| Method and apparatus for OCR reading a digit-display meter TECHNICAL
FIELD 5 [001] This invention concerns an optical recognition method for
characters of a character set, particularly a numerical set, such as that
running continuously in a digit display of a utility meter (e.g. a watt-hour
meter). The method of our invention enables our optical character
recognition (OCR) to 10 learn to recognize the complete character set. The
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Despite the advent of supervisory control and data acquisition (SCADA)
technologies it is still necessary to obtain readings of various types of meters
scattered 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
consueRipIC KIetaEppwatt-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. 2 [003]
While there are electronic electric meters such as that disclosed in U.S.
Pat¢d®No. 6,588sbinvdiimkeptivaresablestiba edeogittivet@etodeefor characters

of a character set, particularly a numerical set, such as that running
continuously in a digit display of a utility meter (e.g. a watt-hour meter). The
method of our invention enables our optical character recognition (OCR) to
10 learn to recognize the complete character set. The apparatus disclosed herein
implements that method and enables it to be adapted to read a utility meter's

digit display.

15 BACKGROUND ART

[002] Despite the advent of supervisory control and data acquisition
(SCADA) technologies it is still necessary to obtain readings of various types of
meters scattered 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 watt-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.



automatically and remotely read in a network such as local area network
(LAN) or wide area network (WAN), many of the electric meters still in used
today are s the older analog meters having dials or digit-display. Reading
such meters still require human effort and is therefore labour intensive and
time-consuming besides the readings befng susceptible to human error.
Most of these analog meters are very reliable and durable, lasting for
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with digital electronic ones. 10 [004] As such, there arise methods and

deviges. feraading the 388D ERKEY Staatisnabira tancresiiehiett? RAde
an analog meter with dial display, the reader device only needs to recognise
the pogiticaticdithacdaldnaoidiguehdim thadisdkoseshindlosaPatenhdtaork (LAN)
5,559,894 (Lubliner et al.). To read an analog is meter with digit display, the
readervwideieechazetw ednfémtNiithamrghth éosleclyjsemeledssitith insitsgd today are
conventional optical character recognition (OCR) methods. [005] .
CantepRlsiesaniompiriarsisaingydrih tiaidiedinnlaed feadne sHEh prpters still

problem in a way similar to vehicle registration plate recognition. An OCR
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digt, display,of o anclog rueter, There are many dsadvaniaags otuch o
conventona Su as regquirng-tne camera 1or capturing images 1o be
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disruptive and uneconomical to replace them with digital electronic ones.
10
[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 (Lubliner et 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-based 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 analog meter. There are many disadvantages of such
conventional OCR such as requiring the camera for capturing images to be

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



needs to be mounted tilted so as not to totally obstruct visual access to the
digit display for manual visual inspection. Moreover, if the lighting is not
good, the image captured may not be of sufficient quality for successful
character recognition. 5 [006] Another difficult aspect of conventional OCR
methods is recognizing the different fontd and font sizes used in the different
meters. The OCR algorithm thus has to be pre-trained with the specific font
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unacceptably low. Often, in the io same meter’s digit display, different font
sizedispaPeciSAEn AN ex@NRiSp detoisbado wstid hnEpgraatmal tieigoisd, the
often provided in a smaller font size and calibrated with sub-unit lines which
mayirnegeapiapadedongaby ibe O Rfasdffictentlpadétye fagriticressf{Ootjakacter
further problem posed by the last digit, being the fastest moving digit as the
metégdeguitining, 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

autdRBflcally ARGUREE SN ReRGFILERaPYERISR DGR MelBPLs g recognizing

the different fonts and font sizes used in the different meters. The OCR
algorithm thus has to 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 meter 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



appearing as digit display in, for example, utility meter. Our proposed method
does not require our algorithm to preselect the correct 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 s
display. [009] Our method also does not fequire the camera to be installed in
a prescribed position nor require a certain lighting ambience for best image
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io the accuracy of our reading. As such, it is moré robust and accurate

