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{APPARATUS AND METHOD FOR Hw@ m m DETECTI ON OF MULTI PLE | TEMS

PLATFORM Techni cal Field ”I l Iml nvention is directed to an apparatus
~and met hagobgsasghet er m ni ng t hedoapr esence of nul tiple itenmcgnsezpdiat f orm
More particularly, the present invention relates to an automatic inventory
control device and nethod for_the optical determ nation of the presence of

multiple i nven%RrRABAﬁEUSlAiNDM 'BH@J)MHTHE {OPThC AL on

Automatic inventory control systens often expedite the renoval of itens

from10 an DWFRCTION O# MURTFIPIEREDIMS ON & PUIAFFORM] ch
i TIVENT OTy CONTT Ol SYSTEns are Used. Nany 11 brarfes use an

automatic i
identification tag, such as a bar coded | abel, to identify sonme or all of

their matetEigls. Eé scanning the tag, the identity of the item can be

retrieved cal base. When another tag on a patron's library card is

scanned, the |if.a5¥ehiiffEn P’B regféﬁqg?lﬁl ?&atﬁ?aﬂdqﬁlepﬁtdlgpdetéﬁn% # this
or ne

check-out operation is per 't bra per sonne wever

libraries ;ﬁé@ncen@ftmuhplagemub@waemrmyumamataﬂgl {heWwr&rhf iaténtivn check out
books and other library materials by thenselves. One edanple of an
aut omat ed rgkasecséwwgpmgnwnmt@mopa@kdﬂwqsraéémhqégfom@ optiselary card to an

autonated i c ds t entific on tag on the card.
Fach 1t om JTGTEREh oY areieite of fufdRERENBRLIHY St BRUGER on’ihe devi ce.
the device reads the items identification tag, and the itemis recorded by
t he systegg aj havi Eg Bezn Checked out to the patron. There are al so systens
t hat prevehfs Nrenpval of itens fromthe library. One

exanpl e of SUChARoffi ARASSTohIRILRRY o%m@dngﬁé&&hgwaﬁm&n@%dmgnet ic

strips) which can be activated an deactlvat emagneti zed and
rend@net i zadipveniiry Abibravies ateoone examplealf favlitiee in which aotaneheid m\ren&mych book or

other librar em and a S pl aced at the, ent rance and/ or it of
the facili%" TO@SﬁSEHS@EPrWé g" “Mé’ﬁf‘&?‘}se@é‘rﬁ‘%' icatipndagonich aga afn“rﬂ?& tory
control H&ﬁ W&enﬁgi ‘iu%rfh%E r}xﬁeﬁﬁé “ﬁﬁﬁ&%nﬁg thé’{ é%el?é?é?x'ﬁt)% fFiggher item

to the she Brar emis che I'nventory contr ol

mar ker is igamein bea’e&tivedm@nraaiatabasmhémafbtmltig oas patrbe’ s SibAspeardiid hout
actuating the 30 alarm However, if the patron attenpts to wal k past the
sensor wi t ¥auedcthe diRrapyitem gay bgghessed ouytoghepatramo?

15 Often, this check-out operation is performed by library personnel. However,
many libraries are installing automated systems that allow patrons to check out books
and other library materials by themselves. One example of an automated system begins
with the patron presenting his library card to an automated check-out device which

( reads the identification tag on the card. Each item from the library is then sequentially

20 placed on the device, the device reads the item’s identification tag, and the item is
recorded by the system as having been checked out to the patron.

There are also systems that prevent the unauthorized removal of items from the
library. One example of such a system uses inventory control markers, such as magnetic
strips, which can be activated and deactivated (c.g., demagnetized and remagnetized).

25 An inventory control marker is provided in each book or other library item and a sensor
is placed at the entrance and/or exit of the facility. To perform the inventory control
function, each inventory control marker is activated prior to returning a library book or
other item to the shelf. When the library item is checked out, the inventory control
marker is deactivated. The patron may then walk past the sensor without actuating the

30 alarm. However, if the patron attempts to walk past the sensor without checking the
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“WD 99153442 PCT/ US98/ 21513 -2 library itemout, either purposefully ﬁ)¢ 0
. accidentally, then the al arm sounds and/or the patron is stopped >p o?rn
_exanpl e, vap gus3a42 Present|ly, Library personnel who check baaksusstisior

. patrons deactivate the inventory control, marker manual ly. Mst conventi onal
aut omat ed check-out devices al so deactiVvate the inventory 5 control narker
inalibrary itemwhich is checked-out For a magnetic inventory control

mar ker, thi @rw itegpAusAither prrpeseitl Iygf@améwym thenibe dlatm spuads and/aihe having a

magnetl C stri ngor ntrol rker ttached tqg it

near the spriress d5utsBEsr kSR LBuer Pis it BB ophlotia €b¥0 GRS oL,
current (DCutifbrSlatrons Q¥RY G4 tﬂefm@é’f@or?rcoﬂﬁéﬁnm&kﬁarﬂfall?t her library itens
are placed on top of or next to each’other in the automated 10 check- out

devi ce, only oneMoft dohweritiealtaufareaicd dreck-ays deébcasabsd detsitvateghdinventent or y
control nmarkers, ma bg\eag!gbacti.vat eg.. This woul d %I | ow the, patron to r rmve
two ot nor €SBt %}P% TR ited WRich & hgckadaoud Hgr smasmcynw@w 91 is
desirable t i pIe
e on or B PisisTHARAR A APLEE GRS 0 AR Db 8 i feldd

det erm ni ng(tlhdmevqaﬁm&m&oloﬁadm) acachedne itl (tylpicaily nedr elnsspi dfa bmh)) néorant he

nunber of qventor control markers. For grgetlc i nventory control
mar kers, t hEIECtisyRdigt et swraéaqquqﬁewﬂ%@ ifigly él%‘@maﬁmwgwhc field.

et oy 2SR bIEPlSah N 8 pRcsd AR 0 neSBERIAMY h bnhliared , o 1

el ectronic devices aré esu

i mpr oper  f ughetk-001 dedicef omp%ﬁ@ oﬂﬁ%llmﬁa&oﬁuﬁgﬂﬂéﬁarm bohiEiheenéry cORtkAN
linits on the resolution of such systens whi ch may’ nake indi vi dual '

i nventory cmnﬂcptslmayehel@rastmmd tEnswosldatiowghe hitrontoskwove tiesest meset apes, or

CDs, difficuylt t0|n i.vi dua olve, so th t he ens detect only
a single nalqfay itepsM lgraﬁ’é'rah-y X‘?ﬁﬁ’%l"f‘b?'ﬂ?’)‘?"ﬁa?éﬁ 3I’§ ﬁb‘{nﬁ%ﬁ\ﬁ‘e i nventory
control mar Jﬁ@élﬁms{ﬁ%ﬁdet@mﬂﬁﬁg visinek ?neFé)&re %nﬂ@ﬂl’e a8l bABF 9th?.€' chiklaad of
determ ning the nunber of 1 nventory 25 itens in or on an i1nventory control

devi ce. Sundemice of the |Invention The present invention relates to a device

and thod for optical determ ni et her It| | e | ens are aced on
an inventory con P%Weﬂwl%ge"%@%%ﬁmm eaﬂ‘ie was"ff'mfe@%’ﬁ'acu ng
the presencgeff ls%lhéa'n {)Pth'e%ﬁ%en"\c’ﬁ‘nﬁv nkd}g'caﬁk?a rﬁar;eér@t i:emagmem%@nm@ ch one
or nore itens may aced, and a tor positioned to recelve an inmage
of a profi | eomfol htadm;s oiris pleeegiratypically intheleslasieg & oonstant aragangdald dhgener at e
a signal WO 99153442 -3 ~ 0 oil z002 PCT/ US98/ 21513 corresponding to the
profile, an®ay h@uacicgwézle lW@ﬁWﬁ@We@pemﬁm 1§ gtheselogieanitedeviegs deHEYDY.t ens
are on the QI atfor Anot her enbodi

ecause mte{fﬁrcnce ndy pecut, rﬁf) r?%ln(r:lﬁron elr Y] trr,:,(gan?r;%%fc t%? crd%lgc@sppar atus

havi ng a housing W ace i ght

sourge i s Cpufth@fhoted tﬁeh@ariaqm%h Mighitk ®h tﬁe +elsd>1um>mar su@g syst@RPwRich ¢ niakat f orm
with light. The light source directs the light along a profile of itens on

the pl at f or mdivithal mpgraentaostral marklersodmcbms sudhvas tlli beoks, oasadzttedepescd)ror
coupled to nd Siti ned receivell ht f m t.h

Couree t hat OIS, SBHRIASiR 0 b resneese RchERErpemay doker it b matker
arranged t OFGRRAGHBIE sGmd 119:'%? dm&t%élgg\&%\@l Rgvet xﬂvén&n%mdl'n%r?érs t ’ﬂtﬁhs' pems. An

optional processor I's coupl to t det ect or eval uatin e signal
fromthe dehexitexistsfor datwrant i@pioved méthodrof dtermining theinumber of inventory

25 items in or on an inventory control device.

Summary of the Invention

The present invention relates to a device and method for optically determining
whether multiple items are placed on an inventory control device. One embodiment is
an apparatus for detecting the presence of multiple items which includes a platform upon

30 which one or more items may be placed, and a detector positioned to receive an image

of a profile of items on the platform. The detector is arranged to generate a signal



the platform The inventory control apparatus also may include a Siﬂmﬁr
coupled to the housing and positioned to read an itemidentificati nzBQZr
provi ded WP WFM4Remthat is placed on the platform and anPEHUENR/DSI3
-control deactivation device positioned t% deactivate an inventory control
mar ker on the inventory itemwhen the processor 15 indicates the presence

of only onecdrissgatidigytol the Profite, b thel sidnaD When 8VgudtbE iR heliRe nuftdsle and
verified the existence of the itemidentification nunber on the inventory

i tem The prgeasdreiontimplatdorm.s further directed to a nmethod for deternining

the presence of nultiple itfens.on a platform A detecgtor recei.ves.|ight
Lhat has beon r cANPUER At 11 GHEnt G COREolARRRrAHIS HAVIAE gihgHsing with a

generated cgy. | DG | fy; ' The
S anal 15 ooaony S Bhichfefls R photk, RiightfourdEBodlled WInEpSIyRIAL |
furthér enbiidnimatihg itsmsiomeiehdatfarfn witly BglitoThe tight soatce direetsshedipht Aenglaat f or m
are illumnated wth | ig{ht. At least a portion, of the | ig.ht I.s redirected
from a prof Profilestitems anitherplaiarm.n Eheppparaenlse aludes twirdimentingyl gatertor

detector. The det 0 nerates .a 25 detect.or. si | .correspanding to the
rof 16, TheSeuB s b iRaRa pESubula e e FaP s SR FRE MR T o e
inventory i t&irectad By REmé b el dtfN ThENRt RRA S aFAFRREY g&erdi 1€ siBhAS Nt
invention is not intended to describe each disclosed enbodi nent or every

i npl enent at comespondikgtopthe peafile pfthe iteinon AnTiptioml gpovasssoafscoupled tethgi | ed
descr,i,ption ich.foll.ow myre .particularly ex |ify these 30 enbodi nents.
10 OB 2008 gsPely @ik ghes B B epieriEh ToReteming e pEmger o s on

PCT/ US98/ 215k3|athpm mnﬁoeafbryeantm_appxr@mgeﬁ@!nea GholudeNCRasTeP ESLUpI&Y to the
consideration of the follow ng detailed descripfion of various enbodi nents
of the invehousmg and positineet tooradiart ierh identficatiop anmbergprdvided oga) itém thattich:
Figure 1 is b] ock di agram descri bi ng the functigons of one enbodi nent of
an i nvent or Pﬁ‘é‘éfjrﬁ'} e pbé@)r'@ea@&@dwﬁnﬂyvtcemméieawgm g¢yice positioned to

deactivate an inventory control marker on the inventory item when the processor
15 indicates the presence of only one inventory item on the platform, and the scanner has
rcad and verified the existence of the item identification number on the inventory itcm
The present invention is further directed to a method for determining the
presence of multiple items on a platform. A detector receives light that has been
redirected by the items on the platform. A signal is generated corresponding to a profile
20 of the items on the platform. The signal is evaluated to determine the number of items
on the platform.
A further embodiment is a method of inventory control. Items on the platform
are illuminated with light. At least a portion of the light is redirected from a profile of
the items on the platform toward a two-dimensional detector. The detector generates a
25 detector signal corresponding to the profile. The detector signal is evaluated to
determine whether multiple inventory items are on the platform.
The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures
and the detailed description which follow more particularly exemplify these

30 embodiments.



