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5 This invention relates to the field of character recognition, and

particularly to a highly reliable system and method for recognizing ID-type
characters under real-world conditions where factors such as painted
character ID distortion, image sensor’s limitation and induced distortion, and
enyironmentally-cauéed distortion may maké a robust reading difficult.

10
BACKGROUND OF THE INVENTION

The desirability of having a system to reliably recognize the
.characters of an alphanumeric identification code (hereinafter “ID") is well
15 appreciated by those skilled ih the art. The ID may come in various forms.
Some examples are license plate number, codes for freight shipment
containers,'serial numbers on IC chips, etc. For IDs such as the license
plate number, it is more difficult to recognize the ID characters because the
.characters may be obscured or distorted due to many real-world conditions.
20 Forinstance, the characters may be partially covered by the frame which
holds the plate in place or simply dirt from the roads. Corrosion is another
source of distortion. Furthermore, license platmes are often located near
other forms of writing, bumper sticker for instance, which may be mistaken

for the license plate itself.
25. A number of systems have been developed for recognizing ID

characters. For instance, th'e US Patent No. 4,817,166 describes an
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pl ate nunber, it is nore difficult to recognize the |ID characters because

t he™ characters may be obscured or distorted due to many real -world
conditions. 20 For instance, the characters may be partially covered by
the frame which hol ds the plate in place or sinply dirt fromthe
roads. Corrosion is another source of distortion. Furthernore,
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sticker for instance, which may be mi staken for the license plate
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| D characters. For instance, the US Patent No. 4,817,1 descri bes an
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' pottions of the character edges, and the contour length, character height,
and character width are then checked in a validity checking section to
determine whether they are within predetermined acceptable ranges. To
10 cotrect for obscuring objects on the license plate, a character alignment
section determines the top line and baseline of the license plate humber
and disregards portions of the characters that appear to be outside of these
limits, and a license plate frame éorrection section is utilized to extract the
characters when a portion thereof is obscured by a license plate frame.
15 Once extracted, the characters are recoghized by a structural analysis
section and a state recognition section recognizes the state logo. Once the
'sta'te is identified, ai 'yerification section rereads the license plate number
utilizing knowledge of the type style used by the identified state.
Another ID recognition system is described in GB 2,273,191 where
20 an ID code on containers is verified against a target code representing the
| code of an expected.container. An image of the container sutface carrying
the displayed code is obtained by several cameras and digitized to form a
pixel array. The pixel array is scanned to detect potential characters which
are grouped together. From the pixel values of the potential characters a set
25 of recognized characters is pioduced and compared with the target code,

the recognized code verified or rejected depending on the results of the



and character width are then checked in a validity checking section to
determ ne whether they are within predeterm ned acceptable ranges. To 10
cortwect for obscuring objects on the licenseg plate, a character alignnent
section determnes the top Iine and baseline of the |icense plate nunber
and di sregards portions of the characters that appear to be outside of

t hese | | sdnparisovt batwearetiectaphet code andt thee recoenized cads.i Recognition
utilized to extract the characters when a portion thereof is

obscured by a |iscedtfied Pubby o reural netiwork. Once extracted, the characters are
recogni zed by a structural analysis section and a state recognition

section recogni zes t ARh&UGH CeadtOof 6Se La/d other shihifre syt have etheir

verification section rereads the |icense plate nunber utilizing

know edge of t hgdbaiages the rHéiﬁdsHBﬂddﬁﬁinQOiﬁﬁhéfIDet‘écégﬁitién systems in general
Anot her I D recognition systemis described in GB 2,273, 191 "where
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w th the target foflgracters. Because ID recognition is different than that of character
recognition in that every character of an ID must be recognized before a
10 valid ID is identified, even a relatively small percentage of misidentification
of the characters can lead to a high percentage of misidentification of the
IDs. To illustrate, a ég% character recognition rate is considered to be an
excellent rate for character recognition systems; however, for ID recognition,
99% character recognition rate translate to a very poor ID recognition rate.
15 Therefore, there is a need for a truly robust ID character recognition system -
that can negotiate wide range of real-world situations that may make an

accurate reading difficult and which is particularly adapted for accurate

identification at the ID level.
20 OBJECT OF THE INVENTION

It is therefore an object of the present invention to provide a truly

) robust system and method for identifying characters of alphanumeric
identification codes to achieve high accuracy even in situations where the

25 indi\fiduals characters may be visually distorted due to real-world

conditions.



t he recogni zed code verified or rejected depending on the results of the

3 . conpari son between the target code and the recogni zed code.
Recogni ti on is carried out by a neural network.

Al t hough each of these and other simlar systens have their

advant ages, the main shortcoming in the ID recognition systens in general
5 was their inabilkiyfurtherain ehiectoffthe presentlimuetionftoqrovideca systene atidg

t he ~characters. Part of the difficulty which all of the systens
faced was in  methodamisich ntakebeparieutatromehsarsxlito | ackievéi highntdgentificstiony
di stort or obscure the | D characters. Because |ID recognition is

different than $kwessf ratdat et ID level, and rictgastrtithe Sharactdrdevelyery charact er
of an I D nmust be recogni zed before a 10 valid IDis identified, even a

relatively small percentage of msidentification of the characters
can lead to a high percentage of msidentification of the IDs. To

illustrate, 52 9§YMMARE! OF 'THEIINVENTIONE i s considered to be an
excellent rate for character recognition systens; however, for ID

recognition, 99% character recognition rate translate to a very poor
I D recognition rate.

The present invention is a method and system for recognizing the
characters on surfaces where alphanumeric  identification code ("ID" fof
short) may be present. The present system is particularly adapted for

10 situations where visual distortions can occur. Although the applications are
many, in order to properly and fully describe' the present invention,
references shall be made to the particular application of recognizing
characters on a license plate.

The license plates themselves, due to the environment in which they

15 are exposed to, often become marked, dirty or dented. The presence of
corrugations, structural bars, smear and other noise may distort the
characters. Thus, the variation in character and background intensity and
the lack of adequate contrast pose problems for a reliable method and
apparatus for ID code character extraction, recognition and verification. The

20 intensity and contrast of the characters and the background varies with
respect to the illumination of the license plate surface in different conditions,
such as during Jaylight, night time and cloud cover. Also, the characters of
the ID code may be presented to the recognition apparatus at an angle,
thus resulting in characters which are skewed.

25 The present invention utilizes a highly robust method for recognizing

the characters of an ID. Multiple character recovery schemes are applied to
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15 Therefore, there is a need for a truly robust ID character recognition
system that can negotiate w de range of real-world situations that
may-aake an accurate reading difficulg and which is particularly
adapted for accurate identification at the 1D |evel. 20 OBJECT OF
THE | NVENTI ON 'is therefore an object of the present

i nvention to prasgolmt fortd varsiet%/ of conditiohs 1t ehpate highn dccorby dn fidentifying the
i dentifying characters of al phanuneric identification codes to
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characters may be visually distorted due to real-world condltlons
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S are given to recognizing the ID as a whole and not just the individual
characters.

An image of the car in the general area where a license plate might
be located is provided as input to the system. Various image enhancement
tools are used to provide an image of the most optimal quality.

10 The potential regions of interest (or ROI for short), i.e., regions which
“may contain aﬁ image of the license plate, are detected using a broad
i predetermined criterion but no definite conclusions are drawn as to whether
the region is actually' one containing the license plate. Therefore, several
regions may be selected as the possible license plate candidates. Various
15 image enhancement tools of are used to detect the ROls.

Because the characters may be black on white background or white
on black background, the system assumes that both scenarios are
possible. Hence, both scenarios are considered. For each of the scenarios,
the character candidates are segmented from the detected ROl groups, and

20 then recognized using recognition tools, which include various types of
neural network systems. The recognized characters are then grouped to
form potential character groups. |

The potential character groups meeting certain criteria such as
character height, width, etc., are then combined to form a possible ID, called

25 likely ID character groups. At this stage, no definite conclusion as to the

accuracy of the ID character grdups is made. Still, the ID character groups



5 SUMVARY OF THE | NVENTI ON The present invention is a nethod

and system for recognizing the characters on surfaces where

al pikanuneric identification code ("ID'" for g short) may be present.
The present systemis particularly adapted for 10 situations where visual
di stortions can occur. Although the applications are many, in order

to properly andchdvd beerl partidllyaetogniped,samd somecinformation is gleaned dueingethe
shall be made to the particular application of recognizing

characters on grotessiseHehseg these groups are how ldalleds paptiadlyerecognized! \IPs,
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bars, snear and other noise may distort the characters. Thus, the
variation in Cftﬁrmdaés&ﬁd%bmb%éémdelbafeﬂ)% isYpaudible that therdanayde @iore
adequat e contrast pose problens for a reliable nethod and appar at us

for | D codeschangh!diie PAHBCE 8P nohSCAUA, dESorRiig \GH thd pariicUlaritle® of Me

intensity and contrast of the characters an ackground varies wt

LEobesong, | IHOVAMANE ol B AAGROBRP) o0 syrT 00 I Lerent

Al'so, the character sppbf the PR-IDCGs that have been extracted go through a series of
character recovery schemes to recover any missing characters which may
have been due to the fact that the original characters were distorted or

10 obscured by various environmental or other real-world factors. After the
recoveries have been made, the ID Candidates are formed, and they are
tested for integrity and assigned a weighted value, ranked, and based on this
ranking, the ID Candidate with the highest weighted value is selected for
further processing.

15 it is then determined whether the ID selected has a sufficiently high
confidence level. If such an ID is found, the system outputs the confidence
value along with the_' ID. But if no ID of high confidence is found, then
additional refinement recovery is performed until either a high confidence
level is achieved or the system has gone through a pre-selected number of

20 passes without a successful reading which will prdmpt a reject indicator as

the output.
BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a flow diagram illustrating the overall scheme of the present

recognition system.



the I D code may be presented to the recognition apparatus at an angl e,

thus resulting in characters which are skewed. 25 The present
invention utilizes a highly robust nethod fgr recogni zing t he
characters of an ID. Multiple character recovery schenes are applied to

5 account for a variety of conditions to ensure high accuracy in
identifying the FIG.| Diva funhetibnalediagrarh allestrating. tiee yveralp sehérng of the
enhanced by taking a conprehensi ve approach where nmultiple criteria
are taken into present ilmvaiofier ati on before any concl usions are drawn.
Speci al consi derations 5 are given to recognizing the ID as a whole and

not just the individpgh. 3is adlag‘rbﬂfmﬁéﬁétﬁ\g asegmentatlon methadrege of the car

in the general area where a license plate be located is
provi ded as i nput tOFI(§94$§’ﬁtd$é§raNﬁillu9H§tmgTﬁ% RigMaicHRigthod. tools are
used to provide an inmage of the nost optinal qual ity. 10 The
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(IMPC) Recovery routine.
FIG. 6 is a flow diagram illustrating the sub-ID level gap/spacing
based character recovery routine.
FIG. 7 is a flow diagram illustrating the sub-ID level alphabet prefix

10 based character recovery routine. - |

FIG. 8 is a flow diagram illustrating sub-ID level digit suffix based
character recovery routine. |

FIG. 9 is a flow diagram illustrating the' ID-level format/layout based
character recovery routine.

15 FIG. 10 is a flow diagram iliustrating the ID-level ID check formula
based character recovery routine.

FIG. 11 is a 'ﬂow diagram illustrating the. method used by the
Integrated Character/Segmenter/Recognizer Neural Network (ICSRNN) to
perform scan-based recovery.

20 FIG. 12 is a flow diagram illustrating the method for assigning
weightage to ID Candidates to select the ID Candidate which is most likely
the true ID. i '

FIG. 13 is a flow diagram illustrating the method for measuring the

confidence level of an ID output.

25 FIGS. 14.1 to 14.8 are actual real-world images of car license plates.



predeterm ned criterion but no definite conclusions are drawn as to whet her
the region is actually one containing the license plate. Therefore, several
regions may be selected as the possible |licegse plate candi dates. Various
15 inmage enhancenent tools of are used to detect the RO s.

Because the characters may be black on white background or white on
bl ack background, theFIGSt1EN o $5.8dHustiate someobtherprocessaes undertaken by the
possi bl e. Hence, both scenarios are considered. For. each of the scenari os,
the character cardsent sstemomacimhteat-worlthimdgesdsftaartiedns®plajes.ups, and
20 then recogni-zed using recognition tools, which include various types of

neural network systerfG. Hiallasteatgsiazwihdoabasdd heural aetwerk achiteetdrd.o
form potential character groups. The potential character

groups meeting cert aiF|G; 17t ifustates Acdtiventional néUral AstwoTk aecigiscturel dt h,
etc., are then conbined to forma possible ID, called 25 likely ID

character grgups. At K| 8% adsohenatiterdpresantanon ofd MmultRRayep ricifal network
accuracy of the ID character groups is made. Still, the ID character groups

structure.
DETAILED DESCRIPTION OF THE INVENTION

10 The present invention is a method and system for recognizing the
characters on surféces where alphanumeric . identification code ('.'ID" for
short) may be present. The present system is particularly adapted for
situations where visual distortions can occur. Although the applications are
many, in order to properly and fully describe the present inventioﬁ,

15 references shall be made to the particular application of recognizing
characters on a license plate. However, it shall be plainly clear to those

| skilled in the art that the method and system described herein may be used
to identify characters on other surfaces carrying ID-type characters, e.g.,
containers, IC chips, etc.

20 The license plates themselves, due to the environment in which they
are exposed to, often become marked, dirty or dented. The presence of
corrugations, structural bars, smear and other noise may distort the
characters. Thus, the variation in character and background intensity and
the lack of adequate contrast pose problems for a reliable method and

25 apparatus for ID code character extraction, recognition and verification. The

intehsity and contrast of the characters and the background varies with
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6 have been partially recognized, and sone information is gl eaned

during the process. Hence, these groups are now called
part- al | y-recogni zed I D character grogos, or PR-1DCG for short.
Because several license plate candi dates may have been selected, it

I's possible that there may be nore 5 than one PR-1DCG or none at all,
dependi ng on t hregpact focthiedluminationfofithe license platersgdacge ire different comditions,
aut onobi | e. Al'l of the PR IDCGs that have been extracted go
through a seri esucH as during dayliglat;, aight ¢tiowey anyl clold wevet. o Alse dve charactenssofi ng
characters which may have been due to the fact that the original

characters wer ethd I oodednay belPresehtadir frthy recugnition apparataseattat angle,
other real-world factors. After the recoveri es have been made, the

| D Candi dat es ajrysfre6uMiflg ineakdivtarsawhich are skelvedll ed for integrity and
assigned a wei ghted val ue ranked, and based on this ranki ng, the 1D

Candi date wsth the hTH@%?éséﬁ!' ﬁl%ﬁfbﬂ atilifed & highly Pomsisst féthod for reé?ﬁlﬁ

processing. 15 I's then determ ned whether the ID sel ect has “a
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of .high confi degggyint di%'0ariety R Conditions to ensure high accuracy in identifying the
ID on the license plate. Accuracy is greatly enhanced by taking a
comprehensive approach where multiple criteria are taken into
10  consideration before any conclusions are drawn. Special considerations
are given to recognizing the ID as a whole and not just the individual
characters.
Some portions of the present method and apparatus were based on
the method and apparatus described in UK Patent No. GB 2,273,191,
15 particularly, but not only, in regard to segmentation and image
enhancements. While the present description is complete in itself, to gain a
fuller appreciation of the described invention, the cited patent may be read
in conjunction with the description provided herein.
FIG. 1 is a block diagram illustrating the overall block diagram of the
20 method employed in the present invention. More detailed flow diagrams
and discussion for each of the blocks shall follow later.
In block 90, an image of the car in the geﬁeral area where a license
plate might be located is provided as input to the system. Various image

enhancement tools are used to provide an image of the most optimal

25 quality.



addi tional refinenent recovery is perfornmed until either a high confidence
| evel is achieved or the system has gone through a pre-sel ected nunber of

20 = passes wi thout a successful reading whiygh will pronpt a reject

I ndi cator as t he out put. BRI EF DESCRI PTI ON OF THE DRAW NGS

25 FIG 1is aflowdiagramillustrating the overall schene of the

present recogim block 005 ttkenpotential regions of interest (or ROI for short), i.e.,
7 FIG 2 is a functional diagramillustrating the overall

scheme of the regions whithemayicontdihismimage of the license plat6, afb teteetst agiryn
illustrating a segnentation nethod. FIG 4 is a diagram

iIlustrating a gegoadprédatermiricaastiterior? but no definité comclusichs’ hfyVdeawe 'sdTto
illustrating the Iterative Milti-Pass Character (I MPC) Recovery

lr 232 : ngép/ spaci wgether thE!regioh isSadtubiip ongi @aﬁaimﬁd thes licatidenpiatéle THéretdre,
5 several regions may be selected as the possible license plate candidates.
Various image ehhancement tbols of block 160 are used to detect the ROls.
Because the characters may be black on white background or white
on black background, the system assumes that both scenarios are
possible. Hence, block 110, both scenarios are considered. For each of the
10 scenarios, the character candidates are segmented from the detected ROI
groups, and then recognized using recognition tools of block 170, which
include various types of neural network systems. The recognized
characters are then grouped to form potential character groups.
In block 120, the potential character groups meeting certain criteria
; 15 such as character height, width, etc., are then combined to form a possible
ID, calied likely ID character groups. At this stage, no definite conclusion as
to the accuracy of the ID character groups is made. Still, the ID character
groups have been partially recognized, and some information is gleaned
during the process. Hence, these groups are now called partially-
20 recognized ID character groups, or PR-IDCG for short. Because several
license plate candidates may have been selected, it is possible that there
may be more ‘than one PR-IDCG or none at all, depending on the
particularities of the image generated from an automobile.
In block 130, all of the PR-IDCGs that have been extracted in block
25 120 go through a series of character recovery schemes to recover any

missing characters which may have been due to the fact that the original



based character recovery routine. FIG 7 is a flow diagram
illustrating the sub-I1D | evel al phabet prefix 10 based character
recovery routine. FIG 8 is atflow diagramillustrating
sub-1D level digit suffix based character recovery routine.

FIG 9 is a flowdiagramillustrating the ID-level format/layout based
character recovetiaratius wite distbrted or obscufddy Variogs environwnentzy bawther real-

illustrating the ID-level 1D check formula ~ based character recovery
routine. world factorsz Altér tife Pedoveriedi eicabbeén Imkide, ahe D CanadidHté® dre
used by the I ntegrated Character/Segnmenter/Recogni zer Neural Network
(ICSRNN) to formeﬂerahﬁrme?café kssted foedntéegfity andOassigned a W&Eﬁtedl&al@e,a
flow diagram illustrati he met hod for assi‘gning wei ghtage to ID
Candi dates to Sn%{rmea i 'HBsSﬁ“Ghdfﬁl@ aahkmg Imemtchn&ahie with thet hﬁgﬁéste
| D. FIG 13 is a flow diagrami Iustratlngthe met hod for
measuring tle e aqhte&?ﬂfde@@%fer%t@d for ﬂhh@PPl' t. 25 FI GS.
tual real d i mages of car |rcense plates.

