
US 20100023207A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0023207 A1 

Maeda et al. (43) Pub. Date: Jan. 28, 2010 

(54) 

(75) 

(73) 

(21) 

(22) 

(86) 

VEHICLE INFORMATION RECORDING (30) Foreign Application Priority Data 
SYSTEM 

Apr. 2, 2007 (JP) ............................... .. 2007-096922 

Inventors: Fumio Maeda, Mie (JP); Daigo 
Akutsu, Aichi (JP); Kimihiko Publication Classi?cation 
Sugino, Aichi (JP) (51) Int CL 

Correspondence Address: G06F 7/00 (200601) 
()BLON, SPIVAK, MCCLELLAND MAIER & (52) US. Cl. ........................................................ .. 701/35 

NEUSTADT, LLP 
1940 DUKE STREET (57) ABSTRACT 

ALEXANDRIA’ VA 22314 (Us) A vehicle information recording system has an ECU and the 
- _ . . . . like to detect an abnormal event that occurs on the vehicle, a 

Asslgnee' ¥gyggilllgi€iga Kabushlkl Kalsha’ vehicle state determination unit to determine a vehicle state 
y including at least one of a running state and a running envi 

A 1' N '2 12/439 735 ronment of the vehicle based on an output value and a thresh 
pp 0 ’ old of a sensor and a sWitch provided in various parts of the 

PCT Filed: Man 21, 2008 vehicle, and a memory unit to record a vehicle state When an 
abnormal event is detected, Which is determined by the 

PCT NO; PCT/JP08/55290 vehicle state determination unit, and a duration time of the 
vehicle state determined by the vehicle state determination 

§ 371 (0X1), unit from When the output value exceeds the threshold to 
(2), (4) Date; Mar, 3, 2009 When the abnormal event is detected. 

.WQ 

m {-20 ,5.“ 30 

MAIN ECU ECU w SWITCH 

5 IE ‘sf-~14 (21 (49 
T E MEAQQ'RMG MEMORY ECU SENSOR 
um“? a UN“ 

ll , 

. f, 12 g 22 5-31 
1 q I‘; , 

VEHICLE STATE w» ~ ECU ----- ~ SWiTGH 
DETERINATIQN UNIT _; V 

p 23 (41 

32 5; 42 ~ »~ ECU SENSOR 

swoon SENSOR 6o g, 50 

;’ DIAGNOSTIC 
TOOL 



US 2010/0023207 A1 

tOmzmw pi Em 

Jan. 28, 2010 Sheet 1 0f 15 Patent Application Publication 



Patent Application Publication Jan. 28, 2010 Sheet 2 0f 15 US 2010/0023207 A1 

mlglww @QEKQZ 

Ema?» 

2%.“ 

EMIPQ 

‘gm 

mm 

£33 
g3 ?g? 

wUSQQxW Egg 

mewzwm gwmmnu. 

PZmWEDQ 

zcgimgwm wzm. dmmam mgwmzws’ 

?wmaw TEE wDODZEZOQ 

Qmmmw 

mma inww Q2525» 

m . Mm W 

wing W 



Patent Application Publication Jan. 28, 2010 Sheet 3 0f 15 US 2010/0023207 A1 

G U RVE STATE 

KQEGEENG ' é STEERING SENSOR DATA 

RIGHT 

NEUTRAL 
POSETEON 

LEE FT 

~ := Q a» ‘MW-mm» 

WENDENG ROAD LOG CURVE MORAL 

VERTICAL GRAVITY 
$ENSOR DATA 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, hw 

Q Y : 

RQUGH SURFACE RGAD MORAL 



Patent Application Publication Jan. 28, 2010 Sheet 4 0f 15 US 2010/0023207 A1 

ACCELERATEON 
STATE 

ACCELEIEQATEON 

RATE‘ ACCELERATION RATE 
+ gENSQR DATA 

RAM (305 LE ‘new 
AND DEGELERATKQN 

NORMAL 

SPEED STATE 

SPEED 
SPEEQ (ETER) DATA 

4 z: a 4: - b 

HEGH SPEED NORMAL TRAFFIC JAM 



Patent Application Publication Jan. 28, 2010 Sheet 5 0f 15 US 2010/0023207 A1 

8A"? VOLTAGE 
STATE 

VOLTAGE 

w .-.;E -:;.- 4.; CRANKING NORMAL LUNG UNQPEQATED 

STATE 

EXTERNAL 
TEMPERATURE STATE 

EXTERNAL TEMPERATURE 
.FEWERATURE ‘ SENSOR DATA 

Ff'iIQH TEMpERATURE AREA 

O \I'XK "5% f2 r-aiik ‘. 

