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Voo | INTHE UNITED $TATES DISTRICE CODRY" FIL “Eb

FOR THE NORTHERN DISTRICT OF OKLAHOMA Ot?r
MIDSOUTH TECHNOLOGIES, LLC, an U g’fw Lo, 00
Oklahoma limited liability company DfSrR?afd;; e

Plaintiff,

V8.

Civil Action No.

)
)
)
)
)
)
)
)

BOWE BELL + HOWELL COMPANY, a
Delaware corporation,

)
Defendant. 04%0 | V ;

COMPLAINT (JURY TRIAL DE\I ANDFD)

The Plaintiff, MidSouth Techno]ogles LLC (“MldSouth”) fo1 1ts éomplamt agamst the
defendant, Bowe Bell + Howell Company (“BB+H”), alleges as fellows .

1. MidSouth 15 a corporatlon orgamzcd and existing under the 1aws of the Statc of _
S _ _ : e S

2.. BB+H is a c__orpotatioﬁ organ;ized and existing under t]_‘t_e_ laws of the State :of '
Delaware. Upon information and. belief,: BB+H’s principal piltme ;Of tbu_sincss 18 in.D_u._r_ha_rr_l,_ |
North Carolina. |

3. Upotl information and belicf, 3B+H has donc and 13 doing'bttsiness nt the State of
Oklahoma and in this judicial district Ey, among other things, cotltracting to supply and
supplying goods and/or services in this state. | |

4, This Court has subject tnatter jurisdiction under th.(;e; Federél ]_\.)ecl_atrator}i; Judgmént
Act, 28 U.S.C. 8§ 22'01 aﬁd 2202,' a.nd. under the laws of the I_;_J:nite;;'l States concerning actions
relating to patents 1ncludmg 28U, S C.§ 1338(&) - | i - %O gJ“é

5. Venue is proper in this dlstnct pursua.nt to 28 U S C. § 1391(b) and (c). \,5

W%

{37876}
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6. Upon information and behcf BB+H manufactures markets sellq and dlstnbutcs |
mail processing hardware and softwarc, mc]udlng so.rtmgh prodﬁ.cts that ﬁrocess U.S. mail, and
sells its products and OthCI'W_ISG does busmess _w1th1n thJS_ Judlctal'dls'_tr_ict and th_ro_ughout the
United States. | . |

7. On June 15, 1999, the U.S. Patent and Trade'rnarkfOfffipc;:';_is_:sued U.S. Patent No.
5,912,979 (the “’979 Patent”) catitled “Method and apparatu§ for :6bjer;t surveillance along a
transport path ‘a copy of which is attached hereto as Exhibit A |

8. On June 20, 2000 the U.Ss. Patent and Trademark Ofﬂcc 1ssucd U.S. Patent No.
6,078,678 (the ‘““678 Patent™) e11t1tled “Method and apparatus for _\_ij_gct_surveﬂ]an_ce_alqng a
transport path,” a copy of .Whi.ch is attéched hereto as Exhibit B. | o

9. MidSouth has :made “and/or offered fdr sale within_ the past ycar (and since the
1ssuance of said ‘979 and ‘678 Pa’tgn’ts) certain computer software which controls the sorting of
mail along a transport path in postal sorti ng machines (_“MS__T Sort Soﬂware”)

10. BB+H has asserted to MidSouth that it 15 the _owﬁer 6_f_ tgle'ﬁghts granted under
federal law by virtue of the 979 and ‘678 Patents and has c]1ar:ged'1\_}.ﬁdj80uth with infringement
of various claims within the 979 and__"'678 Pat'ents. by reason of MidSouth’s offering for sale
and/or selling of one or more of _MidSouth ’s products, iﬁcluding :Mid South’s MST Sort Software.
MidSouth denies that any of its pr_oducté, in'c.luc[i'ng_ its MST Soﬁ Sﬁ_ﬂ\é\far'é, iﬁﬁinge any élaims |

within the ‘979 and ‘678 Patents.

11. There is a substantial and contmuzng justiciable controversy between MldSouth and '

BB+H as to whethcr MldScnuth’s products mfnnge any oIalm of the 979 and ‘6 78 Patents

(33876] ' ' _ ' 2
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12. MidSouth incorporates he'rein.bfy r’efere’nce the alle gations in 'pai:-agraphs 1-11 above.

13, M1dSouth does not infringe the ‘979 or “678 Patents etther literally or under the
doctrine of equivalents, and does not mdke use, sell, offer for sa]e 01 1mp01t any products which
infringe the “979 or ‘678 Patenls I |

14, Based upon the foregomg, MtdSouth is entitled to a declarcttlon that the ‘979 and ‘678. |
Patents are not being and have not been infringed by any M___ldS_outh p_rqduct,_ including * -
MidSouth’s MST Sort Software. i |

| ' PRAYER FOR RELIEF

WHEREFORE, MidSouth .prays t_hi_at'_'this Comt er_lter"jttdgtrten_t_ 1r1 its 'favpr and against

BB+H as follows: | | |

15. Declaring that the ‘979 and ‘678 Palents are not infr?hjlged_by' any Mi_&Sdli_th'ptOdiict,

and that it is the right of MidSouth to continue to make, use and '_Sel_I: allsuch products, including

MidSouth’s MST Sort Software, w_itho_u't atfny threat or other mtcrfcrence by BB+H ‘t.).ased on or |
arising out of the ‘979 and ‘678 Patents. | o
. 16. Enjoining BB+H from b_ringing. or maintaini_ng any etctioﬁ Ol;z'jthfetttening td bring any | :
action to enforce the ‘979 and ‘678 Palems against MidSouth or from c}h_arging mﬁingcment
thereof against MidSouth. .
17. Awarding MidSouth its costs and reasonable attom'éy'_’s feé}s tncqrreﬁ in. this action.
18. Awa..tding. judgment for such ottwr and further relief as theComt may dCb'm just and

proper.

(33876} ' ' 3
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ReSpectfullv su bmlttcd

BRYANT LAW FIRM PLLC

By:x,%;ﬁ{/ '
- idA7 Bryant, OBA #1262

Craig A. Fitzgerald, OBA #15233

950 Kennedy Buﬂdmg '

321 South Boston Avenue _
 Tulsa, Oklzhoma 74103-3313

Tel:  (918) 587-4200 -

Fax: (918)587-4217

ATTORNEYS FOR MIDSOUTH
TECHNOLOGIES, LLC

{33876) - 4
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METHOD AND AI'PARATUS FOR OBJECT o hent to the s,vstem ‘Such a8’ when” lwo documenla #re too
SURVI' lLLANCE A [SPO “iélose together or are stugk together Delayed document

PATH
This application is connnuatmn of application Scr Na.’

07/608,541, Nov. 2, 1990, now abandoncd

FIELD OF INVENTION

This invention penerally perla.lns to apparatus, and meth-
ods for sorting objects and more particularly to coniputer-
ized apparatus and methods for high speed decument sur-

R

veillance and sorting with mulii-task iracking of docishents.

BACEGROUND OF THE IN’VENTION'

Mail sorting machines provlde postal patrons that hand.lc.
high volimes of mail with the ability to take advantige of
the United States Postal Service’s reduced poital rates, The
Uniled States Postal Service defines its postal class structure
in a manner that generally provides lower rates based upon

certain eriteria such as the lengih (five digits vérsus nine =

digits) and maniner (bar-coded or not) by which the z:p ‘code
informaltion is provided, and also the number of wiil pisces
that are included in a given packape (a certain number of

mail pieces, such as ter of more). Thus, 2 postal patecn ‘can ©

achicve 8 considerable postige savings for bulk myiling by
qualifying for less expensive pre-sorted and Darcoded rates.
Sorting machines may also be used to sort incoming mail

that has already been processed by the Umted States Postal

Service.

Such automated mail sorlmg machises jnclude Bell &
Howell Company models J1000, 1800 and J600 Mail Pro-
cessing Systems and are prowdcd by the Phillipsburg Divi~
sion of Bell & Howell Company. These antomated sorting
machines write or optically read characters, andjor bar cixde

depdration odcurs when two docuriients that have been fed

together; separatc lalt:r dlony lhe transport path Document
“disappearance” occurs when a dociment exils the sorting
system prematurcly or geis “irapped” in a section of the

transport path where it cannat be detected, T
. Current sortmg systems Tabel mall picces based upon a
mail piece’s’ assumed position in a queue. This type of
sotting system détéets ‘when ‘a first documeni enlers the
transport path arid assumes that the first documient to enter
i the first document to lcave the, transport path. Such a
system fypieally mislabels and missorts documents when a
dociunent madvcrtenﬂy leaves the transpori path. An
example of this occurs when & documient has been detected

a8 properly entering the transport path and has jis ZIP code

P2

properly read by the optical ‘character reader. When thiis
document is extracted by an eperator or atherwise removed
from (e.g., flies oll or drops off of the transpeit path) the
transport path hefire reaching the bar code printer, the

" system automatically marks the next document with the ZTP )

code informaticn demgnated for’ thc mlssmg document
assuming that the next document in line vwas the priper
document. No real time automatic document surveillapce
system exists to prevent this type of error. '
Krown systems alsa fail not nnly to detect many of these
problems, but they' also fail 1o adetuately oorrect many of

. lhese problems, For example, current systems that are able

L3

labels and sort mail into varjous bins based npon dclbcl@d___

ZIP code information.

Typ1cally & el aortmg. machine receives mulhplc mail

pieces in an input hopper whereafier the mail pleces are
transportcd to.un exiraction device which orientates cach
mail piece and feeds it o the transport path Siok a system
is described in U.S. Patent Agpplication of Paul I. Kostynink,

assigued to instant assignec, chtitled “Mail Sorting Appara- o
tus and Method,” filed Oct. 16, 990, and is hercby incor

porated by re.fercnce The transport path generally prov1de$

For single file Tow of the dociments past the variobs stations

of the sorting machine. Onct a muil piecs enters the frans-

port path, a character reader feads the address and/or ZIP

code written én the mail piee, A cornpiter determines
whether the ZIP ¢ode is a valid ZIP code and communicates

the ZIP code digits to a bat code label printer; The label

printet prints the bar-code label at the proper location on the
mail piece. As the mail piece proceeds along the transport
path, 4 bar code reader verifies whether a legitimaie ZIP
code label is printed and whether that ZIP code is attached
(o the proper mail piece.

In mail sorting systems such as these, accurate surveil-

‘to detect a shingling event, (ush the entire SGl'tmg System

instead of minimizing its effects. This results in additional
rcsomng of properly sorted documents The shmglmg eveni
is typically detected by shingling sensors at the beginning
and end of the transport path,

Other systems fail 1o differentiate ane type of error from
another. An example is a. doeument “disappearance” event

‘wherein the system” ‘chnsiders this eveni as a shingling event,
* System erors ate nit properly 1dcnt1ﬁ.r.d thereby limiting the

abilily 1o provide corrective measures. Thus, it is desirable
to praperly detéct-and cotrect disappearance errors and other
crrors without requiring a flushing of the transgort path or
other area of the sorting system.

There exists a need for a hlgh speed intelligent automatic

"document sorring systerm that cffectuates accurate (real time)

document surveillance and giovides érror correction feche

© miques ta overcome the above mentioned problems, Such a
- system preferably ‘should not’ Tequire ﬂushmg the entirc
*_ sorting system for. all detectéd erors, bul should correct

' errors to improve “document throughput The systém skonld
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funce and alignment of documents is Lntwaf Various prob-

lems arise zlong the transport path when an inadeguite
document tracking system is in place, These problems,
which are aggruvated as the speed of the system is increased,
inchide documept jamming, delaycd docurnent’ scparauon
and docwment “disappearance.”

Document jamming accurs whea a document gets cauﬂht
along the transport path, Ose type-of document j ]ammmg is
called document shingling, Document shingling accurs

85

when (w0 or more documerits appear 1o be a single docu-

also accommadate. fast transport path speeds withoul sub-
stantially mcreasmg undetected sorting errors.

SUMMARY OF INVEN'ITON

These needs and others are substantially met through the
method and apparatus for intelligent document sorting dis.
closed herein. T_he__lpvengo_n:gp_mpnaes a real time muki-
tasking surveillancé module including 2 pluralitv' of edge
detecting scnsors | wherein a document is contmuous‘fy

.. wacked along a transPort path by aﬁlgn'mg a umque docu-

ment idcntifier to euch dbeutient afi émploymg a unigue
message (ransferring schcme'but\»een consecutive SSOSOrs
in the module. The message’ tra.nsfcrnng scheme includes
transferring the dccumcnl identifier in the message to the
next sensor. These messages also include shaft tick counts
retrieved from the trazisport path belt shafl vncoder, The
counts are recorded at the leading and trailing edges of ihe
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document and sent 10 the message qucue for’ the next

conscculive senssr '

An expected net leading edge amval count is mmpared o

the actual net arrival shaft tick count for the same document

as lentifisd by the unique document identifier. If the actuial
in shaft encoder ticks) exceeds the
expected artival time, the module detects 2, docuigent. dis~

arrivel (ime (ie.,

appearance and the message quene for the s¢asor is ad,]usied
if the actuul arrival time s less than the expecied arrival
time, 2 document separation detected and 2 new documcnt
identifier is assigned to the document for continued tracking
capability. The message queir¢ is adjusted to maintain the
Proper message associated with the nexl document, |
Mumple survclllaucu modules are unl]m;i as t_:pmpqncﬁts
of a larger complete surveillance system. Each module has
a master processor that operales independently of any ather

module processor. Bach sensor in 2 module is handlad asa
separale lask by the module’s processor. Each sersor i used -

" to detect document separations, docurnent disappeatances

10

15

and document jams. Multiple surveillance modules ars
manitored by a primary mastec processor that interfaces with

the data processing unit of the .‘:Ol‘l.l..l:lg sysmm through i
Multibus backplarie.

BRIEF DESCRIPTION OF THE DRAWINGS.

The features of the present invention which arc bclxcved
to be novel are set forth below with particularity in the
appended claims. The invéntion, together with fusther
objects and advantapes thereof, may be understond by
reference to the following description taken in conjunction
with the accompanying drawings. o

FlG.1isa dlagrammatw top view of an intelligent mmng

- appatatus in accordance with the invention, -

FIG. 2 is a detailed functmnai block cllagran: of fhe
intclligent sorting apparatm in aocordancc with’ thc mvm-
tiop.

