“A caontainer code verification apparatus” The present invention relates to
a contai ner code verification apparatus and nore specifically to an

apparatus for verifying an identification code on a cargo contaie gai nst
a target code. Cargo contairifis each have a uniquqﬁ%ﬁent3¢$2a%f6g’£§2eﬁ(lD
code) which is painted or appl '

'ied by other neans oht® the sides of the
contai ner surface. The I D code nust be read and verified against a conputer
record whenever a container is towed in or out of a container yard in a
port/ This ensures that the correct truck is towing the correct container,
or containers, through a gate of a cargo termnal. Currently, the code
Is read and verified manually as the truck passes through the gate. The
truck nmust be stopped at the gate whilst each I D code on each contai ner

being towed by the trygk is checked, Human i.nspection of the D code is

sl ow and prone to over§$gﬁ?§€%hﬁ°5rf8?§.V°‘E§&ﬁ‘§é€§ %B?Prﬁﬁnﬁﬁnned by at

| east one operator thus necessitating significant man power. One object of ..
the present invention is to provide a contai ner nunber recognition

apparatus which automates the present verification process, Another object
of the present invent The ipresenk cinvenbiennralatesnev& qantajiner onode

apparat us “hi9&r&¥ﬁ@@€¥bﬁf“hﬁﬁéi&t@QCYdNatlﬁbﬁé”iébééif?&a@&?ce%§>angnt0
require the presence of only one gate operator; man nultiple gates at the

e ]
port. 2 AcBBPArAfMF SfF MGettYHRI AR pHEREALICAVLRN §P9% &F R sCargo
cont ai ner codeoneaiihiefatbigintpal Adrgepréddder conprising: inmage capture
nmeans (1, 2, 3) to capture an imge of a container (8) surface carrying a
di.spl ayed code
b Cargo containers each have a unique identification

code (ID code) which is painted or applied by other means
onto the sides of the container.surface. The ID code must
be read and verified against a computer record whenever a
container is towed in or out of a container yard in a port.
This ensures that the correct truck is towing the correct
.container, or. containers, through a gate of a cargo
terminal. Currently, the code is read and verified
manually as the truck passes through thé gate. The truck’
must be stopped at the gate whilst each ID code on each
container be.ing towed by the truck is checked. Human
inspection of the ID code is slow and prone to oversights
and errors. Each gate must be manned by at_ieast one
operator thus necessitating significant man power.

One object of the present invention is to provide
a container number recognition apparatus which automates
the present verification process.

_ Another object of the present invention is to
provide a container number recognition apparatus which
improves the efficiency of the verification process and to
require the presence of only one'géte operator to man
multiple gates at the.port.



(16); data processing neans (5) to forma pixel array fromthe captured

| mage; scanning neans to scan the pixel array; detection neans to detect
potential characters; selection and grouping neans to select and group

t oget her potential characters of the displayed codes; and a neural network
to determine fromthe pixel values of the potential characters a set of
recogni sed characters constituting a recogni sed code, the pixel array being
divided into a plurality of w ndows, the neural network conprising a
plurality of input nodes defining an igput |ayer and at |east one output
node defining an output |ayer, one or nore intermedi ate | ayers being

di sposed between tmcd;fdwﬁgiyyerneandspéetowﬂauthéawesemmﬁmﬂﬁwml
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the outputs of the nodes In ‘anot her  area of, the I nput | ayer; the o tputs of
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target code %éhokh%déé%gﬂé&dcﬁgﬁsét@}g el de 1Rt iy "EARadgynidd Y O™
rej ect the recognise
code, the pixel array being divided into a plurality of
windows, the neural network comprising a plurality of input
nodes defining an input layer and at least one output node
defining an output layer, one or more intermediate layers
being disposed between the input layer and the output
layer, in which neural network the input layer is divided
into a plurality of discrete areas each corresponding to a
respective window; the pixel value of each pixel in a
window represents the input for a corresponding input node
in an area of the input 1layer corresponding to the
respective window; each node within the network computes an
output in accordance with a predetermined function; the
outputs of the nodes in each area of the input layer are
connected to specified nodes in a first intermediate layer
which are not connected to the outputs of the nodes in
another area of the input layer; the outputs of the nodes
in the first and subsegquent intermediate layers being
connected to the inputs of the nodes in the immediately
following 1layer; and the output nodes of the last
intermediate layer are connected to the inputs of the
output node or nodes of the output layer, the container
code verification apparatus further comprising: comparison
means to compare the target code with the recognised code;
and verification means to verify or reject the recognised



code in dependence upon the results of the conparison between the target
code-and the recogni sed code. In order that the present invention may be
nore readily understood, an enbodi nent thereof is now described, by way of
example, with reference to the& acconpanying draw ngs<in which : Figures |la
and | b are exanples of container identification codes which have been

hi ghlighted, the ID code in Figure la in a light colour on a dark
background and the ID code of Figure Ib in a dark colour on a |ight

. background; Figure 2 is a diagrammtic repgesentati on of one enbodi nent of
- the present invention; 4 Figure 3 illustrates a truck in position at a

_gialt e itnSE al | ed:dtajet hlian %@%ﬁ@éﬁ@% lciipdrhetneesgééulasertlsf OftheFi _édfnﬁaﬂ'isgn
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- conventional Axa@¥WiRngshekMovhd@R chitecture; Figure 8 illustrates an exanple

of a mat ching probl em

Figures la and 1b are examples of container
identification codes which have been highlighted, the ID
code in Figure la in a light colour on a dark background
and the ID code of Figure 1b in a dark colour on a light
background; '

Figure.z is a diagrammatic representation of one

embodiment of the present invention;




Figure 9 illustrates a matching path found for the 20 exanpl e of
Figure 8, and Figure 10 illustrates the local <continuity restraints
applicable to an enbodi nent of the present invention. 25 A
cargo container, such as a standard 1SO container, conprises arigid
met al box cont ai ner. Each container is identified by a unique |ID code
conprising a string of al phanuneric characters which is usually painted
onto at |east one surface of the container. O her 30

information is also applied to the contginer surface, such as gross wei gy,
net weight, country of origin and the I|ike. Thus, the ID code is

| ocated anongst Ppigaerechbaidlustratesnaaikruek inhpositiion atnfaprgatie on.

The contal ers

are used, ?1§i¥é3§%€ﬁ Pkgﬁbgaaﬁgﬁﬁ g*l3®%m§¥6déh¢ﬁyé¢bé£$#ésence of
corrugations, struBigumée bars ildustrates ov ¢E¢inalseandy<hqnizqnt&k
charactergg st [PR=YoXocT ﬁ.{% er&ig dlﬁﬁ and
t he |nherent ac wa iu’gétieq(}-ofntrgg? posedro ens Qre | abl e met hod
Sand 5 of tk&mﬁ#ﬁﬁﬁBtfbﬂvFﬂtéeﬂe character extraction, recognition and
verification. The ppgepei ty dnduptivates af ft@hﬁhawmcmﬁya%ztﬁﬁal

background varies ﬁnth respect to t e illum at:Pn of t ontainer surface
in differ HRIMGBI LRoRASC ng"8a m?ﬂ*gh? L8 d
cover. Al sinveéreicharacters of the ID code nay be presented to the

re skewed as shoviidirers, f8, 8 dofemab 3] roBr skt ch s " o
10char act er slayexddieunail t aetiwonkD staucimireh asc pneerperatedacincomei ners
15 embodiment of the present invention; bt
Figure 7(i) illustrates a window-based neural
network architecture for use with one embodiment of the
present invention;
15 Figure 7(ii) illustrates a conventional neural
network architecture;
Figure 8 illustrates an example of a matching
problem;
Figure 9 illustrates a matching path found for the
20 example of Figure 8; and
Figure 10 illustrates the 1local continuity
restraints applicable to an embodiment of the present
invention.

