1 Method and apparatus for OCR reading a digit-display neter

TECHNI CAL FIELD [1] This invention concerns an optical recognition
nmet hod for characters of a character set, particularly a nunerica
set, such as that running continuously in a digit display of a
utility nmeter (e.g. a watt-hour neter). The method of our invention
enabl es our optical character recognition (OCR) to 10 learn to
recogni ze the conplete character set. The apparatus disclosed herein
i npl enents that nethod and enables it t o' be adapted to read a utility
meter's digit display. 15 BACKGROUND ART [2] Despite the advent of
super vi sory contmeth@m_naaéap%qus%g OURE a%ﬁﬁhﬂﬂ%@%fﬁxét&r I's
still necessary to obtain readings of various types”of ters
scattered over a large or located in a renote area. This is
especially 20 true for utility meters such as the electric neters
(al so known as electricity consunption nmeter or watt-hour neter) for
consunption recording and billing purposes. It may al so be necessary
t o measure ot hgtecgNeCAr Egpar aneters such as vol tage, current or
power for nonitoring or control purposes. 2 [3] Wile there are
electronic efectric nmeters such as that disclosed in U S. Patent No.
6, 538,577 (Ehrke) that enables the electric neter to be automatically
and renotely read]in ahretvwsntida Gnedrnaan bpwal reas@ationehamsdkiot LANCtas

wi de area network (WAN), many of the electric neters still in used
today are 5 thef d tdheraateal i, mettiealarhhavinughedeal setprsudh gast -tight S pinaiyig
Readi ng such neters still require hunman effort and is therefore

| abour i ntensi ventandusty wes digh siisplay f begiligseteh®.g. cadathgsurbestay. The
susceptible to human error. Mst of these anal og neters are very
reliable and dine#pideo! surdnyangorn enakles adesptigadchamater ecejtiopeOCHH to
di sruptive and uneconom cal to replace themw th digital electronic
ones. 10 [4] RemsipdRecaniFertes spmriete sheReigsseindhaeppaialys diselopeshifrein
t hese anal og neters automatically and renotely. To read an_ anal og
meter with di afMIPERTE A R letnaglesitce b@rﬁl%pﬁééaée%a EEGIEE
the position of. the %ial hand such as that disclosed in U S. Patent
No. 5, 559, 894 F@ﬂgﬁP ér et al.). To read an anal og

15 BACKGROUND ART

[002] Despite the advent of supervisory conirol and data acquisition
(SCADA) technologies it is still necessary fo obfain readings of various types of
meters scatiered over a large or located in a remote area. This is especially
20 true for utility meters such as the electric meters (also known as electricity
consumption meter or watf-hour meter) for consumption recording and billing
purposes. It may also be necessary to measure other electric parameters such

as voltage, current or power for monitoring or control purposes.



15 nmeter with digit display, the reader device has to contend with
varying font types and size using conventional optical character
recognition (OCR) nethods. [5] Canera-based conputer vision system
has been used to solve this 20 problemin a way simlar to vehicle
registration plate recognition. An OCR al gorithm nay be applied to
automatically recogni se i nages captured of a digit display of an
anal og neter. There are many di sadvantages of such conventional OCR
such as requiring the canmera for capturfng i mages to be recognised to
be installed in good pose and orientation. Oten, the canera 3 needs

to be nmount ed (bidit ed \9MIeAReBUre bRokSHi@ LMo AR ShoN b8 Wk dREBESSint O
the digit di spI ay for manual visual inspection. Mireover, if the

lighting is najsg@agnt INWe 6, 568057 7C Bibirid) EffatTBYab! tHee clebiris UhdtC k@b
quality for successful characfer recogni tion. [006] Another difficult

aspect of convweRinABaly LERMBERoER hs feBtaRBUH Mgotdrarddi fdhedre AN oNt s
and font sizes used in the different neters. The OCR al gorithmthus
has to be pre-drmédengeda wettvbrit (&N panyf ofcthd elattrit iMetens ytillis @ded todéshare
neter; otherw se, the recognition rate may be unacceptably | ow

Often, in the tHHoidarmaipgtreeters hadvigd dialh epligitydispthyf fReading stionmeterz€illmay
be used. For exanple, the last digit, usually the decimal digit, is
of t en provi dedeguireahuspal péart Bakts sherefomgnigbedl intenalve Gndi tine-sasUming t

| i nes which may be captured along by the OCR and conplicate

recogni ti on. @SIF%WAE?%WQW”%?%W@H%%Waﬁf”tohe Bisef tﬁﬁfsﬁi gnalogej ng
the fastest noving digit as the neter is runnlnaﬁaoften dIS gkm

readi ng bet wedPFIERETITLY fediable gpd dywahis) lasting dordegaiesiand

\?M.e][ \lNeﬁguaIAfl ya%rﬁxp%v%ané] uneconon%lc:é]'flg1 FelpP ace 'the%’novm{r%ll}g&a?el%ctromc onatlals(‘:]Or I thm
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[004] As such, there arise methods and devices for reading these analog
meters automatically and remotely. To read an analog meter with dial display,
the reader device only needs to recognise the position of the dial hand such as
that disclosed in U.S. Patent No. 5,559,894 (Lubiiner ef al). To read an analog
15 meter with digit display, the reader device has to contend with varying font
types and size using conventional optical character recognition (OCR)

methods.