FIGS. 3A and 3B arc flow churls generally llustrating the

“ s
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.doneument picker 108, Fhie” docu

. which is well knvwn in, the art’
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__bm mmng stage 104. Alohg the trﬂ.nsporl path are various
processing stations ajso included in a multi-tasking docu-

mentsirveillance system 112, mch.tdmg an optical character
recognilion (OCR) station 116; a secondary delay station
118; an Ink Jet printer station 120; 3 bar-codc reader station
124; a conveyor/sorting station 127; and multiple sensors
126 associated with cach statin. B

A plurality of hopper fldor belis 128 and happer augurs’
130 (oot shown) transport docurncnts edge toward the
- otténted with the
name and address pressed d.gamst the picker 108, The picker
(2 vactuum type} 108 assures proper edge orientation and
places the dacument omro the transport path 114, The docu-
meats travel at high speed (e.g., 165 in./fsec. in the illustrated
embodiment) ‘on edpe down the fransport path with their
pame and uddress information facing the OCR window 117
and continue past the QTR station L16, the delay station 118,
the Tnk Jet prifitct station 120 mcludmg an INK DRY station,
and the BCR station 124.7

"The document’ proccssmg svs érlso ichides opera-
tor console 132 and data prodéssing system 134. The dula
processing, system includes a control processing unit 111,
such as an IBM personal compulcr or the like, and an
mler[aoe system for mterfacmg wuh the dncument stirveil-
latce syster 2. '

The bin sorting stage 104 comprlses sorting apparatus
inclitding a central transport
assembly 136 which directs documeasts along a sorting path
that js collinear with the' transport'pﬁlh 114 of the document
procassmg system 102 A document is deﬂcctcd into the
proper bin 140 by divertér gatcs 138 based upon its coded
ZIP cody. The sortiag bin stage 104 fncludes a phirality of
uniBustrated tranaporl belts and may include any fnmber of
hins dcpcndmf_', upof Lhe glw.n' pphication. The serting bin

 stage 104 is couplcd to thc dcicument bﬂl’\-’@lllaﬂ(x system
112,

docnment serveillance process in accordance wnh the mven— )

fien for each surveillance module.
FIG. 3C is a diagram of (he format of 3 message trame
FIGS. 4A-4G show 2 more detailed flow chart depicting

the document surveillance process. of a sensor as generally
illustraled in the process of FIGS. 3A and 3E.

FIGS. 5A and 5B arc dclallcd Mow chars 111ue.tratmg the

methodology and logical flow of a spcc:.ﬁc embodiment of_

48
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a mulu—taskmg aperating system in accnrdanu: wnh the' '

ioventios.

DETAILED DESCR]PTTON OF THE
: INVENTION o

TIG. 1 gencrally depicts an intellizent document sortmg
system 100 sccording to the invention. The intclligent
document sorting system 100 includes 2 documeént process-

ing system 102 and .a bin sorting shge 104 mm whlch'

documents are ultimately sorted.

The document progessing syslcm 102 includes an mput
thopper 106; a document picker 108; a central processing
computer 110; and a transport path 114 such as are known

1o the art, alogg which documcnts travcl on edge toward the

'35
.. coupled to the OCR secondary Makter processor not shown

The document surveillance __syslem 112 operates as a real
time miullitasking fault detection, error comrection system.
The first task involves the OCR slation 116. Each noo-

" gecondary station (O(‘R _INK JET and BCR stations) is

similar in that it inchides a primary funetion such as reading
ZIP codes, prmung Dar codes, or reading bar code labels, and
in that each is an, mtelhgent document surveillance madule.

The plurality of iniclligent dowment survéillande modules

are also integrated by a pnmary masicr processor into ope
larger intelligent docnment sorting system For cxample, one
intelligént surveillance aidule the OCR station, includes 2o
OCR 142, a shaft enicader 144, and a plurality of sefisors 146

" wherein each sensor is handled as & separaic 1ask by the

'mcrcmcntal écoder 1

sirveillance module. These components are operably

in FIG. 1 (shown in FIG. 2).

The OCR 142 may be of the 1ype MRS 40 manufacturcd
and markeled by the Postal Logic Division of Bell & Howell
in Dallas, Tex. The shnl’l enmder 144 is a conventional
t proclu des a given numbcr ‘of shaft

' ticks (digital pulses) for a predétermined unit of instanta-

B3

) countmg systcm whlch cou

neous aifular posmon of an ericoder disc, The eficoder disc
is coupled to the rolating shaft of the transport path belt
drive. [ncrcmcntal cnccde' his typc gcncra]l) require 2
he pu]ses gcneratcd by rhe
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encoder. The counts aré addcd or subtra.cled from a glven'

reference paint, Although the prc[erred cmbocllment utilizes

2 belr driven system as the lransport path, any other qmtable .

transport mechanism may be used.
Such encoders provide an accurate shaft posnu)n ided to
measute the distance traveled by o given document along a
section of the {ransport path. This accurate decument posi-
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ucu]ar las.ks 1ndcpcudcnt ﬁom the tasks performed by the
primary master pidcessor’ The primary master processor

. Board 225 is alsy coupled ‘with the: data processing system

134, the operator console 132, ‘and the convéyor sorter

tioning mechanism -allows the OCR and other stations 10

accurately read and latcr print bar coded ZIP code informa-

tion ento the documeit. The multiple station system. ises a
suparate belt set for each station. Consequently, mu.lb.ple

19

- utilize the industiy standard MULTIBUS. In the iffustrated

shaft encoders ‘are used to provide accurate distance J.nfur- o

mation for each’ station. ‘The digital shaft encoder 144 may,
for example, be of the type sold by REI Motion Systems

Company, Modcl-M15, or Siuntak Blactronic Tnstruments,

Model-LEC, or any other suilable shaft encoder. The shaft

encodse 144 and the plurality of semsors 146 provule inputs

for (ke secondary master Processor, dcdlca!,t.d to 1he corre-

sponding surveillance madule.

The plurality of sensors 146 arc of the opua.al scnsor typc:
and include an optical cnergy emitler 148 and an opucal_

coergy detector 150. There are at lea

Richardson, Tex., Model Number SE 54555-3 for an emitter

and model number ) 54433 for, the photodctcctors As o
appreciaied by those of ordinary sKill in the att, other

suitable sensors other than the optical type may’ be use.d for

example, weight detection sensors, or sensars opérating at

non-optical freqnencies within the elcr,tromaguctw fre-
quency spectrum. The spacing of sensors may vir a.loug the

transport path and may be adjusted d:pendmg pon thc'_
given application. The systcm aperator may modify stored
sensor spacing “data o accommodata changes 1n gensor

spacing. For exampic, the scosors 154, 156, 158 and 160 in
the OCR station 116 vary in :,pac,mg ﬁom four m.::her. to
twelve inches.

FIG. 2 is a detailed bluck diagram of the qutcm 1(l2

20

s.tauon 127. Tn the illustrated cmbod.lmcnt cach ol the
processor boards 225,200, 205, ‘210, 215 may be, for

“example, a Model M68K18-5 procéssor board marketed by

SBE, Inc., located in Condord; Calif. These boards employ

“"a Molorola series 68000 microprocesénr, and each includes

two standard serial and two standard parailel ports and

embodiment, the primary msster processor board 225

‘includes 2 piggy-hacked LO board ‘which provides three

extra n::onvenuonal paraliel pnm., and each of the seccmdary
master processat boards 200, 205, 210, 215 includes two
piggy-backed I/Q hoards providing six extra parallel ports.

" These IO ports 4 tised to Couple fo optical sensors, and
" other devices as shown in FIG. 2. The primdry master

processor board 225 is couplid via, the paralie] ports to the

© pérsonal computer 134, the operator panel 132 and the sorler

30
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" tessing board 225,

127 and communicates with these devices in' a2 manner =~

substatial as deseribed n the ‘incorporated co-pending

the OCR station 116. These mcludc a fitst docu.mcm dctcc-' _':_'"".‘palent application to P. F. Kostyniuk.

tion sénsor 154; » second document detectmn sensot 186;a
third document detection seasdr 158; and a fourth dctacuon'_:
sensor 160. These sensors may, for example, be of the type
manufactured by Honeywell, Inc., Microswitch Division, in

Fach secondary miastér pmceqfunq board 200, 205, 210,

215 purforms real time documcnt detection <‘.urvc1]ldnce_:'__ )
"'based upon received’ mputs from its coresponding sensors

and shaft encoder. A microprocossor on gach pracessor
hoard performs the processing on this mpul data.
The primary maatcr ssor board 225, unllzmg its ‘on

hoard micraprocessor, supports the muli- laskmg environ-

ment. Generally, this miulti- taskmg processing  conlmols
documents that are 1eavmg one intelligent surveillance mod-
ule #nd eatering anather. Each processing station, being
monitored by its’ sssociated secondary master processing
board, is controlled by a separate task of the master pro-
Thc mastcr proceascr board 225 com-
municates with the ‘data processing system 134 (o assign the
proper ZIP code minber fo the proper document, )
_ FIGS.3A, 8, andC::how amethod in accardance with the

 fov ention, for usmg the plurahty of upuc seusors 146, with

which generally depicts interconnections to {ucilitate the real
time multi-tasking finctions betiwéen the various: modules'_ _
within the document pracessing system 102, The muld- -

tasking system includes an OCR secondary master processor |
hoard 200 coupled to the QCR station 116, a delay station

secondary master processor board 205 aperably eoupled to
the document delay station 118, an INK JET s,ﬁmndary

master processor board 210 to the INK JET station 120 and’

a BCR secondary masier processor board 215 operably

coupled to the BCR station 124, Bach of the’ processor

i neferencm m the O(‘R

116 16 detect jamming errors,
dccument sepﬁratzou eIrars,’ and document “dxsappearancc
errors,” in real time. This uni 5umﬂ]ance miethod incor-

| poraics & document Tdeantifier and_message quetie téchnique

integrated with the pluruhly of sensors 1o track dociiments

' threngh the OCR station. This mcthod 1s used by each of the

surveillance modules 116 118 120 124 m (he document

" drrveillance system..
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boards 200, 205, 210, 215 includes a ‘secondary ‘master
microprocessor and shares a comumion. bi-directiona]. MUL-

TIBUS 220 {c.g., in the illnstrated embodiment, 1he ndustey
standard INTEL, MULTIRUS) with a pnmary mabler pro-
cessor board 225 These secondary master Processors gefi-

60

erally communicate on a multi-bus parallel prioriy basis

with a primary muaster processar an board the pnmary
master board 225. The primary master processor does not
assign tasks to the secondary master processors. ‘The sec-

ondary mastcr processors continuously pcrform th-::lr par-' '

65

which is a refcrence indi

The first sensor 154 on thc OCR siution 116 detects the
leading cdge of a documeni and as illustrated at block 300
ihe sccondary masler OCR processor 200 records the current
&haft tick” count from the ‘UCR slation shafl encoder 144

component of a mesnage frame 311 (sce FIG. 3B). The'
document receives an identification number (DOCID) which
ugiquely identifies the documeént to the system as illusirated
by block 308, This informatian is also & component of the
message frainie 311, An P \_al message frame is 4 message
frame containing thé shaft tick count corresponding to the

- detecuon of the Ieadmg cdgc of a documcnt (EDGE(,N"I'}

) for the detected edge of the o
document, This ‘infétmation (LEADCNTD ‘becomes one”
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such 85 LEADCNTL. 'I‘he amval mcssago is then commy-
nicated 10 a message queue “for the’ second sensor (next_

sensor along the transport path) as shawn at hlock 310.

Reference to FIG. 3B, the amval mesaage frame 311
Includes start text (G'I‘X) bits 309, documenl identification
hits (DOCID) 312, cdge shaft tick count EDGECNT 313,

envelope edpe type (leading edge versus tralhng edpe) 314,
and end text (ETX) bits 315. This frame is stored in a
message queue Tor the next sensor which Is acegssible by the
OCR secondary masler processor 200, :

The sensor continues 1o be blocked by the document wntil
the trailing edge passcs the sensor. The OCR processor
confinues to scan the sensor 154 durmg this blockage

inlerval, as ilistrated by black 318, and a vheick 320 is

performed to determine if the blockage time (in. shafl
cacoder ticks) exceeds an allowable blackage time as set by
the operator. If the sensor detects the same dacument for 100
long, s jam {i.e.; object status) is detected as shown at step
322, The operator is notified and the fransport path is
stopped as ilfustrated in block 323, The path is cleared of the
jam sod the pristess continues’ at block 300,

When no jam is detected and the dotument procceds

down the transport path, the first sensor 154 detects the:

trailing edge of the document, and records the irailing edge
shaft tick count in a trailmg message frame step 324, The

using LEADCNTI ‘anc LEA i .
_shown st block 3«;4 The OCR'proces.sor 200 corpares the

' camputed net shaft tick con
 tick count at step 330, 1f it'is deterthined that the et arrival
* shaft tick count e¥geeds the expecicd arrival count, & docu-
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second sene.or 156 and a, nct

h an expected arrival shaft

ment disappearance (i.c., object stutus) is defected as s
trated at block 352, Once the processor detects the document

" disappedrance, il removes ‘from the queve the arrival mes-

i0

sage associated with the mmsmg ‘document as shown at

" block 353 so that the qucuc accuratcly reflevts the messages

is

assocmted ‘with'the next dccument or the transport path. The
system is not shut down and the transport path is not flushed
since the adjustment compensates for the missing décument
and the system contimues 1o block 354, The expected shaft
fick count is caleulafed based on fhe’ fransport path speed,

_ belt slippage tolerances and any othier varizbles affectmg the

" tale at which the document I:rave]s bctwccn sensors, Docu-

25 )
" message frame 1o ' ihe message quene for the third sedsor as

ment arrival time is dependent upon ‘the shaft ttck count

_ meusuwd by ihe previous sensor. -

If the net"ardvat shaft nck eount is substantially cqual to '
lhu expected arrival shaft 'l:le count, na disappearance
occurred The recorded ]".EA_D is sent via the amval_

" illustratéd by block 3540 Thé process i§ then Tepeated

format of the arnval message frameé and the traifing message

frame genera!.cd at siep 324 are identical. The conterit is

different in that the lrailing edge shaft tick counr is used as_
the odge shaft tick count 313. Al block 324, the leading edge

shaft tick count is subtracted {from the trailing edge shaft rick

count to obtain the documcnt leagth and the dochment

length is compared to a stored minimum expected length. If
the lenglh is Tess than expected 326, a falsc detection is

determincd (step 328) indicating a possible malfunciion of

the sensor. Onge the false detection i§ determined or ‘if ¢
documont length is greater than the mmlm_ I length the

trailing message frame is sent to the message queue far the.

second sensor a3 illustrated by block 330,

As the document eontinugs, aloag the ranspoit path the

sccond OCR sensor 156 detects the leading edge of the

document and reocrds tlns leading edge shaft tick count,

30

starting as step 318 for thc thlrd and {ourth sensors o the
QCR station; the fourth scnsof hus its mes:-,agcs ‘commuii-
cated ta the message qucuc for the frst sensor of the next
surveillance modulé (here the seconda.ry delay station 118).
As with the first Senser at step 320, all &ensors in the