“Figure 2 is a perspective view of one enbodi nent of an inventory ﬁg?bt?&%l
~device according to the invention; Figure 3 is a perspective view

_various pwerdolseezt hat can be used with the 10 optical det eptomsedaisie

i nventory control device of Figure 2; Fi.gure 4 is a perspective view of one
enbodi mrent of an optical detector, according to the invention, for use in

the invento ief Pabdy tio(;\eéllitﬁ Iﬂ,]; Fﬂ ure 2; Figure 5 is a perspective view of
anot her enb?é'l-rrerr%—@—a'rr—o'p‘grca#cfg' tector, according to the invention, for
use in the inventrae shveidn Rhy Bievbeoftipldrlgundersdood in Edr@idestidn iof tie
perspective view of a third enbodi nent of an optical detector) according to
t he i nvent i &llowing desailedidesaription Al eartous gmbediments of e ipwention i gennsction Fi gur e
7 is a graph 't('?\;t a sig\rg)al .recei ved .b)cvth,e optical detector of Figure 6;
Figure 8 is PoAERIPANIRE SRS YD or ocedur e) according to the

i nventsion, for ugigige | k% bIBMEMEEAN dRRMDINY thel AMcABnLSS drle @b dinent f il gur €s
9A and 9B are consecutive flowharts of an exenplary procedure, according
t o t he i nvemveoto)y ¢ontrobdeliceadccorginglte tiw ignadtisnpbt ai ned from t he opti cal
detector of the inpventory control .device of Fjigure 1; Figures 10A and 10B
are consecutive FIEMEREE RETGTECUYE s APPRE Sbndimen of @n inveporyremgral devire

I nvention, f P . signals obtained fromthe optical detector 25
of the inveﬁ?@rréxgg&nﬁ%dﬁga{e'%ce of Figure 1 having the optical detector of

Figure 6, Figuregighte Nisa peksfecivedvi@l dpPrfoak pFeésanaidantte @& RithRROCcessed
signals originally received fromthe device of Figure 4; and Figures 12A

and 118 t hr optj¢al datectandf the Brvanergeaniol deviceraffiigseds at i ons of pre processed

Figures with "A".postscripts) .and post-processed (Figures with "B" 30
Costacripts) st oliahes s Sapbinbn fiied ALoubum i Bt gn RBlign delepidroo) 53442 -5

according to the invention, for use in the inventory control device of Figure 2;

Figure S is a perspective view of another embodiment of an optical detector,
according to the invention, for use in the inventory control device of Figure 2,
15 Figure 6 is a perspective view of a third embodiment of an optical detector,
according to the invention, for use in the inventory control device of Figure 2;
Figure 7 is a graph of a signal received by the optical detector of Figure 6;
Figure 8 is a flowchart of an exemplary procedure, according to the invention,
for using the inventory control device of Figure 1,
20 Figures 9A and 9B are consecutive flowcharts of an exemplary procedure,
according to the invention, for evaluating the signals obtained from the optical detector
of the inventory control device of Figure 1;
Figures 10A and 10B are consecutive flowcharts of an exemplary procedure,
according to the invention, for evaluating the signals obtained from the optical detector
25 of the inventory control device of Figure 1 having the optical detector of Figure 6,
Figures 11A - 11G are graphical representations of processed signals originally
received from the device of Figure 4; and
Figures 12A and 12B through 17A and 17B are graphical representations of pre-
processed (Figures with “A” postscripts) and post-processed (Figures with “B”

30 postscripts) signals received from the device of Figure 6.



Description of the Illustrated Enbodinents 1 0 O C T 2002 PCT/ US98/ 5]1[?[‘1132002
The present invention is applicable to an apparatus and a net hod f(l

determini N Rht4her nuitiple itens are placed on an i nvent BFY/USSHISH
-device. In particular, the present invenrfion is directed to an apparatus
and a nethod which use optical techniques 5 for the detection of nultiple
itenms pl aceg)e9dtimtibn sIMBR IREYrat@NEmPodiavaice. Wil e the present invention is
not so |imfed) an appreciation of various aspects of the invention will be
gai ned through aThe praseiimentidn iampplicellntory appanatps Andia viethod foe detammining

aut omat ed chgélﬁ-out dfv.i ce in rlg |0 br ar.y %‘Z descri bed. bel ow and il ] ustrated
in the figurdethefmulsipfeitems are placed; on aninygntory Copirpldevipe, ilp particular.gbe jsed i n
ot her inven FaV Y ' [ ' I T
Stores, T BPLTARRGEL s S LPDRapratEt i el WA foc B o RO ages.
A bl ock di aderaie détectivneofemgitigie itermsplecddasryarciaméntedy cdattbrdevide) Whild the ust r at ed
in Figure 1. The .inventory control device 100 typically includes an optical
det ect or 120"ERRtAPVENERRISIRL S ligigd, pmAPPTRELINRfERUS pSPeRts abthrapyindien peen

redirected [ it . i.0: ' r evi 0.
The. o1 gnal e ERBE Yo« GEMBIRLC R sbRGD LR RIS iR ifdd
whet her mul tchedkeout idevibe Aralibparg 3§ Béscridddcbedily @ llludieited irdfhe ¥iglrdss Icwilleed to
a processor 110 that receives a signal fromthe optical detector 120 and

anal yzes t h@ppiegaigt tha similapderices mapide iweed imathérpnventary sontaplsitpatéansnguch | n
some odi nents, .th rocessor .11Q0 may al so activate.the tical detector
To0r FELo0, B el gReRRoRGRE it el s & 3 PaBie U BPE e IO Sh o

in the invenhekagegontrol device 100. In other enbodiments, the optical

detector 120 nmay be continuously or periodically active so that the
detector 120 can Adkloek diagmmmfan eaemplaryrimventgry aontdoli devided 00 nyidinstoated inont r ol

device 100. _The optjcal detector then tivates the device tp begin.a
check- out pr%%%%i tIJQS'"Vﬁ'étofyn'?f@ﬁf’b‘_aiy'ct‘?(}%@rtm'cﬂ’é(\}i“é\é&féﬁ Wﬁ?]iq%ﬁc_ﬁ’géggn_e or
mor e opti Onalhiéi @BRvdsTightaihs BobddB bAXHHREWIR bredfdirbBBl b Gflchiohyat | on
scanner 106, and/or an-inventory control marker geactlvatlo apparatus 112.
Gt her 19pt i on@msiohAmshetitnadntaay eomat dshieevi00. T e dgirad frbmi the loptieal dedctopll2y f or

providing informatjon and instructions to the user, an input device (such
as a keypad,MRehebbe vped & dejprmaing whetherdnyftiplediegisyarg pregent odhg Seteal ApGELOT and

30 a warnin j | ' el I s el of
or obl e i n-vey SIS 1B brothlech 119Gt WL b Gghdl Bipflie iR 5920
PCT/ US98/ 21%hd analyfes Thessigriabfot desepmmineaviieBier mmiltile iteme drel gresdnt. UIM gviee itens in

the inventory control device |00, although) in sone enbodi nents, anbient
li ght may befnbodiments,themregessosdl0 mep alsgachiate thempsigalidstecter 120y far esyplee to

. odiiti . .
then. 29 o aviind VU prebeRf oCURTRIGns G BRRs Bt ydaBly banRIBEREE, Ple
{Bredghggtn SOMJCE I StheEembeliRentYIRNGHIRAI dedectbmMRTheY Ve Eatliinhbsigevi ce 100 is

periodically active so that the detector 120 can determine when an item is placed in the
inventory control device 100. The optical detector then activates the device to begin a
check-out process.

25 The inventory control device 100 may include one or more optional items
including a light source 124, an item identification scanner 106, and/or an inventory
control marker deactivation apparatus 112. Other optional items that are not shown in
Figure 1 include a display for providing information and instructions to the user, an input
device (such as a keypad, keyboard, or on-screen menu system) to allow user input, and

30 a warning device which may be activated to inform library personnel of problems in the

check-out procedure.



"~ The optional itemidentification scanner 106 nay be used to dead 32& T
identification tag on an itemto determ ne which itemis being ch %Qj Wt
The it emwWQ@le953482 cati on scanner 106 may then transfer thatpembsssmdizon to

. the processor 110 which 10 consults a database 111 to determ ne the
identity of the itemand/or to update the status of the itemin the

dat abase (" checg,gd out" or checligegll for exanple), The item

i dentification d0afiglssoyss I3 may) SF‘&‘H] E‘"‘&t"s‘l{“d?ﬁdln q“? BMEUPR OPBRlessor 110
to activat 1 t he
nvent ory. Sours o R0 g Fiioaient 3ERIeR, G s HE ey, PLRE el

anot her scanbearay beebusitdinthe tight soardese dctivatd therlightiscurgea for@Rample, when a
identification tag on, for exanple, a library card. This informtion may

al so be pr SIdrsEr SPreseat orvhendtems arg plagertingbe inversoryesasiel dvieeH®0st at us of
th fr T
e e | SR ERg oL AR RATlr U GRO BRPA BT8R, o

mar ker on agméd 6 once it is determ ned that there is 20 only one itemon
the inventory control device 100. The inventory control marker deactivation
apparatus 112 i Theopfivealitem idensifipatinnessamner 10@man ke usksttorreddars whet her t here

I tipl Th 110 | d
That e LLEURETEn 19,5 PTG Sriadmpe PRATIeats RanG aPeqsel Bl ISRt vat i ng

the invent i @oh Qkadiey i‘(%m%)zﬁlepﬂ Pﬁn?tsxﬁﬁfnn%ﬂ&l {Pthe ?Foc@ss% DEd Rhich
processing unit or may contai e processing unit eac processi ng

uni t ithavi ngonsults ardatsbase Il ncﬁemﬁﬁmeﬂ)ﬁmlderalty wf thedrem ard/arltd updatt e spt@cessi ng
units are cqupl.ed toget her, particularly those with conplenmentary /

functi ons. OFHE ismbind %é@tallafe(‘ﬁéﬁ@é qut o0 ‘whecked-in” horexpmgleds Thewgem nvent ory
contr ol deY&e%ﬁﬁ%aQ%n%gﬁ%hrelﬁ rggf ec'gﬁ% a%ggrnﬁleﬁ]?rh?he p%ro%&?mj VRRISE atccont rol

devi ce | 00 ropriate T npu

out put connkeidamits 106 whes, foN¥eMpe, )é.nGtQﬁinE placeeinl tﬁexdveﬁogyr%n&bpd@wel at e
software for operating the device. The functions 0 C T 2002 WO