[005] Camera-hased computer vision system has been used to solve this
20 problem in a way similar to vehicle registration plate recognition. An OCR
algorithm may be applied to automatically recognise images captured of a digit
display of an analcg meter. There are many disadvantages of such
conventional QCR such as requiring the camera for capfuring images to be

recegnised to be installed in good pose and orientation. Often, the camera



SUMVARY OF DI SCLOSURE [ 008] W have now proposed a new vi si on- based
character recognition 4 appearing as digit display in, for exanple,
utility nmeter. Qur proposed nethod does not require our algorithmto
presel ect the correct font and font size and be pre-trained to
recogni se the characters in the preselected font. In fact, our nethod
enables |l earning "on-the-fly" of the character set used in the neter
5 display. [009] Qur nethod al so does not_ require the canera to be
installed in a prescribed position nor quire a certain lighting
anbi ence for best image capture. Using our algorithm tilted or

di storted i magasedsad by hdnal tiltled @ asaidt @S totalif obdiRicRGEIH B6bsHlo thdBigit
reading. As such, it is nore robust and accurate agai nst

envi ronnent al aisplag&s reanubl wsialRbpaicn. Mofspe Ftthofightihe iTdtehos, the
surroundi ng such as anbience |lighting. [0010] Qur invention also
consi ders the acagencdtres engy mot deoof shifciegagiatty b fuccests chncdkcter
proposes sone techniques to regularly mnus the accunul ative errors.
[0011]In a firsdcogipect of our invention, a nmethod is provided for
detecting cycle conpletion of a character set running
continuousl y in predeterm ned 20 sequence through a display area,

conprising the steps of: ) _ )
[006] Another difficult aspect of conventional OCR methods is recognizing

the different fonts and font sizes used in the different meters. The OCR
algorithm thus has fo be pre-trained with the specific font library used in the
meter; otherwise, the recognition rate may be unacceptably low. Often, in the
10 same meter's digit display, different font size may be used. For example, the
last digit, usually the decimal digit, is often provided in a smaller font size and
calibrated with sub-unit lines which may be captured along by the OCR and

complicate recognition.

15 [007] A further problem posed by the last digit, being the fastest moving
digit as the mefer is running, often displays a reading between two digits, for
example, as shown in FIGURE 1, between “4" and “5”. In such situations,

conventional OCR algorithm will usually fail.

20

SUMMARY OF DISCLOSURE

{008] We have now proposed a new vision-based character recognition

method for automatically and accurately reading characters of a character set



(i)capturing an initial inmage of said display area; (H)storing said
initial image as reference inmage; (Hi)capturing subsequent images of
sai d display area as characters of the character set run continuously
t heret hrough; 5 (iv)conparing said subsequent inages captured

agai nst said reference image until a substantially identical match is
found, thus indicating the conpletion of a cycle of the character
set. 5 [0012] Preferably, step (iv) includes correlating said
subsequent imges against said referenc® i mage and tracking the
correlation coefficients of said subsequent inages until the highest

val ue appr oachipRgay R Sispi8y h; Br bRaROB! BUGIndBY QRN RESIs8R Lthokihe

correlating and tracking steps enpl oys autocorrel ati on net hod. Most
preferably, thResabtelaid @R aethhiteprBREScAREcorrect font and font size and be
pre-trained to recognise the characters in the preselected font. In fact, our

method enables learning “on-the-fly" of the character set used in the meter

display.

wh

[009] Our method also does not require the camera to be installed in a
prescribed position nor require a certain lighting ambience for best image
capture. Using our algorithm, tilted or distorted images captured will not affect
10 the accuracy of our reading. As such, it is more robust and accurate against
environmentat changes or fluctuations in respect of the meter's surrounding

such as ambience lighting.

[0010] Our invention alsc considers the accumulative errors on the reading
15 process and proposes some techniques to regularly minus the accumulative

errors.

[0011] In a first aspect of our invention, a method is provided for detecting

cycle completion of a character set running continuously in predetermined
20 sequence through a display area, comprising the steps of:

0] capturing an initial image of said display area;

(i) storing said initial image as reference image;

(ii)  capturing subsequent images of said display area as characters of the

character set run continuously therethrough;



10 tracked as a plot of graph to establish peaks, including the

hi ghest gl obal peak indicating conpletion of the cycle of the
character set. [0013]1n a second aspect of our invention, the
detection of cycle conpletion of a character set is used in a display
positional notation systemto 15 indicate an increnment to a next
position of said positional notation system The character set may

i nclude the base-10 nunerical set, particularly wherein the
positional notation system conprises a ﬁ urality of numerical digits.
Thus, upon the conpletion of a last digit, an inmage capture of the

second |ast di gt raampbmqgaga|umgec1uaﬁt [rR44E4] dap R LESRstASHRE Ghferdhbe
character appearing in the second last digit display prior to

actuating inmage caphdgeutsa Bobstthtialndenipammaact wg&iunan of i mage capture
and successful capture of inamge, the next character in the character
set is assi gnethut indgatih bapbrupletbn ofageclelef tkehalabigr seat every
subsequent 6 conpletion of the character set cycle, each of the
subsequent characters appearing in the second last digit display is
captured and assigned to each respective subsequent characters in the
character set [IR2]l aPtefaraly.céier dit éckides conelaiivasaie tsobsaspentaimagedus
assi gned. [0015] The conpl etely assigned character set images are
preferably useag%@ﬁt safdelerRrnee iprde Red Hatking thecwgRliatiornaoaiiciants psaidst

and preceding d %lts di spl ay.
subsequent lmages until the highest value approaching or equals to 1.0 is

achieved. More preferably, the correlating and fracking steps employs
autocorrelation method. Most preferably, the correlation coefficients are
10 tracked as a plot of graph to establish peaks, including the highest global peak

indicating completion of the cycle of the character set.