l I LQW TEMPERATURE AREIQ. 
7,’... 



mm 

mm J .................................................. { oi.“ ......... i 

1.‘, ,,,,,,, i ,,,,,,, ...~ .. ,,,,,,, é ....... -3 ,,,,,,, i. ..... : ?oxww?i mam 

?g wghc? 5% ,M/ \ X. \ I \ wmmamkémlmahmh. >5...” 

US 2010/0023207 A1 

$5 ‘332% 

h £55m m3 . ?oxwmmg 2% 

W a . I. * Q ‘ k 

iv ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1 w: I 1 
ma. icmmm? W35 wxaég m» .553 mmg?mé $5 ??m EQEKETE Emmi 

Jan. 28, 2010 Sheet 6 0f 15 Patent Application Publication 



US 2010/0023207 A1 

NE a; g Q ‘5,31 

R 

E a Emma 

EN; w...“ 
E3 

nwwiw wQQMIMN) 

Jan. 28, 2010 Sheet 7 0f 15 Patent Application Publication 



Patent Application Publication Jan. 28, 2010 Sheet 8 0f 15 US 2010/0023207 A1 

FAUTMT X FAULT Z 
@URATTQN TIME t2 . . 

@TTATTQ t 

TREQTFTQ ‘Gimp 
STATE ; STATE 

'QRAL spasms 
STATE sTATE A 

£5552 Y 



Patent Application Publication Jan. 28, 2010 Sheet 9 0f 15 US 2010/0023207 A1 

wmgk m0 M £30m mZQ 

N (‘65% LC) 



Patent Application Publication Jan. 28, 2010 Sheet 10 0f 15 US 2010/0023207 A1 

EU 



Patent Application Publication Jan. 28, 2010 Sheet 11 0f 15 US 2010/0023207 A1 

ex. 

SW ‘ON OR OFF 

“992:1 
'1. 

31 SWITCH \x $228 2% 
n ~72“ ' sw sTATE ' GQNTRBL 
Q’ all I 8 AM P LI N G p R 0 35 131-8 IN. G 

UNIT ’ i , 

22c: 

CGUN 3 CAT MN 
UNiT 

23c 

GGMU 1 CAT E 9N 
U i T 

23a 23b 43 SMJEN$QR 
(. 

' csm‘rém 

- UNIT 

‘:‘Q 
i?»- SAMPLENG mm 

_ 1, {23d 

f.’ ~~ VEHiCLE STATE 
LWWW--MWM~ DETERMWATEQN 

new ex, /"' 

ANALUG VALUE 
F 23s 

‘ EMGRY 

l um"? 



Patent Application Publication Jan. 28, 2010 Sheet 12 0f 15 US 2010/0023207 A1 

URMAL SPECEFEC SPECTFEC 
STATE STATE? STATE 2 

\ a g 
STATE I i 

(a) 1; 

X1 X2 SESO VALUE 

3 STATE 
3 i ....... “WM 

7 iiiiiiiiii A‘ i ‘ 

(b) SE-SOR VALUE i X2 “““ “““““““ M 

x1 

SPEQTFTQ 'sEcTTTc 
STATE STATE T STATE 2 



Patent Application Publication 

VEHTC LE 
$TATE 

Jan. 28, 2010 Sheet 13 0f 15 US 2010/0023207 A1 

DURATEON TIME 3 9 

DETECTION 6F 
FAULT 

w ww 

sitAfie‘Ti‘éééRé " 
n a ‘mes? E c TRQUBLE c095 
(mc) as GENERATET) 