* surveillance module are nsed ro detect document j Jammmg

35
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(LEADCNT2) from the OCR shaft encoder 144 28 1nd1catcd_ ’

at block 335, The OCR 'secondary master processor 200 at
step 338 (see FIG. 3B) checks if a message is available in the

second sensOrs Message quens mdlcattng that the document B

was detected by the fitst sensor. If no mes:sage exists, a
docurment separation (ie.,

)

object stats) is delscted, as -

shown at block 340, since the second senser 156 detected a

leading edge that was not detected by the first sensor 1544
- POCID is as:ﬁgnud 1o this separated document as illustrated s

by black 342 cnabling the systém to now track the document,
as though it cntered the tramsport path properly ‘and no

frushing of the transport path is necessary. Proper rraekmg is

facilitated by adjusting the message queue (rearrangmg
messages in the messagc quene—io be discussed with

A0

reference 1o FIG. 4) s shown in block 33, Once the -
message queue for the second sensor is adjusted; the amval' ’

message for the new document is sent to the message gueue
por the task of block 310 ag indicated in. block 345

If 2 message exists at step 338, the OCR proocssor 200
retrieves the arrival {rame _fr_om the message queue for t!’;__c_\

__:___prcper arnval of the documcn

. sensor fr

s a station activation |

“The mmnd r.ermor also

sensor for the OCK station. The andn activation sensor is U

the_ labL sensor before the’ OCR_ teading window and pmv1de=.
umetnt showld arrive shortly The
OCR activates its set up proccdurcs and prepares to read the
approaching document. ach sensor'in the OCR station is
considered as a separate task hand]ed hy the OCR sccondary
mastcr processor 200, '_ :

FIGS 4A-G illustrate the pmcessmg method emploved
by a station’s seoondary aster pibcessor for 2 single sensor
of inlerest (pair of photocells) tised in that pricésssns’
survclllancc rmodule, Thls process is, generally, the task

. performcd for cach senbor ‘of each of the stations 200, 208,

210 and 215. As shown in FIG, 4A, aller sturting, the

' prooes.sor fiest determinés whethier it is assigned to ihe first
“sfation in the transport path (the Operatorf’OCR station} as
“illustiated by block 400.TF 1t is not assigned fo the first

slation, Lhe prooessor, in step 401, determines whether the
sensor ol interest is the first s.ensor in the statio fitis the

 first semsor, (he procéssor ; retrieves from a look up table, the
© pith gap distance, represem

in enmder shaft tick counts,
between the prcvmm, staiion and 'the citrent staticn (step
402), The path gap distance i$ the distance, between the last

assuming thal Lhe tr&nsport path belts for each"
module are separate

" After the post gap dtstanoe is retrieved, the proccssor
computes the expeeted rangc of shaft ticks that mdlcate )
3 prewous scnsor as

1 a previous modyle and the first sensor of the
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illustrated by block 404. Similarly, if the processor is

assigned fo the first station; the processor then compuics the
expeeicd runge of shaft ticks that indicate proper-arrival of

the document from the prévions sensor. These' computitivns

include determiming: the exact nutiber of shaft tick dounts
that are expected, the minimuim number of all .
tick counis, and the maximum mlmber of a1l
tick counts, If the sensor is not the first sensor

the processor also compites lhe cxpccted ra.ugc of shaft u;ka, -

as illustrated by black 404.

Next, the processor checks to see if a document has heen

detected at step’ 406, When: o document is detected, the
document flag bit (DOCFLAG) is polled to determing
whether it has 2lready been set s illustrated by block 408.

If DOCFLAG is set, indicating that the sensor is blm,ked the .

processor computes at step 410 whether the blo _k.ugu lime

{in shaft encoder tasks) of the document exceeds the atlows

able blockage time determined in Step 404, If the blockage
time is not greater than (ke allowable blockage time, the
© prodessar switches to a new task (i.¢. the next sensor) at step
411 and begins the samie process for the ncxt SETS0T :.Larung
at stcp 406.
When the b]ockage time exceeds the allowable blockage
time, a jam is defected as illustrated by block 414. Onee a

hatt
: whethar the scnsor of interest i

10

20

jam is’ detected, Uhe processor board name and sensof___
_mumber is recorded and sent to the data prooessing unit via

the primary mmaster” prccessor 2s. The procéssot’ sets the
jam detection fiag and stht.hea, 1o the next fask (i.e. senmrj

If the DOCELAG bit is not set (.. a kading cdgc has i
heen detected), the processor reads the shaft encoder uck'_ )

count and records this count in a look up ‘tahle at step 412,

* Althis time the same count (mlua] ahaﬁ tick count} is copied

into another location for use in lat(:r ‘culeulafing the net

0

blockage time (step 412). To indicatc thai a document bas |

just been detected, the DOCFLAG bit is also sel as] 1llua-_

teated by block 412, _

Once this mfcrmanon is recorded, the messagc ﬂag
(MSGFLAG} for the sensor is palled af step 416. If the
 MSGFLAG is_sel, thereby jndicating that a separation has

heen detected (described Iater in the flow), a computation of
the vet arrival shaft ticks is made al step 440 of FIG. 48,

40

‘When the MSGFLAG bit i3 not set, the processar alismpts

0 extract a message from the seusors message ‘queuie and
determines if 2 message is avsilable as illistrated by block
418, If there is 4 message avaflable (arrival message from a

prior task) 2 compulation of the net arrjval shaft ncks is

k1Y)

made at step 440, When no message in the message: qu.eue N

is available, » new document has been enconnerad,

Oncé a new doctment i is detected at block 418, the svs't"cm. ’

assigns a unigque document identifier (DOCIDY a1 step 420,
The DOCID is typically generated by incrementing the
DOCID from the previous document that was detected, bit

" amy suilable identifier may be used such as the time &t which _

the document vwis detecicd, The DOCID is a351gncd o vach

documént by the first wmndary master processor board 200 |
and stored in jts memary. Subsequent z2céess to the slared.
DOCID made by other secondary master prdcesSors is

normally made to that same memory on the provesser board

200, The DOCID serves 1o identify the document to sach
sensor and each surveil'lance modulc in the douument sur-
veillance ayatem ‘The pmccssor also ‘rarks the lcadmg Ldge' s

a5

&t

" ‘However, if the sensor is the first

65

" (his message to position 1t
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10
of the document by’ rcadmg lhe shafl ud{ count of the shaft
cncoder recorded :

_copying the shaft encoder tick count into the amval message
‘framic. This count represents the shaft tick count at the time

; ; ngc_icadmg cdgc ‘af the duq,ument

Refarrmg now to FIG, 4B the processor ‘next defermines
'th: station activation scnsor
il "rrated by b]ock ‘422, i the sensor of
n actws,non. sensor, 1he pmt.en,s,or records
the DOCID from siep 420 infd 4 global message frame at

. 8tep 424. The processor alsg copies info the global message

[ramg the shaft tick count recorded in step 412 as llustrated
by black 424. The global méssage frame is considered

' g,labal because it is uscd by the functional device in the

module and is not .,cnt 85 & message frame to the message
qucuc for the next ‘sensor. For example, after the OCR
station 116 creates ihé global essage frame, the OCR nses
d window based upon the
expected arrival time of that dosument. Affer the global
message is generated, the proccssor then determines whelher
the sensor is the Iast sensor in' the stalion &l decision block

426. If the sensor of interest is ant the station activation

sensor 422 (be processor dm:ctly proceeds o determine
whether the sensor is the fast sensor in-the station 4t step 426.
Whien the sensot! is the 135t sénsor n the. station and the ~
station ig not the la::l station at step 427, the processor sends
the arrival message to the message girews for the first sensor
ol the dext module as illistrated by block 428. The pmcessor
acceases the shaff tick count of the ncxt module via the
MUL‘I’[BUS “This ¢ount’ (LEADCNT) is communicated in

the arrival message to he neXt module and servés as the

mltm}. ‘shaft tick count used 10 detm'nme the proper “artival

“time hetween modules, it tha '-'.tatmn is the last station,

processing branches to step 520 of FIG. 4G. If the sensor is

_dot the Jast sensor in the Station, the processor in step 430

commumcatcs the 4 Sage fo the message quevs for
the next sensor, Dnce a document hias been delected and the’
arrival message is Gommunicated o thc appropriate task the
piocessor determines whether the new document is one that
has been saparated Om g, Pre ious document,

The processor control continues from step 428 or 430 1o
step 432 and determines’ whether the station is the first

station in the transport path (i1 . OCR station) 432, If not, a

new document Wis demctcd af[er the first station, and
therefore a separatlon hasdcettred: hs mdu:ated at block 434.
The operator is uohﬁed b' _rtulg coannuas mmterrupted
since the document s still racked’s

" (inchuding the document's 1dc::lt1ﬁcr) s commugicated fo the

next sensor 430 and the global meqsage corrcspondmg o the

sbparated docuxient was 'gene ed at'step 424, The proces-

sor then continues on to the next task by branching to block
406 as itlustrated by block 438.

A sepatation Is also deteeted and corrccted when the
document separat&s after - lhe first sensor” on the current

 station, 1f the processor defortines that the sensor of intérest R

is not the first sepsor n the. first station at step 436, 2
document separatmn is stcated By block 434.
sensor in’'the first station

lo step 436; no separano
swilches tasks to the nekt seitior ‘at sep 438.
Referrmg to Lhe condmons of steps 416 ang 418 of FIG.

tecied and the proccssor‘ o

that I.hc mcssagc ﬂa.g is wt o
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n

or that 4 message is available in the sensor’s message q’uwc
the processor next computes the net’ arnva] ‘shaft count at

step 440, The processor then checks, at step 442, to deter-

minc whether Lhe computed net arrival shaft count exieeds
(e ‘maxiomum shaft tick count expected (délesmined in'stop
404 of FIG, 4A) If the net zrrival shaft couat does nat
excoed the maximum “count expected, the processor then

determines whether thc net arrival cxnmt is less than the '
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processor then dctcrmmes whether the sensor of interest is

_ the slatign actwauqn SensOr as. ﬂlustratad by b]o::k 472 of

mrinimum shall tick couat expected (determmed in stcp 404) '

as illustrated by block 460. However; when the net arrival
shaft connt does exceed the mexitoum gount expectcd atest

is performed (bcc FIG. 4C} to detemame if a document_

disappearance fccurred,
In the first step 444 of (he Lest, the proc.essor deten'nmes

whether there {5 a trailing message in the message quene, If

thetre was a trallmg message for the document, a doctiment

disappearance is detected zs illusirated by block 446, This

resulls because the documents’s leading &nd traiting edge
was detected by the previous’ sensar yel the next sensor had
not detected the document’ W‘lth in the expecied time. "‘Once
the processor detcets ihe document disappearance, the

Iy ¢

F16G. 4D. .
However, if thc nct amval :;hafl couat is less than the
minirmm allowablc bhaft wuut this indicates that a docu-

" mient ‘separation obenrred, Consequentlv the frocessor

assigns 2 new DOCID and coples the shaft tick count
recorded in step 412 and thé new DOCID into a mew

thessagé at step 462. Affer the DOCID is assigned and the
_arrival shift count has been geperafed, the processor deter- _
" mines whether he sensor is the 1ast Sensor m the stanon as o

 illustrafed by decision black 4 o

* As in stcps 452456, i b serisor of intérest is the last’
scnsor in the station and (he station is not the last station at
step 468, the proces&or Sinds a mcssagc fo the méssafe
queue for the first sénsor ' of the next station in step 466.

"When the senisor ig not the 1ast sensor in the station, the
" pracessor transfers. the mc:;sage 1o (e message queuve for the

riext task in the statjon in step 468. Once the processor has

* sent the message o the’ appropriate message quene, the

argival message for that document is rettieved from the

message gueue 10 avoid mistaken identity with the next
document traveling along the transport path and the disap-
pearance is recorded as part of the real ime eIror, - detection

25

at siep 446, Alter the document disappearince is recorded, '

the net arrival shaft count is. cornputr;d at step 440 Tor the
next document detected by the sensor of interest.

30

When no trailing message exisis in the message queuc et

station activation sensor, the global message s gencnted as
llustrated by block 450 (as in swep 424), wherein the
processor records DOCID inta the plebal message an_d_ a.]s_() '
copies the shafi tick count from step 412 inio thé global

message. Once the informati
message, the processor determnings whathe.r rhe

{ast sensor in the station at step 452, However, if the sensor
is not the station activation sensor, the proccssor doea ot ™

record any information for thc ‘globsl message “but directly
determines whathcr the sensor is the last sensor m ih slalmn_
at step 452,

1L the sensor'is the last sensor in the station at step 452 and

the station is fiot the last station at step' 453, the processor' i
sends a message Lo the message queus for the first scrisor of |

the next station in step 454 (as in steps 426—428) When the
sensar i not the last semsor ia the station, the processor

is recorded for the global' ,
4

50

transfers the message to the meéssage queve for ‘the next task
{sepsor) in the station in step 456, Once the processor lias .

sent the message to the appropnale message queue, the

processor switches tasks as’ fliustrated by block 458 and.

continues the process from step 406 of FIG. 4A for the next
sensor 1n the module (station).

Referring 10 step 442, once the processor has dctermmcd_'
ftrat the net arrival shaft count is Jess then the maximum |

L]

processor informs thq ptimary master processor that a docu-
ment separation occurred as lhistfated by block 470. The
message flag is set indicating a document seperalion und the
processor continues the process [or the’ neXt sensor bnm,h—
ing back to step 405, o

As starad previously with rcspcct to step 460 when the
net arrival shaft count is within the aoceptable range, the
processor detcrmines whether the sehsor is the station acti-
vation sensor 1 step 472 of FIG. 4D, If the sensor is the
station activafion sénsor, the col tents of the plobal message

. are gcncrated as in previous stép 450, which includes
copying DOCID aid the arrlval shaft tick count (from step

_412) ml.u the glubal messaga as 111ustrated by hlack 474.