f0013] iIn a second aspect of our invention, the detection of cycle
completion of a character set is used in a display positional notation system to
15 indicate an increment to a next position of said positional notation system. The
character set may include the base-10 numerical set, particularly wherein the
positional notation system comprises a plurality of numerical digits. Thus, upon
the completion of a last digit, an image capture of the second last digit may be
actuated.
20
[0014] In another aspect, the character appearing in the second last digit
display prior to actuating image capture is noted, and upon actuation of image
capture and successful capture of image, the next character in the character

set is assigned to said captured image. Preferably, at every subsequent



Preferably still, the character appearing in the third last digit
display is also noted and the correct recognition of the next
character in said third last digit to display is taken as
confirmation of the accuracy of the set of images captured and
assigned in respect of the character set. [0016] Qur nethod may be
enbodi ed in recogni zing or reading a nunerical digit display of a
nmeter, counter, register, nmeasurenent device and the |like 15
including a watt-hour nmeter, water suppfy neter and other utility
meters. [0017]1n yet another aspect, our aforesaid nethods nay be

enbodi ed i n anompRRERRIALNS WaEE! @Wc*crllé?léé@ﬁ Sk CRbsddTREE citRRIE €
devi ce, nenory device, and programrabl e | ogi c device adapted to carry

out sai d net heggearihiis tﬁ@@éd@d@ﬂaé@éﬂ@?ﬁkmﬂf lsheapapeRbad Wssigkapioeshcho
S

fit onto an existing neter and read i i splay. [0018] The appar at us
may further i nedpadiveGubsajasngdhbektetdiapicechdraridraetintealbing Rbhactersain

af oresai d devices representing reading of the neter display and
transmtting gia chasaaprabsart thua assigeadvi ng station. The af orenenti oned
devices 7 may be integrally provided in our apparatus as an
integrated eircuit. In such conpact design, such apparatus may be
adapted to fit onto an existing utility nmeter to enable renote

readi ng of thd0Gitdt er 'Toediompletgly pspigned poarepier Aeldmpoesadiernjeiswbly yreter s
adapted with the aforesaid apparatuses networked to transmt the 5
readi ngs to a2G4&HEICAFe foBERRFGERr IGFOgRApR of third last and preceding digits display.

Preferably still, the character appearing in the third last digit display is also
noted and the correct recognition of the next character in said third last digit
10 display is taken as confirmation of the accuracy of the set of images captured

and assigned in respect of the character set.

[0016] Our method may be embodied in recognizing or reading a numerical
digit display of a meter, counter, register, measurement device and the like

15 including a watt-hour meter, water supply meter and other utility meters.

[0017] tn yet another aspect, our aforesaid methods may be embodied in an
apparatus which may include optical image capture device, memory device, and
programmable logic device adapted to carry out said methods. This includes

20 having the apparatus adapted to fit onfo an existing meter and read its display.

[0018] The apparatus may further including transmitter adapted to receive
signals from aforesaid devices representing reading of the meter display and

transmitting said signals to a receiving station. The aforementioned devices



LI ST OF ACCOVPANYI NG DRAW NGS 10 [0019] Qur invention may be better
understood with reference to the follow ng drawi ngs for a specific
application of our nethod, i.e. by way of an exanple of a electric
neter, and should not, therefore, be interpreted as being limted to
this particular application. The figures are collectively referred to
in the Detailed Description that follows. IS [0020] FIl GURE 1
illustrates a sinplified view of a dlglt display of a typical utility
neter; and [0021] FI GURE 2 shows a sinpli’fied flow di agram of the
algorithn120 according to our invention. 8 DETAILED DESCRI PTI ON OF
SPECI FI C EMBCDhMENE IE'[QQ]%R\} glio inl o éppBratust ¥k S tltedthBl Girgliits Bhayicf

an analog utility meter Shown here is a 6-digit display wherein
the last digitcdipact Q@sﬁ@ﬁ Q0LIS apfifaths dRGib¥Bddagicdi tb MVbhtean Scidisy atilty a
continuous and fastest noving digit. As this last digit (1) typically
appears as a cComter uesbid eaoii reading oftha etee’s glisblay in € yyedtam aso@biaviegn by
consunption, e.g. torque driven notor in an electric neter an
contrast w th sachonste atlapied wittitspéfayesaidfappéretustdretwdikgd testradsimithihar e
ratchet-driven a notch upon conpletion of a cycle of the later digit.
5 readings to a central receiver or base.