25 A cargo container, such as a standard 1SO
container, comprises a rigid metal box container. Each
container is identified by a unique ID code comprising a
string of alphanumeric characters which is usually painted
onto at least one surface of the container. Other
30 information is also applied to the container surface, such
as gross weight, net weight, country of origin and the
like. Thus, the ID code is located amongst other
characters containing the other information. The
containers themselves, due to the environment in which they
35 are used, often become marked, dirty or dented. The



Referring to Figure 2, the apparatus enbodying the invention conprises a
plurality of canmeras 1, 2 and 3, three in this case, a nultiplexer 4 which
transmts the signals fromthe caneras 1, 2 and 3 to a transputer network
20 5 via a BNC connection 6. The flow of data fromthe transputer
network 5 is connected to and controlled by a host*conputer 7 via an AT bus
8. The host conputer 7 may be, for exanple a PC-AT 386 m croconputer which
is In turn connected by an RS-232 serial link 9 to a gate conputer 10 25
whixch stores container information obtgined from a nmainfrane conputer
(not shown). Wien a truck | oaded with a contai ner approaches a gate and
stops at the peesefiee oficeorrugé&tdons,3strucharad bars, smgars apdratber
initiates the Lf [ 5., O P T s Clrelit
TV cameras 1. 9558 15y, SRS hatkeblsh M orhus, THRP VRERE1GH LY,

i mage conpri sebaxypckeragandi baghgxound pnkensityaandpthel inkengntapagkeodf
256 grey |evehgequalke dHMISRsA SO proBLéNE 86r a relidBild imeENSd 4ndo
the_ transputer nétwork 5. The transputer 6 netmor{ 5 coqgrlses,a

nordchr ome friHBaEPS'HﬁefoflI?F‘F%?e‘? aGkek exkraction, eereonitina pnd,
and control Slgbﬁ%fﬁﬁgtﬂnﬁxewué! Qﬁtéﬁmydsnawmgﬂsberoﬂftm@rmracteSrs '
transputers in this case three), and.,a . oqt tr ut er
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characters which are skewed as shown in Figures la and 1lb
which also illustrate other characters in addition to the
ID code which are present on each container.
15 ,
Referring to Figure 2, the apparatus embodying the
invention comprises a plurality of cameras 1, 2 and 3,
three in this case, a multiplexer 4 which transmits the
signals from the cameras 1, 2 and 3 to a transputer network
20 S wvia a BNC connection 6. The flow of data from the
transputer network 5 is connected to and controlled by a
host computer 7 via an AT bus 8. The host computer 7 may

be, for example a PC~AT 386 microcomputer which is in turn

connected by an RS-232 serial link 9 to a gate computer 10

25 o which stores container information obtained from a
mainframe computer (not shown).

_ When a truck loaded with a container approaches a

gate and stops at the gate (as shown in Figure 3) , the

30 .-~ gate .operator initiates the verification process on the

host PC 7. Three closed circuit TV cameras 1,2 and 3 are
used to capture images of the container 8. Each image
comprises an array of 720 x 512 pixels, each pixel being
capable of 256 grey levels. The images are sent via the
35 R multiplexer 4 to the transputer network 5. The transputer



t he operator. When a truck with a container 8, or containers, arrives at
the gate, the gate mainfrane 15 conputer sends information about
the container 8 expected at the gate, including which container |ID code 16
is expected, to the gate PC 10. The appropriate canera 1,2 and 3 is chosen
to focus on the rear of the container 8 and the frame grabber contrast 20
setting is adjusted to obtain a good | evel of contrast between the
characters on the container 8 and the background. A segnentation
process then |locates and extracts a éounding box for each |ID charact ety
of the ID code 16 fromthe container inmage. The extracted boundi ng 25

box is normetwexd t5 comwmpxieéesdasmonoshiome: fxams @rabbex Ip(Bigubes
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host PC 7 also displays the results of the verification to
the operator. When a truck with a container 8, or
containers, arrives at the gate, the gate mainframe
15 computer sends information about the container 8 expected
at the gate, including which container ID code 16 is
expected, to the gate PC 10.
The appropriate camera 1,2 and 3 is chosen to focus on the
rear of the container 8 and the frame grabber contrast

20 setting is adjusted to obtain a good level of contrast
between the characters on the container 8 and the
background. A segmentation process then 1locates and

extracts a bounding box for each ID character of the ID

code 16 from the container image. The extracted bounding

25 box is normalised to a standard size and a character pixel
' map of this information is passed to a network character
recogniser which calculates the alphanumeric character most

likely to be represented by the character pixel map. A

proposed ID character code comprising the recognised

30 characters derived from the image information extracted
from the container 8 is matched with the expected ID code

provided by the gate computer 10 and the two codes are

compared. The comparison of the two ID codes produces a
confidence measure which indicates the degree to which the

35 two ID codes match. The operator can then decide to hold



and i3.7n1respective|y) as well as heights;Varying from8 ft to 9.5 ft
(2. 4m and 2. 9mrespectivel y). Also, the length of +the chassis on

which the

| ocation of the caneras is such that the contai ner

container, or containers, are placed can be 20 ft, 40 ft or 45
ft (6.1m 12.2mand 13.7mrespectively). Therefore, the number and 15

adequate quality to enable tHe I D code characters it be resol ved. The

operation of the apparatus is now discussed in 20 nor e det ai
Duiif©ig daytine operation the natural |evel7of illumnation of cont ai ners
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ft to 9.5 ft (2.4m and 2.9m respect;vely). Also, the

length of the chassis  on which the container, or
containers, are placed can be 20 ft, 40 ft or 45 ft (6.1m,
12.2m and 13.7m respectively). Therefore, the number and
location of the cameras is such that the container images
captured are of adequate quality to enable the ID code
characters to be resolved.

The operation of the apparatus is now discussed in
more detall' '

During daytime operation the natural 1level of
illumination of containers 8 at the gate is normally
sufficient and as such no external lighting is necessary.
However, in operation during the evening and the night,
fluorescent 1lights 17, 18 are used to illuminate the
containers 8. As shown in Figure 3, a rear light 17 is
located behind the container 8 facing the gate house 19 to
improve the contrast of the image of the container 8,
against the background. A frontal illumination 18 source
is 1located facing the "container 8 - to improve the
illumination of features on the surface of the container
such as the ID code characters 16. If the characters which

are to be extracted from the surface of the container are

to be resolvable from the background of the container



conputer 10 the appropriate canera 1,2 or 3 is chosen to 10 focus:
on the rear of the container 8. The selected canera 1,2 or 3 triggers the
frame grabber 11 which applies an algorithmto adjust the contrast setting
of the franme grabber 11 so that the nean grey level for a predeterm ned

I mmge w ndow 20 defined by the canera's field of viewis at 15 an
opti mal value. The algorithmuses Newton's nethod to conpute the new val ue
of the contrast setting according to equation (i): 20 i) new
contrast = old contrast + slope (nean-o@ti mum nean) slope = [err] ~r

contrast/[err] nmean at last iteration The delta operator (A) indicates th
change i n surfacet themedt ghas |hbaen feospwkltthety therecmuste beastags

Crangs . . >
been experHERRIEFy Hofitr el betiilest LhETbalRPoUAN Sl 'ed Tagb pgEx 12V,
canera 1, o%rat 3epstr 45 on 30w ef vEhenhoveradi: image Hatamsity. The
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The image consjsts, of an array of 720 x 512 pi xel each pi xel bein
Sapabl e ofcaPARIALFY At i BR |&%§p%qsab wedPXo aﬁaagas. \'Brgéf:gpﬁﬁne gﬁe
| ocati on oflphhinatédhi.al 35 characters wthin the inmage and to
establi sh a surroundi ng 9 rectangl e or boundi ng box around each

potential character, the captured inmage is scanned by the frame grabber one
colum at a tine. Upengrxaceipt| off aathrgetel IDncodeh fodomnithes gateti sed

quant | sea SoiByel MY S apRRSRFLaLe camera BF GFCS % MiMed BT |

10 a row ofoewne Phatbe yearcofyther gonainer = aFhe Srlested scaperane -,

hori zont aly dpr @t iPNtrigyersherneaneraéngradberd! €. which applies an ™
algorithm to adjust the contrast setting of the frame
grabber 11 so that the mean grey level for a predetermined
image window 20 defined'by the camera's field of view is at

15 an optimal value. The algorithm uses Newtbn's method to

compute the new value of the contrast setting according to

equation (i):

20 i) new contrast = old contrast + slope (mean-optimum mean)
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
25 iteration and the current one. The optimal mean value and
the slope have been experimentally determined.