Age 18 ilcted the processor deter-

mines whether the scnsor 15 thc i scm,or in the stanon at

step 476. However, 1fthe sensormnot the stafion activation I

semsor at step 472, the processor pmcccds direcily to :m:p

476 to determine wht_et__hcq the sensor is tt the last scnsor in ‘the L
" slation (as in steps 464-468) o

he sensor of interest is
] nd the station is not the last
slation al step 477, the’ it 'sends a message 1o the
message queue £or the firs f the neixt station in step
478. I the station is ‘¢ last station at step 477, processinig
branches 1o step 520 of FIG 4(: When the sensor is pot the

ffe last sensor ia the stan

 last sensor in the station, the arrival message is sent to the

message queuc for the next task fo step 480. Aficr the
message has been commu; mcafad to the appropriate message
queue, the message fag Is icset and the processor continues
fo the next task by’ branchmg to block 406 as ﬂlustrated by
b]oc:k 482 :

Some steps in’ the leadmg ‘edg,
described in stéps 406—482 a‘re'completed in conjunction

with the iatling edge process as described bereafter, The

spacing of the sensurs varies! “from madule to module, bt

~ typically the spacmg bclween aensors s lcss th'm thc langrh

expected arrival shaft count, the’ ProCEssar dctermmes :

whether the net arrival shaft couot is less than the mm:mpm','__'" '
expected shaft count (détermined in siép 404) at’step 460.

When the net arrival shaft count is nol less than the 1mici-

s déieéied by “ihe ficst Semsor. Thé invenizve sirveillance

pmoess is nor. dcpcndcnt upon the. semor spacmg as the

e docurhent” process, s
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The trailing édgc process is described generally in sicps
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484498 of FIG. 4E. If the processor determines ihat the

sensor has pot detected a document at sicp 406 of FIG. 4A,
{he processor checks 1o see whether (be document detection

flag is set ag illustrated by block 484, Tf if is set, this indicatés ]
the - pmcessor proceeds d1rectly io stcp 506 and deiurn:lmes

that the sensor has previously detected the documenis bul |

since the sensor is no longer detscting & document (ns
determined at 5tep 406), the trailing edge hes: passed the

sensor. The processor then reads the shafi tick count from the.
shaft encoder and records this count in a trallmg edge lonk

up tablc in step 486. If, the documcnt flag is not yet sét, (he
“processor switches 1o its next 1dsk as indicated by block 488

Camg copwd into the globalm '
_actwn} ftmchm (1e OCR
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whether the sensor 1s the last scusor in the stat:.on

¢

hecause a leading cdge has ot yet been’ ‘detected by the

sensor. Onee the trafling shaft tick vount js recorded at step
486, the pracessor determines whether the jam flag has been
set [rom step 414 as fllustrated by block 490. 1 (ke jam flag
is set, the processor determines that the trailing edge of the
jarmed document has passed the sensor and the jam flag is
cleared as illustrated by block 492. In addition to clearivg
the jam flag, the'progessor regords the station name and the

15

_ station i% not the Tast Station

When the sensor’is not 2
pracessor sends the trail’ n'iessage o the 1 mcssagc queuc for
the nexi sensor in lhe station: as illustrated by black 508.
When the seasor is i last sensor in the ‘station and the
step 507, the procsssor sends
the trailirig mcssage tothe't mcssagc qucuc Tfor (ke first sensor
cf the nexf station’ v1a ‘the. common multi-bus bétween the
current secondary master processor and the next station’s
sccondary master processor as illatrated by block 510,

- Once the trailing message is communicated to the proper

sensor mumber and sends thig information in & messagc to -

the primary mastor processor-in siep 492. Yams are dotected
by leading edge information. Document lt.ngfh measure-

menté result from both leadmg ‘edpe” and triulmg edge"

information,

Afier the message is sent 10 the primary m_asi;:r pmcéssor,
the processor determines the length of the document at step
494 by subtraciing the shaft tick count in the arrival message
from fhe shaft'tick count in the trafling message. The

30

processor deteimines whether ths docuiment tenpth is lcss _

than the minimimm allowable dncume.nt length set by the

aperator. If the jam flag is oot set, the prom%snr determines s

whether the length of the document is less than five inches,

This length may be any suitable length a5 dstermmed bv the
operator
When the document lcngth is less then five inches, 2 falsc

document detectlon has occurred s mdmatcd by block 496. _
ntcrmltlcntly or

This may oceur if the Sensor falls an
permanently indicates in output correspondmg to 4 ‘docu-

43

ment detection when in fact no docurpent passed the %nsnr o

The procassor assumes thaf no [alse dcteohon o
determines whether the dacumcn: isa scparuted

step 498 (as determined in steps 460—470) This' assumpuon -
allows the processor 1o keep the message que*uc for the next

sensor stacked with the propér pair of arrival mcssagcs aod
trailing messages. If the document length is not less thau five

rhessage queue, the PrOCEssor, resels the DOCFLAG and

switches to jts next task a8 1Ilusrratcd by block 512 by
mrurmng o step 406 '

Tn"the évent that the sensor is, the last sensor in the last
station (module) af steps 427, 453, 465, 477 or 507, the
processing control branches 1% step 520 of FIG. 4G where
the shafl encoder tmk count 15 '_t_ o ZETD in the mcssagc
frame, The message frime is then'sént o the primary master
processor board 225 a5 LIIustrated at black 522, and the
DOCID trom that ; mcb&age whichi identifies the document,
is used to look up the zip, ccdc [or (hat documem (step 524),
During the processing of the ‘document in the iftustrated
émbodiment, the address ‘on ‘the documcnt is read by the
OCR and the 2ip cod is obrained (e.g., by reudling if off the
document or by obtammg the zip code based upon the
addiess via the cofputer 134 from ‘an address/zip code data
basc) and pul intv @ table in (he primary master processor
memory with its associated DOCID In addition, at the BCR
station, the zip code is reud agein after having been written
m bar cade onto the documcnt by thc Ink I el prmter and is

the DOL[D and the 1wo ip codes are cnmpared as ilfus-

" trated by block 526, to determine i iI_:ley are the same. If they
‘ate the same, the document is routed to the proper bin for

_"__t:har 7ip code at step’ 532, If they are nol the samé, the

inches the processor still verifies whether tbe documeﬂt was_ N

separated al step 498,

document s rejected, or 'diternatively may be rotited to the

' bin of the Zip codé of a preselécted one of the twe zip code

sables al step $28. For example, if the OCR iablé is desig-

- naled as the pricrity {ablé, thed the dociment ‘would He

When the processor determines that the document was

separaled atstep 498, the prooessor CDple‘i the new POCID”

assigned in step 462 to the trmlmg message as illustrated bv
block 500, The processor then defermings wh
sensor of interest is the stanon actival
of FIG. 4F. If a document separation was nc detected at step
498, the processor tetrieves the trail message from the
message queve 501, The processor then determines whether

35

n sexgaor at step"‘a‘lﬂ o

&0

the sensor is the station aclwanon scnsor al blep 502 of FIG .

4F.

Referring to FIG. 4F, if the sensor is the stanon acuvauon__

sensor at step 502, the global trail message is generated at
step 504. Both the DOCID and the tiail edge shaft tick count

rotied to the zip code of the OCR zip code table if the zip

“codds don’t matc‘h "The'y prcoc.ss s thcn ropeated for the next

__From the- foregomg dbscnpnon it is apparent that’ cach
sensor is used as 2 ]am dcteumn and docy ment separation
detector, The sysicm cont ues to operate and frack sepa-
rated docintents and dog flush the transport path when
4 separation oceurs, It dlhon, ihe adjustment of the
me&qage qucue provulea- [or “proper identification of the

© doCuménit 4% it travels along the 1ranSport path accnrdmg to

&5

Jam and scparauon events.”
1 ent, the process of FIGS. 3A,

‘task for each gensor. Thus, cach
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secandary ma.stcr PIOGUSSOL, 45 woll as the primary mastcr _

Processor, is operalmg ina muln—taskmg mode with muitlple
tasks runming sinrultaneonsly under a multl-taslang 0pezat~

ing system, The muln-tasklng operalmg system creatgs and’

deletes tasks, as well 43 inpirt and output for the tasks, and

teansmits, ncccwcs andt stores the data. 'T‘hzs muln-taskmg'_

operating system permits faster trackmg of documcuts snd
faster processing of data. FIGS, 5A and 5B show ed
flow chart ilhstriting the rncthodulogy and Togica
a specific embodiment of a multi-tasking operating system
to he loaded and run on the primary master processor 223
and each of the secondary mulu-proccssorq in u(.wrdance
with the invention. An mplcmcnlanon of the nperating
system kemel (m 6K of meniory) is ShOW‘l] in hexadccmal
formar in Appendix 1.

Referring to FIG. SA, rhc'bperatinrv system is starled a1 -

block 600, as shown, and blocks 602-610 jllustrate varxous'
initializing fanctions. Hardwarc relalud deﬁm

made, as 111ustratcd by block 602, inctuding definition of
memory rangé and availability, definition of adc_l_rcsscg'

related to serial and paralie] parts and definition of _f:xccptién
vectors, The existing hardware in the Multibus cage is then
scanned ang an 1D a.smgned 1o each procasmr {step 604)

followed by initialization of the Tnput/Output (10) devices

5,912,979

. mformatlon for penphcrﬂ dcwées'guéh 5§ Spical char-

ow of

15

20

25

30

including the /O serial oontmllers, the I/O pardllcl conirol- _ ’
lers aod the 1/0 timer controllcrs as ﬂlustrate.d by block 606 '

An autavector table is then 1mua11wd md mtermpt veotors

35

set in step 608 after whlch the processor oontml block is

initialized assigning /O papablhty per task and assigning’
message queues and key ID dpability per task in step 610.

Ouee initialization is complete, the processing of meltiple
tasks proceeds as illustrated by block 612 of FIG. 5B.
Multi-askiog pecformed with Round-Robin prooésa s

shown in a counterclockwise ordcr m "FIG. 5B. Task

creation, task number assignment, task swuchmg and
assignment of 2 serial link 02 tagk are performed as shown
hy blocks 614, 616, 618 and 620, respectively, and the
software and hurdware hands.hakmg for serial lmks is set in
step 622. Receiving message’ queucs between tasks (Step

624) and sending of message queues between tasks. (Step -

40

45

 of the ooulti- tasking. Speratis
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"The vperating sysle-m mav alsa _rcad and pmcess window

acter reader, the bar code reader and the Iuk Jel priater, as

" iflistrated by block 648, Qubaequentlv intermpts may he

served direcily by the opérating system for all intérrupts,
m{.ludmg the shaft cncodcr mtcrmpt serial receive/iransmit
infermupt, paral‘lcl tédeive transmit Jntcrrupts, bus mtermpt '
and time clock inferrupt, bubsuqucnlly, Prucessor exceptions

_ proccswng oceurs al step 652

The operatmg sysiem is user swikchable for tasks to
permil a task to indtiate the. switch to another task. In
addition, interrupt handling is mcorporatcd into the opcrat- '
ing system to increase task switching speed (e.g., as iflus-
trated embodiment, task to tusk ::wuuhmg can be performed
in 27 microseconds) su that when aip event causes an
interrupt, the interrupt handlmg routine at step 656 functions

_mthl:uut the proccssmg overhead nccdcd to call or scparalc

mcorpnrated as part of the opcraung systerr kernel instead
of separate mlermpt handlmg rouuncs 28Tn the prior art, As
a result, a shaft ¢neode pulse’ mtcrrupi ¢an'be handled overy
200 mieroseconds 1 _th_e ;llustratcd embodiment. The oper-
ating system also increascs spccd by € mmatmg “other
ovethead intensive funcnons such as mermory managemenl
and DMA conlml

Appendu; lisa wxademmal object code hstmg of an

aptical serisor task f program (sce FIGS. 3A-C and 4A~F) for
practice ‘of the invention in the 'itlustrated embodiment
wherein the sccondary master processor boards ars Model

'MGSKIO 3 processof haards each using 3 Motorola 65000

proccssor Appcudlx Itis a hexadec:mal object code listing

pracucc of the invention in the 1ﬂustratcd ambodlment using
the Model M680KI10-3 processor boards. These listings
contain material which is subject to capyright protection,

- The copyright owncr has no objection W the facsimile

teproduciion by anyone of.the patest document or the patent

disclosure 2s it appears in the Patenl and Trademark office

© patent fite, but otherwise reserves all copyright rights what-

S0

£28) may theri be performed after which fransformation of

parailel ceceived data to the Pe.qulrctl format is ptrformcd as
illustrated by block 63(k Next, the serial link to tha host

55

computer {e.g-, [BM PC) may be pesformed as iltgstrated by '
block 632, and the seading and recciving of message queues '

. between processor boards may be performed a5 indicated by
blocks 634 and 636. A parallel link to a tisk may be assigned
as ilustrated by block 638, and all existing tasks may be

L)

terminated and the system restartéd, as indicated by block

640. A task may also be suspended (put to “slccp’) made " |

a5

available or deleted, is ﬂlus:ratcd by blacks 642, 644 a.ud"_'_._'

646.

socver,

Allhough the- 1llustrated 'mbndlment s direct 'd_toward_

document qurveluanoe, the invention is equally suited for

surveillance of any abject havmg a beginning 2nd cnding

. pomt such as packages, [uits ete.

Spcc1ﬁu embod:mems of novcl methﬂd& and appardtus for
antamated surveillance: and sortm;, of objects bas been

.dcscribed for the purposes of 111ustratlng the manpér in

which the invention may “be used and made, Tt should be
understood that the :mplcmcntauon of other variations and
modifications of the Jnwention In its varitus aspeess will be
appatent to those. shllcd in art, and thel the invention is not
limited by ihe specific erbodimetis. described. Tt is there-
fore ¢ontemplated to coverby the present invention an} and
all modifications, variatigns, of equivalents that fall withip
tue " spirit and scopc of the’ bas1c undcrlymg prmclplcs

dlscloscd and’ :.Izumed hcrem ' o

o sysiém (scé FIGS. 5A-B) for
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What is claimed is:

1. A surveillarice medule for an ijel:l travclmg along & -

transport mechanism of a {ransport path corprising;

fiest means, operably coupled to a trackmg mezns, Jbr

sensing the object;

second means, operably coupled to the tracking medns,
for sensing the objeck;

means, operzbly coupled to (he tracking means, for rep-
resenling a position of the transport mechanmm with
raspect to a reference point;

means, operably coupled to the tracking means, for
assigning. a unigue object identifier to the object in
response to detecting of the object by at least the first
means for sensing, and for associating said identificr
with a representation from sajd means for rcprehennng
said position of said transport mechanism; and,

lrcwkmg means for tracking a given locatiaon of the object
in response to imput from the frst means for sensmg,
the second means for sensing, the medns for assigning
the unique ideptifier, 20d the means for repfesenting a

. position of the transport mechanism with respect 102

" reference point, said tracking means comprising:
means for determining a firsl reference indication <ot~

responding 10 the arrival detecled by the ﬁrsl means
for sensing;

meens for determining a second reference mdu:atmn

corresponding to the arcval detected by the sccond_

means for sensing: and,
means for comparing an expectsd arrival reference

indication with an actnal arrival referency indication,

2. The surveillance module of Clajo 1
mcans for sensing and the second means for &
comprise an optic signal emitter and an 0pt1c sagnal dctcctor

3. The surveillance module of claim 1 wherei
roeans for sensing and Lhe second means for sensi
an edge of the object.

10

15

4. The surveillance module of claim 1 wherein the means

for representing a position of the trinsport
compriscs a shaft encader.

