged to withstand
normal operation of the vehicle for extended periods of time
(at least days or weeks) and still remain operational. How-
ever, that is not to say that the intelligent display module 214
is mounted such that it can never be removed (e.g., for
servicing of the intelligent display module) without signifi-
cantly degrading the structural integrity of the mounting
structure employed to mount the intelligent display module
214 to the remainder of the vehicle 210. The intelligent
display module 214 is preferably mounted in an operator
compartment of the vehicle 210, for example, in a storage
compartment within the operator compartment or on an
operator panel provided on the dashboard.

The operation of the test control module 215, and in
particular of the microprocessor 216 to execute the diag-
nostic program 217, is shown and described in greater detail
below in conjunction with the flowchart of FIG. 45. In
general, the microprocessor 216 executes the diagnostic
program 217 to diagnose subsystem faults, to display fault
information, to maintain vehicle maintenance records, and to
perform data logging for system diagnosis and/or for acci-
dent reconstruction. Depending on the application, it may be
desirable to incorporate additional services as well, or to
incorporate fewer than all of these services.

The operator interface 218 includes the display 219 which
is used to communicate (and, in particular, to display)
information to the operator. For example, the display 219 is
used to prompt the operator to enter information into the
keypad 220, or to take certain actions with respect to the
vehicle during testing (e.g., bring the engine to a specified
RPM level). The display 219 is also used to display a menu
or series of menus to allow the operator to select a test to be
performed or to select another service of the intelligent
display module 214 to be utilized. The display 219 is also
used to display status information during system startup and
during testing, and to display any error messages that arise
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during system startup or during testing. The display 219 is
also used to display input data and fault mode indicators
from control systems 224-230, and any other information
from additional vehicle subsystems. The display 219 is also
used to display information from discrete sensors such as the
sensors 222. The display 219 is also used to display the
results of diagnostic tests that are performed (e.g., a pass/fail
message or other message).

Preferably, the display 219 displays all of this information
to the operator in a user-friendly format as opposed to in the
form of codes that must be interpreted by reference to a
separate test or service manual. This is achieved in straight-
forward fashion by storing in the memory of the intelligent
display module 214 information of the type commonly
published in such manuals to facilitate manual interpretation
of such codes, and using this information to perform the
translation automatically. Likewise, as previously noted, the
display 219 is used to prompt the operator to take certain
actions with respect to the vehicle during testing and to
otherwise step the operator through any test procedures,
without reference to a test manual. This allows the amount
of operator training to be reduced.

The operator interface 218 also includes the keypad 220
which is used to accept or receive operator inputs. For
example, the keypad 220 is used to allow the user to scroll
through and otherwise navigate menus displayed by the
display 219 (e.g., menus of possible tests to be performed on
the vehicle 210), and to select menu items from those menus.

As previously noted, it would also be possible to utilize a
more elaborate intelligent display module. For example, a
more elaborate keypad 220 could be utilized if more data
entry capability is desired. In this regard, however, it is noted
that the intelligent display module 214 also preferably
includes a communication port that allows the display
module to communicate with a personal computer 233 by
way of a communication network 232 (see FIG. 43). The
personal computer 233 can be used to retrieve, manipulate
and examine data stored within the intelligent display mod-
ule 214. For example, if the intelligent display module 214
includes a data logger as described below, the personal
computer can be used to retrieve and examine the informa-
tion stored by the data logger. Likewise, if the intelligent
display module 214 implements a vehicle maintenance
jacket, the personal computer 233 can be used to retrieve and
modify data stored in the vehicle maintenance jacket. Fur-
ther, using the personal computer 233, it is possible to
integrate the diagnostic system 212 with an interactive
electronic technical manual (IETM), to allow the interactive
electronic technical manual to access the data available from
the diagnostic system 212.

The test interface module 221 accepts requests from the
intelligent display module 214 for information from the
sensors 222, retrieves the requested information from the
respective sensor 222, converts input signals from the
respective sensor 222 into a format that is compatible with
the communication network 232, and transmits the infor-
mation from the respective sensor 222 to the intelligent
display module 214 via the communication network 232.
The test interface module 221 is therefore implemented as a
passive unit with no standard broadcasts that burden the
communication network 232. As a result, in operation, the
test interface module 221 does not regularly transmit data on
the communication network 232. Rather, the test interface
module 221 passively monitors the communication network
232 for information requests directed to the interface module
221. When an information request is received, the test
interface module 221 obtains the requested information from
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the relevant sensor 222, and then transmits the requested
information on the communication network 232 to the
intelligent display module 214. Alternatively, in accordance
with the arrangement described in FIGS. 20-23, it may be
desirable to implement the test interface module 221 as an
active unit that broadcasts input status information in the
same manner as the interface modules 1420.

The test interface module 221 may, for example, include
as many inputs as there are sensors 222. Each input may
include associated switches for configuring the input, an
analog-to-digital converter to convert analog signals to a
digital format, and any other signal processing circuitry. The
number of inputs is not important, since it is possible to use
fewer test interface modules each with a larger number of
inputs, or more test interface modules each with a smaller
number of inputs. The number of inputs is not limited in any
particular way and is determined by need.

In practice, the test interface module 221 may be a
commercially available unit capable of putting information
from discrete sensors onto a communication network such as
SAE (Society of Automotive Engineers) J1708. The test
interface module 221 preferably also meets applicable stan-
dards for underhood installation, such as SAE J1455, to
allow the test interface module to be located in close
proximity to the sensors 222 to reduce wiring. The test
interface module may, for example, be obtained from
Advanced Technology Inc., Elkhart, Ind. 46517 (PN
3246282). Again, however, a wide range of devices of
varying construction and complexity could be utilized to
implement the test interface module 221.

The test interface module 221 is connected to the plurality
of sensors 222 which are each capable of obtaining infor-
mation pertaining to the health and operation of a vehicle
subsystem. “Health” and “operation” are interrelated and
information that pertains to one will, at least to some extent,
pertain to the other as well. The sensors 222 are discrete
sensors in the sense that they are not integrally provided with
the control systems 224-230 and associated controlled
mechanical systems (e.g., engine, transmission, and so on)
234-240. The sensors are add-on devices that are used only
in connection with the intelligent display module 214. In
general, discrete sensors are preferably only used when the
information provided by the sensor is not otherwise avail-
able on the communication network 232. In FIG. 43, the
sensors 222 are shown to include a fuel filter inlet pressure
sensor 222a, fuel pump outlet pressure sensor 222b, fuel
return pressure sensor 222¢, oil filter sensors 2224, an air
cleaner pressure sensor 222¢, a fuel differential pressure
switch 222f, and a shunt resistor 222g (used to determine
compression imbalance based on unequal current peaks in
the starter current).

In addition to the intelligent display module 214 and the
test interface module 221, the diagnostic system 212 also
includes a plurality of additional vehicle control systems
224-230, as previously noted. As shown in FIG. 43, the
control system 240 is a central tire inflation control system
that controls a central tire inflation system (CTIS) 34, the
control system 226 is an anti-lock brake control system that
controls an anti-lock brake system (ABS) 236, the control
system 228 is a transmission control system that controls a
transmission 238, and the control system 230 is an engine
control system that controls an engine 240. The vehicle
subsystems formed by the mechanical systems 234-240 and
associated control systems 224-230 are conventional and
are chosen in accordance with the intended use of the vehicle
210.
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The control systems 224-230 each store information
pertaining to the health and operation of a respective con-
trolled system. The control systems 224—230 are capable of
being queried and, in response, making the requested infor-
mation available on the communication network 232.
Because the vast amount of information required for per-
forming most diagnostic tests of interest is available from
the control systems 224-230 by way of the communication
network 232, it is possible to drastically reduce the number
of discrete sensors 222 that are required. Thus, as just noted,
discrete sensors are preferably only used when the informa-
tion provided by the sensor is not otherwise available on the
communication network 232.

Typically, each of the control systems 224—230 comprises
a microprocessor-based electronic control unit (ECU) that is
connected to the communication network 232. When the
intelligent display module 214 requires status information
pertaining to one of the mechanical systems 234-240, the
intelligent display module 214 issues a request for the
information to the respective one of the control systems
224-230. The respective control system then responds by
making the requested information available on the commu-
nication network 232.

Typical ECUs for transmission and engine control sys-
tems are capable of producing fault codes and transmitting
the fault codes on the communication network 232. Depend-
ing on the type of fault, the fault codes may be transmitted
automatically or alternative only in response to a specific
request for fault information. Typical ECUs for central tire
inflation systems and anti-lock brake systems also transmit
fault codes but, in most commercially available systems,
fault codes are transmitted only in response to specific
requests for fault information. When a fault code is trans-
mitted on the communication network 232, the intelligent
display module 214 receives the fault codes from the com-
munication network 232, interprets the fault codes, and
displays the interpreted fault codes to a human operator
using the display 219.

It may be noted that the diagnostic system 212 may be
implemented as a stand-alone system or in the context of the
control systems 12 and 1412 described in connection with
FIGS. 1-23. For example, in the context of the control
system 1412, the communication network 232 and the
communication network 1460 may be the same network,
such that the intelligent display module 214 and the test
interface module 221 are disposed on the communication
network 1460 along with the interface modules 1420. When
combined in this manner, the anti-lock brake control system
226 and anti-lock brake control system 1495 are in practice
the same devices, as are the transmission control system 228
and the transmission control system 1493, and the engine
control system 230 and the engine control system 1491, and
also as are the respective controlled subsystems. The intel-
ligent display module 214 maintains a dynamically updated
I/O status table 1520 by listening to the I/O status broadcasts
made by the interface modules 1420 and the control systems
224-230, as described in connection with FIGS. 20-23. This
makes it possible to connect the sensors 222 to the commu-
nication network 232 by way of one or more of the interface
modules 1420 rather than through the use of a separate
dedicated test interface module, and making it possible to
eliminate redundant sensors. A further advantage of this
arrangement is that the intelligent display module 214 has
access to all of the I/O status information provided by the
interface modules 1420.

Referring now to FIG. 44, in general, during operation,
the display 219 displays menus to the operator and the
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keypad receives operator inputs used to navigate the menu,
make menu selections, and begin testing. Assuming other
services are also provided, the operator is first prompted to
select an option from among a list of options that includes
options of other services provided by the intelligent display
module 214. The list of options may include, for example, an
option 250 to perform vehicle diagnostic testing, an option
252 to view engine codes, an option 254 to view transmis-
sion codes, an option 256 to view ABS codes, an option 258
to view CTIS codes, an option 260 to view and/or modify
data in the vehicle maintenance jacket, and an option 262 to
view information stored in a data logger. Given that the
display 219 is a four line display in the preferred embodi-
ment, a vertically sliding winding 264 is used to scroll
through the options, and the user presses a select button on
the keypad 220 when a cursor 266 is positioned on the
desired option. As previously noted, other options may also
be provided.