LIST OF ACCOMPANYING DRAWINGS

10 [0019] Qur invention may be better understood with reference to the
following drawings for a specific application of ocur method, i.e. by way of an
example of a electric meter, and should not, therefore, be interpreted as being
limited o this particular application. The figures are collectively referred to in
the Detailed Description that follows.

15
[0020] FIGURE 1 illustrates a simplified view of a digit display of a typical

utility meter; and

[0021] FIGURE 2 shows a simplified flow diagram of the algorithm

20 according to our invention.



10 [0023]In FIG 1, the utility meter's 6-digit display shows a
reading slightly passed "00049.4" wherein the last, i.e. decimal,
digit (1) shows a transition from"4" to "5". Qur nethod al so works
for neters that count down but assum ng that the display in FIG 1 is
a count up display, the display shows that the figure 15 "00049.4" is
nmovi ng upwardly to "00049.5". [0024] As shown in FIGURE 2, as part of
the startup of our algorithm the user is required at step (22) to
note this initial reading down in our agorithm including the
transitional decinmal reading of between 0.4 to 0.5. For ease of 20

reference, thedmgteslpgsbr(ENMoNDCOPECHId PRRdeRERT digit, the second
last digit (2) 1s calTed the "ones” digit and the respective

preceding digits, the "tens" (3), "hundreds" (4), "thousands" and
"ten thousands" digits respectively. 9 to ".9" and back to ".0", the
"ones" digit pomPti oFIGOREIBbhdwsSH@udidag digh dissldyl ofeghv amgiey Ltility Getdrhus
causing the "tens" digit initially showing "4" to advance to "5" thus
di spl ayi ng a redy rdednrgrofs 2 6@@BGIYIay Wareih iee last ¢hgis &) oépresemtsntae hod,
however, we need not wait for the precise nonent of transition of the
deci mal 5 dp gidecifnabatigit wiith {sgistialya ¢ootinleiup ard fdstestidoeancdgiends tis ledie
"ones" digit géione value or unit. In fact, we do not even need to
define the pr &itsdd) aically aeaiseasdr epntBIoWsHTarlsition of nurgbere dli yclekanpl e
is a transition value between "0.4" and "0.5". [0026] Qur net hod
merely requir SIEVet CONGMBRIAhE-§- tPTaiue deyerqeeiPhigianisiaglie ”Q?*?fe(!“ contrast

with discrete number displays of the other digits which are ratchet-driven a

notch upon completion of a cycle of the later digit.

10

[0023] In FIG. 1, the ulility meter's 6-digit display shows a reading slightly

passed “00049.4" wherein the {ast, i.e. decimal, digit (1) shows a transition from

“4" 1o “B". Qur method also works for meters that count down but assuming

that the display in FIG. 1 is a count up display, the display shows that the figure

15 “00049.4" is moving upwardly to “00049.5".

[0024] As shown in FIGURE 2, as part of the startup of our algorithm, the
user is required at step (22) to note this initial reading down in our algorithm,
including the transitional decimal reading of between 0.4 to 0.5. For ease of
20 reference, the last digit (1) is called the decimal digit, the second last digit (2) is
called the “ones” digit and the respective preceding digits, the “tens” (3},

‘hundreds” (4), "thousands” and “ten thousands” digits respectively.

[0025] Under ordinary circumstances, when the decimal digit runs from *.5"



10 between "4" and "5") is displayed again, it is assunmed that the
deci mal cycle has been conpleted and the singles or ones digit would
have advanced by one nunber or character. Since our initial reading
is "49" with the tens digit being "4" and ones digit being "9", our
algorithmw Il assunme that it has advance one nunber, thus advancing
the ones digit from"9" to "0" while the tens digit from15 "4" to
"5", giving a new reading of "50". [0027] Apart fromthe user being
required to provide input in the formoff initial reading (22) in
order to inplenent our invention, the user is also required to define
a field of inmage d'anb8adant yr, ekt %Hé%"H%ﬁ%ﬁh&ﬁ%ﬁalﬁ%hﬁamn? Q%ﬁlé@lpanE@e
20 user is required to draw, for exanple, a rectangle (12) that
covers the digid" Od*tfﬁ@c'é)ds@c]ﬁ thh@erfERURIt ISRl Rabwia r*4’06|%daéxg,@rtbt“5mmay
focus on the delimted field. [0028] Upon the definition of the field
for image capt dikplagingl o aewgBadih@af “00050.000 Fers pec purpesediofiotir Wetthanws
or boxes using digital inmage processing techniques for feature
extracti on suchowsreedgenatetret ivadforiiad hedisanthhant bbimgisitibn ahgkatenimal
met hod. Based on the initial reading input by the user, our algorithm
wi || know how digitfromepatat® todefireibe advaappoettiobinedondse digé by angvaug 12)
into. This is 5 represented as step (25). In this exanple, the
rectangl e (12)owinit Ihéchueatrandt eupn yeasidgAefitecte prBiseivatug o8ihg dacimebws
(1, 2, 3, 4, 5 and 6) and, as an additional step to using e
detection and WB'GBJH” i &pRANSraXAMBlS; 15,8 rgPEYoN \@He Deprasne ¢ & 9%ong t he
hori zontal edge of the bounding box for each of the digit displays
forming the neter's digit display. The algorithmfirst perforns edge

Then Hough ¢ r 0P8 m PUt SRS BT R bt e U rraL M85 Bggest
stratoht 1| ooyl o 59 b Red 2P BeL BO3RENE b

o o R €6 Ifias SRR BRI nd e a8h BES BN\ RHAHAT M ddoeq py one

correspond to t boundar| of eac
number or character. Since our initial reading is “49” with the tens digit being

“4" and ones digit being “9”, our algorithm will assume that it has advance one
number, thus advancing the ones digit from *9” to “0" while the tens digit from

15 “4”to "5" giving a new reading of “50".