STATE 2 BEFORE DTC 
TS GENERATED 

EXA GF AEA 

STATE T BEFDRE 
mAees‘r a c TROUBLE cans 
(mm is GENERATEE) V 

DURATIQN TIME 1 

STATE 2 EFQRE DTC 
1S GENERATED DURATION TIE 2 



Patent Application Publication Jan. 28, 2010 Sheet 14 0f 15 US 2010/0023207 A1 

5@510 
ZNETIAUZATTON 

'STATE 1 BEFQRE ma 3s GENERATED 
mPRESENTX/EHICLE STATE 

$TATE 2 BEFQRE. TO B GENERATED 
:PRESENT VEHICLE STATE 

DURATTON TIME ‘i=0 
WRATTQN TIME 226 

ST 2 

FAULT YES 
*“mmmgCCQRREQMMH 

W , ,, , 1:314 ‘ {S24 

CQUNT UP 0? STGP UPLOAD 0F 

DURATION 2 STATE AND ‘is S1 6 is S26 

SAMFLZNG 0F RECQRD STATE$ ‘3 AND 2 
BEFQRE mo TS GENERATED 

$EN5QR/sw, ETQ 7 AND DURATIQN TEME 1 AND 2 

1! 8 DETERMINATTQN OF END h} 
VEHTCLE STATE """""""""""""""""""""" "A 

My“. WHEN‘ S 2 (3 
N0 TATE 

M'MWWWWWITQ TRANSITTON M211» 
“mm 9 WM” 

BEFQRE BTC T3 
TE 

1 
N RA D m STATE 2 

RE TéEgATED 
LE STATE 



Patent Application Publication Jan. 28, 2010 Sheet 15 0f 15 US 2010/0023207 A1 

m 

ma“, 

< mighw 

:EEKOZ 

a 

m 

w 

w 

w 

m 

m 

w 

magma“ 



US 2010/0023207 A1 

VEHICLE INFORMATION RECORDING 
SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a vehicle informa 
tion recording system, Which records information about a 
vehicle. 

BACKGROUND ART 

[0002] Conventionally, there is knoWn a technique to moni 
tor information about driving states obtained by using an 
internal sensor, and to record the information about the moni 
tored driving states in a longer time span before and after the 
time When an abnormal event or an event close to an abnormal 

event has occurred in factors (a steering Wheel, a brake, an 
accelerator, an engine itself, and the like) related to the driv 
ing (see Patent Document 1). By this conventional technique, 
information before and after the time When an event diag 
nosed to be abnormal has occurred are recorded as vehicle 
behavior log data. This is because a memory device is 
required to have vast memory capacity to record all informa 
tion about driving, Which is detected by various sensors, as 
vehicle movement log data. In this conventional technique, 
maintenance information of a vehicle is outputted, Which 
information is obtained by analyZing the recorded vehicle 
movement log data. 

Patent Document 1: JP-A-l0-24784 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 

[0003] In the above-described related art, hoWever, data are 
required to be time-sequentially recorded plural times to 
knoW the characteristics and a change tendency of the data 
obtained by the sensors, Which is likely to increase the 
amount of data to be recorded. According to the aforemen 
tioned related art, the required memory capacity is reduced by 
recording log data before and after an abnormal event has 
occurred compared to the case of recording all log data. 
HoWever, since discrete data (values) obtained by the sensors 
are recorded as they are, it is impossible to knoW the situation 
of the vehicle unless the recorded discrete values are pro 
cessed and analyZed. Thus, it becomes dif?cult to estimate the 
cause of the abnormal event. 
[0004] In vieW ofthis, it is an object ofat least one embodi 
ment of the present invention to provide a vehicle information 
recording system Which requires less memory capacity and 
makes it easy to estimate a cause of an abnormal event. 

Means for Solving the Problems 

[0005] In order to attain the above object, a vehicle infor 
mation recording system includes an abnormality detecting 
unit to detect an abnormal event generated on a vehicle, a 
vehicle state determination unit to determine a vehicle state 
including at least one of a running state and a running envi 
ronment of the vehicle based on an output value and a thresh 
old of a sensor provided to operate in various parts of the 
vehicle, and a memory unit to record a vehicle state When the 
abnormal event is detected, Which is determined by the 
vehicle state determination unit, and duration time of the 
vehicle state determined by the vehicle state determination 
unit from When the output value exceeds the threshold to 
When the abnormal event is detected. 
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[0006] It is preferable that a vehicle state before the output 
value exceed the threshold, Which is determined by the 
vehicle state determination unit, and duration time of the 
vehicle state be also recorded. 

[0007] It is preferable that a duration time of the vehicle 
state during Which the output value exceed the threshold be 
recorded. 