agaifséseivtirequnensal enssiarsm @b Pretertinsd tonsResMiihe fater® and be
surrounding such as ambience lighting. [0010] Our invention also considers
the pestinidite esxrgnisetitieerehdnagtasspiroths spaesk@ctpdstesisormefact, our
techniques to regularly minus the accumulative errors. [0011] In a first
aspewttbbduenabiatitearaingethodhsHy0vidab docliraatanget yutecdmppletimeter
of a character set running continuously in predetermined 20 sequence
throdi§R&¥display area, comprising the steps of: (i) capturing an initial image

of said display area; (ii) storing said initial image as reference image; (iii)
capturing subsequent images of said display area as characters of the

char[%bﬁr set rgﬂrcr%gmgé) %?sl% theJé%ﬂﬁroqu r(].1;U|5re 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
environmental changes or fluctuations in respect of the meter’'s surrounding

such as ambience lighting.

[0010] Our invention also 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:

(i) capturing an initial image of said display area;

(ii) storing said initial image as reference image;

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

character set run continuously therethrough;



(iv) comparing said subsequent images captured against said reference
image until a substantially identical match is found, thus indicating the
completion of a cycle of the character set. s [0012] Preferably, step (iv)
includes correlating said subsequent images against said reference image
and tracking the correlation coefficients o said subsequent images until the
highest value approaching or equals to 1.0 is achieved. More preferably, the
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preferably, the correlation coefficients are io tracked as a plot of graph to

establish perige intilgindtenhighageatrahrask idrdigating completion of

the cycle of the character set. [0013] In a second aspect of our invention, the

detetbtisnnaiicatolg thoromepieticnt of ahayeletef ibet charsetbirsatdisplay

positional notation system to is 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
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image capture of the second last digit may be actuated. 20 [0014] In another

asp@ORITRE SRy ARIReASEAIAYS iR sk BIt R AR AIRp IG5 HRipREs of said

actuaiing imade capture sqjed, and.upon actuation of lmage capiure.ad i

success uﬁ‘ucapture gf |mlége, he NexenaiActe AR CharacleF €& Ts ’
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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.

[0013] In 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



6 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 the character set are thus assigned. 5 [0015] The completely assigned
character set images are preferably used as reference for character
recognition of third last and preceding digits display. Preferably still, the

chagieliarne3ingdn dherig 1agt digiidisplay ialae Reiedanehtheredgets

recognition of the next character in said third last digit io display is taken as

contyppatinnithe aceday ristheigetapmpgecaphitdedrandsargidaetbidach

respect of the character set. [0016] Our method may be embodied in
recagspntiver sessbngenincimaeditats digihdispiayaéasetaiatil atithtecheegistes, of
measurement device and the like is including a watt-hour meter, water

sup e eleteacierdsetiaae thilisyassigerd.[0017] In yet another aspect, our
aforesaid methods may be embodied in an apparatus which may include
dptical image capture device, memory device, and programmable logic

device adapted to carry out said methods. This includes 20 having the
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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] In 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 onto 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



7 may be integrally provided in our apparatus as an integrated circuit. In

such compact design, such apparatus may be adapted to fit onto an existing
utility meter to enable remote reading of the meter's display in a system
incorporating such meters adapted with the aforesaid apparatuses

networked to transmit the s readings to & central receiver or base. LIST OF
ACCOMPANYING DRAWINGS 10 [0019] Our invention may be better
undgrstopd Wilthrsficr BRSO Jo pie-Alic e g faégrRediSamelicRtiann
of our method, i.e. by way of an example of a electric meter, and should not,
theretprpabedBifihreieshasppairgLdimitgobe HisHadticuiarayie|matismstihbeutility
figures are collectively referred to in the Detailed Description that follows. 15
[0020¢teiGo) Biadldivstrote scadimypdifibe vieteios disidatydisplaystéra typicpbrating
utility meter; and [0021] FIGURE 2 shows a simplified flow diagram of the
algagithinmetesgs edafitey toitfuthe\aiotisai@ apEETALSED MVBTREP T ORNORIt the
SPECIFIC EMBODIMENT [0022] FIGURE 1 shows a typical digit display of

an dRapAHify? PRIER! (BORISHANRAREe is a 6-digit display wherein the last
digit (1) represents the 5 decimal digit which is usually a continuous and
fastest moving digit. As this last

