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1. Device for analysing information carriers comprising an image detector including, in

a housing, a series of light sources with each of which is associated a respective
photosensitive element, the light sources and the photosensitive elements being arranged in
two rows along the lengtin of the image detector, the device furthermore comprising a
threshold voltage source and means for comparing the output signals from each of the
photosensitive elements ‘with the threshold voltage of the threshold voltage source, and further
including compensation means for respectively varying, for each individual light source
and/or photosensitive element, at least one of the parameters comprising the output voltage
of each photosensitive element, the threshold voltage and the intensity nf the light signal
emitted by the associated source in order to obtain a uniform response from all the

photosensitive elements of the reading device.
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The following statement is a full description of this invention, including the best method
of performing it known to me/us:-
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The present invention relates to devices for
analysing information carriers and refers more particu-
larly to such devices used in particular for reading
gaming coupons or receipts in terminals for making bets
such as lottery bets, lotto, totalizators or the like.

These devices for analysing information carriers
generally include an image detector arranged f£sing a
roller for driving a document to be analysed. The image
detector generally includes a row of light-emitting
diodes, their number depending on the horizontal resolu-
tion and on the luminous intensity which are required.
With these diodes are associated light focusing and
filtering modules intended for focusing the beams from
the diodes onto a transparent wall of the housing of the
detector, against which wall is to be applied the face of
the document to be analysed which bears on the one hand
fixed inscriptions such as a gaming grid, indices for the
boxes of the grid, date indicationa and the like and on
the other hand variable inscriptions made by the player
in the gaming grid as well as fixed inscriptions such aa
alignment tags, a code relating to the type of game to
which the coupon belongs.

Facing the region for focusing the beams emitted
by the light-emitting diodes are arranged light conduc-
tors for transmitting the beams to photosensitive ele-
ments.

Assuming that the light-emitting diodes all emit
a light beam of like intensity, and that the photodetec-
tors all deliver equal response signals, an identical
output level is obtained for each light-emitting
diode/photosensitive element pair.

Now, it has been observed that neither the light
sources or light-emitting diodes, nor the photosensitive
elements of an image detector are perfect in the sense
indicated above.

In a gaming terminal, it is necessary to read the
crosses made by the players on coupons with the aid of a
so-called *colour blind" reading device, operating on the
principle of all-or-nothing contrast detection.
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Assuming that a predetermined output voltage threshold Vs is fixed in respect of the
photosensitive elements, if the response of a photesensitive element is below Vs, it is accepted
that a black image element or pixel is involved on the document read.

If on the contrary the response of the photosensitive element is above the threshold Vs,
the retevant pixel is "white".

It is therefore very important that the response of all the photosensitive elements of
an image reading device used in a gaming terminal be uniform despite the differences in
sensitivity of the photosensitive elements and the differences between luminous intensities
emitted by the sources or light-emitting diodes associated with the said photosensitive
elements.

The invention aims to create a device of the aforesaid type for analysing information
carriers, the response of which is as homogeneous as possible throughout its range.

In accordance with the present invention there is provided a device for analysing
information carriers comprising an image detector including, in a housing, a series of light
sources with each of which is associated a respective photosensitive element, the light sources
and the photosensitive elements being arranged in two rows along the length of the image
detector, the device furthermore comprising a threshold voltage source and means for
comparing the output signals from each of the photosensitive elements with the threshold
voltage of the threshold voltage source, and further including compensation means for
respectively varying, for each individual light source and/or photosensitive element, at least
one of the parameters comprising the output voltage of each photosensitive element, the
threshold voltage and the intensity of the light signal emitted by the associated source in order
to obtain a uniform response from all the photosensitive elements of the reading device.

According to another particular characteristic of the inveation, the said compensation

means may comprise at least one memory for storing correction values for one at least of the

said parameters relating to each light
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source/photogensitive element pair and means for modify-
ing the said at least one parameter aa a function of the
corresponding correction values contained in the said
memory.

The invention will be better understood with the
aid of the description which will follow, given merely by
way of example and provided with reference to the at-
tached drawings, in which:

- Fig. 1 is a diagrammatic view of a device for
analysing information carriers and to which the invention
is applied;

- Fig. 2 is a schematic diagram of the device of
Fig. 1 provided with means of uniformization of the
outﬁut signals from the photosensitive elements of the
device for analysing information carriers accoxding to
the invention;

- Fig. 3 is an electrical diagram of the
digital/analog converter used in the circuit of Fig. 2;

- Fig. 4 i8 a response curve for the converter of
Fig. 3; and

- Fig. 5 is a graphic showing the response curve of
an image reading device without the compensation means
and with the compensation means according to the inven-
tion.