99/ 53442 Pcwﬁu%@snzmagem;ﬁeatfqmmeb906 heaf};ﬂ{hﬁfésmﬁf (mOshmv\) tmyulmns@ment ed
usi ng. har dwar software, .or a atlon tP@ The dat abase

101" By e TR pryTen DR is B0 RB AGH (O SNt SUMBRAth oL s FRYAHOT B ray be
part of tNQIRIRAGHEAAEI tblfle BoctRiér B0 AEIRE 1§ aettennnpﬂecs?aié@émhéugeh fidf for 5
exanple, a central brary conputer. nbodi ment an 1 nventory control
devi ce 100 thaéatabqsbzhlform | 02 upon V\/m ch |nventory |tem; 104 may be pI aced,
as shown in Figuyre 2. The invent‘or}/ control device 100 na?/‘&fgtl onal |

“nclude a di spl aeiRieng NEnORy GO Grarkar SSRRIVAEON PARBFANR | GnBEPSUsEd ar

the invent qp Yie£@ithieGhe ﬂ'.eyms@ cbiftol FatkELEn hitmlonE By detSitffd BhiQhérRIS! 0N may
10 include directions for usin devi ce 0, list of Inventory itens
104 ?hi ch amly dreiitem onlnﬁmked:nmly pomraslehsvmleﬁo a'ﬂibuhwmewchnmtrbtmmpr and/ or a

war ni ng and directions if the check-out procedure is suspended or
t er mi nat ed,deAgIvaHaR APRIERULHE) o coupled He‘hézﬂé@eﬁﬁmél@ that é?‘?rm'i‘ﬁi/‘ehﬁtbﬁ*y i tens

Lﬂﬁ omput el pui e RO R pr S A TRl coh R it EERE 205>
"books, " al\{sBomaB aivalidder l&ﬁtlﬁﬂi@l@ﬁ%ﬁ%gr B0 ARAAAIARY the BRI OFPYorkD

substituted, unless otherw se indicated he inventory control device |00
al so incl ude:skan itemidenti f| catl on scanner | 06 for reading an

iden%];)fl cation t 108 on t ventor% item 104. The i nfornmat 'g.op on the

i denti fication tdaly PBESSY I} & 4,SINEIE DIOGERFINEG N OF TRAYLOBEAIn PHUPlEC onsul ts a

dat abase of h

i nventory |%ré%’siBgﬁ@g)%mﬁ{%%mhgou?qé\{ ?g {"EE: 'ﬁhentl .&@g ?Yﬁ?{“g % I's not
found in thedl sfah@prasessing uité aecohipley t@gemerqiarsi&Narty&ha&GNInayom;ilehemmnpl e,
not allow the inventory item 104 to be checked-out and/or pronpt the patron
to go to |ifBnetiopspdhe prosessor blQ maybe pravidedin abpesing crmeimvemondmrph cation

106 b dt d 25 id t
For oxanpl dlvite PR RraRaSarthy Etemay AP asien(Eityrol 46dia A RENAE  on

i dengpf | catanoataﬁmeg,g?{ep%ths‘ggm},aw%gggg%s ut I&nee@&{sqa mectﬁ{?énwrycatl on

nunber may be cross erenced"wth a to determine the status of

t he pat r on.confrot devictaltOalaad approgiiaetsefwatedfopopaatingpethededcpr Bhd fangtigwch as
overdue books or an inactive card assigned to the patron, the patron nay be
pronpted to go to library 30 personnel to resolve the problem If the
patron identification nunber is valid, then one or both of the databases
may be updated when an inventory item 104 is checked out to the patron.
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have an @Vﬁ%&w control markerdeactivation apparatus 11 C*@gﬁ?ﬁ'ﬁh}that

_ deactivates an inventory control marker 114 on ani nventor

has been placed in or on the inventory -Gontrol device 100. Theuse of an
inventory control marker deactivation apparatus is generally known in the
art 5The degedformet ibgnhoprocéssor hiembpby ingherhemeéd ustagkieardvdrd, fiyypiatral |y occurs
once the item 104has been successfully checked-out. A variety of different
i nventory &fivars| orfegareinationdbeipofhe used. For exanple, in libraries,

bookst ores, and I.C. Stqres commmnj, nvient Qr ontrol. marker |

magnetic strip {I‘ ﬁ§§ atlﬁ'%asﬁlciéiéﬂcfy?’ﬁ aoﬁrfr’{%%dagab&g%gr, Xxgg‘ggee{a?@afeﬁpﬁ%&daé@?e. g.,
in the spingl gy 8e BaRlof tHe RbeesdorGR0Yr nfTRGEMBeIBIRY proe¥iBoC $idhisefop

anl0i nventory control marKer is availablle from M nnesota M ning and
Manufact ur iexgnmé, aStentralfibodry chinpnesot a (3M under the desi gnati on DSB- 2,

sol d under the ?)ameTATA'.LETAPETTM This marker. is &?‘scri ed in United States
Patent No. 3, 74Png§BIoPAENeRL G inkentorysantpldevishilPBinans pleliprme 402 BRO™ct i vat ed
and/ or deagjy; : i (g RO r I ets
near the nﬁﬂliéé‘?aﬁhmg?hggbﬂgé rll)g%t cgﬁ’Salrsrgﬁ(E%r an%rgg't e dr‘r‘geétnogil S?a?‘& ative
to each ot levice 100 mapopticmally inekideadisplayainiti{uershowyy furtpe@lidinginksmalidd i s
typically activated when a book is returned to the library. As apatron
checks- out '@ Rasdsodkthe inventony epntinl dedemi ¢is upgsh irarlibiary, sush inderaatioanay so

t hat,  hepat r on it the |.ibrar. it hout setting.off | arm or. sendi ng
a warni ng E%C?quegr?ré?%&f%ro H@‘hﬁ&ﬁ‘ﬁ%mi ﬂg'é‘smﬁf“"’i"h%fgh‘FB’Na@b”ﬁ@&Fe ﬁ%ﬂ’%ers
114 are usefledkdd-budiatBminder e sPr8uc RENE ahdBr a Wakring ¥REdiRktiddRMEMeOr Y
control marker is often used in clothing stores where therenoval of the dye
tag by an wheakttbprogedursas suspended wr tgminatddnes deskebesibebdw.dinethovase of a

t hecl ot hi ng., The inventor ntrol rker is typically renoved b sal es
per son V\hoq'h%%_ﬁm’a?ﬂmBFW%&@‘?FW@W%' @E)ﬁ’far"bqlg’ﬁ’BPE% ey %F?’m’
apparat us. videopkd, hE cARPEECIAEAEOTHA i@ ehn %&H@ﬁéal fbel rBMRBY R ¥ Cont 1ol

mar kers) as well as other nethods for renoving)detecting, activating,
and/ dr deacboolal’ atthotgieit iwil botindeystood thabhnynathérdtemnsiiay, besapstheted achleskt Wi | |
al so be appreciated that an inventory control marker deactivation

appar at us1Pherwisggdicdidessary in all inventory control devices 100. An

i nventory contragl [ tivat ] r s, 1 . in
an30i nventory cgr?tc ?EE‘{CK?%Y/?@%F%géw?%?&aaﬁ(?@?@?gs ?'ékgréss(@ﬁ{'%cggx? %W%él%gat ent
appl i cati orfonfeadifig &% Richfoatibh k401081 the IfventbBPiem 8041 ThemforMatib®en Ard
Apparatus For Activating andDeactivating El ectromagnetic Article

Sur vei | | anddentifieationdag 1ahissypieallyprovigedctora protessorthy coavulzecktapgyegd| 53442

PCTI 1)S98/ 21513 =9mar ker, deact ] vat i apparat.us 112.inc es one.ar, nore
per rithent ARy Heh o et RS Satiarite BRERIEIMiator s 1B M0 rmgner s
arc br oughtout N1fQhdidertifiBatidn Vigt 1083s RBABEA i thONRRLRE Mhe RNEAtEly doRirkEr 114
placed in or on the item Ofen the magnetic inventory control marker 114
is placed altvicedb® mapcfos pkample o alime kheanvantdry itemi 19| tabeichenked-otbansy ey ent
its accidental or ggttrr oseful renoval. ;“’l[le one, or magnets on the

nor
i nvent ory JSATPLihe to grtadibranyinersonag) 6o resplys theiproblgfen from one si de of
the inventory c r i . t i 0 i.vate the
magneti c i nvent gf;}@e 1%(L)nn@rg%t*f&ﬁ%ﬁgcrah%fila\ﬁhnga%h‘ﬁ?eb%ilggﬁolﬁggg%{r%@en

successf ul ligemifiestioachudibier oh ToReintiRe, adivhed camdThot shban) NKREakvwelygcant r ol

mar ker deacti vation apcgar_at us 112 includes an array 10 of nagnets which are
noved past SeRraigdgien identification seanneoimot siowna mkayrbe used. oRlesepadreni nvent ory item
104 has bee ccessfully checked-out. |n another, enbodi ment, the inventory
controt marReRGRIR el By Bh Siarieresed TR dRELE R arierae tedt bl ng

an el ect rojma?a%n. 1% Wi PbAbdsCipBich@Y FRGre@néteyl SBbRmITBEAS veddl€bsoiwhi ch

wi || deactivate the magnetic inventory control marker 114 once an inventory
i tem 104 hay dnawactiveicard asdigrield o 1ite matreakthd patron mbhbe ipnwepted to/ge tnlibrady mar ker

deactjvation apparatus, 114 nay, be directed and _controll ed by an internal or
ext e|ts al pr%@é‘g‘g@ﬂs@!vea{ﬁe B@i‘@m-b’gélhea‘!i’éﬂf’é,'3?’!ﬁ'§€at|°@dMﬂP§§'siVﬁ"£r‘Wd‘t‘?“t9n r ead

by the itemd b ' . ' t hat
an aut hor | 22 et bk GRibil; 2E2RP Shasta LT, WIGBLAGST 101 RBbAEELRES, |10
and that 20thelpetrodentification tag 108 of the item 104 has been
successfully scanned, the inventory control marker deactivation apparatus
112 is actuated to deactivate the inventory control marker 114 in or on the
inventory item 104. However, as previously nentioned, this systemmay al so
i nappropriately deactivate the inventory control nmarker 114 of a second
item 118 which is stacked 25 above, below) within) or to the side of the
first item104. In this way, the inventory control marker 114 of the second
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* 10 enbodi nents) optical detectors 120 may be provided at nmultiple I&Cﬁth?ns
on the device 100 to offer nultiple perspectives Using the rediretd 100
Ilght, t heyoopisqaal detector 120 determines a profile of thpcrosesdiersy itens