LIST OF ACCOMPANYING DRAWINGS

10 [0019] Our invention may be better understood with reference to the
following drawings for a specific application of our method, i.e. by way of an
example of a electric meter, and should not, therefore, be interpreted as being
limited to 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.



digit (1) typically appears as a continuous transition of numbers in a cycle as
driven by consumption, e.g. torque driven motor in an electric meter (in
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 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 " P BERRSAIRIPYRIS df SratelIBat ot ARRMGTOUL assuming that
the display in FIG. Tis a count up display, the display shows that the figure is
"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 o] readih@URE N irsloowslgotythioa) digit displaipect amsiicaiabdeiditpaineter
reading of between 0.4 to 0.5. For ease of 20 reference, the last digit (1) is
callddiGhe Jeeivnaheligits tacdsiigibreiskisy didgie(@isheddsddigs (dhespreigintmthe
the respective preceding digits, the "tens" (3), "hundreds" (4), "thousands"

and desimabdigdychiigits ady e GBI Yoo SN ke B ranpidng digitinfisdniseiast
when the decimal digit runs from ".5" 9 to ".9" and back to ".0", the "ones"
digitPkitiariNRIGaNY BRBEARY 38 AR S ES S toth 95 RUTEIRT e feYRle as
digit jnitially showing "4" to advance to "5' thus , displaying a hew reaglin of
"00GEH T SR PIRIRIL S SRR B8N Mt e v st et

precdﬁfﬁ r’g%}%rpé qmtmgp%)@eog%ﬁgn&lher digits which are ratchet-driven a

notch upon completion of a cycle of the later digit.

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”. Our 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”



s digit from ".9" to ".0" to define the advancement of the "ones" digit by one
value or unit. In fact, we do not even need to define the precise value of the
decimal which in this reading example is a transition value between "0.4"

and T.T. [0026] Our method merely requires that, when this initial decimal
image (i.e. io between "4" and "5") is disflayed again, it is assumed that the
decimal cycle has been completed and the singles or ones digit would have
advggiead byyQneiemMBenaE ehuactatPIRSERHNIREIR SRaIRG 16”4 Mihnce
the tens digit being "4" and ones digit being "9", our algorithm will assume
thattt hers tad¥anassipgetheuneber, diyisisduanGReviie) onesodigiv diess 18" tAls
while the tens digit from is "4" to "5, giving a new reading of "50". [0027]
Apadidptenitioe aisesweragdiaguseddoqa@ide iRputthetipeifposeobfiritial method,
reading (22) in order to implement our invention, the user is also required to
defihewelield weimegsk nothwaiaionifeel pradisecvgnisstiofrirdrisitiegaotithbeledmal
user is required to draw, for example, a rectangle (12) that covers the digit
disptigitdrene Meter & tRAnedEreaIgonamem ey e uenes tHIgldNmmevalue
field. [0028] Upon the definition of the field for image capture and

recdYriifiin, 1BURMMA P WA SYER RERSEIRSEUN BRECHIMRY YD REE Fycimal

deteching ihalid0. 1sspeciive diall windous.or bpxes yeing digial mage..
processing techniques’for teattre extraction such as edge detection method
and/or Hough transform method. Based on the initial reading input by the

user, our algorithm will know how many separate windows to apportioned
the rggtapole @a) iRkanddiRdrely requires that, when this initial decimal image (i.e.

10 between “4” and “5”) is displayed again, it is assumed that the decimal cycle
has been completed and the singles or ones digit would have advanced by one
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



s 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 transform, using grey level
projection along the horizontal edge of the bounding box for each of the digit
displays forming the meter's digit display!Ohe algorithm first performs edge io
detection to find strong edges inside the detection field (10). Then Hough

trangigpacR aRAYE I RCIR 8HE6ERGSHY %MVY&W%&MWW% for

which correspond to the two horizontal edges of the electric meter.