Represented diagrammatically in Fig. 1 is a
device for analysing information carriers, to which the
compensation means according to the invention are in-
tended to be applied.

This device includes principally an image detec-
tor 1 arranged facing a roller 2 for driving a document
3 to be analysed.

The roller 2 is linked to a2 stepper electric
motor, not represented, intended to allow analysis of the
document 3 by successive scan lines having a vertical
resolution which depends on the stepping adopted for the
displacement of the roller 2.

The image detector 1 is connected to a data
processing device 4 which includes, among other things,
a comparator 5 connected between the data ocutput of the
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image detector and the input of a unit 7 for processing
the ocutput signals from the comparator 5 whose output is
connected to an input of the data processing unit 7,

The data processing unit 7 is connected on the
one hand to a control circuit, not represented, of the
stepper motor for driving the roller 2 and on the other
hand to a luminous intensity monitoring circuit 8.

The output of the monitoring circuit 8 is con-
n- :ed to the image detector device 1 in the manner which
%. .1 be-described hereafter.

The image detector 1 includes a housing 9 of
parallelepipedal shape, in which is mounted a row of
light-emitting diodes 10, their number depending on the
horizontal resoclution and on the luminous intensity which
are required.

With these diodes 10 are agsociated light focus~
ing and filtering modules 11 intended for focusing the
beams 12 onto a transparent wall 13 of the housing 9 of
the detector, against which wall is to be applied the
face of the document 3 to be analysed which in the case
of a gaming coupon bears on the one hand fixed inscrip-
tions such as a gaming grid, box indices for the grid,
date indications and the like, printed in the colour of
the emitted light and which will therefore not be repro-
duced by the device and on the other hand wvariable
inscriptions made by the player in the gaming grid in a
colour different from that of the emitted light, as well
as fixed inscriptions such as alignment tags, a code
relating to the type of game to which the coupon belongs
printed in a c¢olour different from that of the emitted
light and which will be reproduced,

Facing the region for focusing the beams emitted
by the light-emitting diodes 10, are arranged light
conductors 14 for transmitting the beams 12 to photo-«
gensitive elements 16.

The photosensitive elements 16 are each connected
by way of an amplifier 17 to an input of a comparator 5
whose other input is connected to the source 6 of
reference threshold voltage Vs.
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The output of the ecircuit 8 for monitoring
luminous intensity is connected to the light-emitting
diodes 10.

In a preferred embodiment, the image detector
includes 36 light-emitting diodes with which are as-
sociated 1728 photosensitive elements.

If all the photosensitive eslements are assumed to
be 1lit simultaneously with a uniform light, and if a
uniform white paper is placed between the roller 2 and
the transparent surface 13 of the housing 9 of the image
detector device, provided that the photosensitive
elements 16 are perfect, an identical level isg obtained
for.all these photosensitive elements.

Now, it turms out that neither the emitters nor
the photosensitive elements are perfect.

In betting terminals, such as the terminal
described in particular in French Patent Application
no. 92 11 275 filed on 22 September 13992 Dby the
Applicant, the reading of crosses registered on coupons
is undertaken with a 8o-called colour blind image
detector device operating on the principle of contrast
detection.

The output signals from the photosensitive
elements of the image detector whose level is below a
threshold Vs correspond to a black pixel, whereas the
signals whose level is above the aforesaid threshold
correspond to white pixels.

The problem which arises is that the sensitivity
of the assemblies consisting o¢f the light-emitting
diode/photosensitive element pairs is not constant.

Therefore it is required to undertake a correc-
tion of the output signals from the photosensitive
elements.

The circuit represented in Fig. 2 allows such a
correction to be provided for.

This circuit is interposed between the photosen-
sitive elements 16 and the amplifier 17 associated with
the comparator S5 of the data processing device 4 rep-

resented in Fig. 1.
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It essential iy includes a multiplier
digital/analog converter 20 connected between the photo-
sensitive elements 16 and the aforesaid amplifier 17.