14.1 to 14.8 are
' It is determined in block 150 whether the ID selected has a sufficiently

high confidence Iével. If such an ID is found, the system outputs the
confidence vaiue along with the ID in block 190. But if no ID of high
confidence is found, then additional refinement recovery is performed until

10 either a high confidence level is achieved or the system has gone through a
pre-selected number of passes without a successful reading which will
prompt a reject indicator as the output.

FIG. 2 illustrates the preferred embodiment of the present system. The
apparatus embodying the invention comprises a cameras 5, though multiple

15 cameras may be used to obtain multiple images for the system. When an
automobile 1 with a license plate 2 is in view of the camera and initiates the
ground foop 10 to trigger the image grabber 20, the camera 5 captures an
image of the rear view of the automobile. Each image comprises an array of
720 x 512 pixels, each pixel being capable of 256 grey levels.

20 During daytime operation the natural level of illumination of the
license plates is normally sufficient and as such no external lighting is
necessary. Hov;}ever, in operation during the evéning and the night, lights
are used to illuminate the automobiles. As shown in FIG. 2, a rear light 15
is located behind the automobile 1 to improve the contrast of the image of

25 the license plate against the background. If the characters which are to be

extracted from the surface of the license plate are to be resolvable from the



8 : FIGS. 15.1 to 15.6 illustrate some of the processes
undertaken by the present systemon actual real-world i nages of car
| i cense pl ates. FIG 16 illustfates a w ndow based neural
networ k architecture. ' FIG 17 illustrates a conventi onal
neural network architecture. 5 FIG 18 is a schematic

represent ati on mdckground iof thwey ticemssu phite sttrfacekthen it hassbeewtfound that there
DETAI LED DESCRI PTI ON OF THE I NVENTION 10 The present invention is

a met hod and symausnbé an inlensity contrgstt between the sdvkgesurad andrthewsubjectsofvdter e
al phanuneric identification code ("ID" for short) may be present.

The present sydeast 16 - 18/%icofuhé@overalidaiigedintensity. The closbdafitcaitsTWieantera
vi sual distortions can occur. Although the applications are many, in
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5 illumination.

The image taken from the camera 5 is transmitted to the image
processing unit for processing by the image grabber 20. The image
processing can be conceptually divided into the following functional units:
Region of Interest (ROI) detection unit 25; character

10  segmentation/recognition/grouping unit 30; character recovery unit 35; and
confidence measurement unit 40. All of the units utilize certain tools, the
most important of which are the primary segmenters (SEG1) 50, secondary
segmenters (SEG2) 55, primary recognizers 60, secondary recognizers 65,
and the knowledge database 70. | |

-15 The function. and the role of each of the mentioned units and tools are
described later when the ID recognition methodology is described in detail.
However, some of the tools warrant further elaboration as given below.

The ROl detection unit 256 may comprise several modules, each
module employing different techniques for detecting the ROI region. The

20 system can be optimized by utilizing the module which is best suited for the
particular situation. |

The prirrféry character recognizers 60 comprises three separate
recoghizers which are neural network based: one for both alphabet and
digit characters, one for alphabet characters only, one for digit characters

25 only, which are named as NN1-AD, NN1-A, NN1-D, respectively. These are



characters on a license plate. However, it shall be plainly clear to those
skilled in the art that the nmethod and system descri bed herein may be used
to i~dentify characters on other surfaces catgying ID-type characters, e.g.,

containers, |1C chips, etc. 20 The license plates thenselves, due to
the environnent in which they are exposed to, often becone narked,
dirty or dent edvindbw-ipasskmeural network rocognigertsi which saneuptimaaily basex to
snear and ot her noise may di.stort the characters. Thus, the

variation in checegnize chatadterscgith grdy levet mdichy amnproperly segnientedck of
adequate contrast pose problens for a reliable nethod and 25 appar at us

for 1D code charact eForexbtoghizing cleragters | whichndareer fore atdiffioult, Thice, the
intensity and contrast of the characters and the background varies with

9 r espedouraries dré ol défingd, thé setordily tebdgiitersUss i askd. The
different conditions, such as during daylight, night time and cl oud

cover. Al sos thsiraasy tdracer Pécognizer 68 Bfso EbMpHSes hreBSsdparar ietddgnizérse
recognition apparatus at an angle,

' - which are neural network based: one for both alphabet and digit characters,
one for alphabet characters only, one for digit characters only. Unlike the
primary character recognizer, the secondary recognizer 65 is based on an
integrated character segmentation/recognition neural network (ICSRNN)

10  which scans along a potential character string and outputs a profile. This
recognizer 65 is used primarily during the- recovery stage of the ID
recognition process .when, unﬁke propetly segfnented characters, the
character width is not certain and are based on the sizes of nearby
characters. For this ICSRNN, character segmentation and recognition

15 become one process; there is no distinguishable separate steps for
character segmentation and recognition.

The secondary recognizer 65 also includes a Fourier-feature-based
character recognizers, called as FDNN, which use binary pixel maps of
characters where a higher image resolution is used to achieve bettér

20 resolution. This capability is particularly useful when distinguishing two
characters which are very similar such as when distinguishing between a
“B” and an “8". "Higher resolution will help to diéiinguish the differences in
the left sides, the distinguishing side, of these two characters. By employing
different character segmenters and recognizers which are functionally

25 complementary to each other, much more robust segmentation and

recognition can be achieved.
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thus resulting in characters which are skewed. 5 The present

I nvention utilizes a highly robust nmethod for recogni zing t he
characters of an ID. Multiple character recpqery schenes are applied to
account for a variety of conditions to ensure high accuracy in identifying
t he ID on the license plate. Accuracy is greatly enhanced by taking a
conpr ehensi ve appr oathe phacessnofl segnentation elsa utilizest tie typest of segimentation
consi deration before any conclusions are drawn. Special considerations

are given to recwoolsiSEGY 50hend SEG2 585.v8EGd 50 ds the prinairy charactell segmehter
characters. Some portions of the present nethod and appar at us

wer e based on in the systermyedritbitlisavaty apbastaowarde geay el ivaribioratHowewdr, itGB
2,273,191, 15 particularly, but not only, in regard to segmentation

and image is veny sansitive te slanting eofidharasters Mhedsecuridary seghiemten1SEG2 i n
itself, to gain a ful l er appreciation of the descri ed |nvent|on t he

cited patens ne§5,l4¢ bagad on bmary nemnmage | 1l vohhedtBd dbrApondtits Algdrityi,ded
her ei n. FI G is a block diagramillustrating the overall

bl ock di agram oind Rss napsenélﬁ&émﬂcl?dfﬁbté‘{%{hmﬁ t he present invention. Mire
detailed flow di agrans d di scussion for each of the blocks shall
follow later. To achieve a truIy robust ID reading it is important to build a good ID
knowledge database, 70, which is used in all of the units 25, 30, 35, and 40.
Basically, the ID -knowledge database has two main components: static

10 knowledge and dynamic knowledge.

The static knowledge includes alphébet prefix list which is a list of the
possible prefix characters of all license plate numbers; a check formula; and
ID layout formats such as numbers of rows, how alphabet and digit portions
are arranged spatially, symmetry of the arrangement, etc. This set of static

15 knowledge is more or less fixed, and will not be updated often.

Another set of khowledge is the dynamic knowledge, which is related
to algorithms in use. This set of knowledge data can be collected only when a
large set of typical irﬁages are collected, and then a set of algorithms are
applied to the image set. Then, it can be determined which segmentation

20  algorithm is more effective against what type images.

Based on the testing runs, the following knowledge data is obtained,
which is important in optimizing the overall design of the system to achieve
robustness. It includes:

. Percentage of characters which can be handled using SEG1 and the

25 rest being handled by SEG2.



In block 90, an inmage of the car in the general area where a |icense

plate m ght be located is provided as input to the system Various imge
enhancenent tools are used to provide an i mpgge of the nost optiml 25
quality. : - ' 10 In
bl ock 100, the potential regions of interest (or RO for short), i.e.,

regi ons whi ch may conPercendage ofiieagds where iRQIcan pé aletectadausing ecpadicutarng
a broad predetermned criterion but no definite conclusions are drawn as to
whet her the regR@I madulet ual |y one containing the |icense plate. Therefore,
5 several regions may be selected as the possible |license plate

candi dat es. Vawidtrsandrheight, Variations of intepspacihg etwsed Gharacterss efiat o
detect the RO s. Because the characters may be bl ack on white
background or wsample collection db! IRes8aplatss Wiritlert edéfirrdd nearhcta ®et-upatind
both scenarios are possi bl e. Hence, block 110, both scenarios are
consi der ed. 5For|i%ﬁ 8dnditisn. 10 scenarios, the character candidates are
segnented fromthe detected RO groups, and then recogni zed using

recognition tools of AhhgfendriBler Bhintdges are used to generate
sample images for these runs. Aside from providing data for the knowledge
database, the test runs also provide means for training the neural networks.
| To achieve robust ID reading it is very important to collect a set of
10 image database which include all the typical image samples under
operational conditions. The image database will be used in the whole
process of the system development phases.
License plate numbers follow a particular standard depending on the
relevant jurisdiction. For instance, in some countries, all license plate
15 numbers must have a two alpha prefix followed by a 4-digit number suffix.
However, a different standard méy be applied in another region. Knowing
the standard is extremely helpful in recognizing the license plate number.
Hence, the present invention incorporates into its system information
regarding this standard. For the purposes of the following description, it is
20 assumed that the standard for the license plate numbers in the relevant
jurisdiction is one that has a one to three character long prefix, a one to four
digit long numerical suffix, and a single alpha check character, which may or
may not be present.
Having gone through the general scheme of the present ID recognition
25 system, now the detection method shall be described in detail. Referring to

block 90 of FIGS. 1 and 2, to generate the image of the portion of the car
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I ncl ude various types of neural network systens. The recognized

characters are then grouped to form potential character groups.

In Bl ock 120, the potential character groupggneeting certain criteria 15
such as character height, wdth, etc., are then conbined to forma possible
ID, called likely ID character groups. At this stage, no definite

concl usi on as containing thé ticevsal phaty, the tdraetd>5ds vhestrtogocusoni thenmae . of
Still, the ID character groups have been partially recognized, and

some i nfornati ohel autbhrbiledwhen the itlagenttighbe 10ri9 aetsated HaMEgraumes opr 20PS
are now called partially- 20 recognized ID character groups, or PR-[DCG

for short. BecayRgefs\leé dmage grabberCc20Skhiezhakhpplics irlailgerithRy toaugjuseRe
selected, it is possible thgt tghere maypge nor e t%grr'l one PRQI DCG or

none at all, degsitflistGetihg B the frame RaBBHSEUN Tdd tRd thE maaniqmg%o@lnﬁsraaed
from an aut onpbi | e. In bl'ock 130, all of the PR- t hat

have been eﬁt raﬁﬁe@fété.rﬁliﬁé@qaﬁagg%indw definéd rlgﬂﬁg @arﬁ@lrd.'seﬁs\ﬁ‘ othidhAist & an
recovery scnenes to recover a Yy o m ssin characters I ch my have
been due to theyhhnh) (ARk. t The HigSHiithth uses Newton's method to compute the new

value of the contrast setting according to equation (i):

i) new contrast = old contrast + slope (mean-optimum mean)

10 | slope = A contrast / A mean at last iteration

The delta operator (A) indicates the change in contrast or mean grey
level respectively between the last iteration and the current one. The optimal
mean value and the slope have been eiperimentally determined.

15 Having determined the contrast seiting an image is captured in image
grabber 20. The image consists of an array of 720 x 512 pixels, each pixel
being capable of a quantisation level of between 0 and 255.

The input image of a car with a license plate is first analyzed in Block
100 of FIG. 1 to detehnine potential areas where the plate is located. These

20 areas form Region Of Interest Groups (ROIGroups). FIG. 15.1 illustrates an
image of a front portion of a car and the ROI, defined as the area inside the
rectangular box,-'which was detected by the ROl detection unit.

In the RO detection process, there are a number of ROl detection and
image enhancement tools, block 160, which can be used at different

25 iterations of ID reading process. These tools are designed to handle



characters were-distorted or obscured by various environnental or other

real - worl d factors. After the recoveries have been made, the ID
Candi dates are fornmed, and they are t®sted for integrity and
assigned a wei ghted val ue, ranked, and based on this ranking, the ID

Candi date with the hi ghest 5 weighted value is selected for further
processi ng. different typesl| ¢f imagest suah as dormabimages], Jowearntrast images,Cand
sel ected has a sufficiently hi gh confidence level. If such an IDis
found, the systtheimagpsiwherédD charactersoarfe mergatl with othed stngctwesh the 1D in
bl ock 190. But if no ID of high . confidence is found, then additional

refinement recovery Therpedreocureshtiyniidny édmneartiafly avdilaple ca!gémﬂms:wﬁ:ehel
i s achieved or the system has gone through a pre-sel ect ed nunmber of

passes wi thout gansbeogssif to desetithe ROl éhere |d license pldle En ba loehtsd. By
i ndi cator as the out put. FIG 2 illustrates the preferred

embodi nent  §f tlQ@laﬂﬁQStﬁétRGb’ﬁea@ thEhsystem saveaPRAEA IcemEITansY tifite beause
i nventi on conprises canmeras 5, though nmultiple 15 caneras nmay be used

;OI ?gteﬁ!sg mul t 'H?b?aféﬁ%é A1y d frgctiorserafe iiRe iMage accounﬁH%%ﬂhh'gfénbr&l,t h
plate 2 is 1n viewof the canera and |n|t|ates th ground
loop 10 to triggfy abbht 10295% bMHPWhSIS infdie, SR IPEetainGARBHESS, 186s. Based
on the regularity of character stroke's width and inter-character spacing,
simple one dimensional highpass filter can be used to detect approximate
10 vertical positions of license plate in a given image. Also there are other
algorithms based on more advanced features such as directional feature of
characters to locate the ROl areas. The preferred strategy is to use a set of
ROI detection modules instead of one algorithm in order to achieve a robust
detection.
15 Referring to FIG. 1, after the ROl detection process, preliminary
segmentation and recognition are carried out on the ROIGroups. In Block
110 there are two pipelines which handle two types of characters - black
characters on white background and white characters on black background.
Each pipeline performs character segmentation, recognition, and character
20 grouping, the last of which is based on character spatial dimension (W, H),
and location. These character groups are named as Potential Character
Groups (PCGroup) because some segmented characters may not be
genuine characters at all but symbols or random patterns resembling a
character. Alternatively, they may be legitimate characters, but not those

25 that belong to the license plate.



I mage of the rear view of the autonobile. Each inage conprises an array of
720 x 512 pixels, each pixel being capable of 256 grey levels. 20

During daytime operation the natural level aB illum nation of the
license plates is normally sufficient and as such no external lighting is
necessary. However, in operation during the evening and the night, lights

are used to illum nalfédherecarmunohenougs POGratipoainthis) stage, the systemrindicgtas 15
is located behind the autonobile 1 to inprove the contrast of the imge of
25 the |icensethatadwe dgavasous heroblenhs rwitindhel 1D t ¢harattersicswohs ashimarged
to be extracted fromthe surface of the |license plate are to be

resol vabl e fronchéwacters, or failure in the ROl detection process, the system has 2jone
background of -the |icense plate surface, then it has been found that there

must be an i nt epack ytoc bidokastotodomgsassitile lraager enhdneadent)e alteativie dRORt
| east 10 - 15 % of the overall image intensity. The closed circuit TV

3 ZFF ; ?i ons i5n 5d§mti??l(gyrﬁi%?lfi2% la;m@ﬂiétbtt\ools)inclmknm of FIG. Bet la whole
- image based character segmentation.

As illustrated in FIG. 15.2, the character segmentation  process
locates and extracts a bounding box for each ID character of the ID from the
image. Here, the characters “J”, “D”, “T", “9", “4”, “8”, and “5” have all been

10 properly segmented. The extracted bounding box is normalized to a
standard size and a character pixel map of this information is passed to the
primary network character recognizer which identifies the character classes.

To determine the location of all pofential characters within the image
and to establish a surrounding rectangle or bounding box around each

15 potential character, the captured image is analyzed in block 25 and 30, see
FIG. 2.. In the primary segmenter, SEG1, the grey level of each pixel in each
column is quantised and horizontal and vertical segments are created based
on the quantised valué. A horizontal segment, see FIG. 3, is defined as a part
of a row of the image in a column for which the adjacent pixels in the |

20 horizontal direction have the same quantised value. Similarly, a vertical
segment, see Figure 4, is a part of a column for which adjacent pixels in the
vertical direction have the same quantised value. Therefore, the image has
now been divided into vertical and horizontal segments consisting of a
number of pixels which are associated by their respective quantised values

25 and the image can now be scanned segment by segment thus saving both

time and memory space.



The i mage taken fromthe canera 5 is transmtted to the inmage

processing unit for processing by the inmage grabber 20. The i nage
proeessi ng can be conceptual |y divided intojg he followi ng functional units:
Regi on of Interest (RO) detection unit 25; character 10

segnent ation/recogni tion/grouping unit 30; character recovery unit 35; and
confi dence measur entfHe vértical$egnbhtsadretdoannadtahdudll segrmenterwiich dreodrs thé he
nost inportant of which are the prinmary segnenters (SEGL) 50, secondary

segnent ers ( SEGight handbioundiayy ofaatharactes apd deteutedid Jhese eare dlefinedsas$ vight

and the know edge database 70. 15 The function and the role of each
of the menti onaghundiaty veRital eehfments see FIG. deéﬁdldiﬁﬁ obfiRiseVEegmehs hidst
recogni ti on met hodol ogy is descri bed in detail However, sone of the

tools warrant fgatishetwetahdifiohs Othére Mukes d’di‘ifé%Wondmg vertical segrﬁbﬁt ) to
detection unit 25 fmay conprise several nodul es, each

enpl.oyi ng d%f f ahg et bEMRVEHIER deifm éfﬂt(‘r?q‘) 'o'FQvHIJSW aRfdast @0p&rt - mJéiQ)e aejacent

system can be optim zed by utiliZing t nodul e which is best suited f

.the par tyh Cihlefirst | érﬁ”g\_/ega?nd the quantiSéd VAIHE' o rc?ﬁ?é‘éipondm

recogni zers 60 conprises Chree recogni zers
network based: \piedi Sbghfdnf (#22EEbe aftfbrent from that of the right boundary vertical

segment (V1).
~ The threshold or extent of each potential character is based on the
10 pixel grey level at the boundary defined by the boundary segments. If the
background colour of the image is white, then the threshold is selected as the
lowest grey level. If the background colour of the image is black, then the
threshold is selected as the highest grey level. The threshold is used to
determine if the potential character is connected to any other components
15 which may belong to the same character. An example of connected
horizontal segments is shown in FIG. 3 which shows three connected
horizontal components h1 to h3. By limiting the character size to a
predetermined level, the number of connected components will be reduced.
Each character is surrounded by a bounding box which defines the spatial

20  extent of a character.