Thereaties, her-RU6R i50REEHS RIGJECERARINNY Hethedizamia red@aghh@ansform
peaks of the projection histogram will correspond to the vertical boundaries

of eaddtlafdhddigitl &b {0 291iQ veadeth dabist alyl¢hto dsain deelhlgorithenfiyitoknow
get all the characters used in the cycle of the digit display - in this example,

to gbbheriamygespalralt tindowsuim asoakonmey tepeeatanghds(li@)itiptoetdhis is
(20). In other words, there is no need to pre-train our OCR algorithm with the

Part/eRrasfinedr fsntsieRe HAhe digitshiseerappiandhaetecanglansteadwiure

algorithm will acquire the images of the digits as theé appear in the digit

dispByosratiEahetSOBy ath e rareris MRS dduisitioror A HafrGS an
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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.

15
[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, to get the images of all the 10
numbers as they appear in this utility meter (10). In other words, there is no need
to pre-train 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.



(i.e. a value of between 0.4 and 0.5). 5 [0031] In the next step (24) a new
images of the display (12) are grabbed and the sub-images of the last digit
(1) will be correlated in step (26) with the saved reference image. The
correlation value will first drop from a global peak since the image of the last
digit will slowly change to the next digit 5'4nd io transitions between 5 and 6
and so on. Upon the decimal or last digit (1) reaching O the second or last

cigiy Byl NG ARIE UGB AURRIHRTRRE) RORFSQUNESH B (23) as

increment. Instead, it will continue with correlating (26) the sub-images
corrglpsfereHbdl lithegeonialriinavadie alimpescierNsithey gigbaldprakrdgdeddel of
Upon hitting another global peak, it means that the last digit display (1) is
dispigyuaiuthenthéstsitiooudgivesent " eXaanple.. shagaia arahsidsihereiosn gonel 5
through a complete cycle and that the second last digit, i.e. the ones digit,
woultehaveahbvalneeiv estHd hertdfumber. 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 magéhus be reco}c:mised and

savedP3 a telAgRa B HEMFAbE A%t THAHESBHIES Jf'3MaYaEtet 8kt grabbed
CurRE U e (O3 P o0 e SR ey b Bt pam T
Whe&%%'?&%%ﬂﬁ@frﬁ’f&é%e correlation value will first drop from a global peak
since the image of the last digit will slowly change to the next digit 5 and
10 transitions between 5 and 6 and so on. Upon the decimal or last digit (1)
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 to 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 number for the second last digit noted by the user during

calibration step (22).



digit image correlation reaches the next global peak to signal that n+2
number is now displayed in the second last digit and the OCR may now
capture the s image of this next number (i.e. "1" in our example). In this
manner the templates for each of the numbers or character set may be
obtained on-the-fly by our invention and'gaved (27) as the meter is allowed
to run. In our example, the templates for all the 10 numbers of the second
last digit may thus be obtained after the last or decimal digit has completed 9
cycles. 10 [0034] After the templates for all the ten digits have been stored,

the tsuBjate el(#Bdiespwaganudopdergivgegonaaiiancmasdeditit or decimal

particular, the digit displays for the ones or second last digit (2), tens or third
last diigitt iBagdnabriegaloar rieautie satbiechgikt(4lodabpsakds sigfitihttestt rigitn{Ehber
ten thousands or is sixth last digit (6) (and so forth in larger digit displays)
mayishoavbdisptaypdsedihaceecatelylaThidigd applitble @GR theyendiyitsafotusg! the
positions normally have the same font and size. At this stage, many OCR
etHBageorhtHEP IRFhakvBRaMAle belusEd iep¥aiapipk digit ft*éimﬁ[&tér‘%t the
has been built up. In our present invention, the thrust is to use
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decimal 1) as explained above, 1.e
obtained after the last or decimal digit has completed 9 cycles.

10
[0034] After the templates for all the ten digits have been stored, the
template set (28) is now ready for reading recognition mode. In particular, the
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 (6) (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 OCR 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.