Referring now to FIG. 45, a flowchart showing the
operation of the diagnostic system of FIGS. 42-43 to
perform a diagnostic test is illustrated. In connection with
military vehicles, the diagnostic system 212 may for
example be made capable of performing the following
diagnostic tests, all of which provide information pertaining
to the health and operation of the tested subsystem:

Exemplary
Test Description and Measurement
Test Application Range(s)
ENGINE TESTS
Engine RPM Measures average speed of 50-5000 RPM
(AVE) engine crankshaft.
Engine RPM, Measures cranking RPM. 50-1500 RPM

Cranking SI only Performed with ignition ON.
Inhibit spark plug firing
allowing cranking without
starting.

Power Test Measures engine’s power 500-3500 RPM/s
(RPM/SEC) producing potential in units of

RPM/SEC. Used when

programmed engine constants

and corresponding Vehicle

Identification Number (VID)

have not been established.
Power Test Measures percentage of 0-100%
(% Power) engine’s power producing

potential compared to full

power of a new engine.
Compression Evaluates relative cylinder 0-90%
Unbalance (%) compression and displays

percent difference between the

highest and the lowest

compression values in an engine

cycle.

IGNITION TESTS

Dwell Angle Measures number of degrees 10-72 @
(TDC) that the points are closed. 2000 RPM
Points Voltage Measures voltage drop across 0-2 VDC
(VDC) the points (points positive to

battery return).
Coil Primary Measures voltage available at 0-32 VDC

the coil positive terminal of the

operating condition of the coil.

FUEL/AIR SYSTEM TESTS

Fuel Supply 0-100 psi
Pressure (psi)
Fuel Supply This test measures the outlet 0-10 psi
Pressure (psi) outlet pressure of the fuel 0-30 psi

pump. 0-100 psi

0-300 psi
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-continued
Exemplary
Test Description and Measurement
Test Application Range(s)
Fuel Return Measures return pressure to 0-100 psi
Pressure (psi) detect return line blockage,
leaks, or insufficient restrictor
back pressure.
Fuel Filter Detects clogging via opening of PASS/FAIL
Pressure Drop a differential pressure switch
(PASS/FAIL) across the secondary fuel filter.
Fuel Solenoid Measures the voltage present at 0-32 VDC
Voltage (VDC) the fuel shutoff solenoid
positive terminal.
Air Cleaner Measures suction vacuum in air 0-60 in. H,O
Pressure Drop intake after the air cleaner
(RIGHT) relative to ambient air pressure
(In H,0) to detect extent of air cleaner
clogging.
Air Cleaner Second air cleaner on dual 0-60 in. H,O
Pressure Drop intake systems.
(LEFT)
(In H,0)
Turbocharger Measures discharge pressure of 0-50 in. Hg
Outlet Pressure  the turbocharger.
(RIGHT) (In Hg)
Turbocharger Second turbocharger on dual 0-50 in. Hg
Outlet Pressure  intake systems.
(LEFT) (In Hg)
Airbox Pressure ~ Measures the airbox pressure of 0-20 in. Hg
(In Hg) two stroke engines. This 0-50 in. Hg
measurement is useful in
detecting air induction path
obstructions or leaks.
Intake Manifold  Spark ignition engine intake 0-30 in. Hg
Vacuum (In Hg)  system evaluation.
Intake Manifold  Spark ignition engine intake 0-30 in. Hg
Vacuum system evaluation.
Variation (In Hg)
LUBRICATION/COOLING
SYSTEM TESTS
Engine Oil Measures engine oil pressure. 0-100 psi
Pressure (psi)
Engine Oil Filter Measures the pressure drop 0-25 psi
across the engine oil filter as
indicator of filter element
clogging.
Engine Oil Primarily applicable to air 120-300° F.
Temperature cooled engines. Requires trans-
°F) ducer output shorting switch on
vehicle to perform system zero
offset test.
Engine Coolant  Transducer output shorting 120-300° F.
Temperature switch on vehicle required.
CF)
STARTING/CHARGING SYSTEM
TESTS
Battery Voltage ~ Measure battery voltage at or 0-32 VDC
(VDC) near battery terminals.
Starter Motor Measures the voltage present at 0-32 VDC
Voltage (VDC) the starter motor positive
terminal.
Starter Negative ~ Measures voltage drop on 0-2 VDC
Cable Voltage starter path. A high voltage
Drop (VDC) indicates excessive ground path
resistance.
Starter Solenoid ~ Measures voltage present at the 0-32 VDC
Volts (VDC) starter solenoid’s positive
terminal. Measures current
through battery ground path
shunt.
Starter Current, Measures starter current. 0-1000 A
Average (amps) 0-2000 A
Starter Current Provides a good overall 0-1000 A
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-continued
Exemplary

Test Description and Measurement
Test Application Range(s)
First Peak (Peak assessment of complete 0-2000 A
Amps, DC) starting system. Tests

condition of the starting circuit

and battery’s ability to deliver

starting current. The

measurement is made at the

moment the starter is engaged

and prior to armature

movement. Peak currents less

than nominal indicate relatively

high resistance caused by poor

connections, faulty wiring, or

low battery voltage.
Battery Internal ~ Evaluate battery condition by 0-999.9 mohm
Resistance measuring battery voltage and
(Milliohms) current simultaneously.
Starter Circuit Measures the combined 0-999.9 mohm
Resistance resistance of the starter circuit
(Milliohms) internal to the batteries.
Battery Measures rate of change of 0-999.9 mohm/s
Resistance battery resistance as an
Change indicator of battery condition.
(Milliohms/sec)
Battery Current ~ Measures current to or from the -999-1000 A

battery. -999-2000 A
Battery Determines whether electrolyte  PASS/FAIL
Electrolyte Level in the sensed cell is of sufficient
(PASS/FAIL) level (ie., in contact with

electrolyte probe).
Alternator/ Measures output voltage of 0-32 VDC
Generator Output generator/alternator.
Voltage (VDC)
Alternator/ Measures voltage present at 0-32 VDC
Generator Field alternator/generator field
Voltage (VDC)  windings.
Alternator/ Measures voltage drop in 0-2 VDC
Generator ground cable and connection
Negative Cable  between alternator/generator
Voltage Drop ground terminal and battery
(VDC) negative terminal.
Alternator Output Measures voltage output at the 0-3 VAC
Current Sense current transformer in 650
(VAC-RMS) ampere alternator.
Alternator Measures alternator output 0-22 VAC
AC Voltage voltage.
Sense (VAC-
RMS)

In general, the specific diagnostic tests that are performed
will be selected depending on the application, including the
type of equipment utilized by the vehicle 210. Most or all
tests may be simple in nature from a data acquisition
standpoint, involving primarily bringing the vehicle to a
particular operating condition (e.g., engine speed), if nec-
essary, and obtaining information from a suitable transducer
constructed and placed to measure the parameter of interest,
although more elaborate tests could also be utilized. Any
number of different vehicle parameters can be measured,
each providing a separate data point regarding the opera-
tional health of the vehicle. By providing an operator with
enough data points regarding the operational health of the
vehicle, the operator can use this information in a known
way to determine whether the vehicle is in good working
order, or whether some subsystem or component thereof
needs to be repaired or replaced.

At step 302, once the vehicle diagnostic option is selected,
the display 219 displays a menu of various tests that are
available to the operator, and the operator is prompted to
select a test from the test menu. Again, the list of options
may comprise dozens of options, such as some or all of those

10

15

20

25

30

35

40

45

50

55

60

65

68

listed above, and/or tests other than those listed above, and
the operator can scroll through the menu and selected the
desired option.

At Step 304, the operator is prompted to perform a vehicle
related action. This step, which may or may not be necessary
depending on the type of test performed, may be used to
prompt the operator to start the engine to develop fuel
pressure, oil pressure, and so on, depending on which
vehicle parameter is tested. For example, if it is desired to
test the operational health of the battery, then the operator
may be prompted to engage the starter for a predetermined
amount of time to establish a current draw on the battery.

At Step 306, the intelligent display module 214 issues a
request for information from the test interface module 221
and/or from one or more of the control systems 224-230. As
previously noted, the test interface module 221 does not
continually broadcast information on the communication
network 232, because the sensors 222 connected to the test
interface module are used only for diagnostic testing and
because presumably diagnostic testing will be performed
only infrequently. Therefore, when the intelligent display
module 214 needs information from one of the sensors 222
pursuant to a test requested to be performed by the operator
at the operator interface 218, the intelligent display module
214 requests the test interface module 221 for this informa-
tion.

Alternatively, the needed information may be of a type
that is available from one of the control systems 224-230.
The control systems 224-230 are not only able to acquire
information from sensors located within the systems
234-240, but are also able to maintain information derived
from sensors located within the systems 234-240. For
example, the engine control system 230 may maintain
information pertaining to the average RPM of the engine,
which is a parameter that is not directly measurable but that
can be easily calculated based on parameters that are directly
measurable. Through the communication network 232, all of
this information is made available to the diagnostic system
212. When the intelligent display module 214 needs infor-
mation from one of the control systems 224-230 pursuant to
a test requested to be performed by the operator at the
operator interface 218, the intelligent display module 214
requests the respective control system for this information.

At Step 308, the requested information is retrieved from
one of the sensors 222 by the test interface module 221, or
from memory or an internal sensor by the respective control
system 224-230. At step 309, the information is transmitted
from the test interface module 221 or from one of the control
systems 224-230 to the intelligent display module 214 by
way of the communication network 232.

Alternatively, the needed information may be of a type
that is available from one of the interface modules 1420. In
this case, the information is readily available in the I/O
status table 1520 maintained by the intelligent display
module 214, without there being a need to specifically
request the information.

At step 312, the input status information is processed at
the intelligent display module 214. For example, if fuel
supply pressure is measured by one of the sensors 222, then
the measured fuel supply pressure may be compared with
upper and lower benchmark values to determine whether the
fuel pressure is at an acceptable level, or whether it is too
high or too low. Finally, at step 314, the results of the test are
displayed to the operator.