This process creates a character pixel map comprising horizontal and
vertical segmenfs. Features based on the aspeét" ration and the histogram of
the character pixel map are computed. if the value of the feature defined by
the character pixel map is not in an acceptable range which has been

25 defined by heuristic rules, then the feature is eliminated as noise.



digit characters, one for al phabet characters only, one for digit
characters 25 only, which are nanmed as NN1- AD, NN1-A, NN1-D,
respectively. These are 20 13
wi ndow based neural network rocognizers which are primarily used to
recogni ze characters with gray |evel which are properly segnented.

For recognizi ng char Fotmerorwhrabushrohanaster degmentation and, recegnition, a set of
boundaries are not well defined, the secondary recognizers 65 is used. The
5 primary chaghgtaeter segrmehtation6andlrecognitipnitoels havecbeamdeveloped and

recogni zers whi ch are neural network based: one for both al phabet and
di git character gsed in block1¢70 @f RiGphabet chiractertsagmentationoaereigion grgwing
characters only. Unlike the pri mary character recognizer, the

secondary recoggrseleved basedasegments?n SEG1, isi igethast prmanacharaster. SEGH1
segnentati on/recognition neural network (ICSRNN) 10 which scans along a

potential char agidtks Faiflyn@bustly fok mages witlefa llargeTrarge of contrast ogriatien. 65
is used primarily during the recovery stage of the ID recognition

T e coR R houpaTET Co e tighr e S5 of D thartes
However, to achieve robust ID reading, this performance is far from
satisfactory. For a ten-character long ID, this rate will provide an all-10-
character-segmentation-success rate of 0.95**10 = 0.599, assuming a

10 character recognition rate of 99%, which leads to 10-character-recognition-
success rate of about 0.99**10 = 0.904. Therefore, the ID reading success
rate is about 0.599*0.904= 0.54, a rate which is too low for many
applications.

To achieve a better character segmentation rate, we have developed

15 additional character segmenters with complementary features compared to
the primary segmenter. One of the drawbacks of the primary character
segmenter, SEGH, is that it is very sensitive to slanting of characters. One of
the alternative chara&er segmenters, SEG2, is based on binary level images
and connected components algorithm, and it is not sensitive to character

20 slanting.

The normalized grey-scale character pixel map after segmentation is
presented as the input to the primary recognizer in block 110. The quantised
grey level of each pixel is normalized to a value between 0 and 1. The grey
level value is not binarised to either 0 or 1 as the choice of the binarisation

25 threshold would influence the shape of the character defined by the pixel



characters. For this I CSRNN, character segnentation and recognition 15
becone one process; there is no distinguishable separate steps for
character segnentation and recognition. 21 The secondary
recogni zer 65 al so includes a Fourier-feature-based character
recogni zers, called as FDNN, which use binary pixel maps of

characters whehtam Thighnay réaugeinsstibng oba characterdbéing cartificially leohhected?6r
resolution. This capability is particularly useful when distinguishing two

characters whi ¢folggre very simlar such as when distinguishing between a
"B" and an "8". Higher resolution will help to distinguish the differences

in the left siieSpedra ndtworkneUised Roredodhizeothd pagerisdefied ast tHe -
By enpl oyi ng di fferent character segnenters and recogni zers which are

functional |y  2@anddaf@n8izé BHaAraéterd. O TS Imefhodl is DURZbdWeRali8é Ui loffers good
segnent ati on and recogni tion can be achi eved.

iéelgment At OSn toldfhde/ f&ﬁéi&e%ntﬁﬁﬁf&?ﬁfaﬁbhgﬂn%é%ldm bhafttdrd® Spesichily a
multi-layer feed-forward window-based neural network model is used. The
general architecture of the neural network is shown in FIG. 18.

The neural network consists of an input layer, one or more hidden
intgrmediate layers and an output layer. Defined areas or windows of the

10 normalized grey level character pixel map are used as the input for the
neural network. In one embodiment, shown in FIG. 16, two windows are

used which are defined by the upper left and lower right co-ordinates of two
rectangles or equivalent size. Together, the two rectangles bound the entire
character pixel map. The windows are fed fo the input layer of the neural

15 network and each pixel within the boundaries of each window constitutes an

input node of the input layer.

Each node of the network computes the following function:

N
20 if) Vi=f (2 wi ;- &)
H
where Yi = output activation value of node i
Xj = jth signal input to node i

25 Wi j = connection weight from node j to node i



e

tools, SEGL 50 and SE& 55. SEGlL 50 is the primary character segnenter
Iin the system and it is very robust towards gray |evel variation. However,

it -- is very sensitive to slanting of agharacters. The secondary
segnenter, SE& 5 55, is based on binary |evel inmages and connected
conponents al gorithm and it is not sensitive to character slanting.

To achieve a truly robustl D readi rgbias is inmportant to build a good ID
know edge dat abase, 70, which is used in all of the units 25, 30, 35, and
40. Basically, the ID know edge dat abase has two mai n conponents:
static 10 know edge and dynam c know edge. The static

know edge incl udes ahRAgHovR" éﬁuéﬂldﬁ Sﬂx)Vi’@' &*’mbﬁofbnﬁd Sﬁcr@&shﬁe dlfferentlable :
possi bl e prefix characters of all |icense plate nunbers f or mul

and | D Ifayéibn, ftl% Gﬁi t%‘FWhnﬂﬁs’lt%fﬂ;ﬂ et BetweRh0 ahg\. al phabet and

digit portions ranged spa symmetry of the arrangenent,

etc. This set of StaltHeCmp@x?nodﬁﬁ ﬁée’??%detflag?rr E%%ﬁrﬁeﬁe&'té%ﬁec@% é%éé of Ot

be updated often. ynam c

know edge, whi Gl iy tr ﬂlo‘i’{eﬁd r%telanedlf:\{é) Vl\’ﬁ:'d%Qr bf M fir&t Hl'rfiﬁen-rﬁlén?&ilaféf layer.

know edge data can

e o Col b 1 Rl S gl e s s
intermediate nodes and input nodes of the sec_ond window are connected to
a second set of specified nodes. In this manner the input nodes associated

10  with one window are fully connected to specified hidden intermediate nodes
in the first layer but not to hidden intermediate nodes in the first layer
associated with other windows. The two sets of this network architecture is
shown in FIG. 16 together with a conventional network as shown in FIG. 17. -
For subsequent layers after the input layer and the first intermediate layer, the

15 nodes of consecutive layers' are fully connected.

In a particular embodiment of the invention only the following
characters need to be recognized: A to Z and O to 9, ie. a total of 36
characters, 26 letters and 10 numerals. Therefore, the output layer would
consist of 36 nodes each representing a particular character.

20 Using a window-based nedral network of this type allows windows to
be strategically located in the character pixel map to discriminate between
confusing characters and improve the accuracy with which the characters are
classified. Also, compared to the conventional fully connected network
shown in FIG. 17, less synaptic connections are required between the input

25 and first intermediate layers thus reducing processing time and memory

requirements. Experimental results have shown that the time required to



20- algorithmis nore effective agai nst what type inages.
Based on the testing runs, the follow ng know edge data i s obtai ned,
whieh is inmportant in optim zing the overal23design of the systemto

achi eve robustness. It includes: - Percent age of
characters which can be handl ed using SEGL and the 25 rest being handl ed
by SE®2. train such a system can be substantially reducedlget the recognition

Percent age of inmages where RO can be detected using a particul ar .

RO nodul e performance-is\iiprdvexhslightlyght , vari ati ons of inter-spacing
bet ween characters of a sanpl e collection of |icense plates under a
defined canera set - Upheundtwork is tlairgsd usipgdhe gioputar.sigmoidal function: A | ar ge
nunber of inages are used to generate sanpl e i mages for these runs.
Aside from providing data for the know edge dat abase, the test runs
al so provide neans for training the neural networks. To

achi eve robgst ID readingii)t is verfyxpeportanty to collect a set of

1 + eXT
and the network is operated using an approximation to the training function:

10 | iv) f(X)=_T+x+Ix_
2(T+1x)

In both cases, T is a parameter used to control the non-linearity. Both
functions behave similarly in that they are both bounded between 0 and 1,

15 are monotonically increasing and differentiable.  Moreover, when T

approaches 0, both become step functions. When T approaches <°, both

approximate to a horizontal line passing through f (x) = 0.5. Because the

second function requires more iterations to attain a similar level of

recognition performance compared to th_e first function, the first function is

20 used for training purposes. However, after training, the second function

replaces the first function without any degradation of recognition
performance. ] ' |

in a preferred embodiment, the neural network does not attempt to

distinguish between "O" and "0" or "I' and "1" because some license plates

25 use identical character fonts for both characters. However, the matching
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10 imge database which include all the typical inmge sanpl es under
operational conditions. The i mage database will be used in the whole
process of the system devel opnent phases. 24 Li cense pl ate
nunbers follow a particular standard dependi ng on the rel evant
jurisdiction. For instance, in sonme countries, all license plate 15
nunbers nust hapecadur® whighds fo dde discusbedditity canlreSalve anymambiguityf that
However, a different standard may be applied in another regi on. Know ng

t he standard i sadsds doelty thielcphfuisiomn recogni zing the |icense plate nunber.
Hence, the present invention incorporates into its systeminformation

regarding this standafier pfovessing Inubjuzkes10farichif érbughvPQGbups! hpte been t
is 20 assunmed that the standard for the |icense plate nunbers in the

rel evant founds then,i Isdseds oAND kRovidufe datibase) thése PCHRIURC i furtivarg
prefix, a one to four digit long nunerical suffix, and a single al pha

check charagt ergnalz6éd FEYIgtk 120 to TitertfihebR Me§sars -genuine license phitd ng
gone through the general scheme of the present ID recognition 25 system

o ot ot gy sintig ek el i e e vt
information of valid license plate characters. Only those PCGroups which
can pass these examination will be considered for further reading process,
and they can considered as Partially Recognized ID Character Groups (PR-

10 IbCGroup). Therefore in the above process some of the PCGroups were
eliminated.

At this stage, groups of potential characters have been identified from
the image. However, these extracted characters may be skewed, of different
sizes and on different backgrounds. Therefore, a normalization step is

15  carried out which firstly converts the pixel maps of eabh character to white
character on a black background and secondly standardizes the size of each
character pixel map using scale factors computed in both x and y directions.
Usually, this results iﬁ a linear compression since the size of the extracted
characters is larger than the standard size.

20 At this stage each PR-IDCGroups have own color, black or white.
Then the system tries to determine a likely color (black/white) of the
characters of the license plate based on the regularities of these PR-
IDCGroups. In this way some of the PR-IDCGroup can be elirhinated for
further processing. However, if the color of the ID characters can not be

25 decided then PR-IDCGroup with both colors will be passed to the next

module for subsequent reading refinement.



16 containing the license plate, the canera 5 is chosen to focus on

the rear of t he autonobile when the image trigger 10 is actuated.
The=ground | oop 10 triggers the i magss grabber 20 which applies an
algorithmto adjust the contrast setting of the franme grabber 11 so

that the nean grey level for a 5 predet erm ned i rage wi ndow defi ned by
the camera's field doreowver,i i should be pointagpt outathatalitués VEne wirgothat hail
uses Newton's nethod to conmpute the new val ue of the contrast
setting accordichgractersquwfita dicefisg: plate can be fully iSegmerndedcandr setcogninéd
contrast + slope (mean-optimum nmean) 10 sl ope =

[err] contrast gorfeetlylatones fedmlthe ttwot pipekine processing. For exarhipte, G, 45.3
operator (A) indicates the change in contrast or mean.grey - level

respectivel y balyseites 3 image iof &l aioton biked withea dicenss tplates. HBG, aPROMS
mean val ue and the sl ope have been experinmentally determ ned. 15

Havi ng det e§ m nRfedtod bud dnlyatHe fow @f &b 1D fullySerflGdad WRhin theTRD! box.
grabber 20. The imge consi'sts of an array of 720 x 512 pixels, each pixel
: So only the characters in the top row are segmented. Moreover, the image
of the character “L" from the top row was merged with a screw nut located
close to the top of the character (shown in the Figure as a blurry white spot).
The system, hence, interpreted the character to having an abnormal height,
- 10  and the segmented pattern was eliminated.

Therefore, main function of the pipelines in the first pass is to obtain
likely character groups to form initial PR-IDCG, then various levels of
recovery process can be performed to recover missing characters iterétively,
the system can eventually produce a complete ID. It shall be discussed later

15 how the system’s récovery scheme successful recovered the letter “L” from
this example.

Using just the steps described above, at least some (but hopefully
most) of the license blate numbers can be identified. It has been found that
the system using just the steps above can identify about 90% of all

20 characters it reads. However, although this percentage is high at the
character level, i.e., recognizing individual characters, it was found to be
much lower at the ID level, i.e., recognizing the ID as a whole. In other
words, 90% success rate in recognizing is far from 90% success rate in
recognizing IDs. Because even a single mis-identified character in an ID

25 will lead to mis-identification of the entire ID, in cases where there are many

characters in an ID, the success rate for ID is much lower than that of the



bei ng capable of a quantisation |evel of between 0 and 255.

The input inage of a car wwth a license plate is first analyzed in Bl ock
1000f FIG 1 to determi ne potential areas pgere the plate is |ocated.
These 20 areas formRegion O Interest Goups (ROGoups). FIG 15.1

il lustrates an i mage of a front portion of a car and the RO,
defined as the eombinetsi dhatduter segmentatianguimd kecognitiowh swccedst erdted
by the RO detection unit. In the RO detection process, there

are a nunber of ERfirictdlyedt was fovthd that moraatban etd¥n ot ralhtiDsocduld beonks-
160, which can be used at different 25 iterations of |ID reading process.

These tool s ar eidéatfigddor this heasireeven where the rate of mis-reads at the character
17 different types of images such as normal inmages, |ow contrast

i mges, and level wag dmgaearmm%tmhm-aﬁéﬁb&ar%ﬁg sped with other
structures. here are currently many conmercially avail able

al gorithms which — WhileoRP sbeasliceliofie!thsmokeinfidat Tighrd ié e sagosts ©

can be | ocated. By i solating the areas, the system saves much

iC(r)m”ggt géicgﬂnt : zéht %Qh?%hgg?%treg I6%dl, M SAGatirR §u"6ﬁ’ ad decoghiziiy ftehSs piaid " e
numbers, it is the accuracy in recognizing the entire ID as a whole, i.e., the
entire license plate number, which is the more important criteria. To
sub_stantially improve the success rate at the ID level, the present invention

- 10 utilizes a iterative multi-pass character (IMPC) recovery process using the
information gained from the initial character recognition reading. The rest of
the discussion shall describe in detail this recovery process.

During the IMPC recovery process, there are two types of recovery
operations: sub-ID level recovery and ID level recovery. In the sub-ID level
15 recovery, recovery operation is performed on a partial ID, and it can be a
partial ID in single row. For example, if a license plate humber JCL1749, as
shown in FIG. 15.3, has a two-row format, i.e., JCL in the top row and 1749
in the lower row, the éystem considers both JCL and 1749 as sub-IDs, since
they are located in two rows and they can be handled independently in the

20 recovery process.
On the other hand, in the ID-level recovery, the system performs
recovery based on studying various constrains at the ID level. For example,
- the recovery is performed based on ID's logical composition and spatial
layout rules, and stmetry constraints and check formula. Both of these

25 recovery operations, however, depend on the ID knowledge database



only about 10 - 15% of the whole inage, or in certain instances, |ess.
Based on the regularity of character stroke's wi dth and

i nter-character spacing, si npl e one 2% nensi onal hi ghpass filter can
be used to. detect approxinmate 10 vertical positions of license plate in
a given image. Al so there are other al gorithns based on nore
advanced f eat uvdisich iimt¢iudes dDrlegicaboampbeitipny epafial layout rulésyralpha rprefix list,

| ocate the RO areas. The preferred strategy is to use a set of RO
det ecti on noduloheck fiemnaald, etc. one al gorithmin order to achi eve a robust
detection. 15 Referring to FIG 1, after the RO detection process,

prelimnary Skgebowé irecoveny precasgnist sezuentially perioemiedufor machh PR-
RO Groups. In Block 110 there are two pipelines which handle two

types of char adDOG andbix@Gandidates willab@ajetietaied fdri fuethepcrilysiad Afted thbi t e
characters on bl ack background. - Each pi peline perforns character

segnent ati of), re66EEHyt pitessNd listasfID Candifatesdisoevalited,handaghcRf IDViECh
_is based on character spatial dinmension (W H), and | ocation. These

character group@sijrRed @ itdeicwhizhaRtlicatesThéwakeR the given 167 i8LUmPIBEE THIS)
because sone segnented characters may not be genui ne characters at
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present, whether the ID fields' spatial layout conform to the ID layout rules,
and_ whether the given ID conforms to the given check formuia.

10 if none of the ID Candidates are valid, depeﬁding on the level of the
completeness of the ID Candidates, several procedures can be taken to
either improve this ID Candidate list, or start an ID reading process all over
again. One possibility is to go back to block 100 of FIG. 1 for image
enhancement or to ROl detection based on an alternative ROl routines. In

15 the alternative, the ROl procedure can be skipped, and a whole image
based character segmentation using the alternative segmenter, SEG2, can
be invoked to do further reading refinement.

if segmentatioh must be done over during the character recovery
process, the altemative segmenter, SEG2, is used instead of the primary

20 segmenter, SEG2. The two segmenters have different characteristics and
respond better to certain situations. When it is discovered that the initial
segmentation was not wh'ol|y. successful, a slightly different approach is
taken in the subsequent segmentation. By employing a set of
complementary tools fgnr character segméntation, as with image

25 enhancement and character recognition, a robust ID reading can be

achieved.



25'hthat belong to the license plate.

18 If there are not enough PCG oup at this stage, the system
i ndi cat es that due to various problemgk with the I D characters such as
mer ged characters, or failure in the det ecti on process, the
system has gone back to block 100 for possible i mtage enhancenent,

alternative RO 5wnaet et irBfovdly prROEEEN ARRAABIRhd 20! fobPikdhpCip 160 |

of FIG 1), or a whole | mage racter segmentati on.
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- etc. The main goal of these confidence measures is to reduce Ppass-wrong
l;ate while maintaining a low Preject-wrong rate. A detailed list of the
perfoormance measures is shown below under section’ entitled System
Performance Measure.

10 if tﬁe iD output can pass all of the above confidence measures, it will
be outputted by the system as a reading result; otherwise, based on the
examination of the ID, the ID may undergo more refinement such as
recognition result refinement, or character bounding box reediting to see if
the revised results can pass the confidence méasure.

15 If still not successful, the system will output a rejection signal which
indicates that the reading system has no confidence to output a reading
result and human help would then be needed. In principle, to ensure good
recognition results, a small percent of reject is necessary. However, how low
the rejection rate should be set at depends on the requirements of the

20 particular application at hand and the image quality level.