[0008] It is preferable that a cumulative duration time of the 
vehicle state during Which the output value exceed the thresh 
old be recorded. 

[0009] It is preferable that the number of times that the 
output value exceed the threshold be recorded. 

[0010] It is preferable that the number of trips in Which the 
output value exceed the threshold be recorded. 

[0011] It is preferable that the threshold be set in accor 
dance With the number of the vehicle states determined by the 
vehicle information recording system. 
[0012] It is preferable that the threshold be set in accor 
dance With an environment Where the vehicle be used. 

[0013] It is preferable that the vehicle state determined by 
the vehicle information recording system be at least one of a 
state in Which the output value of the sensor exceeds the 
threshold a predetermined number of times, a state in Which 
the output value of the sensor exceeds the threshold for a 
predetermined period, a state in Which the output value of the 
sensor becomes higher than the threshold, and a state in Which 
the output value of the sensor becomes loWer than the thresh 
old. 

[0014] A vehicle information recording system includes an 
abnormality detecting unit to detect an abnormal event gen 
erated on a vehicle, a vehicle state determination unit to 
determine a vehicle state including at least one of a running 
state and a running environment of the vehicle based on an 
output value and a threshold of a sensor provided to operate in 
various parts of the vehicle, and a memory unit to record a 
vehicle state When the abnormal event is detected, Which is 
determined by the vehicle state determination unit, and dura 
tion time of the vehicle state determined by the vehicle state 
determination unit from When the output value exceeds the 
threshold to When the abnormal event is detected. A time unit 
of the duration time is set in accordance With a change rate of 
the vehicle state Which is determined by the vehicle state 
determination unit. 

[0015] A vehicle information recording system includes an 
abnormality detecting unit to detect an abnormal event gen 
erated on a vehicle, a vehicle state determination unit to 
determine a vehicle state including at least one of a running 
state and a running environment of the vehicle based on an 
output value and a threshold of a sensor provided to operate in 
various parts of the vehicle, and a memory unit to record a 
vehicle state When the abnormal event is detected, Which is 
determined by the vehicle state determination unit, and dura 
tion time of the vehicle state determined by the vehicle state 
determination unit from When the output value exceeds the 
threshold to When the abnormal event is detected. The vehicle 
state When the abnormal event is detected and duration time 
thereof are recorded in the memory unit based on generation 
of a diagnostic trouble code corresponding to the abnormal 
event. 

[0016] It is preferable that the abnormality detecting unit 
detect a shock against the vehicle. 
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ADVANTAGE OF THE INVENTION 

[0017] According to the present invention, required 
memory capacity can be reduced and a cause of an abnormal 
event can be easily estimated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a con?guration diagram shoWing a vehicle 
information recording system 100 as one embodiment of the 
invention; 
[0019] FIG. 2 is a chart shoWing examples of types and 
details of vehicle states determined by a vehicle state deter 
mination unit 12, and information sources to obtain deter 
mined results; 
[0020] FIG. 3 is a graph shoWing a relationship betWeen 
live data obtained by a steering sensor and a decision thresh 
old for determining a curve state based on the live data; 
[0021] FIG. 4 is a graph shoWing a relationship betWeen 
live data obtained by a vertical G sensor and a decision thresh 
old for determining a road surface state based on the live data; 
[0022] FIG. 5 is a graph shoWing a relationship betWeen 
live data obtained by an acceleration sensor and a decision 
threshold for determining an acceleration state based on the 
live data; 
[0023] FIG. 6 is a graph shoWing a relationship betWeen 
live data obtained by a Wheel speed sensor, a meter, or the like 
and a decision threshold for determining a speed state based 
on the live data; 
[0024] FIG. 7 is a graph shoWing a relationship betWeen 
live data obtained by a voltage sensor for a battery voltage 
(BAT) and a decision threshold for determining a battery 
voltage state based on the live data; 
[0025] FIG. 8 is a graph shoWing a relationship betWeen 
live data obtained by an ambient temperature sensor and a 
decision threshold for determining an ambient temperature 
state based on the live data; 
[0026] FIG. 9 is a graph shoWing decision thresholds for 
determining the ambient temperature state set differently 
depending on an area Where the vehicle is used; 
[0027] FIG. 10 is a chart shoWing examples of memory 
capacities required to record the live data and the like; 
[0028] FIG. 11 is a diagram shoWing vehicle states deter 
mined by the vehicle state determination unit 12 and duration 
time of the vehicle states; 
[0029] FIGS. 12a and 12b are diagrams for describing 
recording formats of the duration time of the vehicle state; 
[0030] FIG. 13 is a diagram shoWing a method to record 
plural vehicle states together; 
[0031] FIG. 14 is a con?guration diagram in Which a 
vehicle state determination unit and a memory unit are pro 
vided in an ECU 23; 
[0032] FIGS. 15a and 15b are diagrams for describing 
methods to determine a vehicle state based on tWo output 
values of a sensor and a sWitch; 