[0027] Apart from the user being required to provide input in the form of
initial reading (22) in order to implement our invention, the user is also required
to define a field of image to be captured and recognised. In this regard, the
20 user is required to draw, for example, a rectangle (12) that covers the digit

display of the meter so that our OCR algorithm may focus on the delimited field.

[0028] Upon the definition of the field for image capture and recognition, our

method will seek to locate each of the digits displayed by detecting their



[0029] Qur nmethod is able to train itself on the fly to get all the
characters used in the cycle of the digit display - in this exanple,
to get the imges of all the 10 nunbers as they appear in this
utility meter (10). In other words, there is no need to pre-train our
OCR algorithmw th the particular font or font size of the digits
used 20 in the nmeter (10). Instead, our algorithmw Il acquire the
images of the digits as they appear in the digit display of the neter
(10). The reference image acquisition df tenplates for each of the
nunerals is explained in the follow ng. 11 [0030] The i nage of the

llast or deci mgbglb@etdidifllindcws 6rrb%§esstﬂ‘,‘ﬁ%% 4ifd) B8P0 pfZdisimptethrliffesigtnce

i mage marking a point 1n the cycle of the digit display regardl ess of

its val ue, WhifghluleNe@dttidd SSBNEs éagf’éﬂab@ctlﬁhﬁl\é@ma dddan Shddghnrheionaen 4
and 5 (i.e. a value of between 0.4 and 0.5). 5 [0031]In the next step

(24) a new i magasodfBddae oditspinaiyl redddg mpet Wradhest andiddiehns whi-knbrges
of the last digit (1) will be correlated in step (26) wth the saved
ref erence i magew mhey sagarad alinddwsuvalappgontibidd the rrsdtachio Pt X) rigon ahid iebal
peak since the inage of the last digit will slowy change to the next
digit 5 ands represented as step (25). In this example, the rectangle (12) will be
automatically segmented (25) into six windows (1, 2, 3, 4, 5 and 6) and, as an
additional step to using edge detection and Hough fransform, using grey level
projection along the horizontal edge of the bounding box for each of the digit
displays forming the meter's digit display. The algorithm first performs edge
10 detection to find strong edges inside the detection field (10). Then Hough
transform is applied on the edge image to find two longest straight lines which
correspond to the two horizontal edges of the electric meter. Thereafter, the

edge image is projected along the horizontal edge. The peaks of the projection

histogram will correspond to the vertical boundaries of each of the digit.

[0029] Our method is able to train itself on the fly to get all the characters used
in the cycle of the digit display — in this example, fo get the images of all the 10
numbers as they appear in this ulility meter (10). In other words, there is no need
to pre-frain our OCR algorithm with the particular font or font size of the digits used
20 in the meter (10). Instead, our algorithm will acquire the images of the digits as
they appear in the digit display of the meter (10). The reference image acquisition

or templates for each of the numerals is explained in the following.



10 transitions between 5 and 6 and so on. Upon the decinmal or |ast

digit (1) reaching O the second or last digit (2) will increase by
one but our algorithmneed not recognise this increnent. Instead, it
will continue with correlating (26) the sub-inmages correlation until

the correlation value clinbs to another global peak. 15 [0032] Upon
hitting anot her gl obal peak, it nmeans that the last digit display (1)
is displaying the transition between ".4" and ".5" again and has

t heref ore gone through a conplete cyclelind that the second | ast
digit, i.e. the ones digit, would have advanced to the next nunber.

Since at the ugmysopal iI'Ibé’ﬁf{aig@%fﬁ]b%t628@0irﬁ£%igﬁ?%9ﬁﬁm§§e«%dfﬂin§ia;§ f2i3§as

known and which image may thus be captured as n our

present exanpl & efbRAcSREHIBIARBG a PoBit I thdcycrosH ek Bigy Qisplay FegarVaR e d
to "0". The new nunber's inage may thus be recogni sed and saved as a
tenpl ate for thevausbeticin@xduripfeseheea@iple $hows alanaitibe belvdtn @ arkl. 5
n+l, wherein nis the initial nunber for the second last digit noted
by the user dutiengvaed otiredweenrd. $8mp0.622). 12 [0033] The process nay
t hus be repeated when the last digit or decimal digit inmge
correl ati on ¥eaches the next global peak to signal that n+2 nunber is
now di spl ayed in the second last digit and the OCR nay now capture
the 5 i mage of [0PRils nlaxthe mextisder (24) &.newlimapes eflithe shcniag| (€3). are grabhes
manner the tenplates for each of the nunbers or character set‘nax be
obt ai ned on-t held ihg w)-raages Hiviehiasbiigihhd vdhbe goreated i step &2Ghwitethe s
allowed to run. In our ex%gﬁle the tenplates for a the 10 nunbers

of the second PAYER &PGNEe IMATeL ik CHE!alB é{F’H%éW”h?rF‘e‘i’rloé fram) 2 glpbgjpeak
For all the 1 ofi'ch G et e Al wl oo St B e el F3R)7 P o
For the onel) or BEERAEMeE el B % B UEH B el Mt )
reaching 0 the second or last digit (2) will increase by one but our algorithm need
not recognise this increment. Instead, it will continue with correlating (26) the

sub-images correlation until the correlation value climbs to another global peak.