As can be seen from FIG. 1, the inputs to the IMPC recovery unit are
the Partially Rébognized ID Character Groups '(PR-IDCGs) which are the
~output results from block 120. As the system does not have any prior-
information as to which PR-IDCG actually contains the ID characters to be

25 read, it has to loop through each one of them, and compute a weighted

ranking based on syntactic and layout format information. During the IMPC



and to establish a surrounding rectangle or boundi ng box around each 15
potential character, the captured imge is analyzed in block 25 and 30, see
FIG 2.. In the primary segmenter, SEGL, t grey level of each pixel in
each colum is quantised and horizontal and vertical segnents are
created based on the quantised value. A horizontal segnent, see FIG

3, is defined ggcgvétp'Process, the &fsteni feMaRioushe attepts td) mapceashPH-CEAS N
the adjacent pixels in the 20 “horizontal direction have the sane

quantised val U%uﬂ FH'kl;l\:l»?_%éilﬁle t§‘> tHe"ID e read. _Thefﬁ@ﬂ’é%apéé& PRIDCS Strutterd

part of a colum I ch adj acent pixels in vertical direction

h th ' ; ; t ' {
divided im0 veyrRanpd IDHCRNILAIO IR FLROL), 20 BROF (PRGandidate RPrestif o

of pixels whi crcbd%ﬁ)‘@ﬁg&qg@gﬁqe their respective quantised values 25

‘and the i mage can now bé scanned Ssegment by segnent thus saving both

time and negory spa ; : vala: . -
The vertical segments Boilted sarlier, thete 4o two recoyery lavels: sub-iD leyel and 1B
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énd there are three recovery routines at this level: gap/spacing based
recovery, prefix-based recovery, digit-suﬁix-baéed recovery. At the ID-level,
there are two recovery routines: layout-based recovery and check formula

10 based recovery. in general, sub-ID level recovery routines are performed first
so that complete sub-ID can be formed, then in tum ID- level recovery can be
invoked based on 1D-level knowledge. All these five recovery routines will be
called as IDC Recovery.

As sach of the 5 recovery routines are invoked upon the basic PR-

15 IDCGs, successful recovery of missing characters necessitates update to the
ID Candidate List. A new ID Candidate may now meet the firing criteria of
some recovery which are previously not satisfied. in other words, successful
invocation of a recovery routine may spawn new recovery routines. An
additional outer loop therefore controls and limits the overall IMPC R

20 inspection process. A maximum of 3 trials is permitted.

Now in looking at the IMPC recovery in a more detailed
diagrammatical -'form, FIG. 5 is a flow diagrai'n illustrating the general
overview of the IMPC scheme performed in block 130 of FIG. 1. A more
detailed flow diagram illustrating the specific steps for each of the blocks in

25 FlG. 5 shall be presénted later in the discussion. In referring to FIG. 5, the

partially recognized ID character groups (PR-IDCGs) are provided for in



bou_rfdary vertical segnents, see FIG 4, and each of these segments nust
- satisfy two conditions: there nust a corresponding vertical segnent (V2) to

5 the left of the vertical segnment (V1) of ich at |least a part nust be
adj acent to the first segment (V1) and the quantised value of the
correspondi ng vertical segnent (V2) nust be different fromthat of

the right boundﬁLdkabeiP hese PR-IS0@ENArd fhen go through a subi® tohaeadtel d
or extent of each potential character is based on the 710 pixel grey |evel

at the boundary r.-rggée\}gagﬁﬁpéstshﬁ GRS 76 ¥anBaBIRVEBrecbefyiA block 220 hisdrar PRA
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Pe used to test the integrity of the reading. For instance, the data base has
all of the possible alphabet prefix for all of the IDs, and the rules by which
the ID should be laid out.
10 In this case, because of the particular cbnventions followed by the
relevant jurisdiction, it is assumed by the system that the license plate
number contains a 3-character alphabetical prefix, a 4-digit number, and a
single-character alphabetical suffix (if one exists). The layout rule dictates
that the prefix is followed by the number followed by the suffix, agaih a rule
' 15 which is determined by the convention of the relevant jurisdiction. The
prefix may or may not be in the same row és the rest of the characters, but
the suffix and the 4-digit number must be in the same row. Also, all of the
characters making up the respective portions of the ID, the prefix, digit, and
suffix, must be in the same row. The ID knowledge daté base would contain
20  all valid prefix and sﬁﬁix formats, and the layout rules. In ensuring high level
of accuracy and reduction in steps, it is beheficial to include as much
knowledge abodi the format of the particular ID to be recognized. Of course,
the knowledge database can be used to store different ID formats for

different applications such as serial numbers for integrated chips, container

25 codes, or license plate numbers for different jurisdictions.



This process creates a character pixel map conprising horizontal and
vertical segnents. Features based on the aspect ration and the histogram of
t he. character pixel map are conputed. if t val ue of the feature defined
by t he character pixel map is not in-an acceptable range which has
been 25 defined by heuristic rules, then the feature is elimnated as

noi se. After the characters have been recovered déing the four recol@ry
perform robust character segnentation and recognition, a set of

charact el SeonBphdinbelh Rittis0and 220, HRALariaKe gRARS Y BbARRHed 1'form

used in bl ock r character segnmentation, a region grow ng

gray |evel bas% brﬁrin WQSbshﬂgéﬁarﬁg%%i é@\fe\‘alcfi!?b%?\pgd&tesc‘%gn?nes

works fairly robustly for I nages Wt range of coO variation.

fowever 1o achl aleusBendhorBR BEEH slhdeisi Paoharibitr, eiobef] Fhfies
210 Y ke S EbBReE 13 R Rty piPos BerbRhd it of CandRbS 1€ fol,
assumng a The gap/spacing based IDC Recovery is a straight forward
application of the domain rule that almost ali license IDs are closely placed.
Whereupon cases where the system finds a wider-than-average gap
between two successive characters in an ID Candidate, recovery methods
10 can be used to recover the missing characters. The methods are
resegmentation based.and ICSRNN based recovery. In the ICSRNN based
‘method, the system initializes the white space pixel-map and invokes
ICSRNN for inter-character gap recovery of potentially missing characters,
i.e. characters which were not segmented and recognized properly in the
15 initial run. In the resegmentation based method, the secondary segmenter,
which is complementary to the primary segmenter, can be invoked to
perform re-segmentétion. The main advantage of the re-segmentation
method is that in general resegmentation method provides a better location
accuracy than scanning based méthod using the ICSRNN. On the other
20 hand, sometimes, where the characters are merged together or broken, the
only way to recovery these characters is to use scanning based method.
FIG. 6 ilfﬁstrates in detail the steps for the gap/spacing based
recovery of block 210 from FIG. 5. Logically, it is better to do the
gap/spacing-based recovery before the other recovery routines because the
25 information about the spacing between the characters is useful for other

recovery routines.



10 = character recognition rate of 99% which leads to

10-character-recognition- success rate of about 0.99**10 = 0.904.
Ther.efore, the I D readi ng success ratg i s about 0.599*0.904= 0.54, a
rate which is too | ow for many applic ?i ons. To achi eve

a better character segnentation rate, we have devel oped 15 addi ti onal

ot mary Segmantor . Chicbid REPIERGE oo brifiapd 167 OREL'2H0, B plook 260 one

primary segnenter. One 6 e prinary charac
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defined by the gtwaen the characters and the mean width of the characters are measured

and computed. To ensure that gap being measured is truly a gap between

ID characters, the knowledge about the layout and size variations of a
- legitimate ID taken from the ID knowledge data base 290 is used to exclude
10 characters from consideration that do not conform to the standard.
To determine whether the width of the gap is a result of a missing
character as opposed to gap which exists naturally, a formula is used as a
general guideline. The formula is 2*distance > 3*ics, that is, twice the
measured distance between the characters, the gap, should be greater than
15 three times the mean inter-character spacing computed.
If a true gap is detected, then the system begins to prepare for
character recovery. . Two methods are available. The first, shown in block
270, is to resegment the missing character using the secondary segmenter
followed by character recognition. [f this proves unsuccessful, then the
20 Integrated Character Segmenter/Recognizer Neural Networks (ICSRNN)
recovery is performed in block 280. To prepare for this recovery, the starting
and the ending ;oofdinates corresponding to the Width of the gap is defined.
Next, if possible, it is determined the type of character to be recovered. Once
the missing character is recovered using the ICSRNN the PR-IDCG is
25  updated to include the newly recognized character. The complete details of

the ICSRNN recovery are described later.
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21 h map. This may result i.n poftions of a character being artificially
connected or br oken. _ The neural network is used to
recogni ze the patterns defined by the 3§t andard size characters. This
method is utilized because it offers good tol erance to noi se and
deformations in the input characters. Specifically a mul ti-Ilayer
feed-forward w ndow i e T
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function:

Most of ID consists of two portions: an alphabet prefix and a digit suffix.
While the digit suffix can vary from a single 1-digit character sequence to a
4-digit character sequence, the alphabet prefix is relatively constrained to a
10  set of known prefix list. This recovery routine uses the list and tries to maich
and fit the alphabet prefix in a ID Candidate to one that is found in the prefix
list. In general if a legitimate alphabet prefix can be found successfully from
the image, there is a good chance of findfng the rest of the characters of an
ID because finding a prefix which matches the prefix list is a good indication
15 that this ID string is indeed a part of a legitimate ID.

A dynamic matching is performed to fit the successive alphabet sub-
sequences in the ID Candidate to the prefix list. A full match would of course
be ideal and would indicate high likelihood of the ID Candidate being the
actual ID. A matching criteria is used in the event of partial match. Each

20 partially matched prefix would then form the candidate target prefix for
ICSRNN recovery. This dynamic matching process can effectively identify
possible inserti;n or deletion from prefix candidétes. Here deletion means
that a character was missing in the prefix candidate, insertion means that
extra characters were produced in it. These two kinds of errors can be

25  identified when there is only one insertion or one deletion.



N [err] wher e ylerr] = out put activation val ue of node
i x[err] = jlerr] signal input to node i 25

W er.r] = connection wei ght from node ? t o node

22 [err] In the above equat 8n, f(x) is a nonotonic

I ncreasing, differentiable function, the output of which is bounded
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dynamic matching, both APLU and APKU are identified as possible prefix

for this case. In the subseqLuent character recovery process, we are going to
purposely recovery either L or K, we call this type of recovery as target
character based recovery. Unlike previous invocation of ICSRNN in the
other ID CANDIDATE-R, this recovery has tafget character information and
can therefore afford to relax its ICSRNN constraint in the hope of recovering
the hypothesized character. In the case of insertion, for instance, if a prefix
candidate is APLLU, the first L is an insertion error, after DP, APLU will be
identified as possible prefix. In this case no additional recovery is needed.

FIG. 7 illustrates in detail the steps for the prefix-based recovery
scheme. In block 300, the character group of the PR-IDCG containing the
first three alphabetical characters are chosen for analysis. Of course, one
skilled in the art should appreciate that the decision to choose the first three
characters had everything to do with the particular layout of the license plate
numbers in this jurisdiction where all license plate must start with one to
three character long alphabetical prefix. Where in other jurisdictions the
license plate numbers or other identification codes follow a different layout,
the proper modifications should be made.

Note thét even if one or two characters from that character group are
obscured and n;)t recognized, the system is ébleh to identify and extract the
group based on its position relative to the other character groups. So for
instance, FIG. 15.3 illustrates a situation where one of the three characters is
not recognized. In this case (hereinafter “case 17), the last of the three

characters in the prefix “JCL”" is not recognized because the image of the



I nt ermedi ate nodes and i nput nodes of the second wi ndow are connected to
a second set of specified nodes. In this manner the input nodes associ ated
10 . with one wi ndow are fully connected to\?%peci'f i ed hidden internediate
nodes in the first layer but not to Hi'dden internedi ate nodes in the
first layer associ ated with other wi ndows. The two sets of this
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“JCL"), all three characters may be segmented but one of the characters
may not be properly recognized.
10 in case 1, the system locates the first two alphabet characters, J and
C, and. will look for.a third. In so doing, it.will only search the area
immediately adjacent to the other two characters at a distance
approximately equal to the distance that the system assumes the distance
should be based on the information provided for in the ID knowledge data
15 base. When it is not able to find a character within the proper distance, it will
be deemed that the third character is missing. The third character will,
therefore, be the target of the recovery scheme.
In case 2, the system locates the first alphabet character J. It won't be -
able to find a second character within the allofted distance and will deem it
20 to be missing. It will'eventually find the third character L, and based on the
knowledge that the character group should contain one to three alphabet
characters, the aistance the characters should be. apart and the symmetry of
the characters in the upper and lower rows, it will conclude that L belongs in
the character grouping (though this conclusion will be reached in the layout-

25 based recovery routine). But not having the second character to complete

the group, it will become the target of the recovery scheme.



reqt]i rements. Experinmental results have shown that the tinme required to

23 train such a systemcan be substantially reduced yet the
recagnition performance is inproved slg%sght ly. The network
Is trained using the popul ar signoidal functlFon: [err] and the

network is operated using an approximation to the training function:
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functions. Wengl sRRhIRE fisiah8s bbtwdSH [ and B, it will conclude that they belong in

the same character grouping. Based on the distance between the character

5 L and the left edge of the plate and symmetry consideration, it will conclude
that the first of the three characters is missing, and it will become the target
of the recovery scheme.

in case 4, the system will find all of the characters, and hence, will not

know immediately whether to conduct a recovery routine. However, as

10 explained below, the prefix will most likely not match when compared
against a target list, and so recovery routine would be petformed.

‘ After the character group has been selected, dynamic programming
is applied in block 310 to select all possible characters which may fill the
missing character so as to make the character group a valid prefix. Or in

o 15 case 4, it is determined which of the characters may be miéread. Each of

these possible characters is called a prefix candidate. Of course, to
determine what prefix is valid, database 340 must be provided containing all
valid license plate number prefix. Having such a database 340 greatly
reduces the number of candidates the system needs to consider, and will in
20 tum, significantly reduce the overall time for recognizing the license plate
number. |
To select-ihe prefix candidates, the known éharacters of the character

o group are matched up against the list of all possible valid prefix. Where

thére is a maich, the character which makes the character group a valid

25 prefix becomes a prefix candidate. The prefix itself which results from the

matching of the prefix candidate is called the prefix hypothesis. So using



approximate to a horizontal line passing through f (x) = 0.5. Because the
second function requires nore iterations to attain a simlar |evel of
‘recegnition performance conpared to the fir function, the first function
is 20 used for training purposes. Howevér, after training, the second
function replaces the first function w thout any degradati on of
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block 120 t§ deter m.Igo(?' ciafset:{],eif/ the gre X\ .IP gvalsi misread I%{sa-.tléz then all characters
which cannot be part of the valid prefix are reconsidered. So for instance, if
the prefix database contains valid prefix JCL and KCZ but no other
containing these letters, then both the letters J and L will be revisited. It is
possible that depending on the situation, all three characters may be

10 revisited.

So in block 320, either the gap or the unmatched character is
identified.  In block 330, the gap or the unmatched character is either
resegmented using the secondary segmenter or the scan-based character
recovery routine is performed. Once the missing character is recovered, the

15 PR-IDCG is updated to include thé recovered character.

There are two basic objectives for the digit suffix based ID character
recovery: to form a complete a digit suffix (comprising one to four digit
number) and also té recover the check alphabet character (a single alpha
character) which may or may not be present. |

20 To make complete a digit suffix requires the system to fit the digit sub-
sequence in the ID candidate to a valid digit suffix format: a contiguous
string of digits ft;llowed by a check alphabet. If thé ID candidate string is only
predominantly composed of digits, then it will hypothesize that this should
indeed be a contiguous digit suffix string, and embarks to digitize any non-

25 digit character. It does this by first invoking a digit recognizer for a new

recognition call, enforcing the retum classification to be the best of the 10



characters according to character height and width, and other |ayout

I nformation of valid |icense plate characters. Only those PCG oups which
can. pass these exam nation will be consi de:#a for further readi ng process,
and they can considered as Partially Recog ed I D Character G.oups (PR
10 I DCG oup). Therefore in the above process sone of the PCG oups were

Lo natec | posaile cone pRE T o8N A M J0 A ehal BT SR
TRy 0 skever, BbbE Bibiea PN SoRRh AR NSRRI P
b " oh e SRR B 5. oms s BB GER SRl Bdivepy o
T o g RS EE b, s, £ S0 Tuptorme s
O B o habE oS, B G0, BEE e Procmased oSy hELRHEE
.determne a |likely color (black/white) of the har agt ers, of the
license plate H the prelixcag greatly agsisbin facegaizing the suffix ppgianmeipthe 1D,
this way some Ol\fllo;e%%elra,Rt-hleD&Cgﬁguppor%gR ig eea%lieirn;onﬁag dbefc%se the prefix database
contains a list of all valid prefix, making the recognition process easier.

It is first determined in block 350 whether a likely a digit suffix exists.

10 In determinihg this inquiry, a number of factors are considered including
whether a valid prefix is found, whether any digit characters are properly
segmented and recognized, the relative spatial relationship between the
prefix and the potential suffix characters, number of characters segmented,
etc. In determining the spatial relationship between the prefix and the suffix,

15 the system considers both the possibilities that the prefix and the suffix 'may
either be on two rows or in a single row. However, in either case, it is
assumed that the prefix will come before the digit suffix.

In block 360, a refined recognition is performed. In the initial
segmentation and recognition process, the digit portion is recognized using

20 the alphanumeric neural network (NN1-AD). The NN1-AD, while has the
advantage of being capable of handling béth the alpha and numeric
characters, has.. the disadvantage of sometihes failing to distinguish
between alpha and numerical characters which are very similar. For
instance, the NN1-AD may interpret an “8" as a “B". The numerical neural

25 network (NN1-A), on the other hand, while capable of only recognizing

numbers, can better recognize numetical characters. For this reason, once



further processing. However, if the color of the ID characters can not be
25 deci ded then PR-IDCG oup with both colors will be passed to the next
nodul e for subsequent reading refinement.

25 Moreover, it should be pointed out ‘that it is very rare
that all characters of a license plate can be fully segnmented and

recogni zed the likely digitl fiel@tis fsated v biddke3500thei fitd ii9 eefiiel 6F Sdigitizeddr
exanple, FIG 15.3 illustrates an imge of a notor bike with a

license plate. g NR1Z0t0 iconvel anylplRerieal Ribradidrs Which eiay ®iavel béég | D

is fully enclosed within the RO box. So only the characters in the

top row are seqiRiNt8fbreldds &9 4R alphd BhafRYsY. of the character "L" from
the top row was nmerged with a screw nut | ocated close to the top of

the character (ShowOhdh P aitoiiifix Als bedin digi2é, tfo spftem looks to. thdTHht

‘'system hence, interprete aracter to faving an nor mal heig

and the seggentgdng 1 téﬁéteeiﬂe”&lpﬁheéharacter in bl'o%l§ 3.75h§ﬁ8ftﬂﬂiiqug'}é;m

function of the pipelines in the fifst pass I1s to obtain

.Character grouRgdwledds Providdd fr iRhé HYSynidiedatiBhass 480! B4SLA dH the rule of

symmetry, and other considerations, the alpha character or a digit suffix
character is missing, the resegmentation or scanning based recovery is
performed in block 380.

10 Referring now to FIG. 9, the input to the format/layout based ID
character recovery is ID Candidates as shown in block 400. This recovery is
performed at the ID level, and basically the system checks if both alpha
prefix and digit suffix are present in block 410, and if one of them is missing
as determined in blocks 410 and 420, then, based oh spatial layout rules,

15 re-segmentation or scanning based recovery procedure is invoked in block
430 to look for the missing portion of the ID.