Having determined the contrast setting, the camera
1,2 or 3 captures an image which 1is sent via the
30 multiplexer 4 to the frame grabber 11 where the image is
processed further. The image consists of an array of 720
X 512 pixels, each pixel being capable of a gquantisation
level of between 0 and 255.

To determine the 1location of all potential
35 characters within the image and to establish a surrounding



Simlarly, a vertical segnent (see Figure 5) is a part of a colum for

whi ch adj acent pixels (in the vertical direction) have the sanme quanti sed
value. Therefore, the imge has now been divided into vertical and

hori zontal segnments consisting of a number of pixel:s, which are associ at ed
by their respective quantised values and the 15 B | rage can now be
scanned segnent by segnent thus saving both tine and nenory space. The
veftical segnents are scanned and all segnents which are on the right hand
boundary of a character are 20 det gct ed. These are defined as
right boundary vertical segments (see Figure 4) and each of these segnents
must satisfy rigdranidlidt Gundindhex Mndaeamrposeﬂﬁdamgcuarhceak

segnent (V2) the I ft f the vertical f mhlch | east _a
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image has now been -divided into vertical and horizontal

segments: consisting of a number of pixels which are
associated by their respective quantised values and the

i5 image can now be scanned segment by segment thus saving
both time and memory space.. '

The vertical segments are scanned and all segments

which are on the right hand boundary of a character are

20 detected. These are defined as right boundary vertical
segments (see Figure 4) and each of these segments must

satisfy two conditions : there must a corresponding

" vertical segment (V2) to the left of the vertical segment
(V1) of which at least a part must be adjacent to the first
25 " segment (V1) and the quantised value of the corresponding

vertical segment (V2) must be different from that of the
-right boundary vertical segment (V1).

The threshold or extent of each potential character

30 is based on the 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

35 ~  grey 1level. The threshold is used to determine if the



character is surrounded by a boundi ng box which defines the spatial extent
of a character. 10 This process creates a character

pi xel map conprising horizontal and vertical segnents. Features based on
the aspect ratio and the hi stogram of the character pixel nmap are conputed.
If the value of the feature defined by the character pixel map is not in an

acceptabl e 15 range whi ch has been defined by heuristic rules, then
the feature is elimnated as noise. The resultant features or characters
which are in the acceptable range are pgocessed further to define 20 -

speci fic groupings of characters. This process determ nes the |ocation of
al | poten oaiexmﬁncenancnethds mmwﬂedl tds ane MGﬁU&dmp@r{eeﬁsangl e

(bound|n988§? for_eac ot epti te characters_a

grouped t ‘%ﬁ mﬁ 'Pﬂtgaaﬁ"'&' e?éﬁ% ﬁk&&cﬁi‘hei ﬁe?’éﬂ'eie2§

spati al mmnnhctadshorhzontdérsagnentaein shown imhd@®&igurar dcwivishihi ch
shoul d belQng, | | Pocpde C acters
in one group ﬁ%ﬁgﬁnﬁ gggs thﬁu&%ig?%da1 #hmn c %pg%tg?sﬂgre gﬁgo
Sgrouped t ddaiteing bﬁtle nehaﬁ#gﬁprg to arpeedeternined: 3svedneFhene
Iogat I gn qugﬂ&ért :afr fﬁbﬁgébebdcfe&ﬁéﬁéﬁtandw%lrwdfddaaaa cthalrmﬁner Wldt h
a boundary _box, a e bound oxes . are sor in orj zgnt a an
verti cal @aQQ%Yl’tﬁssurrﬂH q30\/5‘ 1?9"“‘ %ﬁ%%ﬁ&%s t&'ﬁ)
further wpatkal ietentyrofpa ch&racthnnlzontal roms. The 1D code usually
occurs in one, two or three horizontal rows. Any single isolated characters

are discarded at this stage. 5 The polarity of the
locharacters in eaclThisupprocesser igraates  ca wehanactdr cpixelt emapare

white on Naglrising horizontal and vertical segments. Features based ™
on the aspect ratio 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

15 range which has been defined by heuristic rules, then the

feature is eliminated as noise.

The resultant features or characters which are in
the acceptable range are processed further to define
20 specific groupings of characters. This process determines
the location of all potential characters in the image and
finds the surrounding rectangle (bounding box) for each
potential character. The characters are thus grouped
together by proximity and height based on their relative
25 spatial coordinates in order to retain only those
characters which should belong to the ID code.

Figures la and 1b show the ID code characters in one group
which has been highlighted. The other characters are also
grouped together, but not highlighted.

30

Thus, having established the location of all the
potential characters and surrounded each character with a
boundary box, all the boundary boxes are sorted into
horizontal (x) and vertical (y) directions. This allows
35 the characters to be further sorted into groups of



or black on white. This information is deternmined based on the unifornmty
of the height and width of the characters in the group assum ng that there
are nore uni formcharacters of one polarity than of another. Thi s
information is determned by using a belief or uniformty neasure as

di sclosed in the journal of "Mathematical Analysis “&nd Applications

65: 531-542, Nguyen HT (1978), "On random sets and belief functions". 15 The
grouped characters are selected starting fromthe top-nost row of the

i "ege. Those groups whi ch have a belief upaformty neasure above a
" predeterm ned | evel are chosen. The nunber of character groups selected is
gui ded 20 horizdntabeardws al ThetkD crdec hsuadldy ogouwsenin iond heevwarget

| D code provigded .k B 0§ r co eL s e e ' )

moasure. A (e hatEa RERL PEFsCCRHY CEAAGILT] o TRrell iUl are
i dentified fdiscardeduae. thiBwetage.t hese extracted characters may be
skewed, of different :sizes and on different backgrounds. Therefore, a
normal i sation step is carried qQut which firstly converts the pixel maps of
eafh character to a WheePeRarid¥eronthep) k% othd 3group is
fsecondl y st am&wﬁﬁedﬂeisézgzmtmmmwmé&tﬁgarcﬂmm rtfn Wrd ek
actors conputed .in,bot and y di.rections. ual, s Jesylts in a

| Tnear conpr SR PR b WHEK, ) ahiE" inseipactit 4o e riired aagd g
than the st ardhay dirsiformixy of thellheightramind ed dhhe o fs dhlee ohlaaasxttears dirxel
map 1s pr?se@H§’{?b%ﬁeaéggﬂﬁngotﬁaﬁ?@ﬁ?ré“%ﬁ&"ﬁbré“&nﬂfé?&'%ﬂ%ﬂﬁéﬁéﬂ&”e'
of each pixel 1s Tiormal I se o0~a val ue between