[0033] FIG. 16 is a diagram shoWing a vehicle state When a 
fault occurs, a vehicle state before the fault occurs, and a 
duration time of each of the vehicle states; 
[0034] FIG. 17 is a diagram shoWing memory areas of each 
of duration times 1 and 2; 
[0035] FIG. 18 shoWs an example of a ?owchart to record 
the vehicle state When a fault occurs, the vehicle state before 
the fault occurs, and the duration time of each vehicle state in 
a memory unit 14; and 
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[0036] FIG. 19 is a chart shoWing examples of information 
recorded in the memory unit 14. 

EXPLANATION FOR REFERENCE NUMBER 

[0037] 10 main ECU 
[0038] 12 vehicle state determination unit 

[0039] 14 memory unit 
[0040] 16 time measuring unit 
[0041] 20 to 23 ECU 
[0042] 30 to 32 sWitch 
[0043] 40 to 42 sensor 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0044] Next, the best mode for carrying out the present 
invention is described With reference to the draWings. FIG. 1 
is a con?guration diagram of a vehicle information recording 
system 100 as one embodiment of the invention. The vehicle 
information recording system 100 records a vehicle state and 
the like determined based on an output value of a sensor 
(including a sWitch and an ECU (Electronic Control Unit)) 
mounted in the vehicle. By recording a vehicle state or the like 
in a predetermined period or at a predetermined timing (for 
example, When an abnormal event such as a fault occurs), the 
recorded vehicle state and the like can be effectively used 
When analyZing operations and faults of the vehicle at a later 
time. Based on such recorded information, the cause of an 
abnormal event can be investigated in detail after the abnor 
mal event. The recorded vehicle state and the like are read by 
a recorded information reading device such as a diagnostic 
tool 50 and a computer. The read recorded information such 
as a vehicle state can be provided to a user through the 
recorded information reading device including an informa 
tion provider such as a display unit and an audio unit or an 
information providing device Which can be connected to the 
recorded information reading device. 
[0045] The vehicle information recording system 100 
includes a main ECU 10, ECUs 20 to 23, sWitches 30 to 32, 
and sensors 40 to 42. The main ECU 10 is connected to the 
ECU 20 Which can obtain a live state (for example, on/off 
state) of the sWitch 30 and to the ECU 21 Which can obtain 
live data of the sensor 40. Further, the main ECU 10 is con 
nected to the ECU 22 Which can obtain an actual state of the 
sWitch 31 and to the ECU 23 Which can obtain live data of the 
sensor 41 through a communication path (for example, a 
serial communication path or a parallel communication path 
such as a CAN bus) 60. The main ECU 10 is connected to the 
sWitch 32 and the sensor 42. As a result, the main ECU 10 can 
directly or indirectly obtain states of the sWitches 30 to 32 and 
live data of the sensors 40 to 42. Moreover, the main ECU 10 
can obtain the states of the sWitches 30 and 31 and a prede 
termined process result based on the live data of the sensors 
40 and 41 from the ECUs 20 to 23. 