As has been previously noted, in addition to performing
diagnostic tests, the intelligent display module 214 can also
be used to provide other services to an operator. For
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example, the intelligent display module 214 can be used to
allow the operator to view engine codes, to view transmis-
sion codes, to view ABS codes, and to view CTIS codes. In
practice, these services can be implemented simply by
allowing acquiring the respective codes from the respective
control system 224-230, and displaying the codes to the
operator. Additionally, the control systems 224-230 may
automatically transmit fault information on the communi-
cation network 232, and the intelligent display module 214
can listen for such fault information and display the fault
information to the user when it appears on the communica-
tion network 232.

The intelligent display module 214 also includes sufficient
memory to allow maintenance information to be stored
therein to implement maintenance jacket functionality. The
maintenance log may consist of a table comprising a variety
of fields, such as registration numbers, chassis serial num-
ber, vehicle codes, and dates and descriptions of mainte-
nance actions performed. This information may be retrieved
and manipulated utilizing the computer 234 when the
vehicle 210 is taken to a maintenance depot. If the computer
234 is provided with an interactive electronic technical
manual (IETM) for the vehicle 210, this allows the IETM to
have access to all of the diagnostic data acquired by the
intelligent display module 214 as well as all of the mainte-
nance data stored by the intelligent display module 214. This
greatly enhances the ability to perform vehicle maintenance
and diagnostics on the vehicle 210.

Additionally, sufficient memory capacity is preferably
provided so that status information from the test interface
module 221 as well as the control systems 224-230 can be
sampled and stored at frequent, regular intervals in a circular
data queue (i.e., with new data eventually replacing old data
in the circular queue). This allows the intelligent display
module 214 to provide a data logger service so that input
data acquired over a period of time can be viewed to allow
an assessment of dynamic conditions leading to a fault to be
evaluated. Additionally, the vehicle is preferably provided
with one more sensors that indicate whether a severe mal-
function (e.g., the vehicle being involved in an accident) has
occurred. When inputs from these sensors indicates that a
severe malfunction has occurred, data logging is stopped, so
that data leading up to the severe malfunction is stored in a
manner similar to a so-called “black box recorder.”

Referring now to FIGS. 46—49, as previously mentioned,
the control systems 12 and 1412 can be used in connection
with a variety of different types of equipment service
vehicles. The same is true of the diagnostic system 212.
FIGS. 46—49 show some of the vehicles that can employ the
control systems 12 and 1412 and/or the diagnostic system
212.

Referring first to FIG. 46, FIG. 46 is a schematic view of
a fire fighting vehicle 310 that utilizes the diagnostic system
212. The fire fighting vehicle 310 comprises a water dis-
pensing system 315 including water hoses, pumps, control
valves, and so on, used to direct water at the scene of a fire.
The fire fighting vehicle 310 may also comprise a foam
dispensing system 318 as an alternative fire extinguishing
system. The fire fighting vehicle 310 also comprises emer-
gency lighting 324, which may in practice be red and white
or red, white and blue flashing lights, as well as an emer-
gency horn 326 and an emergency siren 328 used, among
other things, for alerting motorists to the presence of the fire
fighting vehicle 310 in transit to or at the scene of a fire. The
fire fighting vehicle 310 may also comprise an extendable
aerial 331 that supports a basket 332 used to vertically carry
fire fighting personnel to an emergency situation at the scene
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of a fire. The diagnostic system 212 may be used to diagnose
vehicle malfunctions in the manner described above in
connection with the vehicle 210, as well as to diagnose
malfunctions of the specialized systems described above
found on fire fighting vehicles. Of course, the features of the
fire fighting vehicle 310 in FIG. 46 and the fire fighting
vehicle 10 of FIGS. 1-13 (including the features pertaining
to the I/O status table 1520 described in connection with
FIGS. 21-24) may be combined.

Referring now to FIG. 47, a schematic view of another
type of equipment service vehicle 360 that utilizes the
diagnostic system 212 of FIGS. 1-4 is shown. The equip-
ment service vehicle 360 is a mixing vehicle such as a
cement mixing vehicle. The mixing vehicle 360 comprises a
rotatable mixing drum 362 that is driven by engine power
from the engine 240 via a power takeoff mechanism 364.
The mixing vehicle 360 also includes a dispenser or chute
368 that dispenses the mixed matter or material, for
example, mixed cement. The chute 368 is moveable to allow
the mixed cement to be placed at different locations. The
chute 368 may swing from one side of the concrete mixing
vehicle 360 to the other side. Rotation of the mixing drum
362 is controlled under operator control using an operator
control panel 366 including chute and drum controls com-
prising one or more joysticks or input devices. Additional
controls may be provided inside the operator compartment
for driver or passenger control of the drum 362 and chute
368, for example, a dash-mounted control lever to control
drum rotation direction, a console-mounted joystick to con-
trol external hydraulic valves for chute up/down and swing
right/left. Drum rotation start/stop may be controlled using
a switch on top of the joystick lever. Outside controls
mounted may include chute up/down and swing right/left
and remote engine throttle. Drum rotation direction controls
may be mounted on right side of front fender. The diagnostic
system 212 is used to diagnose vehicle malfunctions in the
manner described above in connection with the vehicle 210,
as well as to diagnose malfunctions of the specialized
systems described above found on mixing vehicles.

The mixing vehicle 360 may also include the control
system 1412 described above. In such an arrangement, for
example, an interface module 1420 is located near the
operator control panel 366 receiving operator inputs which
the control system 1412 uses to control of the mixing drum
362. An additional interface module 1420 may also be
provided in an operator compartment of the mixing vehicle
360 to interface with input devices inside the operator
compartment which permit driver control of the mixing
drum 362. Interface modules 1420 are also connected to
output devices such as a drive mechanism that controls
rotation of the mixing drum 362 and a drive mechanism that
controls movement of the chute 368. For example, if drum
and chute movement are driven by engine power from the
engine 240 via a power takeoff mechanism 364, the interface
modules 1420 may be used to control output devices 1450
in the form of electronically controlled hydraulic valves that
control the flow of hydraulic power from the engine to the
mixing drum and electronically controlled hydraulic valves
that control the flow of hydraulic power from the engine to
the chute. Alternatively, if electric drive motors are used to
drive drum and chute movement (for example, in the context
of a mixing vehicle implemented using the electric vehicle
1910 as described above), then the interface modules 1420
may be used to control the drive motors. In operation, inputs
are received from the operator controls at one interface
module 1420 may be transmitted to the interface modules
1420 that control the valves during I/O status broadcasts,
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which in turn control operation of the drum 362 and chute
368 based on the operator inputs. Other devices, such as air
dryers, air compressors, and a large capacity (e.g., 150
gallon) water system may be connected to interface modules
1420 and controlled in accordance with operator inputs
received from similar input devices at the operator panels
and transmitted over the communication network. Addi-
tional interface modules 1420 may be used to receive inputs
from input devices 1440 in the operator compartment and
control output devices 1450 such as FMVSS lighting as
described above.

Referring now to FIG. 48, a schematic view of another
type of equipment service vehicle 370 that utilizes the
diagnostic system 212 of FIGS. 1-4 is shown. The equip-
ment service vehicle 370 is a refuse handling vehicle and
comprises one or more refuse compartments 372 for storing
collected refuse and other materials such as goods for
recycling. The refuse handling vehicle 370 also includes a
hydraulic compactor 374 for compacting collected refuse.
The hydraulic compactor 374 is driven by engine power
from the engine 240 via a power takeoff mechanism 376.
The refuse handling vehicle may also include an automatic
loading or tipping system 378 for loading large refuse
containers and for transferring the contents of the refuse
containers into one of the compartments 372. The loading
system 378 as well as the hydraulic compactor may con-
trolled under operator control using a control panel 379. The
diagnostic system 212 may be used to diagnose vehicle
malfunctions in the manner described above in connection
with the vehicle 210, as well as to diagnose malfunctions of
the specialized systems described above found on refuse
handling vehicles.

The refuse handling vehicle 370 may also include the
control system 1412 described above. In such an arrange-
ment, an interface module 1420 is located near the hydraulic
compactor 374 and controls valves associated with the
hydraulic compactor 374. Another interface module 1420
located adjacent the automatic loading or tipping system 378
controls hydraulic valves associated with the system 378.
Again, the interface modules 1420 may be used to control
the drive motors instead of hydraulic valves in the context
of. Another interface module 1420 is located adjacent the
operator control panel 379 and is connected to receive
operator inputs from input devices 1440 which are part of
the control panel 379. In operation, inputs are received from
the operator controls at one interface module 1420 and are
transmitted to the interface modules 1420 that control the
hydraulic valves during I/O status broadcasts, which in turn
control operation of the hydraulic compactor 374 and load-
ing system 378 based on the operator inputs. Additional
interface modules may be used to receive inputs from input
devices 1440 in the operator compartment and control
output devices 1450 such as FMVSS lighting as described
above.

Referring now to FIG. 49, a schematic view of another
type of equipment service vehicle 380 that utilizes the
diagnostic system 212 of FIGS. 1-4 is shown. The equip-
ment service vehicle 380 is a snow removal vehicle and
comprises a snow removal device 382 which may, for
example, be a rotary blower, plow, or sweeper. The snow
removal device 382 may be driven by engine power from the
engine 240 via a power takeoff mechanism 384 to remove
snow from a region near the snow removal vehicle 380 as
the snow removal vehicle 380 is moving. The diagnostic
system 212 may be used to diagnose vehicle malfunctions in
the manner described above in connection with the vehicle
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210, as well as to diagnose malfunctions of the specialized
systems described above found on snow removal vehicles.

The snow removal vehicle 380 may also include the
control system 1412 described above. An interface module
1420 located adjacent an operator compartment receives
operator inputs from input devices 1440 located in the
operator compartment. One or more additional interface
modules 1420 receive the operator input during I/O status
broadcasts, and in response controls various output devices
1450 such as FMVSS lighting as described above. Prefer-
ably, the snow removal vehicle 380 employs the teachings of
U.S. Pat. No. 6,266,598, entitled “Control System and
Method for a Snow Removal Vehicle,” hereby expressly
incorporated by reference. The preferred snow removal
vehicle disclosed therein comprises an impeller, an engine
system, and an engine control system. The engine system
includes a traction engine which is coupled to drive wheels
of the snow removal vehicle, and is adapted to drive the
drive wheels to drive movement of the snow removal
vehicle. The engine system also includes an impeller engine
which is coupled to the impeller and is adapted to drive the
impeller to drive snow removal. The engine control system
receives feedback information pertaining to operation of the
impeller, and controls the engine system based on the
feedback information. The engine control system includes a
communication network, a microprocessor-based traction
engine control unit which is coupled to the traction engine
and is adapted to control the traction engine, a micropro-
cessor-based impeller engine control unit which is coupled
to the impeller engine and is adapted to control the impeller
engine, and a microprocessor-based system control unit. The
system control unit is coupled to the traction engine control
unit and the impeller engine control unit by way of the
network communication link. The system control unit is
adapted to receive the feedback information pertaining to the
operation of the impeller, and to generate a control signal for
the traction engine control unit based on the feedback
information.