5. The surveillance module of claim 1 wherein
means for sensing is pasitiatied asd next aubsequ
glong the transpott path. o

84

a plurality of objoct tracking modules with each tracking
moduly comprising:

fiest means, operably cuuplecl 1o a tracking means, for

" sepsing the object;
second means, operably ooupled o a tracking means,

for serising the abject;

means, operably coupled to the wacking means, for
representing a posltion of the tranéport mechanism

. with respect to a given refereace point;

' means, operably coupled to the teacking means, for
" usgigning a unique‘ahject identifier to the object in
response 1o delection of the object by at least the first
means for sensing, 2 and for associating said identifier
with a represcntahon from said means for represent-
ing said position of said transport mechanism;

tracking means for wacking 2 given location of the

Ob_]t-cl in responst to input from the fiest means for

scnsing, the second means for sensing, the means for

assigning the unigue dentifier, and the means for

representing a position of the transport mechunism

with respect to a gwen reference point, said tracking

means comyirising:

means for delermining 2 fiest reference indication

“corresponding 1o the arrival’ dctcctcd by the fizst
meins for scnsing;

means for determining a second reference indication
cofresponding to the arrival detected by the sze-
ond means for sensing; and,

means for comparing an expected arrival reference
Tudication, with an actual arrival refereoce indica-
tion; )

" system tracking means for communica.ting with each

tracking means for’ tmc:kmg the given locauon of the

" object.

9. The surveillance system of claim 8 wherein the first
means for sensing and the second means for seosing each
cortpris an optic signal emitier and an optic signal detcctor,
" 10. The surveillance system of claim 8 wherein the flest

" ‘means for sensing and the second means for sensing sense

§. The surveillance module of cla.:m 1 w!:_lerem the track—_

ing means comprises 4 MICIOPIGCESEON.
7. The surveillance module of t,lalm 1 whesram the tragk-
mg means compn:,eb

4

means for delecting an arrival of an nh]ect using the firsl '

means for sensing;
means for assigning the unique object identifier to the

nhject in respanse to detecting the arrival of the object; -

an edge of the object,

11. The surveillance system of claim 8 wherein the mesns

“for representing a position of the transport mcchamsm

comprises a shaft éncoder.
12. The surveillanes system of claim 8 wherein the second
meens far sensing is positioned as a nexl subsequent sensor

“along the transport path.

13. The surveillance $ystem of claim 8 wherein rhc

- tracking means cOMPprises 4 MICIOProCessor.,

means for commuaicating the object identifier and the
(irst reference indication to a message Quene associated

with the second means for sensing,;

means for detecting the ardval of the abjest usmg the
second means for sensing; -

means for retrieving from the mossage queus the unique
object identificr and the first reference mdlcauon,

55

means for computing 2 net difference be'rwc::n the first

reference indication and the second reference indica- 4

o,
" means for comparing (ke get difference 10 2 predeter-
mined expected atrival lime; and
means for determining an object stalus in responv.e tor the
value of the net difference. -

along a transport mcchamsm of a transpert path compnsmg

€ .
2. An object surveillance system for an objeét travclhug o

14. The sirveillance system of claimr 8 wherein the
tracking means comprises: '
means for detecting ap arrival of an object vsing the first
means for sensing; '
means for assigning the voique object 1dent1ﬁer 1o the
object in response to _dctcctmg the arrival of the object;
means for commupicating the objeét identificr and the
first reference indication {0 a message queue associated
with the second means for sensing;
means ‘for detecting the arrival of the object us,mg the
seoond means for sensing _
mians for retrieving [rom the message queve the unique
object identifier and’the first relerence indication;
“meansy for computing a net difference between (he [irst
retérence indication”and the setond reference indica-
ton: T T O R
" meany for comparing the fet diffcrence to a prédeter-
" mincd expecled arrival fime; and
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means for determining an-objeet status in response to the

value of the nét diffsrence.

15. The surveillance system of claim 8 wherein the systen
tracking means communicates with each modu{e Aracking
means over a common bus. |

16. The surveillance system of claim 8 wherein the syslem

tracking means communicates with the tracking means onan

independent multi-tasking basis.
17. A document surveillance system for tracking a doeu
ment traveling along a transporl path im a document sonmg
system comprising:
a plurality of sensors, positioned in sequence along the
trapsport path, for detecting an edge of the document;

optical character readmg mechamsm, positioned alung Lthe
transport paih, [or readmg character‘: Im:ated en the
dociument,

means, aperably coupled to the plumlity of sensors, for

detormining document status of the document as it

travels along the transport palh wherein the means for
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count gencrated by a shaft’ encoder whlch represents a

" ctirrent transport mechanism position.’

10

15

20

dclcrmining document status further comprises means

for passing edge detection ioformation between the
plurality of sensors, said edpe dctccnon mformauou
compnsmg a umque document identifier and 2 repre-
semtation of a position of a transporl meuhunu.m asso-
ciatcd with said transport path; and

4 document fabeling mechanism for labeling the docu-

5

ment in response 1o outpul from the optical character

reader.

18. A method of surveillznce for an object travelling zlong -

a tranaporl mechanism uf a transport path comprlsmg the
steps of:
dctccimg an arrival of an obJect us.mg a first means for
sepsing,;
detérmining a first reference indication o_orre_spi:indmg 1o
the arival detected by the first means for sensing, said

first refcrence indiculion being representative of' a first

position of said transport mechanizm;
assigning a unique object identifier to’ the object in
response to detecting the arrival of the object;

kKR

40

communicating the object identificr and the first reference

indication to a message quene associated with a scoond

mesans for sensingy,

detecting the arrival of Lhe whject using the second means
for sensing;

determining a second reference indicaiion correspoﬂdhzg
i3 the arrival defected by the second means for scnsing,
said second reference indication being representative of
a second position of said transport mechanism;

retrigving froin the message queue the unique object
identifier and the first reference indication;

computing a net difference belween the first reference

indication and the second reference mdxcat‘ n;

comparing the net difference to a prcdctcrmmed' éﬁcpected__

arrivel Ume; and
delermining an object status in reqponsc tothe valuc ofthe
net difference,
19, The method of claim 18 whcrcln dctcrmmmg a fizst
reference indication lurlbier comprises reading’ aﬂ output

45

50

55

" 20, The method of ¢laim 18 wherein communicating a
mnessage lo a message queus assocmte-d with the second
means for sensing comprises stormg "the nessage’ in” a
regmter location acccssiblc by a mcroproccssor asa ﬁrst-m
first-out register. T
21, A method of surveillance for an nhiect teaveling along
a transport path comprising the steps of:
detecting a leadmg edge of an objcct using a first mcans
for sensing;
determining a first reference indication corresponding to
the time in which the lsading edge was defected;
. assigning a umigue object identifier to the object in
response to detecting the leading edge of the ohject;
communicating 4n arrival message, whnse content
includes the nnique object identifier and the first ref-
erence indication o a fressape quene assocmed with 2
next subsequent means for sensing;

" detecting a trailing edge of the object by thc first means
for sensing;
determiming a second relerence indication corresponding
to the time at which the trailing edge was detected by
the first means for sensing; :

determining a net object. ‘blockage | time in response ta the
“first’ reference’ 1nd1cannn and the s.ecnnd reference
indication;
‘geperating an object jam signal when the ner object
" blackage time is substantially different than a desig-
nated blockage lolerance,
communicating a trail méssage, whose cantext includes
the abject ideniifier and the second reference indication
ta the message quene;
' detecting the leading cdge of the objeet using tho next
subsequent medns for sensing;
recordmg a thivd reference indication corresponding to the
lime in which the next subsequent means for sensing
deteeted the leading cdgc of the objeet;
rctne’ﬂng from the message queue the ardval message;
" comparing the first reference indication to the third cef-
erence indication resulting 'in a nct arrival indicaior;
generating a new document ideéntifier when the net azrival
indicator is less than a predetcrmmod range;
generating a new arrival message whose contents include
lhe new object identifier ‘and the third reference Indi-
cation; and
adjusling the message queug in TESPONSE to the net arnval
indicator.
22. The method of claim 21 wherein adjusting the mes-
sage queuc further comprlseb
rearranging the order of the arrival mess.age and the trail
message in the message ‘gicuc 1o maintain the arrival
.message in the message quene for use on a next object
traveling aleng the transporl palk.

S
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METHOD ARD APPARATUS FOR ORJECT.

SURVEILLANCE ALONG A TRANSPORT *~ " “when i« _
’ ST rdent o the system such as when two documents are too

PATH

This a contiauation of application Ser. No. 08/062,033
filed May 17, 1993 now U.S. Pat. No. 5,912,979; which is

5

' called document shingling., Dociiment shingling ocevrs

when two ‘or moie docurments appear 1o be a single docu-

close together or are stuck together Delayed document
separation aceurs when iwo documents that have heen fed

| ‘together, separate later along the transport path Document

a continuation of Ser No. 07/608, 641 filed Nov 2 1990 o

now ahandoned.

FIELD OF INVENTION
This invention generally pertains 1o apparatus and meth-

ods for soning objects and more particularly 1o tomputer-

ized apparatus and methods for high speed dacument sit-

veillance and sorting with multi-task tracking of documents

BACKGROUND OF THE INVENTION

15

Mail sorting machines provide postal patrons that handle

high volumes of mail with the abilily 1o take advantage of
the United Statcs Postal Service’s mduced postal rates. The
Uniled States Postal Service defines its postal class struchire

in a manncr that generally provides lower raies based upon

certuin criteria such as the length (five digits versus nine
digits) and manner (bar-coded or not) by which the zip code
information is pmwdcd and also the number of mail picces
. that are incleded in a given package (a certain wimber of

mail pieces, such as ter or more). Thus, a postal patron can -

achieve a considerable pastage savings for bulk mailing by

“disappearance”™ oceurs when g document exits the sorting

“systeri prematirely or gels “trapped” in a section of the

wansport path where it cannnt be detected.

Cument sorting systems label mail picces based upon a
mail piece’s assumed position in 2 quene, This type of
sorting systemn détects when a first decument enters the
transport path and assumes that the first document to enter
is the first dacument to leave the tramsport path. Such a
system typically mistabels aod missorts dacuments when a
document inadwertently leaves lhe transport path. An
cxample of this neenrs when a dacument hgs been detected

* 48 pircpierly entering the {ransport path and has its ZIP cade

25

properly read hy the optical characler reader. When this

document is extracled by ab operator or atherwise removed
from (e.g., flies off or drops off of the transport path) the
wransport path before reaching the bar ¢odc printer, the

" gystem gutomarieally marks the next document with the ZIP

code information designated for the missing document
assoming that the next document ap line was the proper

" document, No real time automatic douumenl :.urvm]lance

qualifying for less expensive pre-sorted and bar-coded ratés.

Sorting machines may also be uscd fo sort incoming, mail

that bas already been processcd by the United btatcs Postal

Service.

Such autornated mall sorting machincs mclude Bell &

Howell Company models T1000, 3800 and 3600 Mail Pro-

cessing Systems and are provided by the Phillipsburg Divi-

sion of Bell & Howell Company. These automated sorting
machines write or optically read characters, and/nr bar code

Tabels and sort mail into varjous bins based upon detected

ZIP code informaltion. _ _
Typically a mail sorting machine receives multiple mail

Meces in an input hopper whereafter the mail picces are
transported to an extraction device thch orientates each___
mail pfece and feeds it to the ransport path. Such & sy:stem

is described in U.S. Patent Application of Paul £ Kostyniuk,
assigned to instant assignee, entitled “Mail Somng Appara-
tus and Methad,” filed Oct. 16, 1990, and is hereby incor-
porated by reference. The transport path gcn-erally provides
for single file flow of the docwments past the varicus stations
of the sorliog machine. Once a mai} piece enters the trafis-

port path, a character reader reeds the address and/or ZIP

code written on the mail picce. A computsr” dctermmes
whether the ZIP cade is a valid ZTP code and communicates

systertt eXsts to prevent his type of error.

Known sysiers also fail not only to detect many of these
pmbl&me but they also fail to adequately correct many of

_these problems. For example, current systems that arc able

lo detect a sbingling event, fush (he entire serting system
inziead of minimizing its effects. This results in additional
resorting of propetly 'sorled documents. The shingbing event

" is typically detected by shingling sensors at the bcﬂmnmg

and end of the iransport path,

Other systems fail ta differentiate ane type of error from
another. An example is.a documient "dﬂsppea.rancc cvent

“wherein the system considers this cvenl as 2 shingling event,

Syaten errors gre nol properly identified thereby limiting the
ability to providé corrective medsurés, Thus, it is desirable
to properly detect and cotrect disappearance crrors and olhér

“éfrofd without requiring a ﬂushmg of the ‘trapsport path ot

45"

other area of the sorting system. -

There exists 2 need for 2 high speed inteftigent automatic
document sorting system that effectuates aceurate (real lime)
document surveillance and provides ermr correction tech-
niques 1o overcoms the above mientioned problems. Such a

“systert preforably should not requiré flushing the catire

sorting system for all detected crrors, but should comrect

“errors o improve document thronghput. The sysiem should

_also. acoommodate fast transport path speeds mthout wb-

the ZIP code digits to a bar code labél printer. The [abel -

ptinier prints the bar-code 1abel at the propes location on the
mail piece. As the mail piece proceeds along the transpest
path, a1 bar code reader verifics whetber a legitimate ZIP

code label is printed und whether that ZIP code is attached

(o the proper mail picce.

In mail sorling systems such as these, accurate surveil-
lunce and alignment of documents is critical. Various prob-
lems arise along the transporl path when an inadequate
document tracking system is in place. These problems,
which are aggravated as the speed of the system is incréased,
include dodurment jamming, dcla.yed dm:umcnt separmon,
-and docurment “dmappearanoc )

Document jamrming occuts when a 1 document gels caught
along the iransport path. Ooe lype of document jamming Is

65

slanlwlly increatin -4 ‘indétected sorling errows.