104, 118 which are placed on the pl at f otgn 102 of the inventory control
device 100. The term"profile" describes the I ntersection of a plane of
light with the 1 e of a
profile is a Ilnghiggg ﬁjcotnpglnag&%/cﬁ%e {Hﬁ t%gﬂ fnr‘{é&etg o?of?mf ')’(]gmgl' 04, 118
in a plane whictitatiof appara@silMBaGich d@ecrtpewdaﬁmvaﬁtotpcdml Aladltdranaoh@d, as
illustrated in Figure 3. However, the profile may be nmade al ongi ot her lines
152 at the &wyeweryoten Wimv@stbsfsryplmeérm on ou thezingnigy chntpledeyist il Aed Thy

| h | at f 102. h
20 profi 1o M & iveREeh ot eler SR IR e Ghe s BieraBaRRBR R BRI g 1 0
an of kset a%@ﬂ&%ﬂ?ﬂbn@f tﬁéqi‘ﬁvénn(yr?'%ﬁtrrM rhdr &S| lﬁqgﬂlcaﬁﬁ%ccﬁ@ SABL {1 1049ht

source 124 may be used to direct light toward t ventory Itens 104,
A portion ohatlees sudcgsstullyahedked-oubeArvedety ef difigrdny invefitoectomrol marldzrs‘flﬂse

reflection fromth nvent o items 104, 118 toward the detector 120. This
typical |y 253 bgise sEgr PREPLE it puRs: ook PO ABHPIYGPIOHS BEPBIMOI20 because

of the i ncrmﬁsalhétdnwa B%tléePg 7 rhiﬁ%h%su tPP hiht %%eﬁ@?ﬂ{)ﬂgi%ﬁk G ERfpe! | ot

rat her than a source 1 cient. Ligh 'S redire ted by

the itenms 104CDIES. iif thieypireaflaypoblebl ech @D or cavidiercated e araikh@pledfby t he
items 104, 118 toward the optical detector 120. The light source 124 may
provilfe vi simreeonnemyiol marken isayaitablsi fiam Minngsptaddining, andtMam fauring ofStpart

upon the type o det ec us he ource may be ‘

pol ychr omat i avlg Wﬁ‘b‘asz ‘g" E ‘EFS{&PE“V%%%%QW{Q)U%%T tﬁBH%‘Bﬁr omati c (having
a single wawemrmm“‘a 'I"H?Q ﬂ&r‘k‘énelsldefb%écpw Uand Sinteé"Pé/t%hteIQStj“ﬁ? od%xarrpl €s
of polychromatic 10 2002 WO 99/ 53442 PCT/ US98/ 21 S 13 -1 | i ght

sources i ncITlhdmagmm:ndmmmoarrd midrkeyces beadtivh@dpsd/an deantivhied by ptauings

Exanpl es of nonochromatic |ight squrces include : ht-enmjtting
i odbs ( LEDS) SPEAR 46 PASREGaries o MAToLS i e | 1fos DEESHBDE or od o

provi I'i ght rt@\éhcﬂgr the'Hd, ngttgﬁ)t?@lgg\y@ tgtegch dt H@r |I'ngJ?ﬁct%En thk & ﬂr&% xﬁ'@e)ﬁt

pul sed to reduce t anmou power neede operate tRe 1 nvent 0 ory
control devicosatroltnmarkdrl Idwi¢ typicaltyeacpifvatad Where s bod)lassremfnddasehc littraxy/ Oks & O
I ncrease the covertness of the device. Typically, the aoptical detector 120

and thfa lj i gIPUeBEfecks-agtihe P@olwwﬂu@aowowwm ¢igt 1#28 deactivated s thehthr y
790 (and "t hd ot f of hetbrey Linb3pB TN FEEEARE aRRAERL HEAES1 0T

is usual ly tpeesafimerent to the type of light which is detected by the
optical detector
20 Other types of inventory control markers 114 are used including, for example, a
dye tag. This type of inventory control marker is often used in clothing stores where the -
removal of the dye tag by an unauthorized person results in the release of dye over the
clothing. The inventory control marker is typically removed by a sales person who has
an appropriate inventory control marker deactivation apparatus. It will be appreciated
25 that other types of inventory control markers, as well as other methods for removing,
detecting, activating, and/or deactivating the inventory control markers 114, may be
used. It will also be appreciated that an inventory control marker deactivation apparatus
112 is not necessary in all inventory control devices 100.
An inventory control marker deactivation apparatus 112 that may be used in an
30 inventory control device 100 for a library is described in U.S. patent application no.

09/058,636, filed April 10, 1998, entitled “Method And Apparatus For Activating and

Deactivating Electromagnetic Article Surveillance Markers”. This inventory control



2120 and/or emtted by the |light source 124. For exanple, if visibl ﬁ}htpﬂﬁﬂ
is detect gvghg%the optical detector 120 then the wall may be made |
material, % clear or translucent glass or plastic, whCIP§821513
-transparent to visible light of at |east-9ne desired wavel ength or set of
wavel engths. If the optical detector 120 is, for exanple) sensitive 15 to
infrared |i ghirkéddeactivadionvapparates 1 d2nhétaddsyonere ensrt parnidne Y magnctd)i Wher sn
relatively transparent to infrared radiation, but may not be transparent to
vi si bl e |i ghtem t8fdis sheskedraute thicaine jos monid agnegs arsdrought irtto prgximity sithizhe
inventory contraol. device 100 to act. covertly. The aptic det ector .120 may
{ake o var | dOSEgHe PSS cenirol Rafl HATHRCH pr o TR BReB MeSteNsts “be
formed fromig @iy dbRPi TR 116415 fRcedatip¥eithd S8R ofSERRIK dVRh &S FhiTR MRCT Or
detector elenents” 222, including, for exanple, infrared receivers,

phot odf odes, togreveheinestcelentl ar puingosefal cmayhke dT likeaneos ni@@€M)agnats anltheist r at ed
in Figure 4. The individua] detector elenents 222 receive |ight (anbient

|i ght and/ orinYSRHY cPRterhmatkesstepciiyation qrglﬁfattgohlr?cwzeisom g Hide P r om t he
inventory it; t [ vert the
optical si gnlg |t%9§mgﬁ&§eté@¥\?§(ggl tlﬂgf)gﬁéﬁa%ﬁ?%acggéntgmeena%% 'cs;g{r}}tén{bg}na
processor ( nedntrah@utker f DY wlstbdhy &k 04 has bdensuesdasiiilyetiztked figt. ilAdhothetual
detector elenents 222 receive |light from correspondi ng points along a
profile 250 @nhbadifaent theinventery ¢onifel marker gergtivatipnapperiatusdd 2dnaderdes #BBEray t he
optic dete 220...as L1l ustr d general |y in Fi qur.e i.s_ capable
oF s 18 ng. apnieneR unidarkiniotid PR B sPERHS nyspealy bl e 4Rt 50
(i. e., in aindédi@§tilemN 04%hs beenliEce@sfillycHeck@l @t ah aratfer @ftidvaent! @kl ect ed
light at two or ndre positions along that axis, thus obtaining two or nore
i ndependent preftotyesntodl marker deactivatiorCappapaaL] MOnolRi&x3xeisil HHOVirRIBINZIH13 - 12

inventory itens 204, 218, This may .be useful for de ting, .jnventory itens
whi oh ar s of FSGIo-REGIE bR 6e19BAed 40 AEVEORR megretiecheld whied wikiFeiiae bty

an inventory : | i : 3 to
the opti cal g?,%tgg; ﬁve%%@%sdéﬂiﬁ?@t? {kﬁg? Wn%gﬁﬁg@toarg(zkg*@?# hrﬁa%{tb %\l %gﬁg%/ﬁa ong
the 518ack weldcketéti nstead of the side wall as illustrated in Figure 4).
The inventory control deactivation apparatus deactivates inventory control
markers on an i nvEbg ws;mwawwmr@gscrtfﬁectm&;ewmzya%hl? By gediredcd pit
determ nes t ltiple d . 18, t . 202.

anot her " embott HSHES B aEifesBitiol sReat bEEBS00, FCEhalBet il | |
this 10 enbogifsriation a8 bQMRd it ideRIREGET scarfbri 106! UMMREn Ble gréasboraiteerminght
emtter 326 and at |east one tight receiver 328. The light emtter 326 and
| i ght recei vt gpaitherizedpatmorbaspiaced gih investbheitesh 484 o8 B pladermdeanddhathi n a

track s332. Typi.cal.l.y,. t he j | e bl 30 IS co ed to .a,mtor. (not
shovvn)z%or ot r'g?i‘é'b%/%@"ftﬁ féﬁog'ﬂﬁﬁﬁ?'ﬂé%F%Scat&eegéﬁcﬁﬁl@}ynscﬁwdt PReIRVeRisy |
operation, | igtfol nfar@rdkdceidatdh dppralus A0 iABEdEd t3dAchii@idSnidagory nvent ory
15 ittens (not shown). This light is then redirected fromthose itens and
recei ved by tomrdl ngkiter &4 @i oreon th2 Bivehiysitdnt §04. i s t hen converted by the

| ight receiver 328 into an electrical signal that is sent to a processor
(not shown), as dEO¥eVeieds RIBWEWlY martioged,this systemnay slsodnapproanatelys

iti i i | the it 32 ' tvnj 1 | e bl ock
D90 travel o SPUVERE i fendh 388 rd Mackds 314 of d5pooniflsff} 18 which s TRIGH, & D) o
time i25 t akeabal, bdlGR! witkln 06 189hd di®offth@ftst 18mliodhtin 818 Wwherthé #feos,

received by the [ight’ receiver 328 Alternatively, the |ight em tter 326
and/ or | i ght costedimagker 328 of therseconditens, | I8aninebe etter purposefellyrovaasyleotally i | ti ng

' t sho .. The. light from.the |jght itter. 326 b
i oot ad At AeqRbabs Wkt ke wieniFation e BB 97BF ason s b 8l ong
o il . ) . h !
the protile %%cgthg-du@k’lﬁ?%&ro}{d 'itEﬁ{I}ig rt]&gﬂg{r—iagroﬁ Whﬁ%f‘ﬁﬁ Qb{o‘k'&‘?ﬁkﬂa‘ﬁﬁaﬁd@e

itens) froma articular posi he pro e nmay ‘be reflected by
a mrror to ttheitdm §bin thehkiamewitibi8havingecheekdiobin the ittheané tha hivraryswory bbe
used to scan the profile, or the same mirror nmay be used for both emitter
and retki ver unsveya of thedossaf tesditem: beeaesgat wpuldostill basegisersd Bt haans’sa
correspondenc o signal s obtaiped by t .cal .detect.or 220 of Fjqure 4.
The si gnal frd(zé}ﬁ%?sl‘?é‘sgﬁ‘ﬂg PEfseRy &t 815?18;%32@%53@1%@55@ rgeggchqoilﬁrgfpef{%g
through one pASsresit Mveitdnt he track corresponds to the signal fromthe

optical detector 220 plotted as a function of position. 100CT 2002 WO
991 53442



7-13 PCT/ US98/ 21513 Typically, the electrical signals generated by 1qpot ]
detectors such as detectors 220) 320 vary in anplitude at positions
_corresporOAYsMd2 t he i nterface between two or nore invent oPGT/USSRSIGr

- between an inventory itemand the platfqpmor enpty space. Signal

devi ations, such as these anplitude variations, which exceed a threshold
value are 5 nonitored to, determ.ne whet her | tiple, inventaory itens are on
the platform Afpawieéw ﬂaﬁfe@%\ﬁapna%&%@wahgp 3 é"@ﬁﬂ‘i?&afésllﬁﬁxh‘ 233864 t o
enhance th =t stefnQ ek §BE ' used to
remove ran orgr? g%&é?,ﬁang“g s?ec)n?ég{@éﬁgsrﬁdgt%dé’sa{hgor#é‘%ﬂ%;&k)bgslgub ?'ggltdg(z to

renove at |teastermmerhopretdnee sfmtikipleditonsy K&, 11 S oAadd platforn 162 hitghdptigdit t he
devi ations, the si gnal may be enhanced, by, for exanple, differentiation or