Advantageously, due to the utilization of a network archi-
tecture in the preferred embodiment, the diagnostic system
is able to use sensors and other sources of information that
are already provided on the vehicle, because it is able to
interact with other vehicle control systems such as the
engine control system, the anti-lock brake control system,
the central tire inflation control system, and so on, via a
communication network. The fact that the diagnostic system
is connected to these other systems, which are all typically
capable of providing a vast array of status information, puts
this status information at the disposal of the diagnostic
system.

Further, due to the utilization of an intelligent display
module in the preferred embodiment, it is possible for the
intelligent display module to be connected to the commu-
nication network and collect information as necessary for a
variety of purposes. Thus, the preferred intelligent display
module is microprocessor-based and is capable of executing
firmware to provide additional functionality such as data
logging, accident reconstruction, and a vehicle maintenance
record. Again, this functionality can be achieved by taking
advantage of the information available from the vehicle
subsystems by way of the network architecture.

Moreover, by mounting the intelligent display module on
board the vehicle in the preferred embodiment, for example,
in an operator compartment, it is not necessary to bring the
vehicle to a maintenance depot to have vehicle malfunctions
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diagnosed. The services offered by the intelligent display
module are available wherever and whenever the vehicle is
in operation.

Referring now to FIG. 50, an overview of a system 410
that utilizes the diagnostic system 212 is illustrated. The
system 410 interconnects the computing resources of a
plurality of vehicles 411-414 with those of a maintenance
center 416, a manufacturer facility 417, and a fleet manager
418 using a communication network 420. Of course,
although four vehicles are shown, it is possible to use the
system 410 in connection with fewer or additional vehicles.
Also, although in the preferred embodiment the system 410
includes all of the devices shown in FIG. 50, it is also
possible to construct a system that uses only some of the
devices in FIG. 50.

The vehicles 411-414 are assumed to be military vehicles,
although the vehicles could also be any of a variety of other
types of vehicles including the other types of equipment
service vehicles described herein (e.g., fire fighting vehicles,
concrete transport and delivery vehicles, military vehicles,
ambulances, refuse transport vehicles, liquid transport
vehicles, snow removal vehicles, and so on). The vehicles
411 each have a control system 1412 as previously
described, and therefore the on-board computer system 422
includes a plurality of interface modules 1420. The vehicles
411-414 ecach include an on-board computer system 422
which further includes the test control module 215 and the
operator interface 218 previously described above in con-
nection with FIGS. 42-49. The on-board computer system
422 also includes a web server program 423 and is coupled
to a global positioning system (GPS) receiver 425. Although
these features are discussed in connection with the vehicle
411 in FIG. 50, it should be noted that the vehicles 412-414
include these features as well (although the vehicles
411-414 need not all be the same type of vehicle).

The web server program 423, which is executed on the
intelligent display module 214 or on another computer
connected to the network 232, allows an operator using the
maintenance center computer system 424, the manufacturer
computer system 432 and/or the fleet management computer
system 437 to access vehicle information. For example, the
operator is given access to the information in the I/O status
table 1520 maintained by the intelligent display module 214
using a web interface. Thus, the operator can click on
depictions of individual input devices 40, 1440 and output
devices 50, 1550, and the web server 423 responds by
providing information as to the status of those devices.
Additionally, the operator is also given access to information
from the control systems 224-230. Thus, the operator can
click on a depiction of the central tire inflation system 234
to obtain central tire inflation system information, can click
on a depiction of the brake system 236 to obtain brake
system information, can click on a depiction of the trans-
mission system 238 to obtain transmission system informa-
tion, and/or can click on a depiction of the engine 240 to
obtain engine information. When the web server 423
receives these operator inputs, the web server 423 provides
the requested information to the operator by way of the
communication network 420. It may also be desirable to
provide the on-board computer system 422 with web-
browser functionality to allow the on-board computer sys-
tem 422 to obtain information from the maintenance center
computer system 424 and/or the manufacturer computer
system 432.

Rather than clicking on various vehicle components, a list
of I/O states for all or some of the I/O devices 1440 and 1450
and/or I/O status information from the control systems
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224-230 may be displayed to the operator. For example, a
particular input or output may be identified with a descrip-
tive identifier (e.g., “PTO Solenoid”) with an indication as to
whether the input/output is on or off (e.g., by placing the
words “on” or “off” next to the descriptive identifier, or
through the use of a color indicator whose color varies
according to I/O state). For analog I/O devices, meters,
gauges, or other image corresponding to the I/O device may
be displayed, without displaying the entire vehicle and
without use of the web server 423 and web browsers 430,
435, 438. Various examples are shown in FIGS. 57-67. All
of the I/O status information is preferably capable of being
transferred automatically and on a real-time basis for real-
time remote monitoring of any aspect of operation of the
vehicle 411.

In an alternative embodiment, the web server 423 may be
provided in an off-board computer system and the on-board
computer system 422 can post information to the web server
423. The off-board computer system used to implement the
web server may for example be any of the computer systems
424, 432, 437 discussed below. This would allow the same
functionality to be achieved while at the same time reducing
the amount of communication required between the on-
board computer system 422 and the off-board computer
systems that wish to view information from the on-board
computer system 422.

The GPS receiver 425 permits vehicle position to be
determined. The on-board computer system 422 can then
transmit the vehicle position information to the computer
systems 424, 432, 437 along with the other I/O status
information.

The maintenance center 416 is a facility to which the
vehicles 411-414 may be taken for maintenance. For
example, in the context of a fleet of military vehicles, the
maintenance center 416 may be a maintenance depot that is
used to service the military vehicles. For a fleet of municipal
vehicles, the maintenance center may be a municipal facility
where the vehicles are stored and maintained. Alternatively,
the maintenance center 416 may be operated by a private
outside contractor such as a service station hired to maintain
and service municipal vehicles. Likewise, where the fleet of
vehicles is privately owned, the maintenance center 416 may
be internally operated or operated by an outside contractor.
The structure and functions of the maintenance center com-
puter system 424 may be combined with those of the
computer systems 432 or 437, for example, where the
maintenance center is owned/operated by the manufacturer
417 or the fleet manager 418.

The computer system 416 of the maintenance center 416
further includes a maintenance scheduling system 427, an
inventory management system 428, a diagnostic program
429 and a browser and/or server program 430. The mainte-
nance scheduling system 427 is a program executed by the
maintenance center computer system 424 that develops and
maintains a schedule (typically, at specified time slots) for
vehicle servicing at the maintenance center 416. The inven-
tory management system 428 is a program that monitors
in-stock inventory of replacement parts for the maintenance
center 416. A “part” is any device or substance (system,
subsystem, component, fluid, and so on) that is part of the
vehicle and not cargo. Typically, each part has an associated
part number that facilitates ordering and inventory manage-
ment. The diagnostic program 429 may be the same as the
diagnostic program 217 previously described. In this regard,
it may be noted that the computer system 416 is capable of
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manipulating the I/O devices of the vehicle 411 by sending
appropriate commands to the control system 1420 of the
vehicle 411.

The web browser 430 allows an operator of the mainte-
nance center computer system 424 to access the information
content of the web site provided by the web server 423 of the
vehicle 411. Thus, as previously described, the operator can
click on various vehicle subsystems or input/output devices,
and the web server 423 will receive these inputs and provide
the operator with the requested information. The Internet
browsing program may be any one of many different types
of software from a full scale browser down to a simple
browser that is commonly used for Internet enabled wireless
phones, depending on how information is presented to the
operator.

The manufacturer 417 is a manufacturer of the vehicles
411-414 and/or a manufacturer of replacement parts for the
vehicles 411-414. The manufacturer 417 has a manufacturer
computer system 432 which includes an inventory manage-
ment system 433, a diagnostic program 434, and a web
browser 435. The inventory management system 434 is a
program that monitors in-stock inventory for the manufac-
turer 417. The web browser 435 and the diagnostic program
434 may be the same as described in connection with the
diagnostic program 429 and the web browser 430 of the
maintenance center computer system 424.

The fleet manager 418 is the entity that owns or leases the
vehicles 411-414, for example, a municipality, the military,
and so on. The fleet manager 418 has a fleet manager
computer system 437 that includes a web browser 438. The
web browser 438 allows the fleet manager 418 to monitor
the status and position of the vehicle 411 as previously
described in connection with the web browser 430.

The computer systems 422, 424, 432 and 437 of the
vehicles 411-414, the maintenance center 416, the manu-
facturer 417, and the fleet manager 418, respectively, are all
connected to the communication network 420. The commu-
nication network 420 is preferably the Internet. The Internet
is preferred because it is a convenient and inexpensive
network that provides worldwide communication capability
between the computer systems 422, 424, 432 and 437.
Additionally, the Internet permits communication between
the on-board computer system 422 and the maintenance
center computer system 424 using electronic mail format or
other commonly used Internet communication formats. Pref-
erably, security/encryption techniques are used which allow
the Internet to be used as a secure proprietary wide area
network. A variety of other types of networks may also be
used, such as a wireless local arca network, a wireless wide
area network, a wireless metropolitan area network, a wire-
less long-haul network, a secure military network, or a
mobile telephone network.

The on-board computer system 422 is preferably con-
nected to the Internet by way of a wireless modem. Prefer-
ably, the on-board computer system 422 uses a cellular
telephone modem with coverage in the geographic region in
which the vehicle 411 operates and capable of establishing
a dial-up connection to the Internet by way of a telephone
link to an Internet service provider. Other communication
networks and devices may be used, such as a satellite link,
infrared link, RF link, microwave link, either through the
Internet or by way of other secure networks as mentioned
above. Additionally, the on-board computer system 422 may
use some other form of custom or commercially available
software to connect to the computer systems 424, 432 and
437, especially if an Internet connection is not used.
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Referring now to FIGS. 51-52, the operation of the
system 410 to order a replacement part and schedule main-
tenance for the vehicle 411 is illustrated. FIG. 51 shows the
operation of the on-board computer system 422. FIG. 52
shows the operation of the maintenance center computer
system 424 which cooperates with the on-board computer
system 422. Referring first to FIG. 51, at step 441, a
diagnostic test is performed to measure a vehicle parameter.
As previously mentioned, the system 411 is preferably used
in connection with the diagnostic system 212 described in
connection with FIGS. 42—49, and the diagnostic test may be
any of the tests described in connection with FIGS. 42-49 or
other tests.