SUMMARY OF INVENTION

These needs and others are substantially met through the
method and apparatus for mtcllxgcnt docyment sorting dis-
closed herein. The invention eomprises a real time muii-
lasking sorveillance module Including a plurality of edge
detecting scpsors wherein a dociment is continuously
tracked aloitg 2 'transport path by ¢ '1551gnmg a unique docu-
ment identifier to each document 2nd employing o unique
MESS2LC tram,fenmg s.uhcrne between consceutive sensors

‘in the module, The mcssege” ‘iransferring scherns includes

transferring the document idenfificr in the message to the
next sensor. These messages also include shaft tick counts
retrieved from the transport palh belt shafi encoder. The
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counts are recorded at the leading and trmllﬂg edges of the

document and sef o the messape queuc for the ncxt'

consecutive sensor.

An expected net leading edge arttval count is obmpa:;éd o
the dctual net arrival shaf tick count for the same dncutnent

as Identified by the umquc. docurent identifier. If the adtual

4

.124 a convcyﬂnsorhng station 127, and multlple sensars

- 126 associated ‘with éach station,

arrival time (i.c., iu shall encoder ticks} exceeds the

expected arrival time, the modulc detects a document dis-
appearance and the message quéue for the sensor is adjusicd;
i the actual arrival tjime is {css lban the expedted atrival

time, a document separation is detected and a new document
1dennﬁer is assigned to the document for contimued tracklng

capability. The message quene is adjusted to mamlam the
proper message associated with the next decument, ’

Multiple suiveillance modules are utilized as compouents

of a larger complete surveillance system. Fach module tag
2 masler processor that apérates independently of any other

10

A plnralny of hopper flogr bulib 128 d.Ild hopper allg‘urs .

130 (oot shown) transport documents on ‘edpe toward the

document picker 108, The documents are oriented with the

namé and address pressed against the picker 108. The picker
{» vacuum Lype) 188 assures proper edge arientation and

places the document onto the tragsport path 114, The docu-
menls trave] as high speed {e.g., 165n./séc. in the Hlustrated
embodiment) on edge down lhe ransport path ‘with their

. mame and address information Jaging the OCR window 117

" and continue past ihe QTR statiai 116, the delay station 118,

the Ink Jet printer station 120 including an INK DRY station,

" and the BCR Station 124

The document processing w.v,tcm “also inchudes an opcrd~ o

.. tor console 132 and data processing system 134. The data
_processing system mcludes a control processing unit 1L,

madule processor, Eack sepsor in a madule is handled 253

separate task by the modulé’s processor. Each sensor is used

to deteet document séparations, document disappearsncks
aod document jams. Multiple surveillance modules are

-

monitored by a primary master processor that intcrfaces with

the data processing wnit of Ibe sorting systent through a
Multibus backpline. .

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention which are baheved
to be novel are set forlh below with particularity in the
appended claims. Thé invention, together ‘with further
objects and advantages thereof, may he understood by
reference to the to!lowmg description taken in conjunction

. with the accompanyiong drawings.

FIG,  is a diagrammatic top view of an intelligent somng

apparatus in zccordance with the invention.

FIG. 2 is a detailed functional block dtégram of iha_.

intelligent sorting appard.lua n aocordance with the inven-
liom.

FIGS. 3A and 3B arc flow charts generaily i]lustrating the
document surveillance process in accordance with the fnven-
tion for each surveillance module,

TG, 3C is & diagram of the format of 2 mussagc frame.

FIGS. 4A~4G show a more delailed flow chart depicting
the document surveillance ptocess of a sensor as generally
illustrated in the process of FIGS. 3A and 3B.

FIGS. SA and 5B are detailed flow charts 111ustratmg the
methodology and logical flow of a specific cmbodiment of

“such as an IBM personal computer or the lke, and an

interface system for interfacing with the dDCllmBﬂt survedl-
lagee systern 132, :

‘The bin sorting stage 14 compnsas sortlng apparatig |
which i well known in the art irfcluding & central transport
asscmbly 136 which direcis dozuments along a sorting path
that is callinear with the transport path 114 of the documeni
processing system 102, A document is' déBected into the

- - proper hin 140 by diverter gatés, 138 based upon its coded
" ZiP code. The sorting bin stagé 104 includes a plurality of

3n

Y

a multi-tasking opcratmt. system in accordance w1th the .

inveotion.

DETAILED DESCRIPTION OF THE
-INVENTION

FIG. 1 generally depicts an inteligent document sorting
system 100 acoording to the invendon. The inielligent
dacument sorting system 100 includes a document process-
ing system 102 and a bin sorting stage 104 into whlch
documents arc yltimately sorted.

The document processing system 102 tncludes an mpul
hopper 106; a document picker 108; a centeal processing

50

unillustrated transport belis and may include any nimber of

" bins dcpeudmg upon the given application, The sorting bin

stage 104 is coupled to tha dnmiment sunfmilanoe s.vstem
112,

" The dvcumment stir\_aeill_a_m_:_c_system 12 ope'rates as a real
time multi-tasking fault detection, ercor correction system.

The ficst task involves the OCR station 116, Each non-
secondary station (OCR INK JET, and BCR stations) is

similar in that it jncludes a primary function such as reading
ZIP codcs, printing bar vodes, or reading bar ¢ode labels, and
in that each is an inteligent documen} surveillance module,
The plurality of intelligent document surveillance modules
are also inteprated by a primary masler processor inte one

- larger intelligent document sorting system. For exdample, one
. intelligent surveillance module, the OCR station, inchudes an

OCR 142, a shaft encoder 144, and a plurality of scnsors 146
wherein ¢ach sensor is bandled as a gepardte task by the

‘surveillance module. These ‘comptnents are operably
voupled Lo the OCR secmdarv master procéssar aot shown

in FIG. 1 (shown in FIG. 2).
.. The OCR 142 may be of the type MRS 40 manulacivred
and mrketed by the Postal Logic Division of Bell & Howell

. in Dallas, Tex, The shall encoder 144 is a conventional

incremental eqcoder that produces a given number of shaf}
ticks (digital pulses) for a predetermined unit of instanta-
neans angular position of an encoder disc. The cncoder dise

5 is coupled to the rotating shaft of ‘the trangporf path helt’

drive. Incrémental encoders of (his lype generally require a
countiog system which couats the pulses penerated by the
encodér. The counts ‘arc addéd or sublracled from a given

* reforence point. Although the preferred cmbndment utilizes

&0

computer 119; and a transport path 114 such as are known

in the art, along which documents teavel on edge toward the

bio sorting stage 104, Along the transport path are various -

processing stalions afso included in a milti-tasking docu-
ment surveillance systcm 112, including an optical character

recoguilion (OCR) station 116; a secondary delay station

118; an Ink Jot prinler station 120; a bar-code reader station

a belt driver sysier as the transpirt path, any other suitable

_transport mechanism may be uscd.

" Such encoders provide an accurate shaft position used to

“measure the distagee lraveled by a given document alang a

section of the ‘transport path, This'accurate document posi-
tioning: mechanism allows the OCR and other stations to

accurately read apd latet print bar coded ZIP code informa-

tien onto the _dmm_mctl_t The _mql_uplt; station system uses a
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scparatc bell sel for each station. Cemsequently, multiple
shaft encoders are used fo provide acciitate distance infor-

mation for cach station, The digital shaft encoder 144 may,” -

for example, be of the type sold by BEI Mation. Systems'
Company, Model-M13, or Sumtak Electronic Tnstruments, ©

Model-LEC, ot any other suitable shaft encodcr, The shaft
encoder 144 and the plurality of sensors 146 provuie inputs

for the sécondary master processor dedicated 1o the corter”

sponding survcillance module.
The plurality of scnsors 146 are of the optical sensor type

and include an optical enerpy emitter 148 and an oplical
energy detector 150, There are at least four sensors within

the OCR station 116. These include a first documn: det
tion sensor 154; » second document date
third document delection sensol 158; und a fourth detccucm_
sensor 160, These sensars niay, for example, be of the type
manufactured by Honeywell, Inc., Mierdswitch Division, in
Richardson, Tex., Madel Number SE 5455-3 for ‘an erpitter

and model ‘sumber’ SD 5443-3 for the photadetectors. As

appreciated by those of ordinary skill in the arl, otbeér
suitablc scnsors other than the optical type may be used, for -

example, weight detection Sensors, or sensars operating at
nor-optical frequencies within the eleciromagiictic fre-

20

quency spectrurn, The spacing of sensors may vary alcmg the -

transport path and may be adjusted depending wpon the
given apphcauon The systeds opérator may modify stored
sensor spacing datz to accommodajc chung::s I sensor
spacing. For example, the sensors 154, 156, 158 and 166 in
the OCR statfon 116 vary in spacing from four inches to
twelve inches. '

FIG. 2 is a detailed block diagram of the sysiem 102

25

an

which gencrally depicts interconnections to facilitate the real
time multi-tasking functions hetween the various modules

within the document processing system 102. The multi-
tasking system includes ah QCR secondary mastér proeessor
board 200 coupled 1o the QCR station 116, a delay station
secondary master processor board 205 operably coupled to
the decument delay station 118, an INK JET secondary
master Processor board 210 to the INK JET siation 120, ahd

a BCR secondary master processor board 215 operably '
coupled to the BCR stativn 124. Each of the processar
boards 200, 205, 218, 215 mcludcs a sacrmdary waster
microprocessor aod shares 3 common bi-directional MUL- "
TIBUS 220 (c.z., in the illustrated cmbodlmenl (he indusiry

stapdard INTEL MLETIBUS) with a primary mastcr pro-
cessar board 225, These sccondary master processors gen-
erally communicate on a multi-bus paralicl priority basis
with a primary mastcr processor on board the primary
master boerd 223. The primary master processar does not

assign tasks to the secondary master processors. The &ee- 50

ondary masler processors contimiously perform their par-
ticular tasks independent from the tasks performed by the
primary master processor. The primary masler processor
board 225 is also cowpled with the data processing systerm
134, the operator comsole 132, and the comveyor sorter
station 127. In the illustrated cmbodiment, each of the

6

_These 1/Q porls are used (o ccmple 0 opticgl sensors, and
other devices as _shown in FIG. 2. The primary master
" processor bourd 225 is muplcd via the parallel ports to the

personal corputer 134, the operator panel 132 and the sorter’

127 and communicates wﬁh these. devices in a manner

snbc;tannal as descr]bcd in thc 1ncorporatcd co-pendiog
patent application to P.F. Knﬁlynmk

Each secondary master processing board 200, 203, 210,
215 performs real time document detection survelllanoe
based upon reccived inputs from ils comesponding seasors
and shaft encoder. A mictoprocessor on each processor
board performs Lhe processing on this input data.
+ The primary master processor board 2285, utilizing its an
board microprocessor, supports the muln-laa-.kmg environ-
ment. Generally, this mmlri-tasking processing controls
documenls Lhat are leaving one intelligent surveillance mod-
ule and entering another. Cach processing station, bcmg
monilored by its associated secondary master processing
board, is controlled by a separate iask of th¢ master pro-
cessmg board 225, The master procc%snr board 225 com-
mueicates with the data processing sysiem 134 to assign the
proper ZIP code number to the propet document.

FIGS. 3A, B, and € show a method in accordance withthe
invention, for using the plurality of optic sensors 146, willr

reference to the OCR station 116, to detect jamming errors,
documgnt scparation crrors, and document “d;sappearanoa
errors,” 1a real time, This unigne surteillance method incor-

porates, & document identifier and message queve techiique
Antegrated with the plurality of sensors to rack docunients

through the OCR station. This riethod is used by each of the
surveillance modules 116, 118, 120 124 in the document
survelllance systém.

The fiest scnsor 154 on the OCR station 116 defects the

leading edge of a document and as ‘illastrated at biock 300
the secondary master OCR processor 200 records the current
shaft tick count from the OCR station shaft cucoder 144
which is'a reference indication for the detected edge of the
documént, This information” (LEADCNTI) becomes one

‘commpoient of a message fraime 311 (sée FIG. 3B). The
- document receives 2n identification nuinber (NOCID) which
" upiquely identifies the document o the system as iltustrated

“-by block 308. This information is alsb a component of the
- meéssage framc 311, An arrival message frame is a message

fram conluiniogy, the shaft tick count. corresponding to the
detection of the 1cad1ng cdge of a document (EDGECNT),
such as LEADCNTI. The arrival message is thern commu-
nicated to a méssage queus for the second sensor (next
sensor along the transport path) as shown at block 310,
Reference to FIG, 3B, the arival messige frame 31t
includeés seart iéxt (STX) bits 309, docnment identification |
‘bits (DOCID) 312, edge shalt tick count EDGECNT 313,
envelope edge type (leading edge versus Irailing édge) 314,

~and end text (ETX) hits 315, This frame is stored in a

processor boards 223, 200, 208,310, 215 ‘may be, for -

example, a Madel MGERK10.5 processor board marketed fy
SBE, Ine., located in Concord, Calf. These boards employ
a Mnsorola series 68000 microprodessor, and each includes
two standard serial and two standard parallel poits and

OCR secrmdary mastet’ prccc

message queue for the next semsor which is accessible by the

Theé Sersor connnuas to be blocksd by the document intil

" the traﬂmg ‘edge passes 1he sensor The OCR processor

utilize the industry standard MULTIBUS. In the illusiraied

embodiment, the primary master "processor. hoard 225

includes a piggy-backed /O Board which provides’ theeé
extra conventional pargllel ports, and each of the secondary
master pracessor boards 200, 205, 210, 215 includes fwo
piggy-backed [O boards providing six extra parallt.l puﬂs

contimies to scan the sensor 154 during” this bloc.kage
inteeval, as {llustrated by block 318, and a check 320 is
performed to defermine if the blockage time (in shaft
encoder ficks) exceeds an allowable blockagt time as set by

" the operator. If (he sensor detects the same docurtient for too

Joog, 2 jam (ie., ob_]cct status) is detected 4 bhOW‘n at step )
322. The opeiator is. aotified and

smppcd as illustrated in block 323. The path is cleared of the

"'jam dnd the process cominues at block 300,
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When 0o jam is deteeted and the document proceeds
down the transport path, the fitst semsor 154 delects the
trailing cdge of the document, and tecnrds the Trailing edpe
shaft tick coun! in 2 frailing message frame step 324, The'
format of the arrival message frame and the trafling messape 5
frame generated a¢ step 324 are identizal. The content is
different in that the trailing edge shaft tick count is nsed as’
{he edge shaft tick count 313. At block 326, the leadiag edge
shaft tick count is subtracied from the trailing edge shaft tick
count to obtain the dom:ment lcngth snd the docwiment |
length is cornpawd to & stored minimam expected length, I
the length is less than expecied 326, a false detection is
determined (step 328) indicating a possible malfunction of
the sensor. Once the false detection’ is determined or if the
document length is greater than the minfmum Iunglh ‘the
trailing messige framc is senl lo the message quene | for the
second sensor s [Hustrated by block 330,