10 ot her edigtectistl@Rireesivestighigddirasiashonant e ppaisalaetectpsiap dilonythg irpentonh t he

t. i at. [ j | ¢ch teristi t her. t . litud I b
i To LA B SRk bR AR e PO MR BB A A Tl =
processed) hivecaRBEResIusEd HENd BRI WhétRewd) SAbreGRATsHalEbLeipldce@bn kit €r est
(e.g., anplitude) which exceeds a threshold value nmay be 15 'counted. The

parti cul ar plifershidl2d Thel apticsleieeots 180 neaynerpositipned of amtsa'ms,sidsufmeas t he

type of optical detector 120 and |light, source 124 that are used, .as well as
the opti cal MPFe¥ceMEel dsvice R0 phiheiEpy ientdication sqatsrd@6agsgliusrateddive

embodi ment Sﬁiﬁgﬂe 2”3)’0??915; @Hki[cesﬁ’detmhe Hﬁ\ﬁcéi m‘i‘ﬁé’éc%ﬁe?rlogxi:f&ﬂepver a

nunber of cofisecutive points or that the average value of a nunber of

conseout i veemtaddimés, Ripsicetxieredrd 120 by bsplviledat umligile loeatRink oh Higd devigpur i ous
signals. Typical lfé) t he presence of two deviations that exceed the {
t hreshol d vEIQte affesmuliinres perprectivessi ngl e i nventory itemis present on the

platform Mre tfan, {0 oHeaf AN Ind Bl g@;&&g@;i&&t&%e%ggﬁrggz%k ¢ may

i ndi cate the presen%e ol no wever, s evi at'i ons may

be ignored inlentb@litetrisamn] €18 Whiel arlfade@dnthOpatfbAE ONEF the dRNhRIY EdtErol
representi nge an item that are closer together than the 25 deviations

repr esent i néevicepi08d dthe temauofit hiesaribesithe intessestionof p elang ablighy wWithdhe nul ti pl e

ite are indicatgd,. the inven opfrol devige 1 Ay, S end t he

chec 5 out p?éjgceﬁg% @8 é'ﬁvﬁgg’w i}%‘ﬂf’ &@g%égd ?)tr?ﬁfxf'ﬂélfa roﬁgtpr&ﬂgxspa;lmegﬁetnéa%g orrect

the situati gBnPihcle@PBVdMBe RYEAtSry itedi¥® 041818 il ANhMOWhiOR issdppedx@ndteigm 104 in a
proper position (e.g., next to the back wall), or consulting with Iibrary
per sonnel t perpendicudar to e platbisivel2, agillmsteatedhindrigune\d. ddowevet, thaproile may
deactivatio

devi ce. 100 PeTRESUBHARNG Cuss 4 At HEB RO Darens DHeLLhvHih She
QL?: ;IOHny | ThEME By PRanbPMhaPsre AbOHFEER I Yo P PlARG 1 B ARy CadE OhEE OF
20 profile is a line 154 that has offset portions 156, 158 corresponding to an offset
arrangement of the inventory items 104, 118.

An optional light source 124 may be used to direct light toward the inventory
items 104, 118. A portion of this light can then be redirected by reflection or diffuse
reflection from the inventory items 104, 118 toward the detector 120. This typically

25 increases the sensitivity of the optical detector 120 because of the increased illumination.
However, in some embodiments, ambient light, rather than a light source 124, is
sufficient. Light that is redirected by the items 104, 118 is typically reflected or
otherwise scattered by the items 104, 118 toward the optical detector 120.

The light source 124 may provide visible and/or infrared radiation depending, at

30 least in part, upon the type of detector 120 that is used. The light source may be

polychromatic (having a broad band of wavelengths) or monochromatic (having a single

wavelength or a relatively narrow band of wavelengths). Examples of polychromatic



21 0 OCT 2002 WD 99/53442 PCT/ US98/ 21513 -14 recogni zi ng that an C
unnecessarily high | evel of false positives may be particul arl uh% (1,3%
. Anot her ew&?é/is?f‘égt of an optical detector 420 is illustratBaMUA'81§lke 6.

- This optical detector 420 typically inctlddes a two di nensional array of

i ndi vidual light 5 sensitive sem conductor detector elenments (not shown),
such as i nf tightedufcecintieé McardesdeRtrddRiorece®! AABNARI/ brilight HEES. OF x4 ¥ r ay.
This optical detector 420 is used in conjunction with a |light source 424

t hat typi camopoghromaiéekght souncesanelindedlasens, lighgemittinghdiodés GRD},omdce may

d f h - e f1ight he |ight b i nt
B our co whi CROVEMABGHRFE sPRG wuEp i WtSelo B iR MR harE 2 Hethvent or y
items 404, %Qnm&hatw%}ﬁeﬂ&&frilh@nﬂa%e ph¥Bé fted¥ee thRGnfRhi spﬂ%vg&}n%@&e@r 420

arid the light source are positioned so that light fromt i ght
source 424 thaperatethmmvantas colteoli devieat torajiowttberaseddfd lodvkBclass aftiases and/or
partially redirected toward ;)Ige os)ti_cal detector 420. Figure 7 illustrates

a typical proficreasuyo coueringss @140 the optical detector 420 for two

inventory itens ' [ fr ach r. The portions of
the 15 signal reﬁé&%l%ﬁ?ﬁgﬂn&ﬁﬁgéfﬁégrébigélfhezl%gl §?u ?eoﬁ‘{;iﬁfp Vé&[ddng o

di fference ihBudike1Z¥ sfitReinGerddrs coifol@ic@ 100O0Mht RaIl dfghd hGiRiNgRWekh tRE | Si ng
fromthe difference in the poSitions of the two itens 404, 418. Thus,

nul tipl e it opcadetactpr 3G @ndrtheanptionaldighbsauect 134) erditherinventarygiemisJ 04t t he
det ecfpr whiGh. f b re than a threshold value. Even j he two
venttr y " ¢SGR Gl BT St IR Rk b o el delecl

cor r espondi ngo Taﬁd/bhétni&@@ﬁ?tl%(lighﬁidwwﬂZ4h€Fdr\6Qan’:n%1@,ni$ visibld Bght isdtadctdpty be
further processed or enhanced by nethods described herein. Thus) a

det ecti on altbpenticaldetagiord@a then thewalhmay bewmasleiof matdriarsuchhas teaseorsi gnal t hat
exceed a threshol d val ue. , The threshol d val ues. .are. Lcally determ ned by
the parti cuItQPQB‘fﬁ"f glas qpfas ?’&h'mtgﬂﬂ’ar‘?"&ﬂV’§'g[?ﬁtgi’¥ggﬁﬂ‘?3r§ PI&FSIES ed.
Typically, thgelehdif r t LB, sg val ue
to help elim ngt ggtsgﬁgétgtﬂ\s@%%t%ngfﬁe dgﬁgﬁﬁgﬁe%tlr%ggéft‘ %&r@?ﬁ%?ﬁgh‘?g se

si gnals due to infraoéddgght theb therveaiLis typidatigmadbef s ingaial whichtigfetatively t hr eshol d

val ue for a nunber of. ga%ﬁ points (e.g., the signal exceed the threshold
val ue for tHFABEPARH 10 YRS £y diatimne DYtAPEY vatibaransipselt 1 Mislt ighhoORe suthat are

chosen depe \F a ' h e el a points
are col |l ect gga?%rﬁagmt%ﬁ%gﬁgzd; ‘a%F g’f‘gf:‘ﬁ%a adgtsgvﬁﬂg??é@%g}% &ﬁ%@l g%ﬁ%g@gﬁﬁoi se. 30
The two-di nemoserdpal optical detector 420 may be used, in at |east sone
enmbodi nents, to deternine the E)OSi tions in three dinensional space of the
itens 404, 418 using@piical deigeirnl 2Qmaytakegaaricipns formass dior skampleafRntigal on
uses e kn hil . . - 15 R 1513 of
Pho 1 190t " sciireet? 2ah il be forhef cida SRE dimeliong <P ik o Tle il o2 o
420, as wel IsemcohfiRtdt dRle@fr ieReARD22, MEIUBIE, for Rdmple GRTrhred rédedlets, sour ce 424
relative to a baseline and the angle at which the redirected |ight

redirect ed iphotadinsles, or elementstof @ gshargetceupled desde® (CAM ) ak dlustzatedingifigurean be

L
Lo T o e 28 AT R Rlul pb R e e onel

the pkxel pidialafktcctoe 20pbndednvere tigcomical sTgral intd ani olettriont sighgbwhichgarposi ti on
of the itens mag/ be used to determ ne whet er_rrultiﬁ.le itens are on the
pl at f orm 10 theredeseatisl apraeessaidnefethewa) fassualuatiann Iafthis wmbpdiment, shgy ' cont r ol

G her ot hodtdiS e sEiebier Ssmsis2he e b Gom oot B Eprap i © °
used. In thiﬁso@f@mh@ntdrpgejngg@mtzqu control device 100 begi ns a check-out
procedure by reading a patron identification code from for exanple, a

library card (st dpafosher embedipent, tire opdieak detéctat 220y acilistrated gyerallyan by
30 Figure 4, is capable of sliding along an axis which is typically paraliel to the platform 202
(i.e, in a direction 251). The optical detector 220 receives reflected light at two or

more positions along that axis, thus obtaining two or more independent profiles of the



" 15 the itemidentification scanner 10G or another scanner. A dat alygRg 06
searched to determne if the patron identification code indicates that the

_ patron i Wawdieri zed to check out library materials (step PCI®)S982f513 he

. patron is not authorized (e.g.) the patrgn has too nmany overdue books, the

patron owes fines, or the code is inactive), then the check-out procedure

is suspended (step 715). In sone enbodinents, the inventory 20 control

devi ce | 00 IH¥SPRIY Mgl 20Ae2 k¥at Tahmay be pspfdldor datecting Msientogy jems whicharee

problem | nofs%pﬁég’gfm?ﬂéﬂg{@sgwéQﬁﬁr&}m{it‘?\g-y control device may term nate

t he procedure. m-i cation tag 108 is read by the item

identification sAkdrigtivell@n (iie@Pry edhtrol dedttilalaspaanisigs sheahrmepbd o
determne the validity of the itemidentification tag 108 (s_teP 725). |If
the tag is ¢rupleddashesppticpledetecton 220 thatdothsmpyg backand dertlp Gypindlytalgneithe not
al | oned for f It i
uspended (ZFRSUZAO Wit nd Jife RFESDEUEBL ATTEHET), Phe hiBob ML,
exanpl e, di dectivatibg appdraan deartivates Bvgntpsr SaRBEmakeel @ arl igventargtiemiundess
procedure for that item If the tag is valid, the optical detector 120
recei ves rethedmesi@ry cogirol devies 20(bdaterarinasithatithers agsrmultiplepleats28And 1Bom (st ep
73 5). The &J&E@}p frz@Tthe optical detector 120 is 30 then processed to
det ermi ne i f*¢ BNi“¢“nore than one itemon the platform 102 (step 740). |f
oniy one i tem i SANGhECLRELARER of A6 oplGiTubEcEh IS RUeBiltediR Figife PARVRR (Step
745). O herw se, the check-out procedure 1's suspend step 715). In sone
enboddment sembditment 1 the Gplic @f2cA¥D390 B4R atREAl LROBEIR EnliBer-326 andiaelodsor y

control device 100 may direct the patron to try again, to renove additi onal
i tens) to rBRHANE FRSRIVERELS. 1 Hhn luht emites BA6 A Hght ARr@INST 328 areeaunifd o d om
|ibrary Pergfaegtﬁé bloht’hﬁé th%g m%(}'é’soxﬁégﬁﬁﬁ%tt?qgk@%_. *rp@ﬁ%ﬁ@?h}é s@%gﬂhé Bbcid$yy g 100
may term nate thée cheCk-out procedure. ariations’o I's procedure may

al so be usetoupiddaoaxasiol tnadshawiadr Ahdr@avics fdranGa@the biocRI330 fvarhin ther
multiple itenms (steps 735, 740, and 715) prior to reading the item

i denti fi cat traek 1Rg lpsperssion.dmht memittethby thedight empiter 3 26atomardsghe ingenterye

dd), del : lso b . A
Dartdoy of | DR R Metinny Pis iy R ARG Fo R RER TR R TR KER . ot 4
U detector Jigh rtQivdeB2s MRS liphas HeRRBAva{ed b\ RO fight YedelvBFB2D1td AeeldtAéal or m