Preferably, step 441 is performed continuously through-
out normal operation of the vehicle 441. Thus, as the vehicle
411 travels on the highway, for example, vehicle operating
conditions are monitored and the tests identified in Table II
are performed without operator involvement.

At step 442, the test control module 215 determines that
maintenance is required, for example, by comparing the
measured operating parameters to reference values for the
operating parameters. The operating parameters may, for
example, include temperatures, pressures, electric loads,
volumetric flow of material, and so on, as described above.
Upper and/or lower reference values are stored in a database
or table in the test control module 215. The reference values
for the operating parameters may be stored based on values
provided by the manufacturer of the vehicle 411 or are set
based on information provided by the manufacturer and
based on actual usage conditions. In addition, the reference
values may be updated periodically when the on-board
computer system 422 connects to the appropriate mainte-
nance center computer system 424. If the measured operat-
ing parameter is outside an acceptable range as defined by
the reference values, then maintenance is required.

At step 443, when it is determined that an operating
parameter is outside an acceptable range at step 442, the
diagnostic system 212 fault isolates to a replaceable part.
The manner in which step 443 is performed depends on the
parameter that is out of range. Many types of vehicle parts
wear out regularly, and the fact that a particular parameter is
out of range often has a high correlation with a particular
part being in need of replacement. For example, and with
reference to Table II, if the measured parameter is battery
resistance change, and the battery resistance change is out of
range, then this indicates that the battery needs to be
replaced. If the measured parameter is starter current, and
the starter current is low, then this indicates that the starter
needs to be replaced. If the measured parameter is current
through an output device (e.g., a light bulb), and no current
flows through the output device, then this indicates that the
output device needs to be replaced. If the measured param-
eter is a fluid level, and the fluid level is below a predeter-
mined level as indicated by a fuel gauge, then this indicates
that additional fluid is required to replace lost fluid. Addi-
tionally, a significant number of routine maintenance items
may be identified in this manner. Thus, the diagnostic system
212 preferably monitors actual usage (e.g., distance traveled,
engine hours, and so on) to determine when routine main-
tenance (e.g., a tire change, an oil change) is required,
indicating that one or more parts (e.g., one or more tires, or
the oil and the oil filter) of the vehicle are in need of
replacing. (In this regard, it may be noted that the process of
FIG. 51 may also be used even where no replacement part
is ordered, for example, to schedule a preventive mainte-
nance checkup based on actual vehicle usage.)
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Further, the I/O states of the input devices 1440 and
output devices 1450 may be compared to detect inconsis-
tencies and thereby locate devices that are in need of
replacing. For example, if the input state of a particular input
device 1440 is inconsistent with I/O status information
received from one or more other (possibly, redundant)
devices, then this indicates that the particular input device
1440 is in need of replacing. Moreover, the I/O circuitry of
the interface modules 1420 provides additional health and
operation information regarding the I/O devices 1440 and
1450. For example, if the voltage across a particular input
device is zero volts, and the expected input range for that
input device is +1.0 volt to +5.0 volts, then this indicates that
the input device 1440 is in need of replacement. Alterna-
tively, if a given output device 1450 never draws any power
regardless of the perceived output state of the output device
1450, then this indicates that the output device 1450 is in
need of replacing. Thus, by testing voltage and current
conditions in the I/O circuitry of the interface modules 1420,
an indication of particular input devices 1440 or output
devices 1450 that are in need of replacing may be obtained.

In a limited number of circumstances, it is desirable for
the fault isolating step 443 to be performed at least partially
in response to operator inputs. Specifically, operator inputs
are desirable when an out-of-range parameter indicates that
maintenance is required, but the parameter (or combination
of parameters) that is out-of-range is not highly correlated
with failure of a particular part. In this case, then operator
inputs may be used in combination with other inputs to
identify which part is in need of replacing. For example, the
diagnostic system 212 may be able to fault isolate to a
limited number of parts or groups of parts which potentially
need to be replaced. The parameters that are out of range,
along with other diagnostic data and the parts or groups of
parts that potentially need to be replaced, are then displayed
to the operator using the display 219. The operator may for
example be the driver of the vehicle or maintenance per-
sonnel assigned to maintain or repair the vehicle. Operator
inputs are then acquired which make a final selection of the
parts or groups of parts to be replaced based on the opera-
tor’s professional judgment or other information.

Additionally, operator input may also be desirable in the
case of replacement parts that have a cost which exceeds a
predetermined threshold level (e.g., replacement parts that
are considered to be particularly expensive). In this case, the
results of the fault isolating step 443 are preferably dis-
played to the operator, and the operator is requested to
confirm that the fault isolating step 443 has been performed
correctly. In a particularly preferred embodiment, the opera-
tor is further requested to provide an identification code (to
identify the operator and confirm that the operator has the
requisite authority to make such a determination) and/or an
authorization code (to provide a paper trail and confirm that
any required authorizations for order the replacement part
have been received). The on-board computer system 424
then verifies that the identification code identifies an opera-
tor having the requisite authority to order such a part and
request such maintenance, and/or confirms that the autho-
rization code is valid and therefore any required authoriza-
tions for order the replacement part have been received.

The health and operation information that is used by the
diagnostic system 212 to perform step 443 may be derived
from a variety of sources. First, as previously noted, the
control systems 224-230 have built in test capability and are
able to provide health and operation information regarding
the respective controlled subsystems 234-240. Additionally,
numerous sensors may be located throughout the vehicle and
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connected to one of the interface modules 1420. Further, the
I/O circuitry of the interface modules 1420 provides addi-
tional health and operation information regarding the I/O
devices 1440 and 1450 to which it is connected. To the
extent that the amount of health and operation information
available to the diagnostic system 212 is increased (e.g.,
through the use of improved built-in test capabilities or the
use of additional sensors), the ability of the diagnostic
system 212 to fault isolate will be improved.

At step 444, which may be performed concurrently with
step 443, the diagnostic system 212 identifies the part
number of the replacement part required to return the vehicle
411 to operating condition. Thus, if the diagnostic system
212 determines that the battery needs to be replaced at step
443, then at step 444 the diagnostic system identifies the part
number of the battery to be replaced. Step 444 is preferably
performed using a database that identifies all parts on-board
the vehicle 411, including part numbers and pricing infor-
mation. The data base is preferably located on the on-board
computer system 422 and is integrated with the previously-
discussed maintenance jacket which is stored in the com-
puter system 422 and which comprises a log of maintenance
activities performed on the vehicle 411. In order for the data
base to be kept current, the database is updated periodically
by establishing an Internet link with the manufacturer com-
puter system 432. Alternatively, the database may be stored
at the fleet manager computer system 437 and accessed via
network connection over the communication link 420. For
example, this is advantageous if the functionality of the fleet
manager computer system 437 is combined with the func-
tionality of the maintenance center computer system 424 in
a single computer system. In this situation, the inventory
management system 428 can maintain inventory levels in a
manner that takes into account how many vehicles use a
particular part. The inventory management system 428 can
also query the diagnostic systems 212 of particular vehicles
to assess how soon particular parts may need to be replaced.

At step 445, after the fault has been isolated and the
replacement part has been identified, a request for a replace-
ment part along with a request for maintenance is transmit-
ted to the maintenance center computer system 424. If the
parts data base is stored at the on-board computer system
422, then the request for the replacement part may simply
comprises a request for a part identified by a particular part
number (e.g., “Battery, part no. 12347). If the parts data base
is stored at the maintenance center computer system 424,
then the request for the replacement part simply comprises
a request for a new part without specifying a part number.
The operator identification code and/or authorization code
are preferably also transmitted.

Step 445 is preferably performed whenever a part is
identified that is in need of replacing. However, step 445
may also be performed in delayed fashion after the main-
tenance center computer system 424 initiates contact with
the on-board computer system 422 and queries whether any
parts and maintenance are required.

Referring now also to FIG. 52, FIG. 52 shows the
operation of the maintenance center computer system 424
after the parts and maintenance request is transmitted from
the on-board computer system 422. At step 451, the main-
tenance center computer system receives the request for the
parts and maintenance request from the on-board computer
system 422. At step 452, the maintenance center computer
system 424 verifies the authorization for the ordered part.
For example, the maintenance center computer system 424
confirms that the identification code identifies an operator
having the requisite authority to order such a part and
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request such maintenance, and/or confirms that the autho-
rization code is valid and therefore any required authoriza-
tions for order the replacement part have been received.

At step 453, the maintenance computer system 424
accesses the inventory management system 428 for the
maintenance center 416 to determine if the requested part is
available in on-site inventory. For example, for low dollar
value or common parts, the part is likely to already be
available on-site. For high dollar value or irregular parts, the
part may have to be ordered from the manufacturer 417.

At step 454, assuming the requested part is determined to
be not available on-site in step 453, then the maintenance
center computer system 424 places an on-line order for the
part with the manufacturer computer system 432. When the
manufacturer computer system 432 receives the order, it
accesses the inventory management system 433. If the part
is on-hand at the manufacturer 417, the part can be shipped
to the maintenance center for next day delivery. If the part
is not on-hand, the manufacturer computer system 432
determines the amount of time until the part will be available
(taking into account any backlog of orders). The manufac-
turer computer system 432 then transmits a message to the
maintenance center computer system 424 confirming the
order and indicating an expected delivery date for the part to
the maintenance center. This information may, for example,
be sent in the form of e-mail message that is received by
automatic scheduling program as well as a personal e-mail
account associated with a supervisor or manager of the
maintenance center 416.

At step 455, the maintenance center computer system 424
receives the message from the manufacturer computer sys-
tem 432 confirming the order and indicating the expected
delivery date. At step 456, the maintenance center computer
system 424 accesses the maintenance scheduler 427 to
determine the next available maintenance slot after the
replacement part is delivered.