As the document continues along the transport patll the
second OCR sensor 156 delects the leading edge of the”
document, and records this leading edge shaft tick count
(LEADCN12) from thé OCR shaft encoder 144 as indicated
a1 block 338, The OCR ‘secondary master processor 200
step 338 (sce FIG, 3B) checks if a messape is available in the
second sensor’s message queue indicating that the document
was detected by the first sensor, If no _mcséag'c exists, a
document separation (i.e., object stitis) is detected, as
shown at block 340, since the sccond sensor 156 dctectcd A
leading edge that was not detected by the first sensor 154, A,
DOCID is assigned to this separated docurment s ﬂlustrared_
by black 342 enubling the system to now track the documien(
as though it éntered the transport puth properly and no
flushing of the trapsport path is necessary. Proper tracking is
facilitated by adjusting the message quens (rearranging
messages In the message quene—lo be discussed with
reference to FIG. 4} us shown in hlack 343. Oncc the ;
message quene for the second sensor is adjusted, the arrival
message [or the new document is sent {o the message queue
per the task of block 310 as indicated ig block 348. _

If a message exists at step 338, the OCR processor 200
retrieves the arrival frame from the message qucuc for the 4
second sensor 136 and a nel. arrival shaft count is computed
using LEADCNTI and LEADCNT? for the documesi as -
shown at block 344, The OCR processor 200 compares the
computed net shaft tick count with an expected arrival shaft
tick count at step 350. If it is determined that the not arrival

- shaft tick count exceeds the expecied arrival count, d docu-
ment disappearance (i.e., Object status) is detected as ilius-
trated at hlack 352, Once the processoc detects the document
disappearance, it removes from the queue the arival mes- -
sage associated with lhe missing document as shown at
block 353 so that the queue accurately reflects the messages’
associated with the next document on the transport palh. The |
system Is not shut down and the transport path is not flushed
simee the adjustment compensates for the missing document
and the system comtinues to block 354, The expecied shaft
tick count is caleulated based on the lranspcrt path speed,
belt slippage tolerances and any othar variables affecting the
rate at which the document travels between seosors. Docu-
ment arrival lime is dcpendem ugon thic shaft tick ccunt o
measired hy the prc'nous SENS0T. g0

If the net arrival shait tick count is suhstanually equal to
lhe expected arrival shaft tick count, no dlS:!.ppBal'anoe
occumred. The recorded LEADCNT2 is seat via the amival

30

a1
Lh

45

58

message Frame to the messags quetie Tor the Thitd sensor'as

Cillustraled by block 354. The process is (ben- repeated a5

starting as step 318 for the third and fourth sensors in the aw

QCR station; the fourth semsor bas its messages commum-

_survclllanw module arg u

8

~ cated to the message quené for the first sensor of the next

survuilance module Chers the secondary delay statfon 118).
A5 with the first sensor at step 320, all sensors in the
0 detect document jamming,

. The second sensor also Serves as
sensor for the OCR station. The

tatioi 2otivation sensor is
mIormatmn for the pnmary ﬁmctmn of the station (ie. the
OCR fimction) that the document should arrive shortly. The
OCR activates its set up procedures and prepares Lo read the
approaching document. Eacl sensor to the OCR station 18
considered as a separate task handl:_d by the OCR seoondary
mester provessor 200. '
© FIGS. 4A-G illustrate the pmocssmg method employed
by a station’s secondary master processar for a single sensor
of intexest {pair of photnoeils) uscd in that processor’s
surveillance module. This process is, generalfy, the task

‘performed for cach scasor of cach of thc stuiions 200, 205,
210 and 215 As shown in FIG. 4A, after starting, the

proccssor first determines whether it #s assigned to the first
station in the transport path (lhc Opcrator!OCR station) s

illustrated by block 400. If it is not assigned to the first
station, the Drocessor, in step 401, determines whether the

- sensor of interest Is the first sensor in the station. If jtis the
first sensor, the processor relrieves [rom a Took tp able, the

puth gap ds_smn_o_a represented in encoder shaft tick counts,
between the previous siation and the current station (step

"402). The path gap distance is the distance between the last
- sensor from a previous module and the first sensor of the

next module assuming that the transport path belts for each
modulc-are separale.

© After the post gap distance is rélrieved, the processor
compules the expected range of shaft ticks that indicate

‘propét arrival of the documient [rom ihe provions sensor as

fllustrated by block 404, Slmﬂarly. if the processor is
assigned to (he first slation, the processor then computes the
expected range of shaft ticks thal indicale proper arrival of

" the document from the pre¥ious seakor. These computations

include determining: the cxact number of shaft tick counts
that are expected, the minimum number of allowable shaft
ek counts, and the maximum pumber of allowable shaft
tick crmits. Tf the sensor is not the fifst sensor al block 401,

the processor alsy computes the expected range of shaft ticks

“as fllustrated by block 404,

Nexl, the processor checks 1o see if 2 document has been

- detected at step 406, When a document is detected, the

Jocumest flag bit (DOCFLAG) i ‘polled 16 detcrmine
whether it has already been set as Hivstrated hy hlock 408.
I DOCFLAG is set, indic4ting that the sensor is blocked, the
PIOCessOI compuics at step 410 wheiher e blockage time
(in shaft encoder tasks) of the document exceeds the allow-

“able blockage time determined in step 404. If she blockage

‘time is noi greater hsn the alldwable Blockape ime, the
processor swilches 1o a niew task (i.e. the next sénsor) at step
411 and begins the same process for the next sensor starting’
at step 406.

When the blockagc time exceeds the allowable blULkd.gl:
nme, 3'jam s detected as illustrated by block 414, Once a

‘jam is detected, the processor board nume and sensor

number s rewrdcd and sént to the data proceasmg unit via
the' primary masier processor 325, The processor sets the
Jam defection flag and switches o the ‘next task (i.e. sensor).

T the WOCFLAG bit §s tiot %t (Le. 2 leading ¢dge has
heen detected), the pmcesaor réfads the shaft encoder tick
unt in a look up luble at step 412

f(mmal shaft tlck coum) is copicd
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jnto another locatiop for nse in later caleulating the net

blockage time (step 412). To Indicite that a document has

10

processor determines whether the new documcnt is one that

. has been separated. from a Previcus document.

just been detecled, the DOCFLAG bit is also set as “illus-

tratcd by block 412,

Once this information is recorded, the message flag
(MSGFLAG) fur the semsor is polled at step 416, If the
MSGFLAG is scl, thereby indicating that a separatmn has
been detected (déseribed lnter in the flow), 2 computation of
the net arrival shaft ticks is mady al step 440 of FIG. 4R
When the MSGFLAG bit is not set, the processor attempts
to extract a message from (he sensors message quene and

determines if a message is available as illustrated by block

418, If there is a message available (arrival messape from a-
prior task) a computation of the net arrival shaft ticks is
mads al slep 440 When nd messaie in the message quent 4

is available, 2 ncw document has beea éncovntéred.

Once a new document is detected at block 418, the sv'stcm. -

ASSIgNS A umque document identifier (DOC’ID& ut step 420.

* document separates after the first sénsor on the curkent

The DOCID is typreally generated by incrernenting the

DOCID from the previons document that was detected, bt
any suitable identifier may be nsed such as the time at which

the document was detccted. The DOCID 1s assigned to each .
document by the first secondary master processor bonrd 200

and stored in its memory, Subseguent aceess to the stored
DOCID made by other sccondary master processors is
normally made to that same wemory on the processor boatd
200. The DOCID serves to identify the docament to’ each
scnsor and euch surveillange module in the decument sur<
veillance system. The proccssor also marks the Ieading edpe
of lhe duvusent by reading the shall fick count of (he shall

encoder recorded in the look-ap table at step 412 and

copying the shaft encoder tick count into the urrival message

frame. This count Tepréserits the shaft tick count at the time

the sensor detected the leading cdge of the document.
Reforring now to FIG. 4B, the processer next determines

The processor confrol coutinues from step 428 or 430 10
step 432 and determines whéther the ‘station is the first
station ia the transpart path (ie. OCR station) 432. If nat, &
new document was detected after ibe firsl siution, and
therciore a separation has oecurred as indicated at block 434.

“Fhe operator is notified but serting continues uninterrupted

since the document is still tracked and the arrival message
(mcludmg the document’s 1demlﬁar) is communicated to the
next sensor 430 and the global message cotresponding to the
separated document was generated atsteép 424, The proces-
sor then continucs on {0 the next ld.bk. by brauch.mg to block
406 as iflustrated by block 438, °

A separation is also detected and corrected when the

station, 1f the processor determines that the sensor of i interest
js mot the first sensor in the first station at step 436, a
document separation is detected as illnstrated by block 434.
Howover, i the sensor is the fifst $81%07 in the first station
1o step 436, 1o separation is detected and the ProCessor
switches tasks to the nexl seosor, al step 438,

‘Referring to the conditions of steps 416 and 418 of TIG.
4 after the processor determines that the messuge flag is set
or thal a message is available in thé sensor’s message qusue,

ikie processor néxt compules (he nét arrival shaft count at™™

stop 440. The processor then checks, at step 442, to deter-

" mine whether the computed net arrwal shaft count exceeds

whether the sensor of interest s the station activation Sensor

for that station as illustrated by block 422. If the sensor of

interest is the station activation sensor, the processor records
-the DOCID fram step 420 into a global message frame at
step 424. The processor also copies into the global messige

4

frame the shaft tick comnt recarded in step 412 as Mlustrated

by block 424. The global message frame is considered

global because it is used by the functional device in the
module and is not sent as a message frame to the message
queue for the nexl sensor. For example, afler ihe OCR

station 116 creates the global message {rame, the OCR vses

this message to position its read window based upon the

expected arrival time of that document. After the global

message is gcnerated the PLoCCSSOr then detormines whether
the sensor is the last sensor i the &tation at decision block.

426, If the sensor of interest is nof the statmn a

45

the maximum shaft tick count expected (delermined in step
404 of FIG. 4A). If the net arcival shaft count does not

exceed the maximum coust ekpecled, the processor then

delermines whether the net arrival count is less than the
‘mininum shafi tick count expectéd (determined in step 404)
as Hlusirated by hlock 480, However, when the net arrival
shalt cgunt does excped the maximued Soupt expected a test

‘is performed (See FIG. 4C) to ‘dewermine if a document

disappearance occiired.

In the first step 444 of the test, the processor determines
whethet there 75 2 trailing messags inl the message quens. If
there was 4 trailing message for the document, & document
disappearance is detected as ilusirated by block 446, This
results becanse thé doctiments’s leading and trailing edge
was defected by the previous qcnsor ‘yet the next sensor had
nat detected the docurnent wilh in the, expected time. Once
the ‘processor detects the document disappearance, the
arrival message for that ‘docurgent is retrieved from the

. message quene 1o avoid mistaken identity with the next

scnsor 422 lhe processor direcily proceeds (o ‘delermine

whether the sensor is the last scosor in the station at step 426.

_documenl travelmg along the transport path and the disap-

pearance 15 recorded as part of ihe res! tme error detéction
at step 446. After the document disappearance is recorded,

e et arrival shall count is computed at step 440 for the

- next document detected by ‘thé s¢nsor of interest,

When the sensot is the last sensor in lho station and the

station is ot tke last station at step 427, the processor sonds
the arrival message to the message quéne for the first sensor

of the next module as illustrated by block 428. The processor

aceesses the shafl lick count of the next mbdule via the

© station activ ation scnsor, thc

When no trallmg mcsaagc exists in ‘the message quene at

"slep 444, the processor determings whether the sensof is the

P 448 If the sénsor is the

station activalion sensor at !
obal message is gentrated as

':'_1llu51rated by block 450 (as in step 424), wherein the

MULTIBUS. This count (LEADCNT) is commumcated in

the amrival message to the next modulé and serves as the

g0,

initial shaft tick coun! used to determine the proper arrival

time between modules, I the stution the last station,

processing branches td step 520 f FIG 46, 1 1k Sensor J.s,_'. ;

not the 1asr seosor in the siation, the processor in sicp 430
cummunicates the arrival message to the message gueue for

processor Tecords DOCID into the global message and also

capies the shaff tick count from step 412 indo the global

message, Once the information is recorded for the global

’ message the proccssor delermines whethcf the sensor is the

5

the pext sensor. Once a docuinent has been detected and the
artival message is conjmumcaied to tbe appmpriatc task, Lhe

last sengor in the statlon at stcp 4 H_gwevcr il the sensor _
is not {he station activatian sensar, the procedsor docs ot
record -any information for the glcbal messige but directly

_determines whether Lhe_scnsonslhclastscnsorm Lhc:alauon L
¥ step 452 S .
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If the sensor is the last'sénsor in the station at step 452 and

the station is not the last station at step 483, the processor

sends 2 message ‘the message quette for the first sensor of

the next station in step 454 (a5 m steps 426—428). When rhe
sensor is not the last scosor in lhe siulion, the processor

12

Some stcps in the leading edge dbi:umént process, as
described in steps 406—482 are camplct:.d in conjunction

_ with thé ‘trailing edge proccs\s as"described hereafter. The
* shacing of the sensors varics from module to module, but

transfers the message 1o the message queue for the next task

(sensor) in the station in step 456. Once the' processor has
sent the message to the approprialc message queus, the

processor switches tasks as jllustrated by block 458 and’
confinues the process fram step 406 of FIG. 44 for the ucxl '

sensor in lhe module {station).
Referring to step 442, once the processor bas determined
that the oet arrival f.haft count is less than the maximuom

expected arrival shaft ¢ouni, the processor ‘defermnes

whelher the net arrival shaft connt is less than the minimun
cxpected shaft count (determined in step 404y at 'step 460,
When the net arrival shafl count is not less than the mini-
mum allowable shaft count, the document has reached the

gext sensor within the acceptablc time interval and the A

processor then defermines whether the sensor of intergst is

the: station actwanon SENSOT as 1]1ustratcd by vlock 472 of

FIG. 413,

typically the spacing between ensors is less than the length
of the documents such that the leadmg edge of a document

 typically passes a first sensor while the nexi sensor detects

However, if the net arrival shaft counl is less than the

mimimum atlowable shafr count, this indicates ihat a docu-

menl separation occurred, Consequenﬂy, ‘the “processor |

assigns a mew DOCID “and capies the shaft tick count

recorded in step 412 and the sew DOCID into a féw
message at step 462. After the DOCID s assigned and the

arrival shaft count has been geuerated thé processar deter-

mines whether the scosor is the lasl seasor ia the station as

iltnstrated by decision block 464.