102. An exenplary procedure I's described and depicted in flowhart formin
Fi gures 9A aigdal OBt 15 sentuei cprooBséninbbshovadcpsatesdred gbaifet drhegignatie obtemeddur e

oi gnal (3t op! 1518y PosiEsof eferaieatone e otk £o DOy RRBOEI gy |1
for exanpl egsg gy d&lbﬁgﬂ{he%fcﬁgﬁ%t Q—?éi’atlvélgz}%wwegﬂ%a]r@d HPth@hintherali&yvi ce 100

r.
. , . ti
waits until a valid user has been detect by reading a valid user

i dent20f i cat iligh tobedemittddrfoom ahd light amitter 826 and fectiled biethedight @0cive 338t r eady,

t he procedure restarts, .optignally after riod of tige. If the device
100 15 ready. t nermaivelpithe Reh satiutsd andte? hgkideoier pRR AP nahmous ahth o

el ectrical sj CALT: 1 . t i | . I An

opt i onal 20%%2%?? rﬁéwﬁgggﬁg@% olFr8 Se‘?ﬁtegrh%?ﬁpﬁggau??ggglg?goﬁg}&i@h% 0 be used

as a backgr emitttr S2@ Ry bestirested 303 mirrér dndah@cAtdtedltobiagd diffevénk podiongsed as a
background signal, then this background signal is stored in nenory (step

822) and t helopg therprafilec thesiovemonyitems( digh relicyted by thaipvesogden(gbiam o use
b d signal t i C i larities incluyding, .f

0 B Ol A b o 0T i PO e R B b A Pl 5

i ndi vi dual dogephhr Bh@ B e h{?rrBR%@Pé $Bd tcd&faﬁ‘rﬁge‘a%rﬁﬁ%‘)op heshth@@Hr ' 1 Li es

inthe wall, lenses, or other optica evices t whi ch i ght passes as
it is directneybeasédhforbbthnsnianr drdarepdiedrf SignaBobtairedifran tledoritonatettctdne
detector 12Q. A background signal nay be obtained periodically or it may be

obt ai ned oni3¢0 e ceErspanRdenewtadignalabtaingddy the opfieah detheror el %%Fiwe 4 s
started or %%Qigﬁalthsc% tﬂenosptt{cﬁjlc&e%c%"r%2%ep\f$t?e% % 3FuhQioiDe tife through one pass

30 along the track corresponds to the signal from the optical detector 220 plotted as a

function of position.



30 If the acquired signal is not a background signal then the opti 9ROET 2002
previ ously stored background signal nmay be renoved fromthe acquired signal
(step 825¥O0MEMH2 the acquired signal may be filtered to rREHYEIEIREsS

- noise (step 830). Such filtering 1 0 O3F 2002 WD 99153442 -17

PC f/ US98/ 21513 may be acconplished by well-known techni ques including, for
exanpl e, time avewp@hilgthd éiBRAEal kighdlgpéitgatedBelbptital Hétb&ibisteh AVRIRHBY

near by points, or "adaptive curve-fgl ttrng techniques such as linear |east
squar es net 230s320Gpry wremplyyda 4t @osismisatorresgondmgt thehsintanfake batyeerhiovo dre
enhanced usi ng various, S techni ques,. i ncl udi ng, fﬁr e>§_arrpl e,

di f f er ent i athyR INYEntORkitemypRbetweenanjaventary ey and the platfgemy af eraply 8Paf&t ect i on
t echni ques e Latlans i . i i

i nterfaces ?e%'ﬁg%%}agfop ?’esp gtlll? f%ﬁ%edrﬁﬁwde&aéﬁpﬁgoﬁr&ﬁgb \fgéeéﬁagr%ﬁ‘irem&n ol#%/grei tem
and the pl atheHitaredrtodeasMine wisctised Meliltiplé In®EntofyyiRingsodrt ¥n &hd slavfdras A Vardidtgr
may be used to reduce or elimnate small variations in the enhanced signal
bel ow a t hr e lighel-frecassing tachpiqaesonay teoustéhto eihgned theserdeviationsatios gxareplenhi ch

are enhanced.,if. optjonal st 835.is performed) .is_ then erved t

Geterm ne. ¢ HUeHRBEbREFes B0k fE7 L RerRShstidbTieteo P LE Re R RN Sy

char act er i stggnhi thi\ehe @ibfrabled @b BmdvaaDledstisBrR DT hekyVRinitenoifd, 1RAIdiIRSS thhan -8
(step 845). e threshold value) b, may dynam cal 'y adapt to the expected

noi se in t heighlightative d@vigtiara) thy sighalweayere, enhadcedrbiyn (prasamplesdifpregédionsy be
or ocel8or *evifatet SRR e Bt Ry B L BTall hDRPIBAGR nol udt g
for exanpl e,p&fifiRas wsi%ﬁaglgmaemsabs &ﬁy@hmﬂag%dé ha} aRY ses&d_ttb%arff%nﬁs hol d

value. In the next step 847, shown In Flgure , aninquiry is nade as to
whet her t he ihformationanitied sigmal (e. 9., peak or step) allowed in step 845, is,

for instance) at a | ocation near 20 the platformbut greater ,tha‘n a second
threshol d val ue, @nce theggeal bas beey PROGESeAnhRNERBYALAsvationsdp 3 8tg82labove t he

platform 1fobhirltc &f iH{%rést‘f’é‘t%gﬁerPfggntuLeg Sich éx@@éds%.tﬁ%%nﬁoq&{l Ghlud H\Xﬁg# ory item

IS resting on or covering an I nventory i or exanple, a book

resting on tepunet. ThepakRaRr tHréshbllidlueakRpendsiod acheialy-afdicters osueklbg the afpet he
inventory itemis suspended (step 870). 25 If the location of the first
peak i s not ¢frepHcd deteston 12Aand Eglssaurchd 24 Hot arouspdias wellasthapngiesl)  then a

next step B0 odetel o e i BlISh Skl fule 0BG R MBS AR SPPRTRAT I Ve

vari ations that eXcee €ss a rd threshol d

value, Vii. ﬂeﬁui?é&l&hi’tﬁﬁ&"@i%n&lQi_eizilﬁﬁod StdR oveP A Hlifber & bRSecutiiadatd pentgepber of
variations that exceed the first threshold level, & is reduced by one

(step 8S2). fthhtthe ayatageavabse of Binthendf ¢ansecutive dita phinthexceedothe threshipldovaduear e
R RISk
( threshold value indicates that a single inventory item is present on the platform. More
than two deviations which exceed the threshold value may indicate the presence of more
than one item. However, signal deviations may be ignored if, for example, they are too
close together; deviations, representing an item, that are closer together than the
25 deviations representing a predetermined minimum thickness can be ignored
When multiple items are indicated, the inventory control device 100 may suspend
the check-out of the scanned item 104 and may instruct the patron to correct the
situation by removing extra items 118, placing the single item 104 in a proper position
(e.g., next to the back wall), or consulting with library personnel to correct the problem.
30 The inventory control marker deactivation apparatus 112 is activated only when the

inventory control device 100 is reasonably certain that only one item is present on the

platform. The device may be programmed to provide a desirable degree of certainty,



"1 00 CT 2002 WO 99/5344Z -18 PCT/ US98121513 such as a book, whi cp mﬂmg '
thin). This procedure is repeated for all peaks that exceed a thres old
_(step 853yo9sBaunquiry is then nmade as to whet her the nunirT/odoseasizati ons
. Which exceed the first threshold level, p, that remain is greater than two
(step 855). If the answer to this S inquiry is yes, then this is an

I ndi cation that s likely th of re itens are on th | at f or m and
t herefore tf?&o%’&ﬂ@h?" ‘;‘ﬂ'ﬁg hlgé\?egﬁlsﬁlaeéaos(lg\feé@ag%)partmﬁqr quiry is
then nade wWpatdi&imd he total energy received by the detector exceeds a

t hreshol d anount, y, (step 860). If the energy does not exceed the

t hreshol d anmount And)ﬂherrlemlfudanem«bf enbmial deadctdoid Ode tlhstraved imlighe &€ oVkised by,

for exanpl e, atron's 10 hand and therefore be unabhle tog detect
whet her mul ?wtﬁaagdqtfféwﬁ?&rtéplﬁﬂb(d@@uctfﬁ atyea d ﬁn%nsmaﬁarrqyrpftmﬂlgld@adéls ht t he
checksout pLOGROLLEibShdRbD d&%@ﬁ?é\&ﬁ%\é@{] 91‘1(0%3@ suéhfas‘i‘xl.#[aré’cf reE{é\@eHs”q“' ries

have been answered correct request s allowed (step

865) Wen t pieotediodds- diltlenfeﬁftllﬁatC(IBoﬁChmﬁﬁha)f MEhip apticah déteétapaz®isaned pr t he
i nventory item database are updated to indicate that the item has been

checked- out camungtidn wtd ajlightsauseey42dchatriypicatiymteducde a vairowicam of hpltr Skhis i s
actuated to activate th en cantr n the inventory item
' the checllfBapues qigaodet B S rbtAddcEion af el PS5 el shifSs bRKERamelM and) or
the patron ggycdehidh iSfdHlctHo fdﬁe%gﬁio'ﬂc ?JiécQ tb ARATALE B m\%tdr&‘ﬁ%qhgﬂ enove

extra itens, or to seek assistance fromlibrary personnel
underl$t ood ﬁr&alongmprcd‘ﬂe 450 Bypiqally,ithe djteakderenpdrad 20 amdaheﬂglneomfce 204 Eregur es