- of one polarity than of  another. This information is

o/

determined by using a belief or uniformity measure as
disclosed in the 3journal of Mathematical Analysis and
Applications 65:531-542, Nguyen HT (1978), “On random sets
and belief functions". '
15
' The grouped characters are selected starting from
the top-most row of the image. Those groups which have a
- belief uniformity measure above a predetermined level are
chosen. The number of character groups selected is guided
20 by the total number of characters present in the target ID
code provided by the mainframe computer as well. as the
uniformity measure. '

At this stage, groups of potential_characters have
25 - been identified from the image. However, ‘these extracted
characters may be skewed, of different sizes and on
different backgrounds. Therefore, a normalisation step is
carried out which firstly converts the pixel maps of each
character to a white character on a black background and
30 secondly standardises the size of each character pixel map
using scale factors computed in both x and y directions.
Usually, this results in a linear compression since the
size of the extracted characters is larger than the
standard size.
35



0 and 1. The grey level value is not binarised to either 5 0 or
as the choice of the binarisation threshold would influence the shape of

1

t he character defined by the pixel map. This may result in portions of a

character being artificially connected or broken. The neural network is
patterns defined by the standard size
This nethod is utilised because it offers good tol erance to

used to recogni se the 10
char act ers.
noi se

and def ormat i ons in the I nput characters. Specifically a
multi-layer feed-forward w ndow based riral network nodel is used. The g
architecture of the 15 neural network is shown in Figure 6

gener al
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petifipdadjly3connected prrkroken; = out put activation val ue of
node i [err] si gnalpnenPwedr@1OGetivdd I |55 CAME! | €8 YWeb8Egnise™m gpde | to

égtterns defined by the standard size characters. This
method is utilised because it offers good tolerance to
noise and deformations in the input characters.
Specifically a multi-layer feed-forward window-based neural
network model is used. The general architecture of the
neural network is shown in Figure 6.

The neural network consists of an input layer, one
or more hidden intermediate layers and an output layer.
Defined areas or windows of the normalised grey level
character pixel map are used as the input for the neural
network. In one embodiment, shown in Figure 7, two windows
are used which are defined by the upper left and lower
right co-ordinates of two rectangles of equivalent size.
Together, the two rectangles bound the entire character
pixel map. The windows are fed to the input layer of the
neural 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
ii) Y1 = f ‘E Wi__, - 61)
J=i
where y; = output activation value of node i
%, = j*® signal input to node i

W, ; = connection weight from node j to node i

.’



=z bias In the above equation, f(x) 1is a nonotonic increasing,
differentiable function, the output of: which:is 5 bounded between O
and 1. The input nodes of the input |ayer are connected to specified ones
of the first hidden internedi ate nodes of the first hidden internediate

| ayer. Thus, input nodes of the first w ndow are connected to a first set
of specified internedi ate nodes and i nput nodes of the second w ndow are

connected to a second set of. specified nodes. In.this manner the input
notdes associated with one wi ndow are fullyaonnected to specified hidden
I nternmedi ate nodes in the 15 first layer but not to hidden

i nternmedi ate nodes @p the piast | ayer associated w th other w ndows. The
two sets of this network architecture is shown in Figure 7(i) together with
a conventional network as shown in Figure 7(ii). For subsequent |ayers
after the input |ayer Iandthee fabove 20equation,i nféxyediis e d aymonotdmic

g d f iye. ls | ' . dj t.
of the i nvent CHAreUBihBICaI cRpECnt LabILORNRELT0n, Bnd BREPLEE WRIGRYEPTL
Z @&d 0 to 9, bpunded bgtyeeny 03@nehdr-acters, 26 letters and 10 25 :

nunerals. Therefore, the output |ayer would consist of 36 nodes each
this Type al ove wi ndihe SOPDE GpAgEeOr cBRpyLPRRS: LWeT, A CaARectes &
pi xel map to gpeeifiedaiondietoetheofirstnhidiemncinternadiatpr aoddseof
convent ] onal FUFI L8N ERCREH, AL REHERFE Tl anbst ipe OB o o
cdnnect i ons atker £jjustewibdbwearet keonneokedarkd fa firsds set of specified
i neefmedi at e ;) a¥eREa1LRUSHEALRChRE PRBGESTSATs! 6FPthéd Whcond window are
connected to a second set of specified nodes. In this
manner the input nodes associated with one window are fully
connected to specified hidden intermediate nodes in the
i5 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 Figure 7(i) together
with a conventional network as shown in Figure 7(ii). For
subsequent layers after the input layer and the first
20 intermediate layer, the nodes of consecutive layers are
fully connected. '
In a particular embodiment of the invention only

N\ the following characters need to be recognized: A to 2 and
0 to 9, i.e. a total of 36 characters, 26 letters.and 10
25 ' numerals. Therefore, the output layer would consist of 36

nodes each representing a particular character. .

Using a window-based neural network of this type

allows windows to be strategically located in the character

30 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 Figure 7(ii), less synaptic
connections are required between the input and first

35 intermediate layers thus reducing processing time and



14 menory requirements. Experinental results have shown that the tine
required to train such a system can be substantially reduced yet the
recognition performance is inproved slightly. 5 The network is trained

usi ng the popul ar signoidal function: iii) f(x) = 1 and the
network is operated using an approximation to the training function: iv)
f(x) =T+ x + [err] 2(T + [err] 15 In both cases, T is a
paranmeter used to control the non-linearity. Bot h functions behave -

simlarly in that they are both boundeti4between 0 and 1, are nonotonical | y
i ncreasing and differentiable. Mreover, when T approaches 0, both becone
step funcmiewoxry ﬁ&qnifempptsacmqmmﬂtdhtraMts have sppwaxithatte to a
horlzontalﬂér1 PR si ghg r‘ééx)tragn gFﬁgugp s €6H°NLahlNGld ON
requires nore | erations to Etaln a simlar level of Tecognition

per f or nan@uhakank tally FR@“HQQ&Y#%nEhPOWGQQG?ﬁﬁ#QH pextermance uked for
training BYERSFSa &P after training, the second 25 function
replaces the first unc fon without any degradation of recognition
Sperformance. In a preferred enbodi ment, the neural network does not attenpt
to disti ngui sh betrwemetivofkdisOtrained” usifig3dthe popularlsidgmedasgr sone
cont ai ner anles use identical character fonts for both characters.

Fbmever,tqﬂP Tng procedure which is to be discussed bel ow can resol ve
any anbiguity that arises due to this confusion. 15
iii) f(x) = 1
10 1 + e'xlt
- and the network is operated using an approximation to the g
training function:
iv) £(x) =T + x + |x|
2(T + lxl)
15 : 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, are monotonically
increasing and differentiable. Moreover, when T approaches
0, both become step functions. When T approaches =, both

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

25 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

30 "1" because some container companies use identical

character fonts for both characters. However, the matching
procedure which is to be discussed below can resolve any
ambiguity that arises due to this confusion.