As in steps 452456, if (he sensor of interest is the Jast
sensor in the station and the slation is pot the st station at
step 465, the processor sends a message 1o the message "

quene for the first sensor of the mext station in step 466.
When the sensor is not the last sensor in the siation, the

processor trapsfers the message to the message quevs for'the
next task in the station in step 468. Once the processor has.

30

“that same document’s, 1éading edpe hefore the trailing edge
.is detected by the first sensor. The inventive surveillarice
. process is not dependent upon (he sensoy spacing as the

multi-tasking process provides real time dociment surveil-
lance. S L

. The trailing edge process is described generally in steps
484498 of G, 4L If the processor determines that the
sensor has not detectéd a document at'step 406 of FIG. 44,

the pracessor checks to sce whcthcr the document delection

flug is Set us illustrated by block 484, I it is set, this indicates
that the sensor his prev rously defceled the documents bul
since the sensor is no longer detecting a document (as

detcrmined at step 406), the trailing edge has passed the

sensor, The processor then reads the shaft tick count from the
shail encoder and records this count in a trailing edge laok

up table in step 486. If, the docuiment flag is not yet sel, the

processor switches to its next task a8 indicated by block 488

becausé a leading cdge Has not vet beéen detected by the

sensor. Once the trailing shaft tick coint is recorded at step

486, ihe processor determines wheéiher the jam flag has been

sét from siep @14 ad ilustraiéd by Block 490, If the jam flag

is sel, ke processor deterinines that ihe trailing edgc of the

’ Jam*med document has passed the sensor'and ibe jam ag is

cleared as dlustrated by block 492. Tn addition to clearing
the jam flag, the processor recopds Lhe sf ation nagee and the
sensor ‘mimber and sends ‘this informafion in 2 message to
the prithary master processor in step 492. Jams are detected
by leading edge information. Documént length measure-
ments resyll from both leadmg edge and trailing edge

.. mfnrmauon

sent the message to the appropriate messape qucuc, the

processor informs the primary master processor that 2 docu-
meat separation occurred as ilhistrated by black 470, The

‘message Hag is st indicaling a document separation and the

processor continues the process for the next sensor branch-
ing back to step 406.

As staled previously with respect to step 460, when the

net arrival shaft count is within the acceptable range, ﬂ'lc
_processor delermines whether the sensar is the stati
wvation sensor in stép 472 of FIG. 4L, Tf the sénsor )
station activation sensor, the contents of the global message

&

After the messagc is sent to the pnma.rv masler processor,
the processor determines the length of the document at'stop
494 by subtracting the shafl tick count in the arcival message
from the shaft tick count in the trailing ImCssage. The
processor determines whether the doctment length is iess
than the minimum allowable documeént length set by the
operator. If the jam flag is not set, the procéssor determines
whether the fength of the docurent is less than five inches.
This leogth may be any smla.ble lcngi.h as dcu:rmmed by lhc

- ‘opetator.”

arc gcncratcd 4s in previous step 450, which includes

copying NOCID and the arrival shaft tick count {from step
412) inio the global message as iMustrated by block 474.

After the global message is constructed, the processor deter-

mines whether the sensor it the last sensor in the : station at

step 476. However, if the sénsor is not the station detivation |
sensor at step 472, the processor pmceeds diecily 1o step

476 to delermine whether the sensar is the last sensor in the.
station {as in steps 464-468). Whea the sensor of interest is
the last seosor in the station and tHe station is not the last

Whein the document Jength is less than five inches, a false
documént detectivn has occurred as indicated by block 496.
This may occur if the sensor Tails and intermittently ar
permancntl}r indiedtes an” output correspording o a docu-

_meat detection when in fact no docnment passed the senscr.

message queve for thc first sensor of the next station in step

478, If the siation is the last station af step 477, processing
branches 1o step 520 of FIG. 4G. When the sénsor is not the

50

last sensor in the station, the arriva) message is sent to the
message queue for the next task in step 480, After the
message hasheen communicated (o the appropriate mc“agc :

qucue, the message flag is reset and the PrOCCFSOr continues

to the next task by branching to black 406 88 ﬂlustratcd by

Llock 482

" The procéssor asstimes that no false “delgction cectrred and
" “determines whetheér the document is 2 separated document sl
step 498 (2s determined in steps 460-470). This assumption
“allows the processor to keep the mcssagc guewe for the next

Sensor stacked with the proper pair of arrival messages and

statiotr at step 477, the processor sends a ' message 10 “the * trailing mdssages, i ihe dogumeil length is not less than five

inches the processar still verifiss whéther the document was
separated at step 498,

When Lhe processor determines that the document was
separated 41 Step 498, the processor topies the new DOCID
assigoed in step 462 10 the trailing message as illustrated by

block 300, The pmwssor ihen’ determings “whether the

sensor of interest is the station acnvatlon sensor af step 502

‘oE FIG, 4F. If a dpéuthent separation Was not déiected at step”
498, the processor metrieves the lnul message fram the_
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message quene 501, The processor then, determines. whet'héli .

the sensar is the station activation seasor al step 502 of FIG.
4F.

Referrinng to F1G. 4F, if the sensor is the station activation
sensor at step 502, the global trail message s generated at
step 504, Both the DOCID and the trail edge shaft tick count
ure copied into the global message at step 504, for use by thc

14

| seaonda:y master pr-xaessor, as well s the pnmary rrraster
T processir, s operating in a multi- tasking made with multiple

activity fanction (ie. OCR or BCR} associaicd with the: N
_“flow chart illustrating the methodology and loglcal flotw of

station. The processor then determines whether the sensoris

the last sensor in the station as iffustrated hy hlock %06,

However, it the scosor is not the station activation sensor,

the processor pmcaads directly tn step 506 and detérmines

whether the scosor is the Iast sepsor in the statmn

10

tasks running simullanecusly vnder & multi-tasking operat-
ing system. The mulii-tasking operating system creates and

-deletes tasks, as well as input and output for the tasks, snd

itransmits, receives and stores the data. This multi-tasking
bperating system permits faster fracking of documicnts and
faster processing of data, FIGS. SA and 5B show a détailed

‘2 wpecific embodiment of a multi- tasking cperating system -
to be loaded and tun on the primary master precessor 225

_"and each of the secondary multiy -processors i accordance

When the seasor is not the last sensor in ‘the statmu, the

processor sends the trajl message to the message queue for
the next scnsor in the slatidn as illustrated by bleck 508.

When the sensor is the last sensor in the station and the
station is not Le last station at step 507, ‘the processor sends
the trailing message to the message queue for the first sepsor

of ihe mext station via the commen multi-bus betwedn the
current secondary master processor and the next station’s
secondary master processar as illustraed by block 510.
Once the trailing message is communicated to the proper
message ‘queue, the processor rescts the DOCFLAG and
swilches (o its next task as lllustratcd by block 512 by
refurning to step 406,

with the invention, An mplcmcntahon of the operating
system kemisl (i 6K of memory) is shown in hexadeclmal
format in Appendix Il

Referring to FIG. 5A, the opcrating system is started at

_ blogk 600, as shown, a0d blocks 602610 lustrate varions
' mmal:zmg funciions, Hardware-rélated "definitions “aie
- .made, as
" memory 1ange and availability, deﬁmtmn of addresses
-related 1o serial and paralle] parts and definition of exception

illustrated by block ‘602, including definition of

vectars, The existing hardware in the Multibus-cage is then
scanried aod an ID assigned to bach processor {slep 604)

" followed by initialization of the Input/Output (1/Q) devices

3
o

In the ¢vent that the sensor is the last sensor in the last

station (module) at steps 427, 483, 485, 477 or 807, the

processing control branches (o step 520 of FIG, ‘403 where
the shaft encoder tick count is set to zero in lhe message

3o

frame, ‘T'he message frame is then sent to the, pnmary master”
pracessor hoard 228 as illusteated at block 522, and the

DOCID [om that mcssage, which identifies the documcnt,
is used to look up the-zip eode for that document (step 524).
During the processing of the document in the illustrated
embodiment, the address oo the docnment, is read by the
OCR and the #ip code is obtained (c. &, by reading il Off the

dociment or by obtaining the zip code based upon the

address via the computer 134 from an address/zip cade data
base) and put into 2 table in the primary master processor

memory with its associated DOCID. In addition, at the BCR

stauun, the zip code is read again after having bean wrman
in bar code onto the document by the Ink Jet printer and is

mcluchng the /0 serial cantrollers, the /0 paralle] control-

lers and the L/O timer controllers as illusirated by block 606.

mtcrmpt vectors

" 81 in sicp 608 affer which 1he procissor conirel block is
~ initialized assigning 1/Q capability per task and assigning

message queues and key I capability per task in step 610.

Onee initializalion s compiete; the processing of multiple
tasks proceeds as illustrated by block 612 of FIG. 5B.

" Miulli- tasking pecfarmed with Round-Robin process as

shown in a counterclockwisé "order in FIG. §B. Task
creation, task number Msngnmcnt task switching and’
assignment of & serial link to'a lask are performed as shown

" hy hlocks 614, 616, 618 and 620, respectively, and the

a0

"'software and hardwa_r_e handshaking “For serial liuks is set in

step 622. Receiving message queues belween fasks (Step
624) and sending of message queues between tisks (Step

"'628) may then be perlormed offer which transformation of
. parallel received data to the mqu:red format is performed as

put into anather table with the associated DOCID, When the

master processor receives the message with the DOCID_
from the last station, both zrp code tables are accessed using

45

the DOCID and the iwo zip codes are compared a8 ilfus~ "

trated by hlock 526, to determing if they are the same. If they

are the same, the doic:ume_n't is routed to the proper bid for

that zip code at step 532, If thev arc not the same, the
document is rejected, or altérnatively may be routed to the
bin of the zip code of a preselected one of the two zip code
tables at step 528. For example, if ihe OCR table is désig-
nated as the priority table, then the document would be
ronted to the zip code of the OCR zip code table if the #p
codes don’t match. The pracess is then repeatéd for the next
document as illustraied by blocks 530 and 534, )
From the foregoing description, it is apparent that cach
sensor is used as a jam defeetion and document separation

detector. The system contiues to gperaie and track sepa-.

rated documenls sind dogs giat Sush the transporl path when
a separation occurs, In addition, the adjustiment of the
messsge queve provides for proper ideptification of the
document as it itavels dlong the transpﬁn path accordmg to
jam and separation events.

- In the illustrated’ ¢mqu_11_:_a<_3nt, the process of FIGS. 3A,
31 4nd 4A-F is run a5 a lask for each sensor, Thus, cuch

&0

illustrated by block 630. Next, the serial liok to the host
- gomputer (e.z-, TBEM PC) may be pcrformcd as illusirated by
“block 632, and the sending and receiving of message quenes

betwegn processor boards may be performed ss indicated by
Blocks 634 and 636. A parallé] link to 3 task may be assigned

&S iHlustrated by block 638, and all exisiiig {asks muy be

terminated and the system restarted, as indicated by block
£40. A task may also be suspended (put to “sleép™), made
avaitable or dr:'[ctcd as illustrated by blocks 642 644 and
646.

The operating sysiem may also read and process window
infarmation for peripheral devices such us the optical char-
ucter reader, 1he bar cade reader and the Ik Jet printer, as

iflustratid by block 648. Subsequenﬂ'y,' inferfupts may he

served directly by the operating system for all Antermpts,
including the shaft encoder interrupt, serial receive/tranismit
interropt, parallel receive transemit mlermpts bus interrupt
and tirne clock interrupr, Subscqucntly, Processor cxcepnom
processing occurs at step 652

The operating systent js ‘nser switchiblé for tasks to

_permit a task lo initiale the switch to dnother task. Tn

5

addition, mterrupt handiing is mcorpuralod nto the opurat-
ing system to increase task switching speed {e.n., as illus-
ttited embodiment, task v lusk switching can be performed
‘in 27 mzcmsﬁcands) 50 that when an evcnt causcs an
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interrupy, the internipt handling routine at step 650 [unctions
without the processing overhead needed to call or scparate
interrapt handling routings, Thus, the interrupt drivers are

16

which the invention may be used and made. Tt should be

. understotd that the implementation of other variations and

incorporated as part of the operating systcm kemel iostead

of separate interrupt handling routines as in the prior arf, As ™

a resull, a shaft encode pulse interrupt can be hundled every
206 microseconds in the {itustrated embaodiment, The oper-

modifications of the invention in its various aspects will be
apparent to those skilled in art, and that Lthe invention is not

_ limited by the specific embodiments described. Tt is there-

fore wnlemplated ta ‘cover by fhe present inveniion any and

-ating system also incrcascs ‘speed by ehmm'mng other

overhead intensive functions such ag memory management
and DMA contral,

Appendix 1 is a hexadccimal objcc: code listing of an
optical sensor tagk program {see FIGS. 3A.-C and 4A-F) for

practice of the invention in the. iflusirated cmbodlmcnt :

wherein the secondary master Processor boards are Model ]
- M68K10-5 processar hoards each using a Molorola GRA00

processor. Appendix II is a hexadecimal object code Listing

Cof the mlti-ta al-mg operanng sysl.em (n.ee FIGS SA—R) {"nr :

contain material which is subject to copynght protection,
The copyright owner bas no gbjection” fo the fackimile
reproduction by anjone of the patent document of the patent
disclosure as it appears in the Patent and Trademark office
patent file, but otherwise reserves all copvnght rlghts what—
soever.

Alihough the illustrated embodiment is dlrcc,led toward:_
document surveillance, the invention is cqually sited for

surveillance of any ohject having a beginning ard cndmg
point such as packages, [ruits ete.

Specific embodiments of novel methods and appfiratus for
automated surveillangs’ an_d_ sorting of objects has been
described for the purposes of illusirating the “manngr-in

all modifications, variations; or equivalents that fall within
true spirit 2nd scope of !.he basic underlying prmclples
disclosed and clatmed herein.

What is claimed is:

1. A documeant surveillance _system for tracking 2 docu-
ment traveling along 2 transport paih ina dccument sartmg

--syslem comprising:

15

a0

30

a phurality of sensors, positioned i n sequencs along the
transport path, for detecting an edge of the document;

indicia reading mechanism, positioncd along the transport
path, for reading indicia logated on the document;

means, operably coupled to the plural:ty of sensors, for
dctcrmlmng document statys” of the document a8 it
travels alon the transparl palh wherein the means for
- delermining docvment statis further comprises means
. faf passing cdge detection information hetween the
plurality of sensars, sald edge’ detection information
comprising a unigque documcnt identifier and a repre-
B sentatmn of a position of a transport mcchanmm S50
ciated with said Lransport ‘path.
o2 The doctment surveillanee systom of vlaim 1 wherein
said mdma reading [IJGChdl"llSm s am opucal character
reader