For instance, if the prefix portion is missing, the system can look it up
from the left side or top side of the digit suffix. Or, if the digit suffix is missing,
then it can look it up from the right side or lower side of the alpha prefix. This

20 spatial location inforrhation is provided by the ID layout rule database 450,
the information obviously depending on the ID format standard of the given
jurisdiction. ) '

After the two portions of an 1D have been located, further recovery is
performed based on spatial symmetry of the ID layout in block 440. It helps

25 to identify the cases where one or more characters are missing at either



recovery process can be performed to recover missing characters

iteratively, the system can eventually produce a conplete ID It
shatl be discussed later 15 how t he systg? s recovery schenme successf ul
recovered the letter "L" from this exanpl e. Usi ng j ust
the steps descri bed above, at |east some (but hopeful ly nost) of the

B AL ki g
character level, ' T. eI$ ?gcog%ri zfn%%ﬂfv'l 'éuél cﬁar Q??%’r s,r | P % f'ounc?q'o
22 ner ™| 0ot 18 el W s, dne SR GRAE AP iRRRB A
o dent 11 ed BnapenPItE RS ApnflratSr JEETPHB i The I B e Pty andy

the success ¥ at 4768 el BoHETm: RGP ROR Ringery capfiti i tob fow Hhd the
26

- characters JCL have been properly segmented and recognized. However,
the ROI only partially captured the bottom row and hence the characters
1749 were not initially properly segmented or recognized. But as can be
seen in FIG. 15.5, the system applied the layout rule that a second row
10 should be present and was able io properly segmented at least the first
three characters, 174, from the second row. Then further applying the rule
of symmetry, the last character, 9, was finally ssgmented and recognized in

FIG. 15.6. o
Referring now to FIG. 10, the last recovery routine is based on check
15 formula. In certain jurisdictions, to help check if a given ID is correct, various
algorithms are used to formulate an D character string so that the
summation of all ascii values of all the characters in an ID equals a certain
unique constant. Based on this principle, for a completed ID the system can
check if the ID conforms to the check formula; if it does not, a further

20  examination is needed.

When a failure is detected during a check formula examination in
block 460, the ;ollowing procedures are invoked: character bounding box
reediting (block 470), activation value based re-recognition (block 480),
and re-recognition (block 490). |

25 In block 470, the basic idea is to check the all bouhding boxes of the

characters in terms of their height, width and inter-character spacing, top



conbi ned character segnentation and recognition success rate.

Empirically, it was found that nore than 10% of all IDs could be m s-
identified for this reason even where the raie of ms-reads at the
character | evel was only at around 10% (for 10-character long IDs).
5 While for sone applications, the nore inportant figure is the
success  ladidebsitornhbaséliiesc tSihcbeti®d charactel Waiundig boxXesaare mostly
recogni zing license plate nunbers, it is the accuracy in recognizing
the entire | D agenerdtelon individuaheharacters i thé 'charddtén segivlehtationl phsdess,
which is the nore inportant criteria. To substantrally inprove the

success rate at ihd\emdy hel de: vbiyeabb@as)t BaseE i Me obfeful Examin&fo® more
iterative multi-pass character (I MPC) recovery process using the

i nformation gai kBfsisteht'chBfadtet bodndifgHoxes Yan' 156 BBRinePh hEFAGME refiRé théest
of t he -di scussion shall describe in detalil this recovery process.
During the 14/PC Y e Ved. ;

oper ati ons: Sub DBt oBUAE SAfer ieRRiry HebbYe BRPRrStef % AF-Yecognized

level 15 recoygbiy if block 440, Utfd ﬁagg@uyggvgﬁartﬁsdc@kafop@mg ?}(ahﬂmaﬁm

it can be a par in-sin or exanpl e, cense

pl at e nunber ‘]C'cllffbge s@ét:essgjlq_})égg% ib'ibc!ﬂﬁ?q_ils 3, has a two-row format,

i.e., JCL in theTop Fow an I'n e lower row, the system
considers both JO. and ;142486 #& ekERinatidh° % based on the activation values of

neural network outputs of the characters. The system will identify one or two

10 characters with lowest confidence activation values, and then for these
characters it can perform either scanning based i'ecovery or re-
segmentation based recovery in block 490 to see if the newly recognized
characters can satisfy the check formula examination in block 500.

Now referring to FIG. 11, the JCSRNN is a generic module that every

15 ID character recovery routine utilizes. Several important parameters
pertaining to the image path to be scannhed must be set first before the
ICSRNN can run effectively. The ICSRNN has some flexibility in that it can
react to the information learned during the ID character recovery routines
such as whether the character to be scanned is a digit/alphabet (in the case

20 of digit suffix ID character recovery, it will invoke the digit/alphabet dedicated
neural recognizer accordingly), or the identity of the character hypothesized

«  (in the case of aﬁphabet prefix ID character fecovéry).
As it scans across the prepared imége strip, it logs down the
recognition response across all possible recognition output nodes. This

25 keepé track of the recognition profile over the image strip. The work of post-

processing is to remove noise and to determine the likely character that is



théi/ are located in two rows and they can be handl ed i ndependently in the

20 recovery process. . On the other hand, in the ID-1evel
recovery, the systemperforms recoverél based on studyi ng various
constrains at the ID |evel. For exanple, the recovery is perforned

based on ID s | ogical conmposition and spati al | ayout rul es, and

operat | ons.  hovieBRedaaNel Foot AEPIH eaTPE fené%?iasg%smﬂon Piiass’ h this

27 whi ch incl udes I D.l ogi cal ositio tial out al pha
prefix list, scannmgeiaaSPe Fﬁ%PMeWePE@ess: and’ *hefg%f%é §b oY Pﬁév&hf}lé’i’? P
process is sequentlally erforned for eac

Candi dat es wi | IChaEagjercatg merged with eaeh OEI?QI Qrsyith %?@PWPH@ '" ljpe magasiery
process, a list of |ID Candi dates is, eval uat efi and e ID |

‘assigned an i nd¥:when the chrrpetars rebipkan 41 ¢ tqtéhw/sﬁs% s WI@@BR thi s
i ndex is based on whether a conplete valid alpha prefix, a digit suffix are
present, whet heaegmm'-tumwéqabgha@smrséromaly%unaa@mﬁ! MaRS-t he | D | ayout

rul es,
' FIG. 11 illustrates the steps employed by the Integrated Character

Segmenter/Recognizer Neural Networks (ICSRNN). Before the scanning is

initiated, the ICSRNN is supplied with the information gained during the

Recovery Scanning Path process 560 which is performed during the ID

10 character recovery. This information would include coordinates for the

starting character, the width and height of the window, the coordinates for

the ending character, the character domain, i.e. whether the character is
alphabetic or numeric, and the hypothesized cha'racter, if any.

First, in block 510, the gray-level pixelmap of the image is

15 nomalized. In block 520, it is determined whether the character to be read

is known to be a numeric or alphabetic. If it is known that it is numeric, such

as when reading the digit suffix portion of the license plate humber, then the

scanning is done through the digit neural network. If the character to be

read is known to be alphabetic then the alphabeti_c neural network is used.

20 If, on the other hand, the character to be read could be either alphabetic or

numeric, then the scanning is done via the alphanumeric neural network.

When the scan;aing is completed in block .530, the scanning recognition

profile is logged in memory. After the scanning recognition profile has been

logged, the profile is processed in block 540 remove noise. Once

25 procéssed, the identity of the character is determined in block 550 based on

the recognition profile. In doing so, the system looks to see if there is profile



and whet her the given ID conforns to the given check formula. 10 | f
none of the I D Candi dates are valid, depending on the |evel of the

conpl eteness of the I D Candi dates, several ocedures can be taken to _
either inprove this ID Candidate list, or start an ID reading process all
over again. One possibility is to go back to block 100 of FIG 1 for
i mage e r Vg A
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achi eved. from the ID Candidate list to choose the ID Candidate with the highest

weight, which is mostl likely the most complete ID. Specific measures that

are used to increase the overall weightage of an ID Candidate include

10  whether the alphabet portion of the ID conforms to a valid alphabet prefix

found in the prefix list, whether the entire ID string conforms to the syntactic

and positional layout format, and whether the entire ID conforms to the

. check formula.

lf it is found that even the top choice from the ID Candidate list is far

15 from being a complete ID, then, it indicates that further recovery is needed,

and appropriate image enhancement or ROI routine is performed, or whole

image segmentatidn is performed again in Block 110 of FIG. 1.

FIG. 12 illustrates in detail the steps for assigning weight to the ID

Candidates. - An ID Candidate is provided in block 570. It is then

20 determin.ed whether a valid alphabet prefix is found in block 580 and

whether a valid dlglt suffix is found in block 590. In block 600, the system

checks to see that the ID conforms to the layout rules of a valid ID. Then in

block 610, it is determined whether the ID conforms to the given check

formula. For each time a test is passed, an incremental weight is assigned.

25 The ID Candidate having the highest weight is ranked highest and is

deemed to be the candidate which is most likely the vatid ID.



28 When the recovery process is conpleted and a nost-likely ID
Candidate is selected fromthe ID Candidate list (called ID output) further
exami nation is perforned to ensure the recoqgjtion accuracy. There are

many criteria in perform ng the exam nation, such as activation val ues of

5 recognition results of neural network recognizers, spatial |ayout

regul ariti es, NV refERfnd B, 8 thifighRe ifiskafs #RNSBPIEBF MbSsiring ©
rat | g ow I’ejg

reduce Ppass-w ong 1e’'malrntalning a ct-wong rate.

A detat e 11 5ty deficonce 1eVRfL S aHR16° oAV 3K O th U} "4
out put tod byt hERUTRIAT s B8RUGIH Yo SRR, R Heodaion dichtpoey, There Ere
Fecognition res T} Spteshth " ARfiUFcty oB ik, o RO Bon KRR of inpwal
a t hSE r%\é. WOl rregglgjrltitzgrs(,: %Baﬁgls l%wae re(:gourféljitge(asr,](:e?c.rrﬁ%s Hiain goal of these
confidence measures is to reduce the Ppass-wrong rate while maintaining a

low Preject-wrong rate, the definitions of which shall be discussed below.
There are two types of examinations: character layout based, block
650, and recognition based, block 640. In the layout based examination
10 character's widths and heights are examined so that all characters of the
output ID have consistent values. Also, the baselines on both top and
bottom horizontal boundaries of all characters are checked for consistency.
Special care has to be taken for some characters such as | and 1 which
have narrow widths. Furthermore, the system also checks if the ID conforms
15 to the symmetry constraints in block 660, and whether the ID conforms to the
check formula in bldck 670. In all the above cases, if the ID output cannot
pass the examination, corresponding actions can be taken to make
appropriate character bounding box refinement in block 680. After the
refinement, the ID will be re-examined until it either passes the examination

20 oris rejected. | |

In the recognition based examination, fhe activation values of the ID
characters have~ to be higher than a pre-specified threshold value, i.e., 0.8.
Also the activation value of the neural network outputs for all characters in
the output ID has to be sufficiently larger than the second largest response
25 of the corresponding characters. This is to ensure that the neural network's

output indeed indicates a correct recognition result, because if first two



15 If still not successful, the systemw || output a rejection signal |

whi ch I ndi cates that the reading system has no confidence to out put -
- a reading result and hurman hel p woul hen be needed. In principle,

to ensure good recognition results, a small percent of reject is

necessary. However, how | ow the rejection rate should be set at

depends on the ﬁ&r@}ég{/ Bfslhs d?fthweurapxsetm&iﬁﬁlﬁiﬁpgbﬁegpa@rlﬁa{a@%@nd

the image quality _ can be seer :
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| D- Candi dat e repr eser{ft@ea!b o&%ﬁ?can passnaC“ ﬂ%t gbcl)‘\}eStcOI(\gicPe%Lo)e’ maeré%u?ea ?thwill be
outputted by the reading system as an ID output; otherwise, the system will

output a rejection signal which indicates that the reading system has no

confidence to output a reading result, and human help is needed.

10
System Performance sures
The following performance measures are used to indicate the integrity
of the system:
15 Ppass - percent of the cases where the ID reading system outputs an

ID. |
Preject - percent of the cases where the ID reading system failed to
output an ID either due to lack of confidence to the recognized ID or could not
get an ID at all, hence we have Ppass + Preject = 1.0. |
20 Ppass-right - percent of the cases amoﬁg all the output IDs how likely
the IDs are correct.
Ppass-wr;ng - percent of the cases amc;ng all the output IDs how
likely the IDs are wrong, hence we have Ppass-right + Ppass-reject = 1.0. For

rejected cases, we also have:
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at tpe | MPC recovery in a nore detailed
wrongly.

The performance measures, Ppass and Preject, indicate how likely the
system will output a reading result. In general, Ppass rate should be high
enough, otherwise, the system is not too useful. However, it should be
pointed out that a high Ppass rate does not mean a good system
performance because the output ID can be wrong. Therefore, other
additional performance measures are used to measure the accuracy of the
output.

In an ideal system, the best performance would be Ppass = 100%,
Ppass-right = 100%, no rejection. But, in practice, this is impossible. But it is
generally desirable to have a system with a high Ppass, Ppass-right, and a
low Preject-wrong. it should be pointed out that when you increase Ppass
rate, Ppass-wrong can be increased too. Aléo, when you increase Ppass-
right rate, you risk increasing Preject-wrong rate.

The key to increasing Ppass rate is to do extensive recovery so that
the system can ;uccessfully fead the IDs. To achiéve a high Ppass-right rate
it is important to have a good confidence measure to accebt all the right
output ID and reject all the wrongly recognized IDs. Based on individual
application requirements, i.e., the cost of two types of errors~outputting a

wrong 1D or failing to output an ID~appropriate balance . should be



di ag-ranmatical form FIG 5 is a flowdiagramillustrating the general
overview of the I MPC schene perforned in block 130 of FIG 1. A nore

- detailed flow diagramillustrating the specu{#c steps for each of the
bl ocks in 25 FIG 5 shall be presented lat'er in the discussion. In
referring to FIG 5, the partially recognized | D character groups

(PR 1DCGs) are %gg.l.ﬁiﬁgdf Oé%éﬁodésshould be pointed out the lwortance of the

30 bl ock ese are then go through as I' D character
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results to determine if the system is certain or confident of the recognition.

Examples:

10 The following are some examples of real images taken of car license
plates which illustrate some of the real-world difficulties in recognizing the
characters and the ways in which the present recognition system can
handle the various situations.

FIG. 14.1 shows basically a good image of a license plate. However,

15 due to the presence of nut and screws on the plate, the characters A and 8
are merged with the background, and hence, the primary segmenter will not
be able to properly segment these characters. However, these characters
will be recovered during the gap based character recovery routine.

FIG. 14.2 shows an image of a license plate where some of the

20 characters are merged together. Note that here, the images of the
characters 313 are merged together. This will prevent the primary
segmenter frorr; properly segmenting these characters Hence, only the
characters SBY 7P will be recognized and Ieavmg a large gap in between

SBY and 7P. Here, the ICSRNN will be invoked during the gap based

25 recovery routine to recover the merged characters.



-~

10~ In this case, because of the particular conventions foll owed by

the rel evant jurisdiction, it is assuned by the systemthat the

| i eense pl ate nunber contains a 3- ck@ acter al phabetical prefix, a
4-digit nunber, and a si ngl e- char act al phabetical suffix (if one
exists). The layout rule dictates - that the prefix is followed by the
nunber fol | owed by f F )

t he convention of ttk'l:gér yﬂfgv I%(qw?%ﬁl ki P*oﬁ llcéﬁse p\‘Qb%\hﬁ%% {xyi)?é%;rbgrgk%
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fules. In 2h2urr?ﬁ%9w'39 P}feﬂeﬁr Shariofy sg@ﬁﬁ%’é} Biscors B8] pRu & °”t, 't
S benehmf gcl ude as muc w_ed 9 q(ﬁout t he format of
particular ¥D t 'feé’eeﬂlﬂef%cfucb‘a%&ﬁ sqg\es employed, In e, presen d!&‘f%m%b
can be used to,store differe in | D formats for ~ different applications
such as seri al Wﬁ[ﬁeﬂﬂsmﬂe ‘Pn?'ﬂ-{ﬁ“&i‘é’&e hi ps, container 25 codes, or

| icense plate nunbers for different jurisdictions.
FIG. 14.4 shows an image of a license plate where a character is not

properly captured by the image. Note that here the first character S is at the
extreme left boundary of the image causing the primary segmenter to

10 capture only BW1437Y. During the prefix based recovery, the system will
recognize that the prefix BW, by itself, is incomplete. = Hence, by
hypothesizing the foossibilities SBW, QBW, PBW, etc, it will eventually
capture SBW.

FIG. 14.5 shows an image of a license plate displaying a distorted

15 character. Note the distortion in the letter V. Through the prefix based and

| check formula based recovery routines, the letter V will be recovered.

FIG. 14.6 illustrates another example of distorted or damaged
characters. Note the damage to the letter D and the number 2. Both of
these cases can be handled by the neural network based recognizers.

20 FIG. 14.7 illustrates a case where most (if not all) of the characters are
missing after the preliminary segmentation because they are merged with
the license pI;te outline. Upon sensing tht; drastic absence of the
segmented characters, a nhew segmentation pipeline will be invoked with
motrphological preprocessing on the image to remove the plate outiine but

25 leaving the characters intact. Subsequently, all of the characters are easily

segmented and recognized.