At step 457, the maintenance center computer system 424
confirms availability of the vehicle 411, for example, by
transmitting a message to the fleet management computer
system 437 to confirm vehicle availability. Alternatively, a
message may be sent to the operator of the vehicle 411 and
displayed using the 219 to prompt the operator to confirm
vehicle availability (shown as step 446 in FIG. 51). As a
further alternative, the vehicle 411 may be programmed with
usage scheduling information, so that the vehicle is able to
determine whether it is available during a given time slot. If
the vehicle 411 is not available during a given time slot, then
another time slot is considered.

At step 458, the maintenance center computer system 424
transmits an order and maintenance scheduling confirmation
message to the on-board computer system 422. Referring
back to FIG. 51, at step 447, the order and maintenance
scheduling confirmation message is then received by the
on-board computer system and, at step 448, displayed to the
operator of the vehicle 411.

In some situations, after connecting, the maintenance
center computer system 424 may completely control diag-
nosis of the problem, for example, under the control of an
operator at the maintenance center 416. Thus, the operator
can execute a diagnostic program that directly manipulates
1/0 states of the input devices 1440 and output devices 1450,
and/or that interfaces with the control systems 224-230 to
control a respective one of the systems 234-240. In this
regard, it may be noted that, in the preferred embodiment, all
electric/electronic devices that are not directly connected to
one of the control systems 224—230 are directly connected to
one of the interface modules 1420. Therefore, a remote
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operator at the maintenance center 416 can have complete
control of all electric devices on board the vehicle 411, and
can control such things as engine ignition, engine cranking,
and so on.

The maintenance center computer system 424 may also
download a diagnostic program that is then used by the
on-board computer system 422. Also, diagnostic data can be
transmitted to the maintenance center computer system 424
to create a record of the tests performed and routines run for
use in diagnosing future problems or for analyzing past
problems.

Referring now to FIG. 53, in another embodiment, the
system 400 is used to distribute recall information for the
vehicle 411 and to schedule maintenance in connection with
the recall. The recall notice information is transmitted from
the maintenance center computer system 424 and, at step
441', is received at the on-board computer system 422. At
step 442', the on-board computer system 422 confirms the
applicability of the recall. For example, the on-board com-
puter system 422 confirms that the vehicle 411 is configured
in such a manner that it utilizes the part that is the subject of
the recall. Steps 441' and 442' roughly correspond to steps
441-444 in FIG. 51, in as much as both groups of steps
identify a part that is in need of replacing. Thereafter, the
operation of the on-board computer system 422 and the
maintenance center computer system 424 is generally the
same as previously described, with the two computer sys-
tems 422 cooperating to schedule the vehicle 411 for main-
tenance to replace the part that is the subject of the recall.

In an alternative embodiment, the recall information may
be transmitted directly from the manufacturer computer
system 432 to the on-board computer system 422. For
example, if the vehicle 411 is not part of a fleet of vehicles,
and may be serviced at any one of a plurality of different
repair centers, the recall notice information may be simply
displayed to the operator of the vehicle 411 using the display
219. The information sent to the operator preferably includes
a notice that the vehicle 411 is the subject of a recall,
information regarding compliance such as nearby service
centers available to perform the recall maintenance, and
other information. The operator then has the option of
scheduling maintenance to comply with the recall. However,
it is necessary for an operator input to be received (e.g., a
key press) indicating that the recall information has been
considered in order to remove the recall information from
the display 219. When the operator input is received, a
message is transmitted back to the manufacturer computer
system 432 confirming that the operator received the recall
information. This arrangement allows a manufacturer of the
vehicle 411 to verify that the recall information was received
by the operator of the vehicle 411, even if the recall
information is ultimately ignored.

The system 410 is also useable for firmware upgrades.
Firmware may be updated on a periodic or aperiodic basis
any time the on-board computer system 422 and the main-
tenance center computer system 424 establish communica-
tion. For example, the on-board computer system 422 may
connect to the maintenance center computer system 424 to
order a replacement part. If a certain period of time has
expired since the last firmware upgrade then at the time the
computer systems connect to order the part, the on-board
computer system 422 may check for an available firmware
upgrade. Many embodiments for upgrading firmware are
within the scope of the present equipment service vehicle
system. For example, the operator may initiate the firmware
upgrade process or the on-board computer system 422 may
initiate the process independent of any other need to connect
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to the maintenance center computer system 424. Also, there
may be situations where the firmware upgrade is sufficiently
important that the maintenance center computer system 424
connects to the on-board computer system 422 for the
express purpose of upgrading the firmware. Once transferred
to the on-board computer system 422, the firmware is then
transmitted to and installed by each of the interface modules
1420 within the on-board computer system 422. This
arrangement may also be used to install firmware for the
control systems 224-230.

Referring now also to FIGS. 54-55, a preferred fleet
monitoring, real time mission readiness assessment, and
vehicle deployment method is shown. The method shown in
FIGS. 54-55 is useable to obtain a real time assessment of
each vehicle in a fleet of vehicles. This is useful, for
example, in the context of a natural disaster or other emer-
gency when it is not known which vehicles are operational,
and the locations of the vehicles is not known. Again, by
way of example, the method is described in the context of
the system 400 of FIG. 50. FIG. 54 shows the operation of
the fleet management 437. FIG. 55 shows the operation of
the on-board computer system 422. Although FIGS. 54-55
are discussed in the context of the vehicle 411, the process
of FIGS. 54-55 are preferably performed in connection with
all of the vehicles in the fleet.

Referring first to FIG. 54, at step 475, the fleet manage-
ment computer system 437 establishes a communication link
with the vehicle 411 using the communication network 420.
In the context of municipal applications, a cellular telephone
modem may be used to connect the vehicle to a secure area
of the Internet, allowing the fleet management computer 437
to communicate with the vehicles 411-414 by way of the
Internet. In the context of military applications, a secure
military network is used to implement the communication
network 420. At step 476, a vehicle status report is acquired
from the vehicles 411.

Referring now also to FIG. 55, the operation of the
on-board computer system 422 of the vehicle 411 to gener-
ate such a status report is shown. At step 485, a communi-
cation link is established with the fleet management com-
puter system 437. Step 485 corresponds to step 475 in FIG.
54. At steps 486—494, the on-board computer system 422
performs a series of tests that assess the operability of
various vehicle subsystems. By testing each of the indi-
vidual subsystems, an overall assessment of the mission
readiness of the vehicle 411-414 is obtained.

Thus, at step 486, the test control module confirms that the
transmission is in neutral and the brakes are locked. Step 486
is performed so that when the ignition is engaged at step 487,
it is known that the vehicle will remain stationary. More
complete health and operational testing may be performed
when the engine is turned on, however, the vehicle may be
completely unattended and therefore vehicle movement
should be avoided for safety reasons. For example, in the
context of military vehicles, in which vehicles may be
rendered inoperable if a storage site or other stockpile of
equipment and vehicles is bombed, it is desirable for the
vehicle health and operation to be ascertained even though
no operator is present. Likewise, in the context of municipal
applications, in which vehicles may be rendered inoperable
in the event of a natural disaster (such as a tornado or
hurricane) or a man-made disaster (such as a large scale
industrial accident or a terrorist attack), it is again desirable
for the vehicle health and operation to be ascertained even
though no operator is present.

At step 487, as previously noted, the ignition is engaged.
The ignition input device which receives an input from the
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operator (in the form of an ignition key turning) is preferably
one of the input devices 1440. Therefore, by manipulating
the I/O states in the I/O status table 1520, the vehicle 411 is
commanded to behave as though the ignition key is turned
even though no operator is in fact present at the vehicle. The
ignition key input state can be manipulated remotely in the
same manner as any other input state for an input device
1440 connected to an interface module 1420.

At step 488, the anti-lock brake control system 226 tests
the brakes 236. The control system 226 performs built-in
self tests to ensure the operability of the control system 226
and of the mechanical components of the brake system 236.
If no response is received by the on-board computer system
422 from the brake control system 226, then it is assumed
that the brake system 226 has been rendered inoperable. At
steps 489, 490, and 491, respectively, the central tire infla-
tion system, the transmission system 238, and the engine
system 240 are tested in generally the same manner that the
anti-lock brake system 236 is tested, specifically, through the
use of built-in self test capabilities. Additionally, the tests set
forth above in Table II may also be performed. It should be
noted that the systems 234-240 need not be tested one after
the other as shown in FIG. 55 but, in practice, may be tested
concurrently. Further, in addition to employing the built-in
self test capabilities of the control systems 224-230, it may
also desirable to employ additional health and operation
information that is attainable by way of any sensors that are
connected to the interface modules 1420. Information per-
taining to the operational health of the systems 234-240,
such as whether respective system 234—240 passed or failed
particular tests, is then logged.

In step 492, the interface modules 1420 test individual
input devices 1440 and output devices 1450. For example,
the input devices 1440 can be tested by ensuring that
redundant input sensors provide the same input information,
and by ensuring that the input devices provide input signals
that are within an expected range. The output devices 1450
may be tested by using input devices 1440 which are
feedback sensors to evaluate the response of the output
devices 1450 to signals that are applied to the output devices
1450. Additionally, I/O drive circuitry of the interface mod-
ules 1420 may be used to determine the current through
and/or the voltage across the output devices 1450. Alterna-
tively, separate input devices 1440 may be used which are
voltage or current sensors. This information can be used to
assess the consumed power by each output device 1450 and
determine whether the consumed power is within a prede-
termined range.

At step 493, the GPS coordinates of the vehicle 411 are
acquired using the GPS receiver 425. At step 494, other 1/0
status information is acquired and logged from the I/O status
table 1520. Preferably, all of the information in the I/O status
table 1520 is logged. As a result, the I/O status report
contains information regarding such parameters as fuel
level. Additionally, in the context of multi-purpose vehicles,
information regarding the configuration of the vehicle 411
may be stored in the I/O status table 1520. Therefore, after
a natural disaster, it will be known whether a particular
vehicle is presently configured with a dump truck variant
module, a wrecker variant module, or a snow removal
variant module, for example.

At step 495, the information which logged during steps
487-494 is compiled into the vehicle status report. Of
course, step 495 may also be performed concurrently as each
of the steps 486—493 is completed. Preferably, during step
495, a summary conclusion is also generated based on the
results of the tests performed during steps 487—494. For
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example, the summary conclusion may be “fully opera-
tional” if the results of the tests performed during steps
487-494 determine that all subsystems are at or near a level
of full operability, “operational with limited damage” if the
test results indicate that one or more subsystems has sus-
tained significant damage but the vehicle is still useful for at
least some intended purposes, “inoperable” if the test results
indicate that that one or more subsystems has sustained
significant damage and the vehicle is not useful for any
intended purpose, and “inconclusive™ if the tests could not
be performed or if the test results provide conflicting infor-
mation regarding the operability of the vehicle 411. At step
496, the vehicle status report is then transmitted from the
on-board computer system 422 to the fleet management
computer system 437.