With this multiplier digital/analog converter
which will be described in further detail with reference
to Fig. 3, is associated a memory 21 such as an EPROM or
RAM memory for example, whosge address input is linked to
a counter 22 such as an 1l-bit counter for example
connected in turn to a clock circuit 23 which applies
signals—to the reset-to-zero input RTZ and clock input
CLK of the counter 22.

The clock circuit 23 is connected to a micro=-
processor bus 24.

The c¢ircuit also includes a three-state bus
control circuit 25 linked wvia an eight-line conductor
between the memory 21 and the multiplier analog/digital

converter 20.
The circuit 25 is moreover linked to the micro-

processor bus 24.

The output of the comparator 5 is linked to the
microprocessor bug 24 which forms part of the processing
unit 7 (Fig. 1).

In the present éxample, the circuit of Fig. 2 and
more particularly the digital/analog converter 20 which
it includes is connected between the photosensitive
elements 16 of the image detector device 1 and the
comparator 5 of the oufput of these photosensitive
elements with the threshold voltage Vs.

However, this c¢ircuit can also be connected
between the threshold voltage source 6 and the corres-
ponding input of the comparator 5 or else to the output
of the circuit 8 for monitoring the luminous intensity of
the light-emitting diodes 10.

The operation of the circuit of Fig. 2 is as
follows.

A logic entity, not represented, programs the
¢clock 23 so that it generates signals LINE CLK and PIXEL
CLE. These signals being applied to the counter 22 or
more particularly to its RTZ and CLR inputs, the counter



10

15

20

25

30

35

-7 -

undertakes an incrementation for each pixel of the 1728
image detector.

The outputs £rom the counter, which in the
present example are 12 in number, make up the addresses
of the memory 21 which is a 2K x 8 RAM, for example, or
an EPROM.

In read mode, for each CLK pixel of the counter
22, the address of the memory 21 changes and the memory
dispatches, on its data output, a value to the digi-
tal/analog converter 20. The multiplier digital/analog
converter executes a multiplication between this stored
value and the output signal from the corresponding
photosengitive element 16. The aforesaid operation is
repéated until the 1728 photosensitive elementa 16 have
been taken into aecount.

In the write mode, a gauge carrier with constant
coefficient of reflection is used in place of the carrier
to be analysed.

An algorithm makes it possible to load, for each
pixel of the image detector device in the memory 21, a
compensation value enabling the comparator 5 to change
state when the output signal from the photosengitive
element 16 associated with the diodes 10 attains the
threshold value Vs delivered by the threshold voltage
source 6 after this output signal has been compensated so
as to take account of the imprecision in the response of
the photosensitive element associated with the light-
emitting diode.

The digital/analog converter 20 can be either a
linear converter or a nonlinear converter.

In an eight-bit linear system, the digital value
of the digital/analog converter lies between 0/255 and
255/255, in steps of 1/255.

A table is thus obtained which is loaded into the
memory 21, the values of this table corresponding to the
values of the correction of each pixel, that is to say of
each light-emitting diode/photosensitive element pair, in
order to obtain a homogeneous respoénse of all the pixels

of the image detector.
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However, the use is preferred of a nonlinear
analog/digital converter, the construction of which will
now be described with reference to Fig. 3.

This converter includes an input resistor R
connected between its input and ite output.

The input resistor R of the converter is linked
to resistors R1l, R2, R3, R4, R5 and R6 connected in
parallel with the interposition in series with each
resistor of a controlled switch DO, D1, D2, D3, D4, D5.

-—The resigtors R1 to R6 have values related to
those of the resistor R through the following relations:
Rl = R/2
R2 = R
R3 = 2R
R4 = 4R
R5 = BR
R6 = 16R

Cf course, the number of these resgistors can
differ depending on the resclution and attenuation which
are desired.

The control electrodes of the switchea D0 to D5
of the digital/analog converter 20 are connected to the
corresponding data output bits B0 to B5 of the memory 21.

The relation which relates the output voltage
Vout to the input voltage Vin of the nonlinear
analog/digital converter of Fig. 3 is as follows:

R

B L N I I e e A R R

{B5x24B4+B3/2+B2/4+B1/8+B0/16)
Vout = Vin X =-eccmmcemnecccacmcemmnae

(B5x2+B4+B3/2+B2/4+B1/8+B0/16)

with B = 0 or 1
Bi = index of the output bit.
The regponse curve of the multiplier
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analog/digital converter of Fig. 3 is represented in
Fig. 4 where it is seen that with six resistors in
parallel Rl to R6, corresponding to 6 output bits of the
memory 21, there are 64 voltage tiers available.