22 TSI o o e [
ony o, he a0RaRStaiav s AARERY bRty heonpaaeS [0 1o
t wo- di mensi onal BigutcRlllustedtecd gpicdiddofils 452 as it appears to the optical detector 420
for two inventory items 404, 418, which are offset from each other. The portions of the
15 signal reflected from the items 404, 418 are offset due to a difference in the distance and
the angle from the light source 424 arising from the difference in the positions of the two
items 404, 418. Thus, multiple items on a platform can be detected by examining signals
at the detector which are offset by more than a threshold value. Even if the two
inventory items 404, 418 are not offset, there may be a signal corresponding to the space
20 between the two items. This signal may be further processed or enhanced by methods
described herein. Thus, a detection algorithm may search for any deviations from the
base signal that exceed a threshold value. The threshold values are typically determined
by the particular optical detector 420 and light source 424 that are used. Typically, the
threshold values are at least two times the peak noise value to help eliminate spurious
25 signals. Another method for reducing false signals due to noise is to require that the
signal maintain the threshold value for a number of data points (e.g., the signal exceed
the threshold value for three data points). The particular number of data points that are
chosen depends on several factors, including the rate at which data points are collected
and the temporal characteristics of the sources of noise.
30 The two-dimensional optical detector 420 may be used, in at least some
embodiments, to determine the positions in three dimensional space of the items 404,

418 using triangulation methods. One method of triangulation uses the known positions



.25 provided in flow chart formin Figures 10A and 10B, in which 10 Of ITI
sequentially after 10A. First, an imge is acquired (step 910). An opti onal
_backgrouN0 88 a4l nay t hen be renoved fromthe i mage (steP@I16398/21Hé

- background signal may be obtained as desgsri bed above, including, for
exanpl e, recording a background signal when the inventory control device is

turned on, SFuaR shceasehdine bifeaS8ler IR BRI 3elelRE 438, L beLe

d
using a | ow pass renbve nolrse (step enmal nder "ol the

procedure rl@ibipﬂﬁcdﬁﬂntahgebﬁﬂmdigﬁ%h%@lﬁ ¢ Bauras 424 reddtivels atiakdlneland eeect or
and, in particular, on the individual detector elenents being provided in

1 0 0 CT 20k awhidytberetirenrai hgo s¢dinsted inte@eptsibe aptitat détactos 42¢oThieach r ow
t he | ocati on, of t{}%ngxi rm[n éal ue is eter{n' ned gsteés.QZS ﬁnd 93?). The
resul tant sPHHAPSITERN BE res0|Ved LRyt OtAagRnal cRITROUERIS Felatiste) the optica

t echngques i 426N 'eg‘pa% LSl erm ne
t he nanber %@{éég\gpg%hgndsrt%é;&é%,wrgggkghgér edgtggt)érs\/dﬂ?\@ﬂ@%a\}g@gﬁ gotr?g?ﬁ&%r

hei ght gr eatosdetdrinawr the poditivnasthied itemvsain wkree dinjssisiopaldpade. Fid spatiaitresodltion t he

si gnal may bﬁethenhanced by various, techni que i ncl udi ng .ﬁ?,i fferentiation,

Yy . : '
hi gh pass’ f?ithetrangulaigd pesitiens iplgiedbniisanel Pietpithe odcabdeisr@rd&her mi ni ng
t he nunber iatl i r . f 1 iries
are then maior g Eicp e Ay REARTEAR el IR o U BInRNEREL LRI,
represent ajterhd &8onhd plaérmi Nquiry i s whether an edge appears to cone 10
froma book cover (step 950;1 This may be done by |ooking at a sequence of a
devi dPi on wi t h aOnoexgmpimefithe gerlerabaperativmekthy imientoryfeanteal idevico 0& pbr t
| ength, or yice-versa |f.yes then the nunber vi atjons i.s decrenented
by ane. (ot e 68sh S iBurast in' £ fow ST gtsief By 1P RElOd5 oL Brsthiidriy
devi ations gf dyoRt S ; | é},n&,fil t han a
predet er m nedmfte %@g@h%&n@gf ﬁéé’%zﬁ% i gnogr%g{jséé'l 12‘?952&%1 eﬁgl’l{eﬁgb 1‘:% Sﬁ%ﬁ?l of
devi at i ons devigelOdrpint @dhdrk-duvprocediap b9 G&adingThpatrangdentifieatiabonde feorg, t hen

repeated for. the remaining deviations (step 94S).. The nunber of devi ations
is then di qua@aawe,%rw cagl{ster dA?). t Hie Raponddrytificionsdp mayheiead 8y i t em

(step<970). ver. engul I ! i houl d be
i1 ondd A 1 ISR BendeRBd el 6o SPGBl sEEhE! A Dftabse LSRRI 5 "P) LT o
20 (step 978dterntific Welw, pativanddnlifitatioh Sofd mBibicy th (e panan ioaghotigdhion t he
pl atform and so the check-out procedure is suspended (step 995). If no,

then a secofFEck egtibrgryimaterizie(sicp 7d@) clf thewratignds netrauthpsizad ke gs therpatiogns i s
: 0 v ‘aEL et . N th
on Che' pi ot Ptk rlshy $EEtl B&s; e bleor SRR BLERE g OEG 0En B FPTT

source 424 ikecRfodY picBdlirk RSsubgenddde@iepi71b) Ninsdhicdmboditterts) thhmvediegk- out 25
procedure i s suspended (step 995). IF the nunber of itens is not zero, then
a thi20d i ngapriel devigg RO may diesckthgipatron fo librarydrersanpelgoiredtify thgpreblemedni ng on

A A R A Lt A A
i's suspended (st &pxO8r)itenfIdBRIAMHSH ttagqomsq‘ésésgmelifm fiehtPfcatiBAkcadnhier 1 tem
may be checked out (step 990). The nethod of 30 determning if an object is

properly red06 (sepor20).hA databaseds then seprchiedsoaletraminerthe validit of plerifemn ned t o
determne th a{cce_pt abl e | ocation of objects restipg, properly. on the

pl atform THiestiicatigntag 1B (stend2hg Ththedsg st ggad o0 the Hemothedagpisdnyagdi ¢e
camerqa and L 4 - part of
t he rzgcei vegﬁ)el tﬁ@%e"%é‘r‘&é%ﬁé%%a% &ﬁéﬁ%u(ﬁl %lgégt@ﬁgg%@?%f%ﬁ %tfitr%wﬁhe obj ect

i's nmoved andudpBfdcddstep 780) hpatnTBzEnERtdre TBAIMSI dadick Q00 RtryStorferamplef ditdee
platformis again noted. Fromthese two |ocations, a |inear function is
ext r apol at edhenpatron todbrary personntl@ndioatariminatd the aroaedursffonthat itemnal

Com e PR T e S0 P AR R
correspondi g itEﬂf hﬂ%eaﬂmﬁfrﬁ\nltml(&g&% 9N e S8 SYLRE Gptiial 4bEcBl 23 Rrm wi th

an acceptabl e va
30 then processed to determine if there is more than one item on the platform 102 (step

740). If only one item is detected then the item is checked out to the patron (step 745).

Otherwise, the check-out procedure is suspended (step 715). In some embodiments, the



“Wen the check-out request is allowed, the patron database and/ or1grﬂem ‘2002

inventory item database are updated to indicate that the item has been
.checked wglyy/gdagh t he 10 i nventory control marker deactivatpefyuggpasdt us is

. actuated to deactivate the inventory coit%%r ol marker on the inventory item
1f the check-out request is suspended, the request may be term nated and/ or

the patron may be directed to try again, to reposition the item to renove

extra it enBvenrycantseldevice 08 maydirect heprirpn & 7y peaindamemnove additionpl pe

under st ood., t ha . t KNt he |l ary..Qrocedure of 15 Figures
10 and 208l ROHURY iefrOR A% et afOCRuR B RS AR ki) Of ¢ ne
i nqui ries FnedRdrEntbddimiatss i iatenicry cBRtroleddvie e nay tamYinfE 4)Y chetilo@ddi ti on,
ot her steps nmay be added, deleted, or rearranged in this procedure. Exanple

1 20 A devproee ording to Figure 4 was constructed. This device only

cont ai ned an op¢,i cal def: ctor and not @n iten(Li(glenti fi iegcgfl on scanner or

i nvent ory cont r bRM3QNKE ti’dfe%l@?‘? L% M3y, alsp bs used, Onerample-of fyariationis gt i cal

detection : P i 4 J G 3150
&rapaﬁddyétfomr i gﬁér@@@@% §,674d19+¢gﬁ3§ B (AR G

CCD Li ne Scanner (Orange e red integral to

t he scanneidemificaticetigdsteps 3N 72E aafl 73D). uBtHeavarkaiond bEthe prededeicnhaa alid si gnal
fromthe CCD scanner was directed to a National I|Instrunents Lab-PC+ Al D
card (Aust fielete;oxyrearfange ithastepsianaalso bewsedNat i onal I nstruments was written

h | d di spl he si |, f CCD £l d and
Ennanced tne. o Andrigty SR pRKEA.E RS bR ol bR uinal FEADRE oplitdl* ° 2"
det quni neddétéctdor® tohRierMNR th ﬁm\m%m{@ﬁga% iteﬁﬁoﬁilgt@;gsor%lm%. tAy ough 11 G

illustrate processed signals for various uati ons. gure 11A shows the

si gnal genexeatpdy pracedursiindgsenitizdaind depictedpn Bowskatifosingm Higunes P A awd YRsaks and
the inventory .contr devi ce .al |l owed check-out, Figure 11B s a signal
~ 0 ocT zoB‘z‘}’/lV\% gfgf@kﬂfﬁ%’@ﬁf@@%%ﬁg&?ﬁm@@%‘? ggé’lf cﬁsﬁagﬁ]fﬁ}??\ bookgvm'th
a shiny cojgtnoAd@httol &k 1008s .%sagk@ e@%éieeagtgﬂglf@ggsg@ggg SBH% a%@g@l | oved.

Figure 11 C sho a signal generated for two"~0 oun Thr ee
peaks wer etiealenide 400imay hot bf eady if foe exanveeithé yptivahdetedtodEd0 is @aothemined check
out of the 5 books. Figure 11D shows a signal generated for a mmgazine
i nsilde of HP BOBR deyige 400 waitnuutil arvglid upps drs begardetacindrhy repding paelid yset  was

b case.  ORyTam, BN ok Ay SRECIANE el 1 ERE AU BoBAEE °F O

t he ori gi nrdajart8DspiohtBnafeer bipeis®of Gmanount, and check out was denied (see,
for exanple, step 847 of Figure 10 9B). Figure | 1F shows a signal

resul ti ng when iHbe deviesckQfris ready.zbemtheloptikaldieteTtos 126weasivenlighiaad gy det ect ed
was below a_threshold anount, and checkout was nied Figure 11 G shows a
S gnal genGrIEPALE et SERD) EoBBBRIRGLo (ese et SNy Gie ial A BHiorHe
optigal detRGiPls midaasks %Em_\eaﬁ]ege@saﬁed sighal 131t8 bE SR RAAALRGohEsigmAYENt Or'Y
control device considered this signal to be fromone itemsSitting on
anot her it énep 803hIfabe dé&quired sighalswitl tbie mgedas abdchgwand sigasiethen gus e 11E). The
situation gh?(wn ig Fi glure 11G ..
ackground signal 1s stored in memory (step 822) and the program resumes waiting
(step 810). It may be desirable to use a background signal to remove systemic
irregularities including, for example, irregularities due to the difference in sensitivities of
25 the individual detector elements in the optical detector 120 or irregularities in the wall,
lenses, or other optical devices through which light passes as it is directed to the items
on the platform and redirected toward the detector 120. A background signal may be
obtained periodically or it may be obtained only under certain conditions, such as when
the device 100 is started or when a user instructs the device 100 to do so.
30 If the acquired signal is not a background signal then the optional, previously
stored background signal may be removed from the acquired signal (step 825). Next,

the acquired signal may be filtered to remove excess noise (step 830). Such filtering



Joccurs when the detector is incorrectly positioned in the verticalg pLRIg
for instance when the optical center of the detector's lens is positioned
at sonme qy6basg; above the platform Wen an object is cloperiSosizias

_detector, light rays reflected fromthe bottom of the object inpinge at a
| ocation A on the detector. If the object is noved further 20 away fromthe
detector, light rays reflected fromthe bottom of the object now inpinge at
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ensur {hal et heghed AU CRYSrLiamRe ot om Sl dhe SiLace of the
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approach, noving the object closer or further fromt tector w not
result in appefaeet bateetn difereBOinventerydtumsalr betveeealap drotensy lepiand 6@ i n Fi gur e
11G 1 0 OCT, 2002 WO 99153442 -22 Exanple 2 PCT/ US98/ 21513 A device

accor di ng t BlaHPHUPESKACHad seeoret Riltrs: yaicaliy plogprast Hiterg marbe yped ipgediic8ed' a
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Vot oo, ony, CaitaleSiteR Valon R AN BBk o S BRIBBT RIS P 6o
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generator nodule, Mdel LG OL from Coherent, Inc. (Auburn, CA).
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drivers provided by Connectix were used to acqQuire and display the I nmages.