As previously discussed, the systemis intended to verify the 1D code of a
particul ar container and this is finally achieved by a | ast processing step
whi ch conpares the character string output fromthe neural network with 5
the target 1D code character string sent fromthe mainframe conputer.
However, because ot her processing steps are invol véd:which may introduce
errors, the two character strings nmay not be sinply conpared. For exanple,
i n“the segnmentation step, |D code characters may be di scarded as noi se
‘reswting in the om ssion of a character fusomthe recogni sed character
string or, noise such as snears or narks on the container surface may be
treated as | D code chAsapreviousdy disgussedharthe aysten g iieendeditoo
t he recognis a r ri The [ O y S
determne a ﬁ%’?gﬁe% Otﬂiaérgkg? nggrrgeé%%ﬁ%éérbe ggrﬁ??t aéﬁsitr?g % 18
character intBinadly anhéeyed{rw reeukast neroeeasing ﬁ%@ﬁghﬁlﬁ@ha qonmpaxer
incorrectly tiys gHBYaldteyr Bk bLEPLET FHioM AUS ndhiA] 2 heRWoRAE AW EEN
character. It can clearly be seen that the yecognised 20 . L

chdt acter str¥hg FRIISE FRicoHe SR SEIDG FRE L5080 dhs padnirane

i ncluded to esémphtap.t heHowelveryt Chbebatizecotiler I progeissdtioc hetapkerare

tri d the t | de_stri f ' t
Flgure 8 the Reairen ofmfeth mRVL, Do eaRuce o noRs s obhe THP o PIRRSHRF « he
second row r esteingssmaye notarket sinplyi compairedicd BoX cexatpleggrigmttdie on
step. The ne%é@gﬁemgnogk 'S 1 W éﬁaf&&‘%gfs ﬁé&hﬁgf df¥daltaea as

represents the degree of simtarity 30 . . ween” t he i nput pixel map
aidd the 36 chHeeigeeresfing| Wstheofonifsiiuraf Aetchakacter. frea d&if ce

of “Wecogni t i oRebSgne36l HIANHIRIr CEEEShg orOVWsoBs@ndubnofadi GHEArS Show
t he best and second best scores res ectlvelg. For _.each entrg in these rows,
y4 h

the charact er™¥ekdt 88 the gentainer surfghf, sYcRRe Wertednasndhberods

par ent hesi s idiWhr@tters resulting in characters being inserted into the
recognised character string. The segmentation step may

15 determine a character boundary indorrectly and thereby
split a single characﬁer into two. Also, the 'neural

network may recognise a character incorrectly thus
substituting a particular character with an  erroneous
character. It can clearly be seen that the recognised
20 character string may be potentially erroneous and so a
matching step is included to establish the best match
between the recognised character string and the target ID

N - code string.

25 o Referring to Figure 8, the top row of characters
represents the target 1ID string and the second row
represents the character string achieved after the
segmentation step. The neural network outputs a range of
scores, each of which represents the degree of similarity

30 - between the input pixel map and the 36 character output
classes of the neural network (i.e. the degree of
recognition for each character class). Rows 3 and 4 of
Figure 8 show the best and second best scores respectively.
For each entry in these rows, the character denotes the

35 recognized code while the number in parenthesis indicates



16 the correspondi ng score. As shown in the exanple, the neural network
commts two substitution errors since the best score for the letter "U' in
the target string is given as "o" (0.7) and the target character of "2" is
given by 5 the neural network as "7"(0.6). In this exanple, the
segnentation step has also introduced two errors, the addition of the
character "#" in response, presunmably, to sone noise and has omtted the
character "0" fromthe target |ID code character string. The procedure
descri bed 10 bel ow has been desbgned to resolve these anbi guiti ege
in both the recognition and segnentation steps by converting the probl em of
veri fyi ng the teorgespobding: starect erAst mhoyn nin Lhewexampidei,orthe pat h
sear chi ng | } O | 13 e [ pat h
ound 15 NOWRAE heBRaR® Khualt €6 SUE, SubedbUISn pearll sl e P N
the opti mdresateeere FRX the nletken W't in rhatdrdathstring obs igkyemat h i s
found by aagd eshni qog 7N aehéy Bapyet TchardtRoas"20 is giverlilgussed
in Itakurag F. 3_11975 "M mug pred|"§t|.| nlgem dglfll l;aci | e ag lied to
Sspeech reg'c}b%i enral | peEwork, a8 "dnd Qu®)acoust? c EN18,BXAWRAR . sithey
Processi ngséfnéntatiand stepathas Hal8Go bintrodtceld "tyoanerrersgr arhve ng

al gorithm { 0 sat Len f MNegn d ni tLan. I.FE 5
Transacti o%%)&%ﬁli@obgt F(t:lg [l)‘eaerc and S‘i gna'I[' ’F”?%éggglghgb%%ﬂaﬁﬁl Et hi s
enbodi mrentsome anaime | andt yhasnomititeds theseharactey g0 16rome the i ned

to restriciaf OCZ?BV ebae’ %arﬂ&é_i"r@éfﬁiﬂ] : ??gcbi%cbﬁ%tré QS be! Nt

(i, j), five pat hs are gossmle ( . Under _nornal, 30

10cj r cunst ark@koVY . bas,eer Aesdgnsd oﬂeggﬂﬂléﬁ sg i apbighities pbpnt, -
path 3 shopdeh benkakeeognitfidmtdhd seqméweetionhstapgoby Worv@geig t haw
the (1 - R &NIaGiitn Be Nl EEgeRs' e SWarild 18" L038" Rl SLESL
string into a two dimensional path searching problem, as
shown in Figure 9 which indicates the matching path found
15 for the example of Figure 8, the goal of which is to find

the optimal matching path.

In the preferred embodiment, the optimal path is

found by a technique known as Dynamic Time Warping as

20 discussed in Itakura F. (1975) "Minimum prediction residual
principle applied to speech recognition", IEEE Transactions

on Acoustics, Speech and Signal Processing 23:67-72 and in

Satoe H, Chiba S (1978) "Dynamic programming algorithm
optimisation for spoken word recognition®, IEEE

25 Transactions on Acoustics Speech and Signal Processing
26:43-49. In this embodiment local continuity constraints

as shown in Figure 10 are defined to restrict the search

area. The constraints specify that to reach point (i, j),

five local paths are possible (paths 1-5). Under normal

30 : circumstances i.e. no insertion or deletion of characters
at this point, path 3 should be taken. If path 2 is

chosen, the algorithm suggests that the (i - 1)% character

in'the recognition string is an insertion error. Likewise,

if path 4 is selected, it indicates that there is an

35 omission between the (i - 1) and i* position. Path 1 and



if path 4 is selected, it indicates that there is an 35 om ssi on
between the (i - 1)[err] and positien: .. Path 1 and 17 path 5 are

i ncluded to take care of boundary conditions: Path 1 caters for extraneous
characters positioned before or after the target ID string whereas path 5
IS needed for cases where the first or last few ID characters are 5

m ssi ng. Thus paths 1 and 5 are invoked only near the beginning or the
end-of the search area. Once.the local continuity constraints are
specffied, the global search area is determvined. To find the best path, a
cunul ative matching score [err] is maximsed. This score can be recursively
conput ed as fpathws aze included to [takd ¢are] of5boundary conditions.
Lerr] = MaX  pathlhCiddedsd S0t e%ﬁi:r&‘ﬂ&&ﬁs cPErEE%eQ‘asu s{EiIREd pegBaBse
for the targe e penalt or an irnsertion
error and q for afteni §§Poﬁ—aé‘9|e6r ID W%ﬁhﬁ@%r@%ﬁt%ﬁ@?e@ﬁdt RPE

enbodi ment . TJBSsQQS'ﬁhéi-SOFtﬁémfﬁét N hqa&tl ek WﬁbChbﬁﬂraéters are
aracters in.the_reco

path is as fol |ows: Let nu c ni z
string and J ’E‘hﬁsﬁﬂﬂber %uehﬁ%a%r’s iaﬁ‘%ttf:é fEegdmvaked rPH&YBG‘% %Ee
for | = 1 to Begihhing o fthe lerid of dgatsesrdlnrgeeaunber [err] .

Once the 1local continuity constraints are
specified, the global search area is determined. .To find

1~ the best path, a cumulative matching score D, ; is maximised.
~ This score can be recursively computed as follows:
V) Di-l,j ; path 1
D;j2,5-1 TS - P ; path-2
15 D;,; = max Dj-1,j-1 * S ; path-3
Di-l,j-z + S - g ; path-4
Dy, -1 ; path-5

where S§ is the neural network response for the target

20 " . character j, p is the penalty for an insertion error and q
- for an omission error. The penalties are set to 0.2 in
this embodiment.