Represented in Fig. 5, in (a), is the response
curve of an image detector device without the compensa-
tion meansg according to the invention and, in (b), the
response curve of this detector with the said compensa-
tion means.

—~It is observed, on comparing these two curves,
that the compensation means according to the invention
make it posgsible te gain in terms of uniformity of the
response over the whole length of the image detector
device.

Indeed, it is seerd in curve (b) that the response
signals from the assembly of photosensitive elements of
the image detector device are almost constant to within

a few exceptions.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Device for analysing information carriers comprising an image detector including, in
a housing, a series of light sources with each of which is associated a respective
photosensitive element, the light sources and the photosensitive elements being arranged in
two rows along the length of the image detector, the device furthermore corprising a
threshold voltage source and means for comparing the output signals from each of the
photosensitive elements with the threshold voltage of the threshold voltage source, and further
including compensation means for respectively varying, for each individual light source
and/or photosensitive element, at least one of the parameters comprising the output voltage
of each photosensitive element, the threshold voltage and the intensity of the light signal

emitted by the associated source in order to obtain a uniform response from all the

photosensitive elements of the reading device.

2. Device for analysing information carriers according to claim 1, wherein said
compensation means comprises at least one memory for storing correction values for one at
least of said parameters relating to each light source/photosensitive element pair and means

for modifying said at least one parameter as a function of the corresponding correction values

contained in the said memory.

3. Device for anatysing information carriers according to claim 2, wherein the parameter
modification means comprises a multiplier digital/analog converter connected to the output
of each photosensitive element and/or to the output of the source of threshold voltage and/or

to the output of a circuit for monitoring the luminous intensity of each of the light sources.

4. Device for analysing information carriers according to claim 3, wherein #e

digital/analog converter is of a linear type.

5. Device for analysing information carriers according to claim 3. wherein the

- digital/analog converter is of a nonlinear type.
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6. Device for analysing information carriers according to claim 5, wherein the nonlinear
multiplier digital/analog converter comprises an input resistor (R) connected between the
input and the output of the conwverter and resistors (R1, R2, R3, R4, RS, R6) connected in
parallel to the output of the converter with interposition of a respective controlled switch in

series with each of the parallel resistors, the control port of each switch being linked to a

corresponding data output of the memory.

7. Device fer analysing information carriers according to ¢laim 6, wherein the values of

the parallel resistors of the digital/analog converter are related to the value of the input

resistor (R) through the relations:

Rl =R72
R2 =R
R3 =2R
R4 = 4R
R5 = 8R
R6 = 16R

and wherein the output signal Vout from the converter is related to its input signal Vin

through the relation:

(B5x2+B4+B3/2+B2/4+B1/8+B0/16)

Vout = Vin x

+R

(B5x2+B4+B3/2+B2/4+B1/8+B0/16)

withB =0or1
Bi = index of the output bit.

8. Device for analysing informaton carriers according to any one of claims 2 to 7,

30 characterized in that it furthermore includes a counter controlled by a clock in order to
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provide for the addressing of the memory with a view to the application by the latter of the

correction data corresponding to the successive light source/photosensitive element pairs of

the image detector.

509 Device for analysing information carriers substantially as hereinbefore described with

reference to the accompanying drawings.

Dated this 15th day of Qctober 1997

o 10
INTERNATIONALE DES JEUX
e By its Patent Attorneys

DAVIES COLLISON CAVE
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Device for analysing information carriers

provided with means of compensation

of its output signals

ABSTRACT

Device for analysing information carriers com-
prising an image detector (1) including, in a housing, a
series of light sources with each of which is associated
a photosensitive element (16), the light sources and the | ,'fk
photosensitive elements (16) being arranged in two rows ‘v;
along the length of the image detector, the device g;ﬁ
furthermore comprising a threshold volctage source (6) and '
means (5) for comparing the output signals firom each of _ * ¥*
the photogensitive elements (16) with the threshold -
voltage (Vs) of the said source, characterized in that it
moreover includes compensation means (20, 21, 22, 23, 24, = %%
25) for varying at least one of the parameters comprising )
the output voltage of each photosensitive element (16), _ ,
the threshold voltage (Vs) and the intensity of the ligbt '!éfﬁ
signal emitted by the associated socurce (10) in order to o
obtain a uniform response from all the photosensitive

elements of the reading device.

Fig. 2
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