Bot h det ect eyserpr Bypidaly, bowevearfileriag ps moseyps®t) mapyrssed Th eediCbodemeet or was
further used to provide the post-processed signals. Software was witten in
Mat | ab to prBakawpiydaneise inseme; emhpdimants, therpragrssenfalvales 8 Rambereie,

s pr asent SR 9 PLARRBRS St Pl BP0 B B v el R s °"

det ect or s Wek# eRdéedl kisd thrdshold Yamgpect ed that the post-processed signals of
the two detectors would also be simlar. Figures 12A and 12B t hrough 17A

and 17B show pr eIn thechegostep Bf hobewe i BiguiediBs an énquirsiiy wede asitowehethsnthe | n
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cover book. The processed signal has two edges so the inventory control
deviice al | owectptibiecdistande.above the platform. If this is true than it is likely that a detected
inventory item is resting on or covering an undetected inventory item, for example, a
book resting on top of a CD case. In this case, the check-out procedure of the inventory
item is suspended (step 870).
25 If the location of the first peak is not greater than the second threshold value, a
(step 847), then a next step 850 determines whether the distance between two
consecutive variations that exceed a threshold value, 8, is less than a third threshold
value, f. Ifthe answer to the latter inquiry is yes, then the number of variations that
exceed the first threshold level, 8, is reduced by one (step 852). This indicates a

30 condition in which the two variations are separated by a distance that is less than an

acceptable minimum item thickness (e.g., the signal would indicate an inventory item,



_Figures 13A and 13B show the signals representing one hardbound book. The
processed signal has four edges, but two of the inner edges were i §fd{ddi?
.because t\gyoedsbit the pattern for a cover of a book. Thepgrpssmgsizof only
-two edges resulted in check out being allowed. Figures 14A and 14B show t he
signal s representing two softbound booksl®tacked one atop another. The
processed signal has 3 edges so the inventory device denied check out. 30
Fi gur es 15A sacidaslBidokhwhvichhetositignp Thisrrpeedsenis repgated fegalpaaks lateeded asi de
a hardbound book. The processed signal has six edges, but two of the inner
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the signal ldcéedph @esHoftarhburti10tass60] AlaRg edef By dody ot eRdeRd MRtth@shslan be
provi ded about the itens on the platformto allow proper check-out. The

present i nveamduph thenabisdndicatesybatdbndétetoraday bacavertdi by, firexpmplej xpateon’s
exanp| es descri bed abaqve, byt rather shoul d be upnderstood to cover all
aspec{ of tsl'ﬁ‘@d? thsteteng may beaing l9t%éqte%mhe}hﬁfﬂw§'p§% Hepheg CS‘?H%.‘h"\/arif'ous
nodi ficatio ui . ructures to
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those of skill i riftlhef tetinduiridstibedbdeh @ngWeeGdtrrdctly,afén e chéckdbut@edqursk ispon
review of the instant specification. The clains arc intended to cover such
nodi f i cat i ondlowsd (der/P@BDs When the ghegk-out regegspis allowed, the patren database and/or

the inventory item database are updated to indicate that the item has been checked-out
15 and the inventory control marker deactivation apparatus is actuated to deactivate the
inventory control marker on the inventory item If the check-out request is suspended,
the request may be terminated and/or the patron may be directed to try again, to
reposition the item, to remove extra items, or to seek assistance from library personnel
It will be understood that many of the steps in the exemplary procedure of
20 Figures 9A and 9B may be performed in a different order. For example, many of the
inquiries regarding the signal may be performed in any order. In addition, any of the
above steps may be added, deleted, or rearranged in this procedure, or other steps may
be added.
An exemplary procedure using the two-dimensional optical detector 420 is
25 provided in flow chart form in Figures 10A and 10B, in which 10B follows sequentially
after 10A. First, an image is acquired (step 910). An optional background signal may
then be removed from the image (step 915). The background signal may be obtained as
described above, including, for example, recording a background signal when the
inventory control device is turned on, or when directed by the user. The image is then
30 filtered using a low pass filter to remove noise (step 920).
The remainder of the procedure relies on the two-dimensional character of the

optical detector and, in particular, on the individual detector elements being provided in
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J10. The apparatus of claim9, wherein the CCD array npri ses
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infrared light emtter for illumnating the one or nore itens wth infrared
li ght. eviations less than a predetermined threshold value are ignored. If yes, then the
15 number of deviations is decremented by two (step 965). The inquiries above are then

repeated for the remaining deviations (step 945).

The number of deviations is then divided by two to represent the two edges of
each inventory item (step 970). Several inquiries are made to determine if checkout
should be allowed A first inquiry is whether the number of items is greater than one

20 (step 975). If yes, then there is probably more than one item on the platform and so the
check-out procedure is suspended (step 995). If no, then a second inquiry is made to
determine whether the number of items is zero (step 980). If yes, then it is likely that
either there are no items on the platform, or the optical detector 420 is being blocked, or
the light source 424 is providing insufficient illumination, and so the check-out

25 procedure is suspended (step 995). If the number of items is not zero, then a third
inquiry is made to determine if the detected item may be resting on or covering another
item (step 985). If yes, then the detected item may be resting on and/or covering
another item, and, thus, the checkout procedure is suspended (step 995). Otherwise the
processor indicates that the item may be checked out (step 990). The method of

30 determining if an object is properly resting on the platform requires a calibration be
performed to determine the acceptable location of objects resting properly on the

platform. This is done by placing an object at a location close to the camera and noting
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ca inquiries regarding the signal may be performed in any order. In addition, other steps

may be added, deleted, or rearranged in this procedure.

Example 1

20 A device according to Figure 4 was constructed. This device only contained an
optical detector and not an item identification scanner or inventory control marker
deactivation apparatus, because only the optical detection procedure was tested. The
device included an Opticon Model 3150 CCD Line Scanner (Orangeburg, NY) Visible
red light from LEDs integral to the scanner was used as a source of illumination. The

25 electrical signal from the CCD scanner was directed to a National Instruments Lab-PC+
AJD card (Austin, TX). Labview software from National Instruments was written that
evaluated and displayed the signal from the CCD scanner, filtered and enhanced the
signal, displayed the resulting processed signal, and determined if more than one item
was present.

30 Figures 11A through 11G illustrate processed signals for various situations.
Figure 11A shows the signal generated for a single book. This processed signal had two

peaks and the inventory control device allowed check-out. Figure 11B shows a signal
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platform. When an object is close to the detector, light rays reflected from the bottom
of the object impinge at a location A on the detector. If the object is moved further
20 away from the detector, light rays reflected from the bottom of the object now impinge
at a location A’ that is different from A. The relevant result is that the object will appear
to the detector to move vertically in space.
A remedy for this situation is to orient the detector so that light rays reflected
from the bottom of the object always impinge at the same location on the detector One
25 way to do this is to make sure the optical center of the detector’s lens is in line with the
surface of the platform. This will ensure that the reflected light rays from the bottom of
the surface of the object in contact with the surface of the platform are coincident with
each other independent of the distance of the object from the lens. Using this approach,

moving the object closer or further from the detector will not result in apparent vertical

30 movement of the object as depicted in Figure 11G.
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signals from the VLSI Vision CMOS optical detector were displayeh directly on a
conventional video monitor. Pre-processed clectrical signals from the Connectrix CCD
optical detector were provided to a Hewlett Packard Vectra VA6/200 computer (Palo
10 Alto, CA). Software drivers provided by Connectix were used to acquire and display ,
the images. Both detectors provided similar pre-processed images. The CCD detector
was further used to provide the post-processed signals. Software was written in Matlab
to process each acquired image, filter and enhance the image, display the resulting
processed signal, and determine if more than one item was present. Because the pre-
15 processed signals from the CCD and CMOS detectors were similar, it is expected that
the post-processed signals of the two detectors would also be similar.
Figures 12A and 12B through 17A and 17B show pre- and post-processed
signals for various situations. In each case the Figure with an “A” postscript shows the
signal received by the 2-D array. The Figure with a “B” postscript shows the processed
20 signal.
Figures 12A and 12B show the signals representing one thick soft cover book.
The processed signal has two edges so the inventory control device allowed check out.
Figures 13A and 13B show the signals representing one hardbound book. The
processed signal has four edges, but two of the inner edges were ignored because they
25 fit the pattern for a cover of a book. The presence of only two edges resulted in check
out being allowed.
Figures 14A and 14B show the signals representing two softbound books
stacked one atop another. The processed signal has 3 edges so the inventory device
denied check out.

30 Figures 15A and 15B show the signals representing a magazine placed inside a

hardbound book. The processed signal has six edges, but two of the inner edges were
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4, The apparatus of claim 1, wherein the light source comprises at least one light-
emitting diode.
20

5. The apparatus of claim 1, wherein the light source comprises at least one lamp.

6. The apparatus of claim 1, wherein the detector comprises a two-dimensional
light sensitive semiconductor array, the light source and the detector being positioned

25 so that hght from the hght source is redirected by items on the platform toward the
detector.

7. The apparatus of claim 1, further comprising a processor operatively coupled to
the detector for evaluating the signal from the detector to indicate whether multiple

30 items are on the platform.

8. The apparatus of claim 1, wherein the detector comprises an array of optical

detection elements.
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operatively coupled to the motor, wherein the motor moves the holder along a path so
" that the infrared light emitter and infrared light receiver illuminate and obtain,

20 respectively, the profile of items on the platform.

15.  The apparatus of claim 1, further comprising an alarm which is triggered in the

presence of shultiple items on the platform.

25 16.  The apparatus of claim 1, further comprising a scanner positioned to read an

item identification code on an item placed on the platform.

17.  The apparatus of claim 16, further comprising an inventory control deactivation
device to deactivate an inventory control marker on an item placed on the platform if
30 the scanner verifies the existence of the item identification code on the inventory item

and there is only one item on the platform.
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20.  Theapparatus of claim 8, wherein the detector comprises a CMOS array.

21.  The apparatus of claim 20, wherein the CMOS array comprises a one-
dimensional linear CMOS array.
15

22.  The apparatus of claim 20, wherein the CMOS array comprises a two-~
dimensional CMOS array.