Referring back to FIG. 54, after the vehicle status report
is acquired by the fleet management computer 437, the fleet
management computer system 437 displays to an operator
the vehicle location information at step 477 and the vehicle
health and operation information at step 478. Preferably,
steps 477478 are performed in the following manner.
Specifically, the vehicle location, health, and operation
information is displayed to the operator of the fleet man-
agement computer system 437 using the web browser 438.
For example, in the context of a fleet of municipal vehicles,
the web browser 438 displays a city map with icons repre-
senting the vehicles superimposed on the city map at loca-
tions corresponding to the actual position of the vehicles.
The icons are displayed in a manner which is indicative of
the level of health and operation of the vehicle. For example,
a red icon indicates an inoperable vehicle, a yellow icon
indicates a semi-operable vehicle, and a green icon repre-
sents a vehicle which is substantially fully operable. Alter-
natively, only two colors may be used (e.g., green and red),
with varying levels of gradations between red and green
being used to indicate a percentage level of operability.
Further, the displayed icons preferably vary according to the
type of vehicle represented. For example, an icon represent-
ing a fire truck may be displayed as a small representation
of a fire truck, whereas an icon representing a wrecker
vehicle may be displayed as a small representation of a
wrecker vehicle. In the context of variant vehicles, the
variant vehicle may be represented in different ways depend-
ing on the type of variant module mounted on the vehicle
chassis. In this way, the operator is able to view the city map
displayed by the web browser 438 and obtain an immediate
overall picture of the real time locations of the operable
vehicles available for responding to the natural disaster.
Likewise, in military applications, a battlefield commander
is able to view a map of the battlefield and obtain an
immediate overall picture of the locations of the operable
military vehicles. Again, different types of military vehicles
may be represented using different icons. Further, in both
military and municipal contexts, to obtain additional infor-
mation, the operator of the fleet management computer
system 437 can click on the iconic representation of a
particular vehicle to obtain additional information as previ-
ously described.

At step 479, the fleet management computer system 437
acquires operator commands for vehicle deployment. For
example, in military applications, a commander can control
troop movements by clicking on particular vehicles and
dragging the vehicles on the screen to new locations on the
display of the battlefield map. When the operator clicks on
a particular vehicle and moves the vehicle to a new location
on the battlefield or city map, the new location of the vehicle
on the map is converted to GPS coordinates, and the new
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GPS coordinates are transmitted at step 480 to the vehicle as
part of a command from the operator to move the vehicle to
the new location. In similar fashion, in municipal applica-
tions, a fire chief or dispatcher can cause fire trucks to be
deployed to specified locations by clicking and dragging the
icon to the desired location on the city map. Once the icon
is dragged to the new location, a shadow icon is displayed
at the new location until the vehicle reaches the commanded
position, allowing the operator of the fleet management
computer system 437 to know the actual vehicle position as
well as the vehicle’s commanded position. When the vehicle
reaches its commanded position, the shadow icon is no
longer displayed.

As will be appreciated, various combinations of the
above-described features have already been described by
way of example. However, as will be appreciated, additional
combinations are possible. For example, various types of
equipment service vehicles have been described, including
fire fighting vehicles, mixing vehicles, snow removal
vehicles, refuse handling vehicles, wrecker vehicles, and
various types of military vehicles. All of the features
described in connection with one of these vehicles may also
be used in connection with any of the remaining types of
vehicles.

Referring now to FIG. 56, owners of equipment service
vehicles often devise particular routes or other practices
which are designed to enhance safety of the vehicle and the
general public while maintaining overall efficiency. For
example, the owner of the vehicle may have a certain route
laid out with a pre-determined number of pickups and
deliveries, which the operator of the vehicle can accomplish
in a reasonable amount of time without driving the vehicle
at an excessive speed or in an otherwise unsafe manner.
Given that these routes have been laid out, it is often
desirable to have a way of ensuring that the driver conforms
to these routes. FIG. 56 is a flowchart showing the operation
of the system 410 to detect non-conformance to a predeter-
mined route.

At step 511 the GPS receiver 425 acquires GPS coordi-
nates for the vehicle 411. At step 512, the GPS coordinates
are compared with coordinates of travel path waypoints.
Preferably, either the on-board computer system 422 or the
fleet management computer system 437 includes a map of
the predetermined travel paths (or a series of predetermined
travel paths for different tasks). The map of the predeter-
mined travel path is defined by a series of waypoints which
in turned are a defined by a GPS coordinates for specific
locations along the travel path. The travel path waypoints
may be spaced at any distance; however, vehicle path
monitoring will be more accurate to the extent the waypoints
are closer together. Waypoint manager software may be used
to define travels paths and download waypoints for the travel
paths into the on-board computer system 422 or the fleet
management computer system 437.

If the comparing step 512 is performed at the on-board
computer system 422, then the waypoints are loaded into the
on-board computer system 422. If the comparing step 512 is
performed at the fleet management computer system 437,
then the GPS coordinates acquired during step 511 are
transmitted to the fleet management computer system 437 by
way of the communication network 420. The advantage of
performing the comparison at the vehicle is that it eliminates
the need for constant communication between the vehicle
and the dispatch station. The advantage of having the
comparison performed at the dispatch station is that it
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ensures that the dispatch station is constantly updated with
the vehicle position, making real time remote monitoring
possible.

At step 513, the difference between the actual GPS
coordinates with the nearest travel waypoint is compared
with a pre-determined amount. If the difference is greater
than a pre-determined amount, then this indicates that the
operator has deviated from the pre-determined travel path.
Each waypoint is provided with permissible lateral and
longitudinal deviation values. Alternatively, single value
may be used for simplicity. If the deviation is more than a
pre-determined amount, then an alert message is sent to the
operator of the dispatcher display at step 514.

If the difference is less than a pre-determined amount,
then the distance between stored waypoints is computed
(step 515) and the expected travel distance since the last
waypoint is computed (step 516). Then, at step 517, it is
determined whether the vehicle is progressing at an accept-
able rate. This is used to determine, for example, whether the
vehicle is on the side of the road. For example, the driver
may have stopped the vehicle and, therefore, still on the
travel path, but the driver is not progressing at an acceptable
rate. By providing real time updates to the dispatcher, the
dispatcher can immediately contact the driver to ascertain
the source of the problem. Additionally, the dispatcher can
make a determination as to whether another vehicle should
be used to complete the driver’s route.

If the driver is still on the route and is progressing at an
acceptable rate, then everything appears to be in order and
the current position, time, and speed are logged at step 518.
The process of FIG. 56 is repeated at regular intervals.
Assuming vehicle position monitoring is performed by the
fleet management computer 437, it is possible to construct a
map showing the positions of the vehicle 411 throughout the
day. Thus, as the driver operates the vehicle, the position of
the vehicle is logged at different times. Based on vehicle
position as a function of time, a map is constructed showing
the vehicle’s position over time. Additionally, it is possible
to log all of the I/O status information throughout the day.
Thus, a complete picture of vehicle utilization of the course
of a day (or other time period) may be obtained. Addition-
ally, vehicle parameters may be monitored in real time to
diagnose equipment malfunctions, click on the vehicle to
obtain additional information. For example, vehicle loading
may be ascertained to determine whether the vehicle 411 has
spare capacity.

According to another embodiment, configurator software
may be used to configure a control system such as control
system 1412 for a vehicle. Different options are often made
available to purchasers of equipment service vehicles and
often the different available options include significantly
different amounts and/or types of hardware and hence I/O
devices. In order to facilitate design and manufacture of such
vehicles in such situations, the configurator software pro-
vides a vehicle designer with the ability to custom-design a
control system 1412 for a particular vehicle. The configu-
rator software may be provided, for example, on a
Microsoft® Windows™ platform and be provided with a
typical windows user interface. The user interface may
include various buttons representing interface modules and
possibly also different types of I/O devices, such as any or
all of the I/O devices mentioned herein. In one embodiment,
an object-oriented approach is used such that each of the
icons is embedded with intelligence regarding the particular
type of module or device it represents.

In order to program a new control system 1412, the
designer opens up a new file and, for example, clicks on an
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interface module button to drag an interface module into the
designer’s workspace. The designer then clicks on the
interface module to open a dialog box that lists inputs and
outputs. For example, for an interface module that supports
fifteen inputs and fifteen outputs, the dialog box lists fifteen
inputs and fifteen outputs. The operator is provided with the
ability to configure the various inputs and outputs of the
interface module via the dialog box. Alternatively or in
addition, the operator may be provided with the ability to
click and drag I/O devices into the workspace and establish
connections between the interface modules and the I/O
devices. Individual I/O devices may be provided names
(e.g., “left front headlight”). For each of the inputs and
outputs, information regarding processing to be performed
by the interface module is specified by the operator and
received by the configurator software. For example, for
inputs, parameters such as switch debounce times, input
filtering, input scaling, alarm limits, and other parameters
may be specified. For outputs, parameters such as PWM
frequencies, output scaling, limits, and other parameters
may be specified. Also, for output devices, a control algo-
rithm or logic may be specified. For example, for an analog
output device, a control algorithm such as a PID algorithm
may be specified that is a function of one or more of the
parameters measured by various ones of the input devices.
Likewise, for a digital output device, a Boolean equation
may be specified that describes the on/off state of the output
device as a function of the on/off states of one or more input
devices coupled to the same interface module and/or to one
or more remaining interface modules. The user interface
may also restate the Boolean equation to the operator using
device names assigned by the operator to provide a user
friendly description. This process is repeated for all of the
interface modules and all of the I/O devices that are to be
included on the vehicle. The data that is generated using this
process is stored in a file structure that can be uploaded into
the interface modules located on the vehicle. In one embodi-
ment, the data is stored as part of an Microsoft Access® data
base and the Access data base is uploaded into the interface
modules.