[0046] The main ECU 10 includes the vehicle state deter 
mination unit 12, the memory unit 14, and a time measuring 
unit 16. In the main ECU 10, a vehicle state is determined by 
the vehicle state determination unit 12 based on the informa 
tion obtained by the sensor 40 and the like, and the main ECU 
10 records in the memory unit 14 a vehicle state When an 
abnormal event occurred on the vehicle is detected and dura 
tion time of the vehicle state measured by the time measuring 
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unit 16. Then, the main ECU 10 provides the recorded infor 
mation through the communication path 60 to the diagnostic 
tool 50. 
[0047] The vehicle state determination unit 12 determines a 
vehicle state (for example, a running state or a driving envi 
ronment of a vehicle) based on the aforementioned informa 
tion (output values of the sensors) obtained by the sensor 40 
and the like. FIG. 2 is a chart shoWing examples of types and 
details of vehicle states determined by the vehicle state deter 
mination unit 12, and information sources to obtain the deter 
mined results. The vehicle state determination unit 12 deter 
mines a vehicle state based on a relationship betWeen an 
output value of the sensor and a predetermined state determi 
nation condition to determine a vehicle state. Further, to 
determine a vehicle state, the vehicle state determination unit 
12 may divide the vehicle state into plural detailed states 
based on plural state determination conditions. The number 
of the state determination conditions is to be set in accordance 
With the number of determinations (number of the detailed 
states) of the vehicle states. Accordingly, the vehicle state can 
be divided into plural detailed states in accordance With the 
output value of the sensor, and thereby the past vehicle state 
can be more precisely reproduced When analyZing the fault. 
For example, the vehicle state determination unit 12 deter 
mines a vehicle state by dividing the vehicle state into three 
detailed states of a normal state, a speci?c state A, and a 
speci?c state B, as shoWn in FIG. 2. FIG. 2 shoWs a curve 
state, a road surface state, a slope state, an acceleration state, 
a speed state, a current state, a battery (BAT) voltage state, a 
vehicle poWer source state, a Weather state, and a temperature 
state as examples of the vehicle states. 

[0048] For example, the vehicle state determination unit 12 
determines a running state (curve state) of a vehicle Which 
runs a curved road, based on live data related to a steering 
angle obtained by the steering sensor and live data related to 
a yaW rate obtained by a yaW rate sensor. The curve state is 
divided into, for example, three detailed running states (a 
running state of a non-curved road (normal road state), a 
running state of a Winding road, and a running state of a long 
curved road), based on a relationship betWeen the live data 
obtained by the steering sensor and the yaW rate sensor and a 
predetermined state determination condition for determining 
the running state. 
[0049] Further, the vehicle state determination unit 12 
determines, for example, the poWer source state of the vehicle 
as a running state of the vehicle based on an actual state of an 

ignition sWitch (IG sWitch). The poWer source state of the 
vehicle is determined by dividing the poWer source state into, 
for example, an IG state, a BAT state, and an ACC state 
depending on a position of the IG sWitch. 