[0035] 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.



it may be smaller font size or different font type, have calibration lines, etc. If
the font type and size of the decimal digit (1) is the same as the rest, the
template set (28) compiled may be used to recognise the sub-image of the
last or decimal digit as well although this decimal digit was initially used only
as an s indication of cycle completion as'described above. For each new
image, the sub-image of the last digit may be compared with the templates

of the Uy g8t A eIIEAdNgs ol EXPIBRIGy HetNRGr eebragsinenek thee it

last digit s transitional 4 - 5, the sub-image of the last digit will be correlated

withtteeféampladesef stzeane ik Ybaih@giorpladany ueavitl teRpaEe the

"5" is much io greater than that of template "4", the total reading may be
incréasethieystl(28)siom phisdappyose stk toecdognaec thacy lodm agdh e éhast
level of 0.1. [0036] Occasionally, some errors may arise, for example,
somettidesimnhkdigirasiavehaidwulogm dysHecintahdibié Yeas diialhassedrealyets an
by 1, but actually it is has not. Or, sometimes, the correlation result shows

the Iagic@iimhak pYstecRaRpRli BuRadaaNTIeH 2P RYGedsXdasrEn NBvtineagesthe
will make the overall meter reading inaccurate. Although these errors are not

signiialfaBEtf BECKHR! FipE Mad Iy S BAYRINAY doeRREEH Hdbsrmerent

significant apnd may make the reading result unacc ptakae. 20.[0037] To .. .. .
SoNE O AERTR u Lot EERUaR rdroiencu g 2r B Pl Gidfolociat is

continiayply gosrelase witho e acthial smage oL NG JASL YL RARIEREY with th
whetherﬂ as gone throulti:ﬁ‘n a Icor#plete cycle. Sinéest\mil corré%téonéls r\ﬁv'ore ©
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.

[0036] Occasionally, some errors may arise, for example, sometimes the
correlation result may show that the last digit has increased by 1, but actually it
15 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



reliable, we can simply update the meter reading result after a complete
round 14 is detected and the reading does not match with the prediction.
Using the same example illustrated in FIGURE 1 and assume that the
current reading is 00049.4. At the moment that we detect the last digit has
gone through a complete round, the reatfihg shall be 00050.4. But our
template matching s result might be 00050.3 due to some matching errors. In

this Gagerabfe6ihd RAE Follirip AR HRPMARASAHAFRBIeRIZR AURHHhe

the foregoing description of our invention has been illustrated in respect

10 hagfdorabes| SYBISIatEdS P FYOURED RHtdIesk DRTS ARa i AHE RUAEHERINIRN is
is also applicable to a display of positional notation system employing any

cha@(4e get Ar toslemuagentvithch e weteet ltas bestndigiedetergunedisotigat a
a cycle of all the characters displayed may be completed. It may also be
obvicesptete sialled, péve aratisge shtalin o RidPEDt . o uB all guiritHempiete eatching
reused for confirmation of the correctness of our OCR reading, is
accligsylhiighe K6iREDES. (E3Y RIS RIMREERBLINTRrstBOAithaRsghegFRN

the specific embodiment described above is in respect of a utility meter
disptRiate g Jeating APIROATHERWN 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

congifiad as ARG RItHE Yar3ehRs FRLdRBRSPT ShedllofiRARAIMRs been
illustrated in respect of 10 base number system, it is obvious to 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 utility 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.

* k%



15 CLAIMS We claim: 5 1. A method for detecting cycle completion of a
character set running continuously in predetermined sequence through a
display area, comprising the steps of: (i) capturing an initial image of said
display area; 10 (ii) storing said initial image as reference image; (iii)
capturing subsequent images of said disphy area as characters of the
character set run continuously therethrough; (iv) comparing said subsequent
images captured against said reference image until a substantially identical
match is found, 1s thus indicating the completion of a cycle of the character
set. 2L Aimnethod according to Claim | wherein step (iv) includes correlating
said subsequent images against said reference image and tracking the
correlation coefficients of said subsequent images until the highest value 20
approaching or equals to 1.0 is achieved. 3. A method according to Claim 2
wheYéindaercorrelating and tracking steps employs autocorrelation method.

16 4. A method according to Claim 3 wherein the correlation coefficients are
5

1. A method for detecting cycle completion of a character set running

continuously in predetermined sequence through a display area, comprising the

steps of:
(i) capturing an initial image of said display area;

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

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

character set run continuously therethrough;

(iv) comparing said subsequent images captured against said reference

image until a substantially identical match is found,

15 thus indicating the completion of a cycle of the character set.

2. A method according to Claim 1 wherein step (iv) includes correlating

said subsequent images against said reference image and tracking the

correlation coefficients of said subsequent images until the highest value

20 approaching or equals to 1.0 is achieved.