Each interface module is provided with a generic control
program that is customized by the configuration data gen-
erated during the foregoing process. Thus, each interface
module is provided with information regarding the types of
I/O devices to which it is connected and the I/O processing
that is to be performed in connection with those I/O devices.
The firmware of the interface module executes against the
configuration data. Notably, there is no need to compile code
and load the compiled code onto the vehicle, because only
data (in most cases) is being uploaded onto the vehicle. This
allows vehicle firmware to be generic for all vehicles and
allows the firmware to be updated at any time. After a new
revision of firmware is uploaded, the interface module may
use the new firmware to execute against the old (albeit still
valid) configuration data.

Preferably, for unusual I/O devices, provision is prefer-
ably made to allow the user to upload specialized code for
the I/O device into the interface module. Thus, for example,
the user may be provided with the ability to write an
executable program for a particular output device and then
upload the program with the data for that particular output
device. The executable code is then executed by the inter-
face module during operation of the control system 1412.
This provides greater flexibility to employ different types of
output devices.

This arrangement is advantageous because it facilitates
configuration of vehicle control systems. This arrangement
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also allows parts of the vehicle configuration to be config-
ured and maintained independently. For example, it is pos-
sible to upgrade the firmware without affecting the vehicle
configuration. Also, it is easier to provide different users or
operators (e.g., designer, field service operator) with differ-
ent levels of access.
Throughout the specification, numerous advantages of
preferred embodiments have been identified. It will be
understood of course that it is possible to employ the
teachings herein so as to without necessarily achieving the
same advantages. Additionally, although many features have
been described in the context of a vehicle control system
comprising multiple modules connected by a network, it will
be appreciated that such features could also be implemented
in the context of other hardware configurations. Further,
although various figures depict a series of steps which are
performed sequentially, the steps shown in such figures
generally need not be performed in any particular order. For
example, in practice, modular programming techniques are
used and therefore some of the steps may be performed
essentially simultaneously. Additionally, some steps shown
may be performed repetitively with particular ones of the
steps being performed more frequently than others. Alter-
natively, it may be desirable in some situations to perform
steps in a different order than shown.
Many other changes and modifications may be made to
the present invention without departing from the spirit
thereof.
What is claimed is:
1. A system comprising:
(A) an equipment service vehicle comprising
(1) a communication network,
(2) a plurality of vehicle subsystems, each vehicle
subsystem comprising a mechanical system and an
electronic control system that controls the mechani-
cal system, each respective electronic control system
being connected to the communication network and
transmitting information pertaining to the health and
operation of the mechanical system on the commu-
nication network,
(3) an on-board computer system including
(a) a test control module, the test control module
being coupled to the plurality of vehicle sub-
systems by way of to communication network, the
test control module being programmed to acquire
at least some of the information pertaining to the
health and operation of the mechanical system,
and

(b) an operator interface, the operator interface being
coupled to the test control module, the operator
interface comprising a display that displays the at
least some information pertaining to the health and
operation of the mechanical system, the operator
interface displaying a menu of test options to an
operator of the equipment service vehicle and
receiving an operator input, the operator input
being indicative of a menu selection made by the
operator, the menu selection indicating a zest
selected by the operator; and

(B) an off-board computer system;

wherein the on-board computer system performs the

selected test on the vehicle and displays results of the

test to the operator using the operator interface, the
results of the test indicating that a vehicle part is in need
of replacing; and

wherein the on-bard computer is capable of establishing a

wireless radio-frequency communication link with the
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off-board computer system to place an order for a

replacement part to replace the vehicle part.

2. The system according to claim 1,

wherein the equipment service vehicle further comprises

(1) a power source,

(2) a power transmission link,

(3) a plurality of input devices, the plurality of input
devices including a sensor that provides information
pertaining to health and operation of a part of the
equipment service vehicle, and

(4) a plurality of output devices;

wherein the on-board computer system further comprises

a plurality of microprocessor-based interface modules
and a communication network, the plurality of interface
modules being coupled to the power source by way of
the power transmission link, the plurality of interface
modules being interconnected to each other by way of
the communication network, each of the plurality of
interface modules being coupled to respective ones of
the plurality of input devices and the plurality of output
devices by way of respective dedicated communication
links, the plurality of interface modules cooperating to
control the plurality of output devices based on input
status information from the plurality of input devices,
and each respective interface module being locally
disposed with respect to the respective input and output
devices to which the respective interface module is
coupled so as to permit, by way of the respective
dedicated communication link, distributed data collec-
tion from the respective input devices to the respective
interface module and distributed power distribution
from the respective interface module to the respective
output devices;

wherein the on-board computer system receives the health

and operation information from the sensor, the health

and operation information being used to determine that
the part is in need of replacing.

3. The system according to claim 2,

wherein each of the interface modules broadcasts, to each

of the remaining interface modules, I/O status infor-

mation pertaining to I/O states of the respective input
and output devices the interface modules is connected;
and

wherein each of the interface modules maintains a sepa-

rate I/O status table, the I/O status table storing 1/O

status information for the plurality of input devices and

the plurality of output devices.

4. The system according to claim 1, wherein the wireless
RF communication link connects the equipment service
vehicle to the Internet, and the order for the replacement part
is placed by way of the Internet.

5. The system according to claim 1, wherein the equip-
ment service vehicle is a fire fighting vehicle.

6. The system according to claim 1, wherein the equip-
ment service vehicle comprises a digital camera, wherein
images from the digital camera are displayed on the display.

7. The system according to claim 6, wherein the digital
camera is a digital video camera.

8. A method of ordering parts for an equipment service
vehicle comprising:

performing a diagnostic test on the equipment service

vehicle, the performing step being performed by an

on-board computer system of the equipment service
vehicle, the results of the diagnostic test indicating that

a part on the equipment service vehicle is in need of

replacing;
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transmitting a request for a replacement part for the part
in need of replacing, the request being transmitted from
the on-board computer system to a first off-board
computer system by way of a wireless radio frequency
(RF) communication link, the first off-board computer
system being associated with a maintenance center that
maintains the equipment service vehicle;

transmitting the request from the first off-board computer

system to a second off-board computer system, the
second off-board computer system being associated
with a parts supplier that is capable of supplying
replacement parts for the equipment service vehicle;
responding to the request at the second off-board com-
puter system, including transmitting expected delivery
date information of the replacement part at the main-
tenance center, the expected delivery date information
being transmitted from the second off-board computer
system to the first off-board computer system; and
scheduling the equipment service vehicle for maintenance
on a scheduled maintenance date, the scheduling step
being performed by the first off-board computer system
based on the expected delivery date information.

9. The method according to claim 8, further comprising

transmitting a confirmation message to the on-board com-

puter system;

displaying the confirmation message using a display on

board the equipment service vehicle; and

displaying the scheduled maintenance date using the

display.
10. The method according to claim 8,
wherein the equipment service vehicle further comprises
(1) a power source,
(2) a power transmission link,
(3) a plurality of input devices, and
(4) a plurality of output devices;

wherein the an-board computer system farther comprises
a plurality of microprocessor-based interface modules,
the plurality of interface modules being coupled to the
power source by way of the power transmission link,
the plurality of interface modules being interconnected
to each other by way of the communication network,
each of the plurality of interface modules being coupled
to respective ones of the plurality of input devices and
the plurality of output devices by way of respective
dedicated communication links, and each respective
interface module being locally disposed with respect to
the respective input and output devices to which the
respective interface module is coupled so as to permit,
by way of the respective dedicated communication
link, distributed data collection from the respective
input devices to the respective interface module and
distributed power distribution from the respective inter-
face module to the respective output devices;

wherein the step of performing the diagnostic test com-
prises acquiring health and operation information at
one of the plurality of interface modules.

11. The method according to claim 10, wherein one of the
plurality of input devices is a sensor that monitors health and
operation of the part that is in need of replacing, and wherein
the on-board computer system determines that the part is in
need of replacing based on information received from the
sensor.

12. The method according to claim 10, wherein one of the
plurality of input devices is a voltage or current sensor that
measures a voltage across or a current through the part that
is in need of replacing, and wherein the on-board computer
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system determines that the part is in need of replacing based
on information received from the sensor.

13. The method according to claim 10, wherein the part
that is in need of replacing is one of the plurality of output
devices, and wherein the on-board computer system deter-
mines that the pan is in need of replacing by monitoring a

voltage across or a current through the part that is in need of

replacing.

14. The method according to claim 10, further comprising

broadcasting, from each interface module to each of the

remaining interface modules, I/O status information
pertaining to I/O states of the respective input and
output devices to which the interface module is con-
nected;

maintaining a separate I/O status table at each of the

interface modules, the I/O status table staring I/O status

information for the plurality of input devices and the
plurality of output devices.

15. The method according to claim 10, wherein one of the
interface modules is used as a master controller to control
the I/O states of the respective input and output devices
which are coupled to the remaining interface modules.

16. The method according to claim 8, wherein the wireless
RF communication link connects the equipment service
vehicle to the Internet, and the request for the replacement
part for the part in need of replacing is transmitted by way
of the Internet.

17. The method according to claim 8, wherein the equip-
ment service vehicle is a fire fighting vehicle.

18. A system comprising:

(A) an equipment service vehicle including

(1) a power source,

(2) a power transmission link,

(3) a plurality of input devices, the plurality of input
devices including a sensor that provides information
pertaining to health and operation of the equipment
service vehicle,

(4) a plurality of output devices,

(5) an on-board computer system including a plurality
of microprocessor-based interface modules and a
communication network, the plurality of interface
modules being coupled to the power source by way
of the power transmission link, the plurality of
interface modules being interconnected to each other
by way of the communication network, each of the
plurality of interface modules being coupled to
respective ones of the plurality of input devices and
the plurality of output devices by way of respective
dedicated communication links; and

(B) an off-board computer system;

wherein the on-board computer system receives the health

and operation information from the sensor, the health

and operation information being used to determine that
the equipment service vehicle has a part which needs to
be replaced;

wherein the on-board communication establishes a wire-

less radio-frequency communication link with the off-

board computer system and places an order for a

replacement part to replace the part which needs to be

replaced; and

(C) an off-board computer-implemented inventory man-

agement system, the inventory management system

comprising inventory information for an inventory of
replacement parts for the equipment service vehicle,
the inventory management system being used to deter-
mine whether the replacement part is in the inventory,
and the inventory management system transmitting a
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message to the on-board computer indicating whether
the replacement part is in inventory, wherein the inven-
tory management system categorizes the replacement
parts according to a multi-tier system, the multi-tier
system including a first tier of replacement parts that
can be ordered by the on-board computer directly

92

without human intervention, and a second tier of
replacement parts that can be ordered by the on-board
computer only with the assistance of human interven-
tion.
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