31 After the characters have been recovered using the four

recovery schenes in blocks 210 and 220, the character groups are
combined to form | D Candidates in blo 230. There may be several ID
Candi dat es or none at all depending on the how successful the

character recovery routines 5 were. Further 1D recovery may be perforned
if no ID Candidate | §G0YAS illustrates a situatidlf wihdiké HrableR? deatedubDe PE6PGP! Y

is a straight forward application of the domain rule that al nost all
L Tcense | Do ar e rohtififotPbafifiést in the GHAMAEBHROThE Rfer 1R 10 MRCRILS BBHINst
finds a wi der-than-average gap etween two successive characters I n

an | D Candi dat e, r (o]¢ FN0Y i C used. t C, ; 1 S§/
char acters. Thelmkgtg ﬁggsa%rﬁigééi %Ifora{eqls g?r’eaﬂtgg?lﬁﬁn ais?%'gea%e{(&%ﬁpl&baégg&
recovery. In th%ebmitﬂ??&hlﬁ met hod, the systeminitializes the

e es

whi t e space pi xel™®nmap and I nvo | CSRNN for inter-character gap

recovery of pgotenti al 1 SS100: .act , ch t Yl

wer e not segﬁent ed ar-l|l r?é%%%ﬁz@y%gglgﬁeﬁay Pﬁ ?Wgoldh?gj Iﬁnl h:égl gé%ﬁ%lfﬁhpﬁe

resegnentation o) r e . Wi i

Conpl ement ar y t et raRfios SRS B IR 4 SEEEIHRY Shaartsristdd ied].  The

re-segmentati On'prt-arshéantﬂlmdf]sc?gs\é@te%%oé?;netn Y arr_g,- ﬁweeor%%,a;& Y& considered in all
respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the

10 meaning and range of equivalency of the claims are, therefore, to be

embraced therein.



met hod i s tmmnt ation nethod ,provides a better |ocation

accur acy thawﬂ"m"u thod using tthe ICSRNN. On the other 20
hand, soneti m” racters are r’rg@ged roTeter—er—boken,.L he
onl'y way to recobery these Gharacters is t cann?ﬁﬁLﬁﬁEf&jSHEEimd SG
FIG 6 illustrates in detail the steps for the gq| p@g b%gﬁﬂ to paged
lo paged ..........
dﬁ«ﬁﬁztsﬁ 50""- 5

“’?

recovery of bl OégA fromFIG 5. Logically, it

gap/ spaci ng- based recovery before the other reco Bridd qgegaﬁ cats ¥ Raged 5
25 information about the spacing between the ch ﬁlﬁtbst ui -f t9rpaged .......... }
ot her recovery routi nes. Tact :paged....topaged......
32 é%o the PR 1 DCGs are prowdedfor I NPl OCR256~—+—bitaeck
260, one M gaps resulting froma unrecogni zed character are
identified. In identifying the gaps, a nunber of criteria are

consi dered usi ng, anong others, information available through the ID

knowiededtab se. erly se nted charagte t.h
starti ng po + he );Si BH?Q%@%" of et ognlz¥ng & license pla?e 40" SF Sa Vehicle

comprising
producing an image of said vehicle, said image containing the
license plate;

selecting a region of interest, said region of interest containing at

2

3

4

5

6 least a portion of said ID;
7 segmenting at least some characters of said ID from said image;

8 recognizing at least some of said segmented characters using a
9 recognizer to produce recognized characters;

0 grouping said recognized characters to form partially recognized ID
11  character groups;

12 recovering characters which were not successfully segmented or
13 reéognized;

14 forming an 1D candidate list containing 1D candidates;

15 selecting a candidate from said ID candidate list which is most likely
16 to be a legitimate ID based on predetermined factors, said candidate being
17 an ID output;

18 measurin.gj a confidence level of said ID oniiput; and

19 accepting said ID output as an ID if said confidence level is

20 acceptable.

This Sheet Has Been Replaced
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bet ween t he d e nmean width of the characters are neasured
and conput edﬁlmmllmumlﬂu“rgap bei ng neasured is truly a gap between

| D eharacters? the kndw &dgé about the I.ayog? and size variations of a
legitimate I D taken fromthe I D know edge data base 290 is used to excl ude
10 characters from consideration that do not conformto the standard.

To determ ng whet herTﬁ@‘?oB\ilé’t\tArﬂlefg{?d SEreddBnizin arlﬁéﬁkg @Bteal 6t W8hicle as

character as opposed to gap exi st s~ nat ormula is used as a

general guigel i l%‘?:itga- s cfé?t‘h“ﬁ g\ﬁ\ehén-?éi it %ﬁ%eoﬂhé’;é'téésh gﬁﬁ?%hﬁ 1Dt mﬁ\ﬁle{t{%n
|

measur ed di stance between t characters, the ga e greater
15 three tbnesd%tlas ggan I nter-character spacing conput ed.
a true gap is de ec?e . then the systembegins to prepare for

270, ‘15 1o feseamont TiRLORRLARRLoriERgY o Bkt dite FXRYA Ynkld &b
20 I nt gt & od<eiepdn FFREI. AR said dsReBhPSREHPRNY R RaAe by Siafé

recovery is,perfornmed,in hlock 280. To prepare for this recovery, the
starting 3 n%”@rglt?@sgadpﬁﬁgﬁ%ﬁ?di nates corresponding to the wi dth of

e 930 1S 3120 The sabudlibtnod of 2SuRizing a'icens Piale IS % 4 Veniold e
2 recited in claim 1 wherein said selecting of region of interest step is
3 performed using a plurality of complementary region of interest detecting

4 modules and image enhancement tools.

1 & The robust method of recognizing a license plate ID of a vehicle as
2 recited in claim 1 wherein said recovery step utilizes a complementary
3 segmenter and recognizer.

1 6. The robust method of recognizing a license plate ID of a vehicle as

2 recited in claim 1 wherein said rebovery step utilizes at least one the
3 following recovery schemes: gap/spacing based, prefix based, digit suffix
4  based, layout based, and check formula based.

1 7. The robust method of recognizing a license plate ID of a vehicle as
2 recited in claim 6 wherein said gap/spacing based recovery scheme
3  comprises: | |

4 providing partially recognized characters as an input;

5 identifying; gaps resulting from mis-segmerﬁation;

6 performing resegmentation; and

7 - performing a scanning based recovery if éaid resegmentation is not
8 successful.

This Sheet Has Been Replaced




tﬁé m ssiMovered using the ICSRNN the PR IDCGis 25

updat ed t new y recogni zed character. The conplete details of
the ICSRNHJI"H" ilm l’, cribed later.

|bIe t hat even %ere a Iegltl mat e gap exists,
the systemis not "abl e to detect the gap. But because several

char act er qecoyery FRUYHAGS method offeboBRIR] BRibaide et IS o\ Gehfehe 4y ¥

process, t he WISSIng character ecover

recovery rguti rcfted Qla?@ @Wég%lngsaaj gréfﬁccﬁ’é@é&’ {eGO\E%eBleQéhe?Hé ‘?foﬁ'\ﬁf%gd

recovery. he "se overy routl ne rrorne

prefi x-basgd recove f sts of two portions: :
al phabet prefix andﬁévlﬂ"aﬁta IM?EPII% p'JeRX%?'{'hS#’I e the digit suffix can vary
froma single 1-digit yence.to. a ter

h d
sequence, The al pha%@'gﬁ%r‘?\fcfféeﬁr“gse@%’\"%]%‘%’?&?i‘aﬁ'mplf%"%ca cg ®Set of
k f l'ist. .Thi the |ist dt h
and it the al Lﬁabewebﬁfyh%i8¥ﬁr§rr Bt Rarag®etie t hat i s found in the

refix l'ist. eney al a legitimate bet prefix, can.be found
gucces sful By from hypotﬁesr}z{ng for ;he ga or mr}gmatc?le% characters; and -
7 conducting resegmentation based or scan based character recovery.

1 9 The robust method of recognizing a license plate ID of a vehicle as
recited in claim 6 wherein said digit 'suffix based recovery scheme
comprises:

providing likely digit ID string;

refining characters in said digit string using digit neural network
based recognizer;

checking for alpha character to a right of said digit string; and

o0 ~J (= Y| S W [ ]

conducting resegméntation or scanning based recovery.
1 10. The robust method of recognizing a license plate ID of a vehicle as
recited in claim 6 wherein said layout based recovery scheme comprises:
providing ID candidétes as input;
identifying a missing field;
conducting a recovery for the missing field; and

conducting a character recovery for the ID based symmetry layout

-

N W A W ro

rule.
1 11. The robust method of recognizing a license plate ID of a vehicle as
2 recited in claim 6 wherein said check formula based recovery scheme

3  comprises:

heet Has Been Reﬂlaced
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thé'i mage, there is a good chance of finding the rest of the characters of

g00d | HIBMRIRFHRER . £5 S 7o ng fi‘ggﬁBZZSSJ part of & egitimaie

L M Asdyhamic matching is perforned to fit the successive
aI phabet sub- sequences in the ID Candidate to the prefix list. A

full match woul d of [ﬁ@i&éﬁ%l ndﬂﬁe#%@%p@tnd woul d i ndi cate high
ndi da

| i kel i hood of the I e|n act-ual 1D. A matching

?n;LEﬁ;hap'rZPFieﬂoLPd*%?ﬁ*e@V@"‘%f%‘&h{e L“dﬂ* . ERkeR for Sfd'ID Ehndicpe; =1 1Y

| CSRNN r eco ery Th| € ffectively identify

possi bl e in ertion Oror&i’t{@ﬁb &&%gﬁjl‘p%r%es P)%%?%%gg@ﬂ?gb Here del eti on neans

~that a char ct er was n th i_x .candi date, insertion neans that
extra chara ters mr%&%@&ﬁgﬂ 9 Og[‘& 8@8 two kinds of errors can be 25

i dentified en there i dOCFI sertll on or one deletion.

34 For V&' ¥t pe ?‘x candidate is AP*U ( *! indi cates

3 a?ieldeltolr g? |) }, alZer Jflﬁe rogusci eﬁl od &F }e%roglmszmrg Sétsllce%se pIa{A‘ PHJ ‘of a vehlcle as

2 recited in claim 1 wherein said selecting a candidate step comprises:

3 providing ID candidates;
4 checking for alpha prefix for each candidate;
5 checking for digit suffix for each candida_te;
6 verifying layout rules for each candidéte; and
7 verifying cheék formula for each candidate;
8 - assigning a weight based on a result of said checks; and
9 selecting an ID candidate having a highest weight.
1 13. The robust method of recognizing a license plate ID of a vehicle és
2 recited in claim 1 wherein said measuring of confidence level step
3  comprises:
4 providing an ID output;
5 performing an activation value check for each character of said ID
6 output; |
7 invoking refinement recovery if said activation value check fails;
8 performmg a character layout check; '
9 performing a symmetry based examination;

10 performing a check formula based examination; and

11 performing refinement recovery if any step above fails.

This Sheet Has Been R
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dynam APLU and APKU are identified as possible prefix

for thﬂ“m "““1“ ubsequent character recovery process, we are going

to- * purposeél ysretovery either L or éQE call this type of recovery as
e

tar get character based recovery. UnI previ ous invocation of
| CSRNN i n the ot her I D CANDI DATE-R, this recovery has target

character ipfor@ti o BBflst method 6bcbYRTGIPoR il dlihdeodifibAling! S | CSRNN

constraint 1n the hope recoveri ng e hypot hesl zed char acter.

t he case of nsert candi dat e APLLU
rst 121 8%an' | Modudha di st contairin@ife gliface’ | Dand! date T8

the first L is an i error, identified

as possi bl ey prefi x. Qe%(ﬁti[ﬁgsﬁ%ﬁfodqgf m*eoértotQﬁid 5’8@??{9&3’ irltr (ffé?%?ﬂalmng at

FIG 7 i I | UStrates in st eps basé ecover

schene. 4?' og%%%oio oélpﬁ (ﬁr%%@tﬁéer group of the PR-1DCG cont ai ni ng the

f| rst three al rs are chosen for analysis. O course, one

15, o S LS T e i SR A SRR G Ebn lRs Sal S AoALsAB RS,
ayout of (g |1 con3g Bk, o oast HORE' 5t A BoSrielidd ikl oL
nunbers or bt hapcediize ea&eﬁ*@% AP TRASET  forent 1 ayout 56 "t he’
proper rmdigr catl O”Sgr&'}&‘i'n'gdsaﬁ recognlzed characters to form partlally recognized ID
9 character groups;
10 ~ recovering characters which were not successfully segmented or
11 recognized;
12 forming an ID candidate list containing ID candidates;
13 selecting a candidate from said ID candidate list which is most likely
14 to be a legitimate ID based on predetermined factors, said candidate being
15 an|ID output;
16 measuring a confidence level of said ID otjtput; and
17 accepting said ID output as an ID if said confidence level is
18 acceptable.
1 15. The robust method of recognizing ID on a surface as recited in claim
2 14 wherein at least one of the steps utilizes an ID knowledge database.
1 16. The robust method of recognizing ID on a surface as recited in claim
2 14 whereln sald recognition step is performed by a neural network based
3  recognizer.

1 17 | The robust method of recognizing ID on a surface as recited in claim

2 14 wherein said selecting of region of interest step is performed using a

\

‘This Sheg,
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hbte t hat mo characters fromthat character group are
obscured ﬂi‘ﬁawu ' d, the systemis able to identify and extract the
gr oup ba npOSItfon relative to the gther character groups. So for

i nstance, FIG 15 3 illustrates a situation where one of the three
characters is not recognized. In this case (hereinafter "case 1"),
the last of ghep Fdi*émg of complei!‘lJﬂ;i‘ftﬁi"gt rigfort 'of irfteraat detectingnodufes@hd image
recogni zed because the inage of :

35 t Iy rdeﬁhgﬁaghgﬁt<ﬁ*§ was nerged with a screw nut |ocated close
to the top of Laracter. Due to the abnormally hei ght created by
this distortion, the segnented pattern of the character "L" was
elimnated. In another situation ("case 2", no figure but stil

using the exanple "JCL"), the m ddl e character 5 may not be recogni zed.
And yet in another situation ("case 3", no figure but still using
the exanple "JCL"), the first character nay not be recogni zed. Stil
yet in another situation ("case 4", no figure but still using the exanple
"JCL"), all three characters may be segnented but one of the characters

“\\iifi\i\\\\\\\\\\\\\h\\



may not be properly recognized. 10 . In case 1, the system | ocates

the first two al phabet characters, J and C and wll ook for a
thi.rd. I'n so doing, it will only search the area * i mredi ately

adj acent to the other two characters ABSTRAGTance * approxi mat el y
equal to the distance that the system assunes the distance shoul d be

based on the information provided for in the ID know edge data 15 base.
When it is not able to find a character within the proper distance, it wll

be deemed that tHOBUSTJIIDENHFICATIONT CODE . RECOGNITIOMBYSTEMW | |,
therefore, be the target of the recovery schene. In case 2,

the system |l ocates the first al phabet character J. It won't be abl e
to find a second character within the allotted distance and will deemit

20 to be nissiAgnethodivaht systerhufal Irgcdgnizinghthet bharhcténsr ent surfdcesandhelres ed
on the know edge that the character group should contain one to

three al phalphnumeric |d@ﬂmﬂoaﬁbﬁrc©det(|’lﬂ' dorsltortemap becprisent sush Hsod llidehse
apart and the synmetry of the characters 1 n the upper and | ower

rows, it vlate.COTHe YHesémta Yétehﬁ‘is)bﬁﬁldlﬂbﬂy adaptéd“ﬁ?orC BRUSGESHRS VIhérePvilal
(though this conclusion will be reached in the |ayout- 25 based recovery

routine). d&dfortichs tan Bec&mehn“da%ﬂibé? *&ah?mfrrobastcﬁi@?h% Yor recognikity IheUP;
it will becone the target of the recovery schene
characters of an ID. Multiple character recovery schemes are applied to account
for a variety of conditions to ensure high accuracy in identifying the ID. Accuracy
is greatly enhanced by taking a comprehensive approach where multiple criteria
are taken into consideration before any conclusions are drawn. Special

considerations are given to recognizing the ID as a whole and not just the

individual characters.

FIG. 2



P
-

36 In case 3, the systemw || fail to find the first

character, but wll successfully locate and identify the second and
. third characters C and L. Based on the distance between L and B, it
'will conclude that they belong in - t he sane character grouping. Based
i on the distance between the character 5 nd the | eft edge of the

plate and symmetry consideration, it will conclude ' that the first of
the three characters is mssi hecone tgﬁtarget . of

t he recovery schene. st will find all of

the characters, and hence, w1 medi atel y whether to.
conduct a recovery routine. 4 ' expl ai ned bel ow, the plréﬁlx
will nmost likely not match vvhen corrpred agai nst a targef and
so recovery r9QQi ne - After the charact er
group has been sel ect @ g Yed ROItbdlock 3
to select all bl € arQ&M@PGMmhRQSm%Wﬂﬂ I m sJImage
character so ag to make fhe dR@PD.gercante RPILHMPE va i . Oenhapcement
case 4, it is ¢etermned|which of the characters ' sr eadtooksgtsn o

lROIGroup

110 Perform pri i
primary char. segmentation,
it not .um} recognition and grouping for 2 possible sechaeratctﬁg
colors- black and white gmentation,

characters < recognition
tool
Potential Character ' sets

Groups . .
120 - O\
-\ Choose several most likely ID Character 70 '
groups (Partially Recognized IDC
Groups) and for each PR-IDCG do the
following

l PR-IDCGroups

130 —

& Iterative Multi-Pass Character Recovery
to form complete 1D

[ ¥

ID knowledge
database

IDCandidate list

140 '
. Choose the most likely ID from the ID

Candidate list

180

l An 1D output

150
_\ﬁ Perform confidence measure for the ID G /" 190
output, if no success, perform additional j¢——
refinement recovery f
An 1D output or reject

AN

FIG. 1



t hése possi bl e characters is called a prefix candidate. O course, to
determ ne what prefix is valid, database 340 nust be provi ded containing

al | valid |icense plate nunber prefix. Having such a database 340
greatly reduces the nunber of candi dates the system needs to
consider, and will in 20 turn, signifi @23y reduce the overall tine for
recogni zing the license plate nunber . ' To sel ect the

prefi x candi dates, the known characters of the character group are
mat ched up against the list of all possible valid prefix. Were

there is a match, the character which makes the character group a valid 25
prefix becones a prefix candidate. The prefix itself which results fromthe
mat ching of the prefix candidate is called the prefix hypothesis. So using
37 case 1 abg nple, if the dynam &Nprogramr ng uncovers 4
prefix hyp eses JCL, ~JCH, then JCX/ hen the |Iist of possible

candi dat es for the mssing th character/is reduced to four
characters L, K/ H, andeX,
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cafred al pha prefix hypothesis, rather than the entire alphabet. 5
For case 4, if the prefix JCL was msread as JCZ then all characters
whi eh cannot be part of the valid prefix are reconsidered. So for instance,

if t he prefix database contains valid prefix JCL and KCZ but no

ot her containing these letters, thgggggth the letters J and L w |
be revisited. It is possi bl e t hat ding on the situation, al
three characters may be 1 0 revisited. So in block 320,
either the gap or the unmatched character is identified. 1In block
330, the gap or the unmatched character is either resegnent ed using
the secondary segnenter or the scan-based character recovery routine
is perforned. Once the mssing character is recovered, the 15 PR IDCGis
updated to include the recovered character. There are two
basi c objectives for the digit suffix based ID character recovery:

to forma conplete a digit suffix (conprising one to four digit .

nunber) and also to recover the check al phabet character (a single al pha
character) which may or may not be present. 20 ; To make conplete a
digit suffix requires the systemto fit the digit sub- sequence in
the ID candidate to a valid digit suffix format: a conti guous

" Drigin of spatial
coordinate system
\ .() X
i
il
(B
I
row i-1 ) hl
\-—-_ ————— \l 1 I:
owi - L L L T -
) D
row i+1 P
right boundary !
vertical segment ::
U
+ 1
B
y L1

FIG. 3



string of digits followed by a check al phabet. If the ID candidate string
is only predom nantly conposed of digits, then it wll hypothesize
that this should i ndeed be a contiguous digit suffix string, and
enbarks to digitize any non- 25 digit character. It does this by first
invoking a digit recognizer for a new ?/%%ecogni tion call, enforcing
the return classification to be the best o e 10

38 possible digits. Also, if the digit suffix string is not tailed
by an al phabet character, it invokes a | CSRNN search right to | ook
for one. FIG 8 illustrates in detail the steps for the digit
suffi x-based recovery - schene. Although not -absol utely necessary, it
is strongly preferred that the 5 suf fi x-based recovery is done after

t he prefix-based recovery because finding the prefix can greatly
assist in recognizing the suffix portion of the ID. Mor eover, the
prefix portion is easier to find because the prefix database

contains a list of all valird prefix, making the recognition process easier.
It is first determined in bl ock 350 whether a likely a digit suffix exists.
10 . In determning -this inquiry, a nunber of factors are considered

i ncl udi ng

" Origin of spatial -
coordinate system
— X
o
. (1!
.ll
|ll
lll
lIl
lll
Image i
Plane :
vertical
segment Lii
V2 i
Tt
' Lt
1t
1t
* Ll
y Y
column i-1 column i
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mﬁéther a valid prefix is found, whether any digit characters are properly

segnented and recogni zed,

prefix and the p
etc. In determn
suffix, 15 the

and the suffix may

However, in eith
before the digit
is performed. |
the digit portio
(NN1- AD) .
handl ing both th
- of sonetines fai
characters which
interpret an "8"
t he ot her hand,

better recognize

nis recogn zed using 20
The NN1- AD, while Hfas the
e al pha and nuneric

the relative spati al
otential suffix characters,
ing the spati al
system consi ders both t
ei t her
er case, it is
suf fi x.

n the initi

ling to distinhguish

For
The nuneri cal

are very simlar.

as a "B". heur al

nuner i cal TeeM&f¥act er s.