- The basic algorithm to find the optimal matching
25 v path is as follows:
Let I be the number of characters in the recognized
string and J. the number of characters in the target ID
string
30

Step 1: for j =1 to J
initialize D_ . to a negative large number

0,]
Dy,o = 0.0



Step 2: for i =1tol for j - 1toJ + 1 conpute [err] according to the
equation (v) register the local path taken to an array path 5 Step 3:
Starting fromj - J + 1 while (j >=0) trace back the path, array and

regi ster the matching character in the recognition string. 10 At the end of
Step 3, the optimal matching pairs between the target and the recognition
string are determned. The result could be directly reported to the

oper at or. However, to nake the system easier for the 15 oper at or
to use, it is better to aggregate all tlge types of errors into a single
performance index. This is achieved by defining a confidence neasure as
di scussed Sidpve: Thercin&i detoe Ineasure nust be able to reflect the 20
actual accuracy off%pejent&r%°§bsgeq3mﬁthout penal i sing for insignificant

m st akes. For exanple, “insértion errors are not serious m stakes though
they shoul d be avofespute Pa;; aacgerdingcto tbef gauakdonct(@) recognition,

al though the higheppgsgees Bheduer@ibpati t&H "t tin "BYrag! path! egpond 25
to the correct characCter, characters having the second or third it Yhest
Sscores mmy correspond. Further, the difference between this score and
the hi ghesgtgsose starbéngnErom j FoJt aka care of such situations, a
penalty is intrOdUCﬁg mhi§h>g% ends on the extent to which the 30

character has been" '§9ré o]

10

15

20

25

30

gni-Zed. 19
trace back the pathiﬁ’ array and register the

matching character in the recognition string.

At the end of Step 3, the optimal matching pairs
between the target and the recognition string are
determined. The result could be directly reported to the
operator. However, to make the system easier for the
operator to use, it is better to aggregate all the types of
errors into a single performance index. This is achieved
by defining a confidence measure as discussed below.

The confidence measure must be able to reflect the
actual accuracy of the entire system without penalising for
insignificant mistakes. For example, insertion errors are
not serious mistakes though they should be avoided as far
as possible. As for character recognition, although the
highest score produced by the recognizer may not correspond
to the correct character, characters having the second or
third highest scores may correspond. Further, the
difference between this score and the highest score may be
small. To take care of such situations, a penalty is
introduced which depends on the extent to which the
character has been mis-recognized.



Thus, having considered all these factors, t he per formance i ndex or
confidence neasure is conputed as follows: 1 N score (i) [err] 10 where N
is the nunber of matching character pairs found by the dynamc tine
warping procedure, score(i) is the simlarity score of the ith
character. If there is any 15 om ssion error, then Nwll be |less
than J. |f character i is correctly recognised, t"hen score(l) I s the best
score and equals best score and the contribution of that character
to~he sumis 1. It can be seen that if ajy the characters are segnented
and recogni zed correctly, then.the 20 sum of the N elements is J
and hence the confldem@speaﬁvmg Considéredl. allortheéser tifuterd or Thehi ch
are detected nan1c i_me_war rocess, there will_ be no
Charact or | n BARAPEPATE nd R CPE, PREAdERTE nensias 1 NBsodrited as
! characterS\Mﬂdllanenter into the conputation. 5 ) Thus,
. the final result of the entire process is the CMscore..- Its value lies
betsween 0 and 1. The operator can therefore set a specific confidence
measure threshold so X hatNt leocentidi ner 1D code verification is deened 30
successful if tHe M score & fwgher—thamthe threshold. O herw se, the
operator S not|f|ed'ﬁndjchﬁ*FHV§§FPgﬁﬂe the matter. In the preferred

odi nent , the processes 35 descri bed above have been

Ienented on a five transputer network which is hosted on a PC AT
n1croconputer The code was witten in Parallel C Ver. 2.1.1. using the 3L
Conpi | er. where dhaksicthe nunbencef omatehingrebagartesnpairs found by

'the dynamic time warping procedure, score(i) is the
th

i

NV
character. If there is any

51m11ar1ty score of the i
15 omission error, then N will be less than J. If character
i is correctly recognised, then score(i) is the best score
and equals best score and the contribution of that
character to the sum is 1. It can be seen that if all the
characters are segmented and recognized correctly, then the
20 sum of the N elements is J and hence the confidence
measure, CM = J/J = 1. For insertion errors which are
detected by the dynamic time warping pfocess, there will be
no character in the ID string associated with them. Hence
these extra characters will not enter into the computation.
25
L/ | Thus, the final result of the entire process is the
CM score. Its value lies between 0 and 1. The operator
can therefore set a specific confidence measure threshold
so that the container ID code verification is deemed
30 successful if the CM score is higher than the threshold.
Otherw1se the operator is notlfled and can 1nvest1gate the

matter.

In the preferred embodiment, the processes

35 described above have been implemented on a five transputer
network which is hosted on a PC-AT mlcrocomputer. The code

was written in Parallel C Ver. 2.1.1. using the 3L

Compiler. The character extraction and recognition



20 processes were parallelised while the nornalization and natching
procedures were handl ed by the master transputer. In order to inplement the
character segnmentation process in parallel the entire image is divided into
five equal 5 vertical strips. Each processor is allocated one

I mage strinp. Four of the vertical strips overlap in the x direction by an
anount equal to the maxinmum all owable wi dth of a character mnus 1. This
is to ensure that every character is extracted in full by a transputer. The
master 10 transputer distributeggthe inage strips to the root and
the three workers. When all the processors have finished and sent back the
potential |prowessedowere paratlelipedcadiile) the! hfoxmalbzagiohashdf the

' L L] | ' lLlel b
Gi'otr but | Bet@Fng brdogadfed Wekp HaRlsa y' §HE pREEEE, KEeRabiser
processor s IMierdente implenantethe chaslacte segmetitattion procesaliitg of
pi xel nMaps Qyh YREET WHY @‘nﬁi‘i@%&n&b‘é{‘hiﬁsﬁéiwﬁid%' | £n €6t F10d %&ﬂe

erformancé of fhe Sé%t gg 20 e character extraction a

ecogni ti oYgFkeake 'sepEPSPeWFQQﬂ§§RRe§§i#L%QQQﬁQﬁl?betémﬂqg]the
accuracy ofstinkp Overpburs)st etthe Thest 18481 dGNerips Ol liad t Eht %ﬁ ﬁcg

accuracy of..the jindividual processes. .since the errors produced
char act er é%(‘t’?%ﬁ:tt?% @rb%f?éﬂh &vat ttl’?e%ﬁ maximun alldowable,widflpse.
The segremifataocharactehamious extr ahisnipr ouesenm_?themﬁ iistirel:@fl
haracter | \V, | LA ' opditions. e hesu Q
comut er eaaeelTe Giotdta HIABH B 3 Wanspiter  SHERASST ca 1o
1Phe coor di tdanspitendisteibutes rthe cmsye strips tmrthe inoot afmbithel
shows that tryed urditers. Chihant 813 &9d %f&%e%@%wiogknigﬁaggt% v Nt

91.365% of the total characters, present in the | nmges. arger abase of
441 char actS8nt Ragk the RRlential bounding koxesathe: masteroprocesds

process. whith %iltd i gkdbGping phase of the character extraction. The
recognition process takes place in parallel by distributing

15 the character maps one by one to the worker processors. The
master transputer controls and coordinates the sending of
pixel maps and receiving of recognition results.