15 [0032] Upon hitting another global peak, it means that the last digit display
(1) is displaying the transition between “.4” and “.5" again and has therefore
gone through a complete cycle and that the second last digit, i.e. the ones digit,
would have advanced fo the next number. Since at the user calibration step
(22) the second last digit is known and which image may thus be captured as

20 number “n°. In our present example, the second last digit “9" would have thus
advanced to “0”. The new number’s image may thus be recognised and saved
as a template for the number next in the series or character set {i.e. n+1,
wherein n is the initial humber for the second last digit noted by the user during

calibration step (22).



hundreds or fourth last digit (4), thousands or fifth last digit (5),
ten thousands or 15 sixth last digit (6) (and so forth in |arger
digit displays) may now be recogni sed accurately. This is applicable
as these digits for all positions normally have the sane font and
size. At this stage, many OCR net hods or other alternatives nay be
used given that the digit tenplate set has been built up. In our
present invention, the thrust is to use correl ation-based approach to
enable OCR to be 20 perforned, i.e. prd¢iding a nmethod by which we
may correlate the digit tenplates with actual imge to find the one
Wi th best correlation score. [0035]Wile the digits (2) to (6)
typically have the sane font and size, 13 it may be smaller font

size or differngfs) f onthetBiRss AdethGabk REA@NWheN 8%, 128 digit bf dddnRalf ont
type and size of the decimal digit (1) is the same as the rest, the

tenplate set (ffH)imagepbr@slioRtyadpes treibxt GobRPRERISHidN thas HER hirage Of
the last or decimal digit as well although this decimal digit was
initially useds aok\isptayad irbthiengdicemt iaendigt asy tHeeOCBMPEEhowtapiare the
descri bed above. For each new i mage, the sub-inmage of the last digit
may be conpar adage toh thif enekie nphbdreg.eof 1t heowuexaemie)anbh thisx maneerdihags.
For exanple, if the current reading of the last digit is transitional
4 - 5, the subemplaige faofeatihef thasumbegi ar chirabtebestcaayr el elitaidedwn-thetfie
tenplates of "4" and "5". Wen the correlation value with tenplate
"5" is much t &V@Ué@t’%’ﬁloﬂ ﬁaqh S@wat(Z"afaStﬂéﬁmetﬁr & allgwed torEn.t Btoar eXasaig.ng

may be increased by ing this approach, the readi ng accuracy
can achi eve tHee F%%‘Fte%ﬁcoroaulthe[ﬁbSB‘]"EﬁéégltB%éPF%ﬂd st dioik Mmayr §updy
arise, for exanple, tinmes [ Iatlo ult may show t hat
The’ T ast “ti o1 PR Aer Ba oo Dk Pt arar S BEYAR has not . Or.

soneti nes, %he correlation result shows the last digit has not
changed, bu actually it has increased by 1. Both cases will make the

overal | meter 6@?' ”Q\ﬁ%P%?eC't{JnSrgg?s tQiPt térr'ﬁ%ﬁs ‘?{awrbseeﬁrs‘?orgé’tthe

significant, t occurs e errors nmay accumnu

o O TR S P A PR S BB o2t
| ast digit displays for the ones or second last digit (2), tens or third last digit (3),
hundreds or fourth last digit (4), thousands or fifth last digit (5), ten thousands or
15 sixth last digit (8} (and so forth in larger digit displays) may now be recognised
accurately. This is applicable as these digits for all positions normally have the
same font and size. At this stage, many CCR methods or other alternatives may
be used given that the digit template set has been built up. In our present
invention, the thrust is to use correlation-based approach to enable OCR to be

20 performed, i.e. providing a method by which we may correlate the digit templates

with actual image to find the one with best correlation score.

[00385] While the digits (2) to (6) typically have the same font and size,

this may not be the case for the last or decimal digit (1) as explained above, i.e.