. IDC-Recovery - Sub-1D level
Chart B1. gap/spacing based

Chart B2. prefix based
Chart B3, digit suffix based

IDC-Recovery - ID level
Chart B4. ID layout based recovery
Chart B5. Check formula based

lkzzo

To form a complete D Candidate, if

not successful,
go back to do further ID recovery

|
=D

FIG. 5

Ffor each ARAACE dorthe falgwing.c *% 200"

Fot i's reason,

L

rel ati onshi p between the
nunber of characters segnented,
rel ati onship between the prefix and the
ssibilities that the prefix
be on two rows or
assunmed that the prefix wll
In block 360, a refined recognition
segnentati on and recognition process,
t he al phanuneri c neural
advant.age of being capabl e of
characters,
bet ween al pha and nuneri cal
i nst ance,

in a single row
cone

net wor k
has t he di sadvant age
t he NN1- AD nmay
wor k (NN1-A),

nunbers, can
once

on

240
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39 the likely digit field is located in block 350, the field is
refined or "digitized" using NN1-A to convert any nunerica
characters which may have been m sinterpreted as an al pha character
Once the digit suffix has been digitized, the system|ooks to the right 5
of the suffix to |locate the al pha charactglz'g bl ock 370 and utilizing the
| D know edge provided for in the ID syntax database 390. Based on
the rul e of symmetry, and ot her considerations, the al pha character
or adigit suffix character is mssing, the resegnmentation or
scanni ng based recovery i performed in block 380. 10

Referring nowto FIG 9, nput to the format/| ayout based ID

character recovery is ID dates as shown in block 400. This recovery is
performed at the ID level, hnd basically the system checks if both al pha
prefix and digit suffix are}present in block 410, and if one of themis

m ssi ng as determnell in blocks 410 and 420, then, based on spatial

| ayout rules, [I5 re-segrentailon or sdanni ng based recovery procedure is
i nvoked in bl odk 430 to | ook for iii(n?ssﬂﬁﬂrxntion of the ID

290
260 ID knowledge
identify one or more gaps resulted f _ database of
from missing characters due to mis- layout and size
segmentation variations

perform either re-segmentation by
invoking alternative character
segmenters followed by character

recognition '\- '
270

if not succeed, perform scanning

280
based ISRNN recovery f 8

-
)

FIG. 6



Fo?'instance, if the prefix portion is mssing, the systemcan |look it up
fromthe left side or top side of the digit suffix. O, if the digit suffix

i s-m ssing, then it can look it up fromthe right side or |ower side
of the alpha prefix. This 20 spatial location information is provided by
the ID |l ayout rul e database 450, t @23 f or mati on obvi ously dependi ng
on the ID format standard of the given jurisdiction.

After the two portions of an I D have been |ocated, further recovery is
perfornmed based on spatial symmetry of the ID |layout in block 440. It hel ps
25 to identify the cases where one or nore characters are m ssing at

ei t her 40 ri ght or

|l eft sides of ID. As soon as if{—s identified that one or nore characters
are mssing, either re-segnent or scanni ng based recovery is invoked.
:To illustrate the steps above, 15.4 illustrates an image of the
license plate with the nunber JQL1749 with the JCL in the top row and 5
1749 in the bottomrow. The RO |properly captured the top row and the
.characters JCL have been properlw segnented and recogni zed. However,

. 300
for a likely alpha prefix string do the _/-
following 340

310

/ Valid
Alpha Prefix

database

Apply dynamic programming
(DP) to find ALL alpha prefix
candidates

y

identify gaps, or not matched

» characters, do target char. based L/_ 820

recovery as follows, for each char.
Do re-segmentation based or /‘ 330
scanning based character recovery :

]
=

FIG. 7




the RO only partially captured the bottomrow and hence the characters
1749 were not initially properly segnented or recogni zed. But as can be
seen in FIG 15.5, the systemapplied the layout rule that a second row 10
shoul d be present and was able to properly segnented at |east the first
three characters, 174, fromthe second rovgf ??en further applying the rule
of symmetry, the |last character, 9, was finally segnented and recogni zed in

FIG 15.6.° Referring nowto FIG 10, the last recovery routine
is based on check 15 formula. In certain jurisdictions, to help check if
a given IDis correct, various al gorithns a~g used to fornmulate an

| D character string so that the . summat i onfghy®l | ascii values of all
the characters in an ID equals a certain NN gie constant. Based on
this principle, for a conpleted ID the systemcan T check if the ID
conforns to the check fornula; if it does not, a fprther 20 exam nati on

i s needed. When a failure is detectediduring a check formul a

exam nation in bl ock 460, the fjottowmg proCedures are fjnvoked:

character boundi ng box reediting (bl.ock 470), activation val ue b%%eod

re-recognition (block 480), and r foradiketyrdigit I fieldl docthe 4C—/
following

Refine alphabet chars in the digit ID —/ 360

field based on digit NN recognizers

390

do further check alpha char recovery

370
at the right end of the digit suffix /-

ID syntax
database

do re-segmentation or scanning

- 380
based character recovery I—

C
=

FIG. 8



25 In bl ock 470,
of -the characters in terns of their
i nt-er-character spacing, top
41 and bottom basel i nes.
nostly generated on i ndividual
segnment ati on process,
careful exam nation nore
obtained in hoping to refine the
the boxes all characters are re-reg

t hey may not

5

_ gNi zed
hopefully this time the check fornm{l"'a/exam nation
I n bl ock 490,

successfully passed in bl ock 500.
exam nation is based on the activatijon val ues of
out puts of the characters. The systgmw ||

the basic idea is to check the al
hei ght ,

boundi ng boxes
wi dt h and

Since the character boundi ng boxes are
cha rs in the character

gzgsSery accurate.

consi stent character boundi ng boxes can be

| D reading results.

Based on the

After refining

again in block 490, and
can be

t he

neur al network

i dentify one or two 10

characters with | owest Cogfterdabdb lawel rocaver9 withal

characters it can perfg %tﬁ\ititfﬂ%@&lpﬁﬁ,ad?'&ii Sridlas 8¢

segnent ation4b@s recovery in. blbgtcﬁl?ieff to see

do the following for each ID
candidate

es, and then for these
recovery or re-
f the newly recogni zed

450

l

N

if alpha field is missing,
check valid alpha fieid areas to do
recovery, i.e., on the top or left side
of a digit field

/ ID layout
rufe

if digit field is missing, check valid
digit area to do recovery, i.e., on the
right or bottom of the alpha field

database

/

for identified potential areas for
recovery
perform either re-segmentation or
scanning based character recovery

4

baséd on symmetry layout rule
perform character recovery for the

440 complete ID (alpha and digit
portions)
=

FIG. 9



characters can satisfy the check fornula exam nation in block 500.

Now referring to FIG 11, the ICSRNN is a generic nodule that every 15 1ID
character recovery routine utilizes. Several inportant paraneters
pertaining to the imge path to be scanned nust be set first before the

| CSRNN can run effectively. The | CSRNN haq flexibility in that it can
react to the information |earned during the I'D character recovery routines
such as whether the character to be scanned-js a digit/al phabet (in the-
case 20 of digit suffix ID character yecovgry, it will invoke the

di gi t/ al phabet dedi cated neural rlec¥ni)zer accordingly), or the
identity of the character hypothesized (in the case of al phabet
prefix I D character recovery). As |t scans across the prepared

imge strip, it logs down t Lecrm i across all

possi bl e recogni ti on out put {nodes. Th| S keeps track of the

recogni tion profile over the c'hg& hel ndidate con rrhs f)e%t 4%9} .
processing is to renove n_0|s E fmt%tj‘lﬁllfjéé W_er at is
42 scanned. There is s egnent a nd ogni ti on phase
inthis

|

refine char. bounding boxes
1. check the boxes based on W, H, base lines,

interspacing, etc. 470
2. readit the boxes f

3. re-recognition

activation value based re-recognition
based on NN activations of char., to pick a 480

character with least confidence, refine f
recognition result

re-recognition
1. scanning based around a refined char.

location —/-’ 490
- 2. re-segmentation based, to use a

complementary recognizer
check if the refined character recognition -/__ 500

.. fesults conform to the given check formula

end

FIG. 10



scanni ng based recovery process, and therefore, it is very useful when
characters are nerged with each other or with other objects in the inages,
or -when the characters are broken. In all of these cases, it is very
difficult to 5 segnent individual characters fromthe inage pixel naps.
FIG 11 illustrates the steps enployed b I nt egrat ed Character
Segnent er/ Recogni zer Neur al Networks (I(%&$ﬁ§3 Before the scanning is
initiated, the ICSRNN is supplied with the information gained during the
Recovery Scanni ng Pat h pregcess 560 which is performed during the ID 10
character recovery. Thfor mation woul d includecoordinates for the
starting character, thewtth and helgmg(ﬁ the ® ndow, the coordi nates fq

the ending character th¢ charagter : et her the character
al phabeti c qr—hre td—t+he<hypethesi zed ch ac ;

First, in blljock 510, the gray-1level pixel map of the ima S

normal i zed. |In bl ock gPg-levelt i s det erfmi ned wh ther I " E‘l“br to begd

i s-known to|be a nunerixshmap al phabet if8- "’f“di"é nuEE c,
such as necmalivaticaferi thescaniiag deyyi t] suf f i portla h ?é{ﬁf’: nse
nurmber, ther the scanning is done ti{rough tAe a“a “‘n ne ‘«.
I f the charatre 0 be . read 1S knoywn to be a}gmﬁ egciln_en t 4

al phabet® ¢ neural network is used.

Choose appropriate NN
(digit, alpha, alpha-numeric) based on

field's likely identity | 520 |
_ _/- 560

Pecform scanning based NN recogaition __/— 530
post-processing

on scanning recognition 540
profile to remove noise

|

determine char identity based on
a. a prespecified threshold value

b. no. of consequitive high outputs f 550

|
=

FIG. 11



20 "1f, on the other hand, the character to be read could be either

al phabetic or nuneric, then the scanning is done via the
al phanuneri c neural network. When the scanning is conpleted in block
530, the scanning recognition profile is logged in nenory. After the

scanni ng recognition profile has been 12/23gged, the profile is
processed in block 540 renpove noise. Once 25 processed, the identity of
the character is determned in block 550 based on the recognition
profile. In doing so, the systequ|looks to see if there is profile

43 nmeets a certain prfgigsci fied threshold value or whether there is
a nunber of consecutiye hfgh outputs. If a hypothesized character is
gi ven, however, a diffefent threshold val ue and nunber of high

out put requirenent can be used because, in a sense, the systens

rel axes the requirement a bit. 5 Now referring to FIG 12, the
process of assignifng weights to all ID Candidates in the ID

Candi date List enflai | sgof aidti iPeadbidate ® | D ¢andi dat e fromthe ID

Candidate list to chooal%tto Swingvﬁ?ib%g@ate v-iykh'e i7&nest

assigment

Check if alphabeta prefix is present

and if it's valid one 620

590
ya

Check if digit suffix is present

ID alphabet prefix
database and group
rules

600
e

Check if ID layout conforms to the
given layout rules

Check if ID coaforms to the given
check formula

D

610
e

FIG. 12



wei ght, which is nost likely the nost conplete ID. Specific nmeasures that

are used to increase the overall weightage of an ID Candidate include 10

whet her the al phabet portion of the ID confornms to a valid al phabet prefix
found in the prefix list, whether the entire ID string conforns to the

syntactic and- posi tional |ayout fqram3 and whether the entire ID
conforns to the check formul a. If it is found that even
the top choice fromthe ID Candidate list is far 15 frombeing a conplete
ID, then, it indicates that further Overy TS TTeedrd, 3 nd
appropriate image enhancenment or RO |roudy nyo'upplﬂ)erf b , or ol e

i mage segnentation is perforned agaip in Block 110 o G 1.

FIG 12 illustrates in detail the steps for pssigning weight to the ID
Candi dates. An ID Candidate is provided in plock 570. It is then 20
-determ ned whether a valid al phg X ' ock 580 and

whether a valid digit suffix is|f@igm stiviiReKaRRE eheck ford! ;c)l;é_ao, 64
system checks to see that] the | Degiitha¥aéerst 0 the ljayglt rules of a
valid ID. Then in. bl ock §10if a dhalatefitin@otpaascheretier the 1D
confornms to the given check finvore kelinemont revaedtyt i Nl a test is passed,
an increnental weight is assignqd. 25 The | D Candi dat ¢l havi ng the

hi ghest wei ght is ranked highest and is l

Perform character layout check
a. character width '
b. character height
c. inter-character spacing
d. baseline regularity

650

Perform symmetry based
examination

|

Perform check formula based
examination

If any of the above examination is not
successful, perform refinement
recovery
a. re-editing bounding boxes
b. redo character recogniton

680

AT

4

=5

FIG. 13




deened to be the candidate which is nost likely the valid ID.

44 Now referring FIG 13, this figure illustrates the steps

f or- measuri ng the confidence | evel of an ID output, block 630. In
this stage, an exam nation is conducted to ensure the recognition
accuracy. There are many criteria 1432 s activation val ues of
recognition results of neural 5 networK recogni zers, spatial |ayout
regularities, etc. The main goal of these confidence neasures is to
reduce the Ppass-wong rate while nmaintaining a | ow Prej ect-w ong
rate, the definitions of which shall be discussed bel ow. There
are two types of exam nations: character | ayout based bl ock 650,

and recognition b
character's ‘
output 1D ha
bottom hori z(
Speci al care
have narrow

FIG 14.1 FIG 14.2

FIG. 14.3




15 to'the symmetry constraints in block 660, and whether the I D conforns
to the check formula in block 670. In all the above cases, if the ID
out put cannot pass the exam nation, correspondi ng actions can be
taken to nake appropriate character boundi ng box refinenent in block
680. After the refinement, the ID W1§V2§? re-examned until it either
passes the exam nation 20 or is rejected. In the
recogni ti on based exam nation, the activation values of the ID

characters have to be higher than a pre-specified threshold value, i.e.,
0. 8. .Al'so the activation value of the neural network outputs for al
characters in the output 1D has to be sufficiently Iarger than the
second | arge : 0

ensure that
recognition
45 | arfilig
map do not ‘
because i dea
have a | arge

FIG 14.5 FIG 14.6

FIG.14.7 FIG 14.8



the characters cannot pass the recognition activation val ue exami nation,
5 then a simlar character bounding box re-editing can be perforned.

If the I D output can pass all the above confidence neasure it will be
outputted by the reading systemas an ID output; otherw se, the systemw |
output a rejection signal which indicates the readi ng system has no
confidence to output a reading result, an uman hel p i s needed. 10

Syst em Per f or mance Measures The foll ow ng performance
nmeasures are used to indicate the integrity of the system 15

Ppass - percent of the cases where the ID reading system outputs an

| D. Prej ect - percent of the cases where the ID reading system
failed to a N o o a =Tol/dila onf i dence 0 he

recogni zed 1D or
Preject = 1.0. 2
output IDs how Ii

FIG 15.1



Ppégs-mwong - percent of the cases anong all the output |Ds how
likely the IDs are wong, hence we have Ppass-right + Ppass-reject = 1.0.

For- rej ected cases, we also have:

46 Preject-right - percent of the cases anong all rejected
cases where a) no complete IDis gdd¥R8 ed due to various reasons,
b) the recognized IDIis not the real IDin the inages.

Preject-wong - percent of the cases anbng all rejected cases where 5

the recognized IDis wongly rejected, i.e, the recognized IDis indeed the
| D in the images, but, due to confidence neasure is too strict it
was rejected wrongl y. The performance neasures, Ppass
and Preject, indj e ' o ATEREaTNT .= '

result. In gener
systemis not to
hi gh Ppass rate
out put 1D can be

FIG 15.2



addi ti onal performance neasures are used to neasure the accuracy of the

output. 15 In an ideal system the best perfornmance woul d be Ppass
= 100% Ppass-right = 100% no rejection. But, in practice, this is
i npossible. But it is generally desirable to have a systemwth a
hi gh Ppass, Ppass-right, and a |°V1§]28€Ct wrong. It should be

poi nted out that when you increase Ppass rate, Ppass-wong can be

i ncreased too. Also, when you increase Ppass- 20 right rate, you risk

i ncreasing Preject-wong rate The key to increasing Ppass

rate is to do exigas
read the IDs. To
have a good conf
reject all the
application requ
a wong |
47

FIG 153



determned. Again, it should be pointed out the inportance of the
confidence neasure nodule. It is |like human readi ng process: during one's
readi ng process one nay feel that a second | ook is needed when he or she
s not certain what he or she has seen. Simlarly, during the confidence

5 nmeasure process, the systemtests th Fo8ut based on various reading
results to determne if the systemis certain or confident of the
recognition. Exanpl es: 10 The followi ng are sonme exanpl es
of real images taken of car |icense pl ates which illustrate some of
the real -worl d ik - i s i i

ways in which th
si tuati ons.

| i cense pl ate.
pl ate, the chara
hence, the prin
t hese characters
t he gap based ch
I mage of a licen

FIG 154



207 characters are nerged together. Note that here, the images of the
characters 313 are nerged together. This will prevent the primary
segnenter from properly segnenting these characters. Hence, only the
characters SBY 7P will be recognized and | eaving a | arge gap in between
SBY and 7P. Here, the ICSRNN will be inv?gm?uri ng the gap based 25
recovery routine to recover the nerged characters.