[0050] Furthermore, the vehicle state determination unit 12 
determines a running environment state related to a vehicle 
ambient temperature, based on live data related to an ambient 
temperature obtained by an ambient temperature sensor. A 
running environment state related to the vehicle ambient tem 
perature is determined by dividing the running environment 
state into, for example, three detailed running environment 
states (a normal temperature state, a high temperature state, 
and a loW temperature state) based on a relationship betWeen 
live data obtained by the ambient temperature sensor and a 
predetermined state determination condition for determining 
the running environment. 
[0051] FIG. 3 is a graph shoWing a relationship betWeen the 
live data obtained by the steering sensor and decision thresh 
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olds for determining a curve state based on the live data. The 
vehicle state determination unit 12 may determine that the 
present curve state is the Winding road running state When the 
live data obtained by the steering sensor exceed a threshold of 
Al (for example, When the live data exceed the predetermined 
value a predetermined number of times in a predetermined 
period) as shoWn in FIG. 3. Further, the vehicle state deter 
mination unit 12 may determine that the present curve state is 
the long curve running state When the live data obtained by the 
steering sensor exceed a predetermined threshold of A2 (for 
example, When the live data are kept at the predetermined 
value or higher for more than a predetermined period) as 
shoWn in FIG. 3. By recording the curve state determined by 
the vehicle state determination unit 12 in the memory unit 14, 
a defect caused by horiZontal gravity or frequent operations of 
the steering can be easily analyZed. 
[0052] FIG. 4 is a graph shoWing a relationship betWeen 
live data obtained by a vertical gravity sensor and a decision 
threshold for determining a road surface state based on the 
live data. The vehicle state determination unit 12 may deter 
mine that the present road surface state is a rough road surface 
state When live data related to acceleration of a vehicle in a 
vertical direction obtained by the vertical gravity sensor 
exceed a predetermined threshold of A3 (for example, When 
the live data exceed the predetermined value a predetermined 
number of times in a predetermined period). By recording the 
road surface state determined by the vehicle state determina 
tion unit 12 in the memory unit 14, a defect caused by vibra 
tion can be easily analyZed. 
[0053] FIG. 5 is a graph shoWing a relationship betWeen 
live data obtained by the acceleration sensor and a decision 
threshold for determining an acceleration state based on the 
live data. The vehicle state determination unit 12 may deter 
mine that the present acceleration state is a rapid acceleration 
state (or a rapid deceleration state) When live data related to an 
acceleration rate of a vehicle in a horiZontal direction 
obtained by the acceleration sensor exceed a predetermined 
threshold of A4 (for example, When the live data exceed the 
predetermined value). By recording the acceleration state 
determined by the vehicle state determination unit 12 in the 
memory unit 14, a defect caused by acceleration and decel 
eration can be easily analyZed. 
[0054] FIG. 6 is a graph shoWing a relationship betWeen 
live data obtained by the Wheel speed sensor, the meter, or the 
like and a decision threshold for determining a speed state 
based on the live data. The vehicle state determination unit 12 
may determine that the present speed state is a high speed 
running state When live data related to the vehicle speed 
obtained by the Wheel speed sensor, the meter, or the like 
exceed a predetermined threshold of A5 (for example, When 
the live data are kept at the predetermined value or higher for 
more than a predetermined period), as shoWn in FIG. 6. Fur 
ther, the vehicle state determination unit 12 may determine 
that the present speed state is a loW speed (traf?c jam) running 
state When the live data related to the vehicle speed obtained 
by the Wheel speed sensor, the meter, or the like exceed a 
predetermined threshold value of A6 (for example, When the 
live data are kept at a predetermined value or loWer for more 
than a predetermined period) as shoWn in FIG. 6. By record 
ing the speed state determined by the vehicle state determi 
nation unit 12 in the memory unit 14, a defect caused by the 
vehicle speed can be easily analyZed. 
[0055] FIG. 7 is a graph shoWing a relationship betWeen 
live data obtained by the voltage sensor of the battery voltage 
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(BAT) and a decision threshold for determining a battery 
voltage state based on the live data. The vehicle state deter 
mination unit 12 may determine that the present battery volt 
age state is a loW voltage state (a long-term unoperated state) 
When the live data obtained by the voltage sensor of the 
battery voltage exceed a predetermined threshold of A7 (for 
example, When the live data become loWer than the predeter 
mined value) as shoWn in FIG. 7. For example, the battery 
voltage state is not required to be determined for a predeter 
mined period after a starter is started. Accordingly, it can be 
prevented to detect in error a voltage drop caused by the 
cranking of the starter. By recording the battery voltage state 
determined by the vehicle state determination unit 12 in the 
memory unit 14, a defect caused by the battery voltage can be 
easily analyZed. 
[0056] FIG. 8 is a graph shoWing a relationship betWeen 
live data obtained by the ambient temperature sensor and a 
decision threshold for determining an ambient temperature 
state based on the live data. The vehicle state determination 
unit 12 may determine that the present ambient temperature 
state is a high temperature state When the live data obtained by 
the ambient temperature sensor exceed a predetermined 
threshold of A8 (for example, When the live data exceed a 
predetermined value) and may determine that the present 
ambient temperature data are a loW temperature state When 
the live data exceed a predetermined threshold of A9 (for 
example, When the live data become loWer than the predeter 
mined value) as shoWn in FIG. 8. By recording the ambient 
temperature state determined by the vehicle state determina 
tion unit 12 in the memory unit 14, a defect caused by the 
ambient temperature can be easily analyZed. 
[0057] The decision threshold by Which the vehicle state 
determination unit 12 determines a vehicle state may be set 
corresponding to an environment Where the vehicle is con 
stantly used. The “normal state” is different depending on an 
environment Where the vehicle is constantly used. Therefore, 
by setting a decision threshold depending on the environment 
in Which to use the vehicle, a vehicle state corresponding to 
the environment can be appropriately determined. The envi 
ronment Where the vehicle is constantly used can be objec 
tively determined by date and time information, position 
information, and delivery information (information about a 
country or an area Where the vehicle is used). Further, the 
environment Where the vehicle is constantly used can be 
objectively determined by an average value of the live data 
obtained by the ambient temperature sensor When the vehicle 
is used. The data and time information and the position infor 
mation can be obtained by, for example, a GPS device. The 
delivery information can be obtained by, for example, an 
engine ECU. Moreover, the present season can also be deter 
mined by the data and time information, and the country and 
an area Where the vehicle is presently used can also be deter 
mined by the position information and the delivery informa 
tion. 