digit to continuously correlate with the actual inmage of the | ast
digit to detect whether it has gone through a conplete cycle. Since
this correlation is nore reliable, we can sinply update the neter
reading result after a conplete round 14 is detected and the reading
does not match with the prediction. Using the sane exanple
illustrated in FIGURE 1 and assune that the current reading is
00049.4. At the nonent that we detect the last digit has gone through
a conpl ete round, the reading shall be BH050.4. But our tenplate
matching 5 result m ght be 00050.3 due to sone matching errors. In

this case, we gapyuRdMMet Bt §iR2GH DBt B8 (PO Py calibrB6h lies, etc. If
[ 0038] Al t hough the foregoing description of our invention has been

illustrated inheesmegpe ahd sRelAsRe REGHRI dBKI1ER) the tsahie &DWeOWSt, i @
skilled person to that our invention is also applicable to a display

of positional ta6ipkid en (33)oepiepiOle 0g:danYebasateesubd@bgoof the et
page whi ch sequence has been predeterm ned so that a cycle of all the
characters di sqldegedhl digit abevet aitpdughells detimabdiginive®iniiallyoteedounty dscara
skilled person that certain portions of our algorithmmy be reused
for confi r nst i ipdicafontdieydecompletiessas désarbed AERer dadieagh ng image, the
accunul ati ve readings, etc. [0039]It is further to be understood that
al t hough t he spidimepe okipdast gigitMmalele eirtratehydy the tsmplatesed fheceurent a
utility nmeter display, our algorithnlqa¥ be inmplenented for any .

di spl ay of deviteBPhderHiPsanyonaraIare.of tsosirtansmegding of the last digit is

fransitional 4 —~ 5, the sub-image of the last digit will be correlated with the
templates of “4” and “5". When the correlation value with template “5" is much
10 greater than that of template “4”, the total reading may be increased by 0.1.

Using this approach, the reading accuracy can achieve the level of 0.1.

[00386] QOccasionzally, some errors may arise, for example, sometimes the
correlation result may show that the last digit has increased by 1, but actually it
has not. Or, sometimes, the correlation result shows the last digit has not
changed, but actually it has increased by 1. Both cases will make the overall
meter reading inaccurate. Although these errors are not significant, but it
occurs repeatedly, the errors may accumulate to become significant and may
make the reading result unacceptable.
20
[0037] To solve this problem, we use the saved reference image of the last
digit to continuously correlate with the actual image of the last digit to detect
whether it has gone through a complete cycle. Since this correlation is more

reliable, we can simply update the meter reading result after a complete round



20 notation digits. Such devices may include anal og or digital
nmeters, counters, neasuring devices, and the |like. These are to be
considered as falling within the scope and letter of the follow ng
claims. 15 CLAIMS W claim 5 1. A nethod for detecting cycle

conpl etion of a character set running continuously in predeterm ned
sequence through a display area, conprising the steps of:
(i)capturing an initial inmage of a character of the character set of
said display area; 10 (ii)storing said ¥nitial imge as a reference
i mage; (H )capturing a subsequent inmage of a second character of the

character set guRpcRE &Ntk _r}é'éﬁﬁ% YoddREEMBICR WE: thé i prediQioh el @i ghet he
subsequent inmage agai nst said reference i nage whereby a correlation

val ue is obt ai e exdkhpleviiistaratin FEISRENSntidssdife (Hay )helblitreht feld@ng is
correlation val ue reaches a peak
00049.4. At the moment that we detect the last digit has gone through a
complete round, the reading shall be 00050.4. But our tenﬁp[ate matching

result might be 00050.3 due to some matching errors. In this case, we can

Lh

update the reading to be 00050.4 directly.

[0038] Although the foregoing description of our invention has been
Hllustrated in respect of 10 base number systemn, it is obvious fo a skilled person
10 that our invention is also applicable to a display of positional notation system
employing any character set or code page which sequence has been
predetermined so that a cycle of all the characters displayed may be completed.
it may also be obvious to a skilled person that certain portions of our algorithm
may be reused for confirmation of the correctness of our OCR reading,

15 accumulative readings, etc.

[0039] it is further to be understood that although the specific embodiment
described above is in respect of a ulility meter display, our algorithm may be
implemented for any display of devices having any number of positional
20 notation digits. Such devices may include analog or digital meters, counters,
measuring devices, and the like. These are to be considered as falling within

the scope and letter of the following claims.

kR



i ndi cating conpletion of the cycle of the character set, wherein an
i mge of the next |ast character set is captured and assigned as a

tenpl ate.

zo 2. A nmethod according to claiml wherein steps (i) to

(v) are repeated until the tenplates of the characters of the
next |ast character set are assigned ane| stored 3. A net hod according
to Caim1l wherein steps (iv) and (v) includes 16 val ue approaching
or equals tg Ajdsi s achieved. 4. A nethod according to daim3
wherein the—t‘O‘r'r"“eI ating and tracking steps enploys autocorrelation

net hod. 5
val ues are

Af net hod according to Claim2 wherein the correl ation
AEREY as a plot of graph to establish peaks, including

t he hi ghest gl obal peak i ndi cating conpletion of the cycle of the

char act er

set. to 6. A nethod according to any one of Clains 1 -

wherei n sheldet eBt methast fey deteddipapryle grerapletior reir acekaraser s Ug@eng
in a display positional notation systemto indicate an increnent to a
next posi ticmtimfuosialydn posddteoninked rsettaehoa tlepagk m didplay .afeaptdnogrising the
according to Claim6 wherein the character set is the base-10

10

15

20

25

steps of:

(i) capturing an initial image of a character of the character set of said

display area;

(ii) storing said initial image as a reference image;

(iii)  capturing a subsequent image of a second character of the character set
running continuously therethrough;

(iv)  correlating the subsequent image against said reference image whereby
a correlation value is obtained;

(v) repeating steps (i} to (iv) until the correlation value reaches a peak
indicating completion of the cycle of the character set,

wherein an image of the next last character set is captured and assigned as a

template.