While determining the performance of the system,
20 - the character extraction and recognition processes were
separately evaluated in addition to testing the accuracy of
the overall system. This was done in order to test the
accuracy of the individual processes, since the errors
produced during character extraction are propagated to the
25 recognition phase. The segmentation and character
extraction process was tested on 191 character images under
varying illumination conditions. The results of computer
extraction i.e. the bounding boxes of characters, were
compared to the coordinates of characters extracted
30 manually. Table 1 shows that the number of characters
correctly segmented out comprises 91.365% of the total
characters present in the images.

A larger database of 441 character images was used
35 to evaluate the recognition process. The statistical



21 distribution of characters was found to be uneven. For exanpl e,
characters 'Q and 'V do not occur at all while '"U appears very
frequently. On the other hand, since the sanple size is sufficiently

| arge, such statistics reflect 5 the true probability of occurrence
of each individual character “during actual operatian: In the recognition
experinents, the database is partitioned into two sets: DS1 for training
and DS2 for testing. DS1 consists of 221 images and 2231 al phanuneric
chagacters, while DS2 has 2167 characterssijn the remaining 220 i mages. :
There are roughly twice as many nuneral characters as al phabetic characters

in both sets.qildier £patIBhedvathdr&eteps Wask foundaeh L tahéeénld For
I mage 1s approxi ely

' 3.5 seconqs,, ..MHig,in¢ludes the tine elapsed. from
when the contSF¥3RR ?nfﬁ%ﬁﬁ?f’%ﬁrlssqiecé?'?fgd&”o‘&r?tﬂ@é(ﬁf’guﬁcgt% Ialla"t H@uie
recogni ti on resulappearscvetydénequengdyre ane thenotherk Hand hesiGate 2
Figures 1 (a {b):shoy.e L 0 l,aer e Hgr-Tols

thg above geé%%ﬁ%%% %%?%ogg é%ggkgifggégeggghgfagtg§%§§%§%ﬁ¥§§§j%g%fg%t

Ci r‘-i:u_mscri bi rthe ediztgy| @é‘f'%@m &Lt epCeHETeRces hof dierFlr dawkkvidual
Modi fi cati onsshAF&ct8PVidiAdasly hetualP' &¥erathén?® In the' Q@&iﬁﬁ@i&i

the character extraction process and i ngcrease %ts accurac% when t

cont ai ner | mRYPEEIRRNES, tha datRrbags b3 PpRKtitoned nte YR stekst PST

recover char agder ¢rainfingocindonsrastor Meegednghar apsar consiPps t o&l 1221
obliterated c’ﬁgéﬁéegﬁh é%%l af%ianumeric characters, while DS2 has 2167
'1‘. : characters in the remaining 220 images. There are roughly

~ twice as many numeral characters as alphabetic characters

in both sets. -

o The estimated verification time for each container

15 image is approximately 13.5 seconds. This includes the
time elapsed from when the container information is
received from the Gate PC till the recognition results and
confidence measure are sent back to the Gate PC. Figures
1 (a) and (b) show examples of container codes extracted by

20 the above described method. The extracted characters and
their circumscribing rectangles are shown after the
thresholding process.

Modifications are envisaged to improve the
25 ' robustness of the character extraction process and increase
" its accuracy when the container image is noisy. . Various
approaches are being considered to recover characters with
poor contrast, merged characters and partially obliterated
- characters.
30



5 CLAI MS: 1. A contai ner code verification apparatus
conprising: inmage capture neans (1, 2, 3) to capture an imge of a
container (8) surface carrying a displayed code (16); data 10
processing neans (5) to forma pixel array fromthe captured inmage;
scanni ng nmeans to scan the pixel array; detection neans to detect potential
characters; selection and grouping neans to sel ect and group together
potential characters of the displayed codes; and a neural network to 15
determ ne fromthe pixel values of thejgotential characters a set of _
recogni sed characters constituting a recogni sed code, the pixel array being
gli vi ded iqggagugkurality of wi ndows, the neural network conprising a
plurality of Input nodes defining an input |ayer and at |east one output
node 20 defining an output |ayer, one or nore internediate | ayers
bei ngl di SIOI)SES bﬁt n@eantaiﬁnhﬁpupdégyﬁidﬁ&_ tmncaﬁmail:@s&ﬁox?pﬂismwh
neural network the input laver i i yi into rality.o iscrete
ar eas eachlﬂﬁgfes?&ﬁ%%ﬁ) ?ngsr e@dec fv§qm€%oﬁ?p¥h§epi§fél j‘%ﬁﬁe?ﬁ Bach
pi xel in ac@bBtainer (8)i srfacepcazaing e dispkayed coder (X&ppndaty i nput
ode in a he.] t €re LOr ondi t p [V L. ndow;
upeach noder?v?%ﬁléﬁggﬁg ﬁ%\%agrgk k% uﬁ"gs %ﬁu? pupglxk(iacggfégﬁcggémﬁt ﬁdzgﬁ
pr edet er ni peptaued: iinage hesganping deank todesam thehpdxed oArray;i nput

layer are 3@tection medMEXSlaéCestepbteftin?ieharactdrd SisdleEEIBHI at e
| ayer which are not .connected to out puts of the nodes in anoth ar ea

th r
of the inp%?dlgygpPHﬂiaqﬁﬁﬁﬁngpo?efﬂ%tn BesIrRuPh Foge eﬁuﬁpgﬁﬁggﬁbent
i nt er nedi atRarageegsbeifn¢heo@isplaydd ddtes NaKd Dinduahasesworkt b6

19 2ot | nt oriebREPane FEPRoFRe BERel BiThes GE g e S Bl PEERERBRe or
nodes of taesedt mf regognisked charictersodenstitating en xepognised
‘;ggégﬁ{ Sgg&lggézi_ W:?ger ﬁ?ﬂ?@ii PP 620RARE ifkd A9 G £y t8et Ne

windows, the neural network comprising a plurality of input
nodes defining an input layer and at least one output node

20 defining an output layer, one or more intermediate layers

being disposed between the input layer and the output
layer, in which neural network the input layer is divided
into a plurality of discrete areas each corresponding to a
respective window; the pixel value of each pixel in a
25 window represents the input for a corresponding input node
in an area of the input 1layer corresponding to the
respective window; each node within the network computes an
output in accordance with a predetermined function; the
outputs of the nodes in each area of the input layer are
30 connected to specified nodes in a first intermediate layer
which are not connected to the outputs of the nodes in
another area of the input layer; the outputs of the nodes
in the first and subsequent intermediate layers being
connected to the inputs of the nodes in the immediately
35 following layer; and the output nodes of the 1last
intermediate layer are connected to the inputs of the
output node or nodes of the output layer, the container
code verification apparatus further comprising: comparison
means to compare the target code with the recognised code;

ey



23 and verification neans to Verify_br rejéc% t'he recogni sed code in
dependence upon the results of the conpari son between the target code and

t he recogni sed code. 5 2. A cont ai ner code verification
apparatus according to Claim1l1, wherein each node in the neural network .
conputes the function: N [err] where [err] = out put activation val ue of
node i [err] signal input to node i [err]connection weight fromnode j to
nQde-i bias 15 3. A contgi ner code verificatig@p apparatus according to
Claien 1 or 2, wherein the neufal network 5; operat’ed using the function
f(x) =T + x =1 20 (T + X) 4. A cont ai ner

code verificagjgn 145 | ng,.o0 ' t I n
t he neural ne &gryéggﬂ??alne :ﬁﬁé&??ﬁ%o¥gﬁ¥F?o§F %gg%EEﬁ}%% fbébgﬁ?éé&
cont ai ner codeoder i incatarandgnne alpenacthedirgpwits of thep eeppPaFiseni ng

clai m wher ei NpERGeBAULRe RAVYNK doud NHld/datk iFedodr PEe@UESde et WOT K (5).
6. A contai ner code verification apparatus according to any preceding
cl ai mwherein the output [ayer of the 35 neural network provides a

~ setgof scoreszindi cat mngdrita itegr ecodé vepdghchtaonbeppmmtiie adecraing
defined by thgo[eéi;im 1, wherein each node in the neural network
computes the function:

N
Ys = f (Z Wis - _ei)
=1

g :
where y; = output activation value of node i
| X; = j** signal input to node i
w;,; = connection weight from node j to node i
0, = bias-
15 _
3. A container code verification apparatus according

to Claim 1 or 2, wherein the neural network is operated
using the function:

4. A container code verification apparatus according
N " to any one of Claims 1 to 3, wherein the neural network is

trained using the function:

25
f(X) = 1 + el-xu

5. . A container code verification apparatus according
30 to any preceding claim wherein the neural network is

included in a transputer network (5).