3. A method according to Claim 2 wherein the correlating and tracking

steps employs autocorrelation method.



tracked as a plot of graph to establish peaks, including the highest global
peak indicating completion of the cycle of the character set. 5 5. 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 positiotfof said positional notation system.
i0 6. A method according to Claim 5 wherein the character set is the base-10

numerical gefndnOdHIREiAGS Br@ﬁ%%%é‘?eﬁwv‘(ﬁér@&r&‘ﬁu@ﬂ%ﬁ%ﬁ%ents are

notation system comprises a plurality of numerical digits. 15 8. A method
accersirgdaStapvboispddn ® ResHNERReiRdiandlismaie gk i§iebal peak
completion of a last digit and upon such completion, actuate an image
capiuticatitipecseqaaticlast theiicy2eDfAhmelavactacsrtling to Claim 8 wherein
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
daptired iMdpethed agording deorniM Ah§'RiNtalm 9 whereim Berigrtion of

subsequent completion of the character set cycle, each of the subsequent

chaQYAErSAPRIENaRgah theNerRRt FLtidigRehslag [ RIpIRRSYRRR! notation

assi negrﬁotge}%gl %(r:]t Yn%rement to a next position of said positional notation
system.
10 6. A method according to Claim 5 wherein the character set is the base-10

numerical set.

7. A method according to Claim 6 wherein the positional notation system
comprises a plurality of numerical digits.

15
8. A method according to Claim 5 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.

20 9. A method according to Claim 8 wherein 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.



subsequent characters in the character set until all the characters of the s
character set are thus assigned. 11. A method according to Claim 10 wherein
the completely assigned character set images are used as reference for
character recognition of third last and preceding digits display. 10 12. A
method according to Claim 11 wherein tié character appearing in the third
last digit display is also noted and the correct recognition of the next

charggter IR sithHyrsdastgtaSRIRY SiakeaRacadHTaleRs etr'?'tecompletlon

accuracy of the set of images captured and assigned in respect of the

chagroles sRhrabtdSseh Byelboskancen ehadsibastyuene cHrdatBs ppbaring in the

embodied in a numerical digit display of a meter, counter, register,
measu@miedstedigdt adidpthy like cagitudet) anvdattdsignedetier, ester seypelytive
meter and other utility meters. 20 14. An apparatus implementing any one of
the sustseiecof Chanastersl 3 ititudimgyagpacadéagtl calptire dbeicstierembripe
device, and programmable logic device adapted to carry out said methods.
5. phesgparariEr dvaiasst8nerhim 14 adapted to fit onto an existing meter
18 and read its display. 16. An apparatus according to Claim 14 further
including transmitter adapted to receive signals from aforesaid devices

reprgi‘:?_entnl\g rrr?gtﬂlcp@ 828%%?88% Claim 10 wherein the completely assigned

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

10
12. A method according to Claim 11 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.

15
13. A method according to any one of Claims 5 — 12 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.
20 14. An apparatus implementing any one of the methods of Claims 1 — 13
including optical image capture device, memory device, and programmable

logic device adapted to carry out said methods.

15.  An apparatus according to Claim 14 adapted to fit onto an existing meter



s display and transmitting said signals to a receiving station. 17. An
apparatus according to any one of Claims 14 - 16 wherein the devices are
integrally provided as an integrated circuit. io 18. A utility meter adapted with
an apparatus according to any one of Claims 14 - 17. 19. A utility meter
remote reading system comprising a plufdity of utility meters each affixed
with an apparatus according to any one of Claims 14 - 17 is and a receiver

for rggeivag Fgedpoa&tg}y_ readings as transmitted by the apparatus.

10

15

16.  An apparatus according to Claim 14 further including transmitter adapted
to receive signals from aforesaid devices representing reading of the meter

display and transmitting said signals to a receiving station.

17.  An apparatus according to any one of Claims 14 — 16 wherein the

devices are integrally provided as an integrated circuit.

18. A utility meter adapted with an apparatus according to any one of Claims

14 - 17.

19. A utility meter remote reading system comprising a plurality of utility
meters each affixed with an apparatus according to any one of Claims 14 — 17

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