2. A method according to claim 1, wherein steps (i) to (v) are repeated until
the templates of all the characters of the next last character sef are assigned

and stored.

3. A method according to Claim 1 wherein steps (iv) and (v) includes

tracking the correlation values of said subsequent images until the highest



nunerical set. 8. A nmethod according to Claim?7 wherein the
positional notation systemconprises a plurality of nunerical digits.
20 9. A nmethod according to Caim6 used in a positional notation

di splay to detect the conpletion of a Ifa@t digit and upon such

conpl etion, actuate an image capture of 1he second last digit. 17
10. A nethod according to Claim9 wherein the character appearing in
t he second v%ﬂﬁetaggﬂ gbéhiﬂg%ﬁ)legﬁal%rtbolroﬁso AGLYyaiing image capture is

not ed, and upon dctuation o |mage'cap?ure and successful capture of
i mage, the next character in the character set is assigned to said
captured image. 5 11. A nethod according to Caim 10 wherein at
every subsequent conpletion of the character set cycle, each of the
subsequent 4char écmr{goﬁqu@ardiﬁg tonClai@ 3ewbatein 45e” eartplating pdatfacking
captured and assigned to each respective subsequent characters in the
char act er s&gpsugmployaldutadoeratdisoranethhesl.of 10 t he character set are
thus assigned. 12. A nethod according to Caim111l wherein the

conpl etgl y assigned character set images are used as reference for
character recognition of third last and preceding digits display.

13 A methad aceordiigd! ol &2 AR o2 whRif A6 A6 RlafAP SR drd
play i§ a n

the third last digit dis so noted a the correct

e L OBl e AL P RGBS e B e L et
o any one TSHCRTe HnEeton of Bisomear e ehatarer Pl di ol t di opl ay of
a nmeter, counter, register, neasurenment device and the like including
a watt-hour neter, water supply neter and other utility neters.

10 6. A method according to any one of Claims 1 — 4 wherein the detection of
cycle completion of a character set is used in a display positional notation
system to indicate an increment to a next position of said positional notation

system.

15 7. A method according to Claim 6 wherein the character set is the base-10

numerical set.

8. A method according to Claim 7 wherein the positional notation system
comprises a plurality of numerical digits.

20
9. A method according to Claim 6 used in a positional notation display to
detect the completion of a last digit and upon such completion, actuate an

image capture of the second last digit.



18 15. An apparatus inplenenting any one of the nethods of Clains 1 -
14 including optical inmage capture device, nenory device, and
programabl e | ogi ¢ device adapted to carry out said nethods. 5 16. An
apparatus according to Claim15 adapted .0 fit onto an existing meter
and read its display. 17. An apparatus according to C aim15
further including transmtter adapted to receive signals from

af oresai d deyi C?% MEHRE 5844 A £PEIA% @fwﬁé?ginnﬁ%eéqaﬁgct%h%%E@)ﬁrigt{)‘ﬁ}g the

transmtting said signals to a“recelving station. par
according t n ne ef. dains 15 : 17 wherein the_ deyices ar
ot eor oy ratu Bt o PR R iny Bt han Saftie 5 e ageppon
adapted with an ,argpa[ atus according to ané one of Clains 15 - 18.
20. A ut il it §ctyetiap of ERpge cralEP AGOSHEFeRRLERIIE Algmags: thanpricharacter
utility _meters each affixed with an apparatus according to any
one of d ai istheshatacteoseind agsigeedite saidt eaptuckimagey t he net er
readings as transmtted by the apparatus.
5
11. A method according to Claim 10 wherein at every subsequent
completion of the character set cycle, each of the subsequent characters
appearing in the second last digit display is captured and assigned to each
respective subsequent characters in the character set until all the characters of

10 the character set are thus assigned.

12. A method according to Claim 11 wherein the completely assigned
character set images are used as reference for character recognition of third
last and preceding digits display.

15
13. A methoed according to Claim 12 wherein the character appearing in the
third last digit display is also noted and the correct recognition of the next
character in said third last digit display is taken as confirmation of the accuracy
of the set of images captured and assigned in respect of the character set.

20
14. A method according to any one of Claims 6 — 13 embodied in a
numerical digit display of a meter, counter, register, measurement device and

the like including a watt-hour meter, water supply meter and other utility meters.



10
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20
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15.  An apparatus implementing any one of the methods of Claims 1 - 14
including optical image capture device, memory device, and programmable

logic device adapted to carry out said methods.

16.  An apparatus according to Claim 15 adapted to fit onto an existing meter

and read its display.

17.  An apparatus according to Claim 15 further including transmitter adapted
to receive signals from aforesaid devices representing reading of the meter

display and transmitting said signals to a receiving station.

18. An apparatus according to any one of Claims 15 — 17 wherein the

devices are integrally provided as an integrated circuit.

19. A ulility meter adapted with an apparatus according to any one of Claims

15 - 18.

20. A utility meter remote reading system comprising a plurality of utility
meters each affixed with an apparatus according to any one of Claims 15 — 18

and a receiver for receiving the meter readings as transmitted by the apparatus.