6. A container code verification'apparatus according

to any preceding claim wherein the output layer of the
35 neural network provides a set of scores indicating the

degree of recognition between the character defined by the

* c L L] s *




24 pixel array and the classes of character recogni sable by the neural
network. 7. A cont ai ner code verification apparatus according 5
to any preceding claimwherein nmeans are provided to surround the detected

potenti al
verificati

bounding box is divided into a plurality of wi ndows and the quantisation

character with a boundi ng box. 8. A cont ai ner code
on apparatus accordi ng 10 to Caim?7, wherein each

val ue of the pixels contained in each wi ndow conprises the input val ues fer
a corresponding discrete area defined hg the input [ayer of the neural

network. 15 9.

any prece

characters by identjfying horizontal segments (hl...n) conprising
fethprk

hori zont al ¥B@ BepERihe

guanti sati
adj acent
hori zont al

i verd, Banealgdy, o] V| FILa LY hpBhk sl WEshnlling,

S oget her dedi nyy presesting| cladmcwbereis 1veans areorproviddedodw
?ggaaa | i PI esksl a r dﬁﬁd}ﬁ
és{& ace cgp?'i g%%%g#gr??iﬁﬁ%%ﬁ&;{:ters ?Aﬁ‘l:gt ggﬁ:%aﬁ al'l'y %cat ed

bexadj acent one another and the groupi ng neans 30 group

verificati
cont ai ner
hori zont al

such horizontally adjacent characters together. 11. A cont ai ner code

verificati
sel ect onl

10

s with 20 substantial ly equival ent
on levels and vertical segnments (vl...n) conprising vertically

-

_ ~ A container code verification apparatus according to~
Phikes! arFayhri tHEa83adkesP Y idlesrdotart ebohha sapientiyal

on apparatus accgordin o Cajm1l10,,wherein the sel ecti ogn neans
§-'t he hohi SOMEALRSTyls &V oot BHER IO naPRAFaFas. according

to Claim 7, wherein each bounding box is divided into a
plurality of windows and the quantisation wvalue of the
pixels contained in each window comprises the input values
for a corresponding discrete area defined in the input

" layer of the neural network.

15

20

25

30

35

9. A container code verification apparatus according
to any preceding claim wherein means are provided to detect
the potential characters by identifying horizontal segments
(hl...n) comprising horizontally adjacent pixels with
substantially equivalent quantisation levels and vertical
segments (vl...n) comprising vertically adjacent pixels of
substantially equivalent quantisation levels and horizontal
and vertical segments (hl...n, vl...n) which are connected
together defining a potential character.

10. A container code verification apparatus according
to any preceding claim wherein the container surface
carries potential characters which are spatially located
horizontally adjacent one another and the grouping means
group such horizontally adjacent characters together.

11. A container code verification apparatus according
to Claim 10, wherein the selection means select only the
horizontally grouped potential characters.

* c L N H *
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35 25 12. A cont ai ner code verification apparatus according to any
precedi ng cl ai mwherein the sel ection neans :does not select any single

i sol ated potential characters. 5 13. A cont ai ner code
verification apparatus according to any preceding claimwherein neans are
provided to determne the polarity of the foreground and background of each
potential character and to convert the polarity to a standard polarity. 14.
A_cont ai ner code verificatioen;apparatus according 4.0. any preceding claim
wesei n means are provided to'scale the pekential ‘characters to a standard
size. 15 15. A contai ner code verification apparatus accordi ng

to any precedipg cl almWlméfemareeﬁﬁycdeﬂomapgwatuse atdubrding
quantisation |evel of ea

Iue 0 and 1. 20
A cont ai ner ¢ e&%m%%%&ﬁ% 13$%1‘Pa"( ab?rﬁfef Wﬂ%l%%l%ﬂ%
. wherein neansselecpranydsdngaecdsp&a&eﬂh@omemnialyuhannhternLthe t ar get
.. code by obtaining a confidence neasure representing the degree of match
bet ween the two codes and conparing the confidence 25 measure with
a & edet er ni nd3. t hr esholcontainer codecvenifitcatbon SPPRFALYS GECONHT Us

according to m e S t Gy RS n e
cont ai ne? (8)@‘22”5)? Sﬁl%d&il@pl glléd&d;oghg Eg.)h aﬂjagf:‘gﬁfgge b &é&;n t|tr'hmage
capturing neadeteymine ghet BOééﬁﬂéweofhEhpnﬁSEeSFW ek Paskgrawihaf

18. A CO%@&:HE?OEGQEﬂQF ichiatldter AHBIED USoeEPE dtﬂa polapithy eeed ng

claimwherein art ht|n S
stan ar polar ty. g

-

'-.\ /,' .
14. A container code verification apparatus according

to any preceding claim wherein means are provided to scale
the potential characters to a standard size.

i5 15. A container code verification apparatus according
to any preceding claim wherein means are provided to
normalise the quantisation level of each pixel to a value
between 0 and 1.

20 16. A container code verification apparatus according
to any preceding claim wherein means are provided to
compare the recognised code and the target code by

N\ obtaining a confidence measure representing the degree of
match between the two codes and comparing the confidence

25 measure with a predetermined threshold.

17. A container code verification apparatus according
to any preceding claim further comprising means to position
the container (8) carrying the displayed code (16) adjacent

30 an image capturing means (1, 2, 3) to capture the image of
the container surface.

18. A container code verification apparatus according
to any preceding claim wherein artificial 1lighting is

* [ L [, -] *



26 provided to illum nate the container to increase the image contrast. 19.

A cont ai ner code verification apparatus according 5 to any
preceding claimwherein the inage is captured by at |east one cl osed
circuit TV canera (1, 2, 3) connected to a franme grabber (11). 20. A
cont ai ner code verification apparatus according 10 to Caim19
wherein the frane grabber has a contrast paraneter which is determ ned by
Newton's iterative method. 21. A contai ner code verification apparatus

-

according to any precedi ng claimwhereigg a renote mai nframe conputer 15 S A

provi des the target code. 22. A contai ner code verification i
appar at us punbvided &l j lduniseadien itieo contademhab Viridresde e cihage and as

shown in, &gﬁtggggqpanying drawi ngs. 20

19. A container code verification apparatus according

5 to any preceding claim wherein the image is captured by at
least one closed circuit TV camera (1, 2, 3) connected to
a frame grabber (11).

20. A container code verification apparatus according
10 ' to Claim 19, wherein the frame grabber has a contrast
parameter which is determined by Newton's iterative method.

21. A container code verification apparatus according
to any preceding claim wherein a remote mainframe computer
15 provides the target code.

22. A container code verification apparatus
substantially as hereinbefore described with reference to,
and as shown in, the accompanying drawings.

20

N