[0058] FIG. 9 is a graph shoWing that decision thresholds 
for determining the ambient temperature state are set differ 
ently depending on the area Where the vehicle is used. When 
a high temperature side decision threshold for a general area 
is used in a loW latitude area, a “high temperature state” is 
constantly determined even in a normal ambient temperature 
state Which is a “normal state” in the loW latitude area. Fur 
ther, When a loW temperature side decision threshold for a 
general area is used in a high latitude area, a “loW temperature 
state” is constantly determined even in a normal ambient 
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temperature state Which is a “normal state” in the high latitude 
area. Therefore, in the loW latitude area, an appropriate ambi 
ent temperature state can be determined by setting a high 
temperature side threshold for the loW latitude area to be 
higher than a high temperature side threshold for a general 
area. In the high latitude area, an appropriate ambient tem 
perature state can be determined by setting a loW temperature 
side threshold for the high latitude area to be loWer than a loW 
temperature side threshold for a general area. 

[0059] As described above, the vehicle state determined by 
the vehicle state determination unit 12 is recorded in the 
memory unit 14 (see FIG. 1). The memory unit 14 is a non 
volatile memory medium such as a hard disk, a ?ash memory, 
and an EEPROM. By recording the aforementioned “vehicle 
state” in the memory unit 14 instead of recording output 
values such as live data and the like of the sensor as they are, 
the recorded information can be highly reusable to easily 
estimate a cause of the abnormal event. For example, When 
analyZing operations and a fault of a vehicle by reproducing 
the past vehicle state based on the recorded information, it is 
easier to knoW the past state of the vehicle by reading out the 
vehicle states recorded as they are, than the case of recording 
discrete output values such as live data and the like. 

[0060] Moreover, by recording the “vehicle state” in the 
memory unit 14, less memory capacity is required in the 
memory unit 14 compared to the case of recording the output 
values such as the live data and the like of the sensors as they 
are. FIG. 10 is a chart shoWing examples of memory capacity 
required to record the output values such as live data. As 
shoWn in FIG. 10, a D1 bit memory capacity is required to 
record the vehicle speed data, a D33 bit memory capacity is 
required to record the engine revolution data, a D22 bit 
memory capacity is required to record the steering angle data, 
a D 1 bit memory capacity is required to record the ambient 
temperature data, and the like When recording the live data 
even only once. Thus, a memory capacity as large as one to 
tWo-digit bits is required. When a “vehicle state” determined 
by the vehicle state determination unit 12 is recorded, on the 
other hand, one bit memory capacity is enough to record tWo 
vehicle states. Further, tWo-bit memory capacity (for four 
states) is enough even When the vehicle state indicating the 
acceleration state is divided into the normal state, the rapid 
acceleration state, and the rapid deceleration state. In this 
manner, quite less memory capacity is required to record the 
information to knoW the past vehicle state compared to the 
case of recording output values such as live data of the sensors 
and the like as they are. 

[0061] The vehicle state determined by the vehicle state 
determination unit 12 is recorded and held in the memory unit 
14 at a predetermined timing. The vehicle state is recorded in 
the memory unit 14 at a timing When an abnormal event of the 
vehicle is detected. Alternatively, the vehicle state may be 
recorded in the memory unit 14 When a predetermined period 
has passed after the abnormal event is detected. Abnormality 
detection also includes “detection of a shock against the 
vehicle”, in Which case the vehicle state may be recorded in 
the memory unit 14 When the shock against the vehicle is 
detected. ECUs such as the main ECU 10, the ECUs 20 to 23, 
and the like can be used as units to detect the abnormal events. 
Each ECU detects an abnormal event based on output values 
such as live data of each sensor and the like (for example, 
detection of an abnormal voltage of a battery, detection of a 
breakage, detection of a sensor fault, detection of a shock). 
When the output value of the sensor satis?es a predetermined 
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