48 FIG 14.3 shows an inmage of a license plate having a
typi cal broken character. Note that here, the nunber 8 is partially
br oken. Althoug Subaiiauien mines . ——=
have difficulty
t he neural netwo
present inventid
FIG 14.4 shows
properly capture
t he extre
to

FIG 155



10" capture only BWL437Y. During the prefix based recovery, the systemwill
recogni ze that the prefix BW by itself, is inconplete. Hence, by

hypot hesi zi ng the possibilities SBW BW PBW etc, it will eventually
capture SBW FIG 14.5 shows an inmage of a license plate
displaying a distorted 15 character.l*% e distortion in the letter V.
Through the prefix based and check tornul a based recovery routines,
the letter Vwill be recovered. ' FIG 14.6 illustrates another
exanpl e of distorted or danaged characters. hbte the danage to the
letter D and t hegss

neural network b
where nost (if
prelimnary seg
pl ate outline.
characters, a ndg
nor phol ogi cal pr
25 leaving the
easily

FIG 15.6



497 FIG 14.8 illustrates a situation where probl em occur due

to poor or non-uni formcontrast in the characters. The systemhas to
deci de agai nst i mposing contrast uniformty constraint in |ight of
achi evi ng good segnmentation results. 5 The present

I nvention nmay be enbodied in other speci ?272:?””5 wi t hout departing
fromthe spirit or essential characteristics thereof. The presently

di scl osed enbodi nents are, therefore, to be considered in all

respects as illustrative and not restrictive, the scope of the invention
bei ng I ndi cated by the appendedgclains and all changes which cone
within the 10 meani ng and range ofgequi val ency of the clains are,
therefore, to be embraced theregn.
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WeOaim 1. A nethod of recognising a |license plate ID of a vehicle
conpri si ng: produci ng an i mage (90) of said vehicle, said imge
containing the license plate; selecting a region of interest (100),
said region of interest containing at Ieginggportion of said ID
segnenting (110) at |east sonme character aid ID fromsaid i mage;
recogni sing (110) at |east sone of said segnented characters using a
recogni ser to produce recogni sed characters; groupi ng (120) said
recogni sed characters to formpartially recognised |ID character groups;
recovering (130) characters which were not successfully segnented or
recogni sed: formng an ID candidate |ist containing |ID candi dates;
sel ecting (140) a candidate fromsaid ID candi datg |ist which is nost
likely to be a legitimtg~\D based predeterm ngd factors, said candi date
bei.ng an I D oqutput: pasurin confidence Level (150) of said ID

oK

out put; and accepti ng D gutput as an @D if said confidence

| evel ) R nmet hod of re8ognising a |license plate
I D of a vehicle as recitpfd\Y f wherein at Teast one of .the steps
utilises an I D know edgg s R0) . 3. The met hod of recognising a
license plate ID of a vg : ed in claim1 wherein said
recognition step i s pey > al network based recogni ser.

Hidden Layer #2

e Error FIow ememm
FIG. 18

‘Hidden Layer #1

!
|

Input Layer



reC|ted | e|n sai d selecting of region_of intere 5'
(100) is p a plurality of conplenentary region of interest
detecting rmdul"es 'an rrage enhancenent tools (180). 5. The neth

of- recognising a | |cense plate 1D of ab@ehicle as recited in claim1l
wherein said recovery step (130) utilizes a conplenentary segmenter and
recogni ser (170). 6. The:net hod of recognising-a license plate ID of a
vehi cl e asmgd in claiml1l wherein said recovery step (130) utilises
at least o he foll ow ng recovery schenes: gap/spacing based (210),
prefix based (210), digit suffix based (210), |ayout based (220), and

51&'; !/’ie rrethodo ognising a license plate ID of a vehicle as

check fornulacaﬁsed (220). 7. The net hod of recognising a |icense
plate | D oWW&CAIMicl e as recited in claim 6 wherein said gap/spacing
based recovery scheme (210) conpri ses; providing partially
recogni sed characters as an input (250) I denti fyi ng gaps

resul ting flrom A;(m Wrmaogmiaingmurpnse plate ID of pevehiclaicomprisingyrent at i on

Fecoient at i on PLodsiy o il Tp0" BE BeitP vereG) dafdpheGK, contiRih he,gn <i ng

a |license [itense IEI: f a vehicle as recited in claim6 wherein said prefix

based di ne I | ph
p?ZfelxrgtC?Yﬁgy(SOGﬁqEﬂ r6blon SLBlasidon), e eyl intered Sotainngiall I

al pha pref i dentifying gaps or m smat ched
r%/act ers‘e?fgéwr@éﬁ GFSiL'a:m%)ot heS| sing for the gaps or m smatched
charact ers; andsegmenting (ttﬂ)ca! gomascharecters otzaid i3 dvrmsalddanagess ed

- character recovpiahanisiig {10) at least some of said segmentsd characters using a
recogniser to produce reoognised ¢haracters;
grouping (120) said recogniced characters to form pamally recognised
ID character groups;
recovering {130) characters which were not successfully segmented or
recognised;
forming an ID candidate liat containing ID candidates;
selecting (140) a candidate from said ID candidate list which is most
_likely to be a legitimate ID based on predetermined factors, said candidate
being an 1D output; _
\, measuring 8 oonfideno_é level (150) of said ID output; and
acospting ssid ID output 8= an ID if eaid confidence level is acceptable
(190).
2, Thel\method of recognising a license plate ID of a vehicle as recited in
claim 1 wherein at least ons of the steps utilises an ID knowledge database
(180). |

8 The,{me_thod of recognising a license plate ID of a vehicle as recited in
claim 1 wherein said recognition step Is performed by a neural network based

recogniser,  REPLACEMENT SHEETS " SG
O Description : paged . to paged , . t
Jé}axm(s) : paged 0to paged 5.b | This Is the replacement shoa
O Drawing(s) : paged ..... to paged ..... 2? NOV 1998
[l Abstract  :paged ... to paged..... Date:
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DA -
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9. 'Thé met hod of recognising a license plate ID of a vehicle as recited

o MY 5 st i e o

refining charfactterd ih shid digit string using digit neural network based
recogni ser (360); checking for alg@a character to the right of said
digit string (370); and conducting resegnentation or scanning based

330 . . \ e - '
veniore as Bori o ThEmethes fisboinibhg o ickteruia bt 6AHL 8! réchdd 2
(220) conpr piedm: 1 whereinpsaidi slegingot region af dnterest istep ((100)0I) performed

i sei ng {1 oHangs Buraly,f Complegentary: reaiets of iieteat sRERG.Bhduled addc |
based Symmfrﬁﬂ?%ﬁﬁ?ﬂﬁﬁﬁkﬁ“ﬁé@q)lﬁm- 11. The nethod of recognising a

|i cense plate a vehicle as—recited in claim6 wherein said check
formul a based recovery schene (220) conpri ses; providing ID

candi dat o3 Ba70) THe methog off SebGhiahacs RodfeepIaBOIL) ok BaMdIE el BoMAA 1
conducting ekimer ahperdineaid retdvencsiep (130) utilisesfa/ complemahta rientar| a

(500). 12. The nethod_qgf recognisingaticense plate ID of a vehicle as
recited in éﬂairﬁp‘igmrggf B):-sai d sel ecting a candidate step (140) conprises:

6. The/\method of recognising a license plate ID of a vehicle as recited in
claim 1 wherein said recovary step (130) utilises at least one of the following
recovery schemes: gap/spacing based (210), prefix based (210), digit suffix
based (210), layout based (220), and check formula based ({220), |

Y

7. Thejmethod of recognieing a license plate ID of a vehicle as recited in
claim 8 wherein sald gap/spacing based racovery scheme (210) comprises;

providing partially recognised characters as an input (250);

identifying gaps rasulting from mis-segmentation (260);

performing resegmentation {270); and

performing a scanning based rebovery if said resegmentation is not
successful (280).

8. The[\method of recognising a licensa plate D of a vehicle as recited in
claim & wherein said prefix based recovery scheme (210) comprises:
providing a likely alpha prefik_ string (300);
applying dynamic programming to find all alpha prefix candidates @_1_91;
identifying gaps or mismatched characters (320);
hypothesising for the gaps or mismatched characters; and
conducting resegmentation based -or scan based character recovery
(330).

8.  Themethod of recogniging a license plate 1D of a vehicle as recited in
claim 8 wherein said digit suffix based recovery scheme (210) comprises:

This is the replacement sheet
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pI’OVI d| ng Mndl dat es (5 checking for al pha prefix for each

candi dat Ir’"lum, Ckl ng for digit suffix for each candidate (590);
veriying 'l each candidate.(600); ~ - verifying check
formula for each clndf date (610); assigning a wei ght based on a
result of said checks; and sel-ect82g an | D candi date having a hi ghest
wei ght . ' 53 13. The nethod of

re_cggni Si ng a [ M? |hliél9d| msﬁinquSQ),e as recited inclaim1 vvhe;lel n
sai d nmeasuring o onf i ence ses rovj di ng
an 1D output (6308NNNG ? igigg t%'!ﬂ L§ n@ﬂ"‘\ﬂﬂ‘[@ natwerk 8%?9 ach

character opg nqu put I nvoki ng refinenent recovery it said
activation val ue ch ails (640); perform ng a character |ayout

check (650); checlgag farralpha charagterto the Hghtal seichaioh ating(370kmEnd
performng a che I perform ng
refi nenent recovg§9&‘%ﬁ@n@s§€®§ﬂ§g§a§r;§glﬁb®ﬂgggégé.l 79@&”@?% hod of
recogni sing data on a surface conprising: producing an i mage (90
cont ai ni ng face; sel ec rest 0 saird
regi on of |hBere ﬁﬁﬁwfﬁcggﬁﬁé‘ﬂ % g*?n{h)P ax e&p 'gcg &‘
segnenti ng ) chermnd I d i mage;
recogni si ngﬁ%ﬁ%ﬂ&e@n‘eﬂ%{ﬂgom 0 ng{%gév?gg%ent ed%ﬁ%{r{‘@%éﬁm ng a
recogni ser to pr panddingdBaandidatesaninput ¢400); groupi ng (120) said
recognl sed char af&e%ufyiﬁﬁafrﬂfémnaeﬁetld ?de Tecogni sed
- conducting a recovery for the missing field (430); and
conducting a character recovery for the 1D based symmetry layout rule

(440).

11, The,(method of recognising a license plate ID of a vehicle as recited in
' claim 6 wherein sald check formula based recovery scheme (220) comprises;
providing ID candidates as input;
refining character bounding boxes for said 1D candidates _@_7_05
conducting activation based re-recognition (480);
conducting re-recognition (490); and
verifying said check formuE@OO).
U ~
12, The{method of recognising a license plate ID of a vehicle as recited in
claim 1 wherein said selecting a candidate step _(1_4_12) comprises:
providing 1D candidates (570
checking for alpha prefix for each candxdate (580).
checking for digit suffix for each candidate _@392’
verifying layout rules for each candidate (600);
verifying check formula for each candidate (810);
“assigning a weight based on a result of said checks; and
gelecting an D candidate having a highest weight.

This is the replacement sheet
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data chara !ﬂg - recovering (130) characters which were not

successf ul Hﬂ[’gﬂmwogni sed; ~-.formng a data candidate |i st
cont ai ni ng selecting (140) a candidate fromsaid

data candidate list which is nost likely to be a legitimate data based on
prédeterm ned factors, said candi date b88ng a data out put; measuri ng
a confidence | evel (150) of said date output; and accepting said

data out put 1@s dgha. #nhtlfo’tl of magnidmcsubmsa plate i of &t vaHisle @sekited Iy

The met hod of recognising data on a surfiace as recited in clai,m 14 wherei n
sai d data i claim1 L/ erein sasd measuring of conﬁdence level step (150) comprises: 16,  The

nmet hod of recognl as recited in claim15 wherein at
| east one of the 'gb%lﬂb gu@ﬁg_{% know edge dat abase (180). 17. The
met hod of r ecognlparﬁog'nl an activatibacvalus checktied eachcthanacted ofheaidi D sai d

recognition S%ng S perfor med by a neural network based recogniser. 18.
The et hod tognising ID on a surface as recited in claim15 wherein

sai d sel ecting oﬂnmqafefmferndm@émnsﬁ said ddiNation vareoheok failas(630):2
plurality of conplementary yegion of 'interest detecting nodul es—ard | mage
enhancenent t ool wpw)ngacharacterlayout check (650);

performing a symmetry based examination (660);

performing a check formula based examination (670); and

g

U performing refinement recovery if any step above faijls (680).

14, AJmethod of recognising data, on a surface comprising:
producing an image (80) containing the surface;
sejecting a region of interest (100), said region of interest containing at
least a portion of said data;
gsegmenting (110) at least some characters of said data from said
image; T
recogniging (110) at least some of said segmented characters using a
recognisef to produce recognised characters; |
grouping (120) said recognised characters {o form partially recognised
_data character groups; '
recovering (130) characters which were not successfully segmented or
recognised;
forming a data candidate list containing data candidates;
selecting (140) a candidate from said data candidate list which is most
likely to be a legitimate data based on predetermined factors, sald candidate
being a data output;
measuring a confidence level (150) of said data output; and
 accepting said data output a8 data if said confidence level is acceptable |
(190)

15. The methad of recognising data on a surface as recited in claim 14
wherein said data is an D,
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19. The S|ng ID on a surface as recited in claim15
wherein m maiﬂ (130) utilises..a conplenmentary segmenter and
recogni sers he met hod of recognising ID on a surface as
recited in claim15 wherel n said recovery step (130) utilises at |east one
of "‘the follow ng recovery schenes: gap/Sbacing based (210), prefix based
(210), digit suffix based (210), |ayout based (220), and check formula
based (220)16. ZThe rﬁbﬂ\uﬂhbhwdwgmmﬂgdpnommgswﬂcenaa recitddhdr claimd& ted in
claim 20

provi di ng p‘gﬁgfezn Sﬁgleﬁggggésog&?@% E%sgaerg@’gﬂgw%g Wug&rmi ses:

I denti fyi ng gaps resultl ng fromm s-segnentation (260); perform ng

resegnentdtion (270); erform a scanni ng bage very, if
sai d resednbht at TO® 'T‘QM% ing | 98)3 suytace #&é’eﬁﬁﬁ da ch 15

S gty o 8 40 e Sk

based recqvery sche conprrses: viding a

prefix str|i repeQaiEey.; appl yi ng dynam c progrann1ng to flnd aII alpha
prefix candi dates (310); 66

i dentifyirg gaps or msmatched characters (320); hypot hesi si ng for

t he gapsbcrwn snhe methduavhaeeognising ID on a suificet as gecitad dneslaim i 151 based
or scan basy erceh’u‘-"l‘ 'said s¢ Ierc?iﬁgvo r?égfo‘?’msgi) interest step (100) is performed using a
plurality of complementary region of interest detecting modules and image

— enhancsment oole (160).

18. The method of recognising ID on a surface as recited in claim 15
wherein said recovery stap (130) utilises a complementary segmenter and
- recogniser (170).

20. The method of recognising ID on & surface as recited In claim 15
wherein said recovery step (130) utilises at least one of the following recovery
schemes: gap/spacing based (210), prefix based (210), digit suffix based
(210), layout based (220), and check formula based (220).

N\ 21. The method of recognising 1D on a surface as recited in claim 20
wherein said gap/spacing based recovery scheme (210) comprises:

providing partially recognised characters as an input (250);

identifying gaps resulting from mis-segmentation (260);

performing resegmentation (270}); and |

performing a scanning basad recovery if said resegmentation is not
successiul (280).

22, The method of recognising 1D on a surface as reclted in claim 20
wherein said prefix based recovery scheme (210) comprises:

providing a likely alpha prefix string (300);

applying dynamic programming to find all alpha prefix candidates (310);

This is the replacement sheet

Date: 2 'Z NOV 1999



—_—
The rret hod of recognising ID on a surface as recited in claim 20

V\/nerel n i ,I' ﬂ‘, l"”ﬂm based recovery.-schenme (210) conpri ses:

provi din ,m string (350); " refining characters in said
digit string usind' digi ¢ neural network ggsed recogni ser (360);

checking for alpha character to right of¥said digit string (370); and

conducti ng r[esegmenta, i.on or scanni n%h sed recoverx (380) . 24. The
met hod of r¢cogni {4aMRiTying gape o mismal characters (B20X| ai m 20 wherein said

| ayout based reco W l‘rﬁs?ﬁétf;h j g | D candi dates
as i nput (400); Yﬁ&m&ent ?ﬁég)baﬁér)n ssing |%?8h?r5%§l ihd conducting a
recovery fol the conducting me@mermjan baded or scarpbdsed ichgracteh tecovory

recovery fo #@ | D based symetry |ayout rule (440): 25. The net hod of
recogni si ng ‘ h a surface as recited in claim20 wherein said check

formul a based recovery scheme (220) conprises: providing ID

candi dates hs._inp fining character boundi ng boxes for said ID
candi dat es 330) 'the mﬂﬂa%dﬁcfﬁpﬂgmam @roR Bdface eE-rasiied rint claim(280) ;

conducting [ Wgpsmdiia Rt duffidbaseil oovery scheid (¢18pcampisediock formul a

(600). 26 e met of recogni sing on a rftace'as recited in claim
15 wherein |said spromdhgglkaly@gm?latr'mgs(asa),( 140) conpri ses: provi di ng
'(E)BS??C“ daties (570dfining charaztés th did SighUhRg uBl ef&iéufn%hrﬁacéwcorng' g3y
__ recogniser (360);
N checking for alpha character to right of said digit string (370); and
conducting resegmentation or scanning based recovery (380).
24. ‘The method of recognising ID on a surface as recited In claim 20
wherein said layout based recovery scheme (220) comprises:
providing ID candidates as.input (400);
h identifying a missing field (410);
conducting a recovery for the missing field (430); and
oonducting a character recovery for the |D based symmetry layout rule
(440).
W, 25. The method of recognising ID on a surface as recited in claim 20

whersln said check formula based recovery scheme (220) comprises:
providing ID candidates as input;
refining charscter bounding boxes for seid 1D candidates (470);
conducting activation based re-recognition (480);
conducting re-recognition (490); and '
verlfying said check formula (500).

28. "The methed of recognising 1D on a surface as recited in claim 15
wherein said selecting a candidate step (140) comprises:

providing ID candidates (570); |

checking for alpha prefix for each candidate (580);
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[Immil git suffix for each candidate (590);
verlfy““m m Ilﬁ“ for each candi-date (600); verifying check

formul a* f & éacM candtdate (610); ~assigning a wei ght based on a
result of said checks; and sel ecting an | D candi date having a hi ghest
wei ght 27. The nethod of recogni sing BB on a surface as recited In claim
15 whereinisaid neasuring of confidence |evel step (150) conprises:

provi di ng gn | D «hepckingfordigit suffix for pach candidate(59a);t i vati on val ue check
for each charact fe i D ut e aabt Ang refinenent recovery it
said activation yﬂ@é’@@g&& M%Jt&(‘%fa)c’am'daw(%f orm ng a character

| ayout chedk (66Qerfying cheﬂefa‘rmmmacnmume gRd exam nation (660);
-performngila check ormJI a hase am nation (67 nd per form ng
refi nement {recov mn&ﬁwﬂé@@rbaf@?m ?&?ﬂ'ﬁ ch@cis

selecting an ID eandidate having a hnghest weight.

27. The method of recognising ID on a surface as recited in claim 15
wherein said measuring of confidence Ievel step (1 50) comprlses

providing an ID output (830);

performing an activation value check for each character of said ID
output;

invoking refinement recovery if said activation value check fails (640);

performing a character layout check {650);

~ performing a symmetry based examination (660);
performing a check formula based examination (670); and
performing refinement recovery If any step above fails (680).
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