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21 Clains. (C. 340-146.3) 
Matter enclosed in heavy brackets appears in the original patent but forms no part of this reissue specisi 

cation; matter printed in italics indicates the additions 
made by reissue. 
This invention relates to a system for analysing the 

spatial distribution of a variable quantity or function 
and for effecting a selective response to characteristic 
patterns in such distributions. 

In one aspect the invention consists in a system for 
analysing a single or multi-dimensional distribution of 
a variable quantity or function (for example temperature, 
pressure, voltage, current, field strength, etc.) in which 
signals are derived in such a manner that the largest 
signals are obtained from those parts of the distribution 
where the function changes in magnitude or spatial con 
figuration while only small or zero signals are obtained 
from regions over which the function is relatively con 
Start. For this purpose there may be provided apparatus in 
cluding means for obtaining signals from sample points 
in the space occupied by the function and means for 
modifying the magnitude of each signal in accordance 
with the magnitude of signals obtained from selected 
adjacent points in the space. 
The signals may be obtained from a plurality of spa 

tially distributed transducers and the output signal from 
each transducer may be applied with or without modifica 
tion to control the amplitude of the output signals from 
a selected number of the transducers in the vicinity. 
The invention further provides a system for the auto 

matic recognition of characteristic patterns in a single 
or multi-dimensional distribution of a variable quantity 
or function in which signals representative of the magni 
tude of the quantity or function, obtained from points 
in the distribution, are used to activate memory or stor 
age units in such manner that selective responses are ob 
tained for desired characteristic patterns in the distribu 
tion of the quantity or function. 

If desired the signals may first be modified in such 
manner that the largest signals are obtained from those 
points in the distribution where the quantity or function 
changes in magnitude or in spatial configuration while 
only smail or zero signals are obtained from those points 
in the distribution where the quantity or function is rela 
tively constant. 
Some forms of system in accordance with this inven 

tion will now be described with reference to the accom 
panying drawing, in which: 
FIGURE 1 is an explanatory diagram, 
FIGURE 2 is a diagrammatic representation of part 

of a system in accordance with the invention, 
FIGURE 3 is a block diagram of a complete system 

in accordance with the invention, 
FIGURE 4 shows diagrammatically the units 1A and 

1B of the system of FIGURE 3. 
FIGURE 5 shows a resistance network forming part 

of the unit 1A and the unit 1B, 
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2 
FIGURE 6 shows diagrammatically the units 2A, 2B 

and 3B of the system of FIGURE 3, 
FIGURES 7, 8 and 9 show wiring diagrams of ampli 

fiers used in the system of FIGURE 3, 
FIGURE 10 shows an alternative to the unit 2B of 

FIGURE 3, 
FIGURES 11, 12 and 13 show by way of example the 

application of the system of this invention to the recogni 
tion of specific variables, 
FIGURE 14 illustrates diagrammatically a modification 

of the System in which a two-dimensional distribution 
is reduced to a one-dimensional distribution prior to anal 
ysis, and 
FIGURE 15 illustrates a further modification of the 

System. 
In carrying out the invention, signals are first obtained 

from Sample points in the space occupied by the function. 
For this purpose a suitable set of transducers may be 
employed, or alternatively a single transducer in the form 
of a continuous medium such as magnetic material or a 
photo-Sensitive layer may be used. By operating on the 
signals and causing them to interact, a set of modified or 
Weighted output signals possessing the desired properties 
may be obtained. To illustrate the method it will be 
asstlined that the function exists in two dimensions and 
describes the light intensity over a surface illuminated 
only by a white square of unit intensity, the rest of the 
Surface being black, that is to say of zero intensity. 

For the sake of example it will be assumed that the 
Surface area is quantized into small squares and that 
the white square measures 21 x 21, so covering 441 small 
Squares. A suitable set of transducers, one for each small 
Square, are arranged each to produce a signal which is 
a function of the average light intensity on its associated 
small square, the signal output for one line of trans 
ducers across the square being as shown in FIGURE 1 a. 
As shown in FIGURE 2, the signal from each trans 

ducer T is passed into an adding device A, there being 
one such adder for each signal. It should be noted that 
Subtraction may be obtained by adding a negative quan 
tity. Each adder has multiple inputs in general, the sig 
nal being one of them. The outputs from the adders 
are passing to transfer units G which give multiple out 
puts. One of the outputs is the required signal S and 
the remaining outputs are passed through different trans 
fer units I each to one of the adder units A, four of such 
connections being shown in FIGURE2. The term trans 
fer unit is used to cover attenuators, amplifiers, modula 
tors, cathode ray tube assemblies, and any other trans 
ducers or networks that can be made to simulate the re 
quired signal characteristics. By suitably connecting the 
output signals from the transfer units G through the 
transfer units I with the adder units A, and by an appro 
priate choice of transfer units it is possible to obtain 
output signals from the edges or corners or other specific 
features of any distribution. Thus, in the example, the 
largest signals from the transducers are obtained from 
the corners of the white square, intermediate amplitude 
signals from the edges, and small signals from the centre 
as shown in FIGURES 1b, 1c and 1d, in which FIGURE 
1b shows the final outputs from a row of transducers 
at the edge of the square, FIGURE 1c shows that from 
a row of transducers across the centre of the square, and 
1d shows that from a diagonal row of transducers. 
The degree of contrast can be varied and if necessary 

all the signals except those from the corners can be 
reduced to zero. If it is known that the intensity distribu 
tion is one of a finite set, then the relative positions of 
the discontinuities may be quite sufficient information 
to operate an automatic recognition device. Thus by the 
use of this method the information handing capacity of 
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the recognition device may be considerably reduced and 
the confusion which might arise due to overloading with 
unnecessary information avoided. It is clear for example 
that in order to distinguish between a square, a triangle, 
and a hexagon, only the number of corners need be 
counted. If, however, more detailed information is 
required, the necessary equipment is used more efficiently 
by reducing the original distribution to a "line diagram' 
form. A filled in circle for example does not have any 
corners but with the same connectivity as that used in the 
white square example gives larger signals round the pe 
riphery. When the original distribution is made up of a 
number of isolated points, the final distribution is of the 
same form. 
The general principle employed in bringing about the 

desired modification of the original signal distribution can 
be described by mathematical equations. Thus the equa 
tions describing the continuous distribution of signals are 
of the form 

S=G(S-- ISds) (1) 
and may be simulated by any continuous medium in 
which the two variables S and So satisfy this relationship 
for the required distribution of the G and I functions. If 
he original signals S are only available at a set of dis 
crete points such as the output terminals of a set of photo 
electric cells or other transducers, the integral Equation 
1 can be replaced by a set of equations of the form 

Son= Gn(Sn-- I.S.) (2) 
These equations must be satisfied simultaneously by S. 
for all values of “n” and could equally well be expressed 
by a matrix. The solution would then be given by the 
inverse of a matrix or the ratio of two determinants. The 
function P defines the connectivity of the transfer units I, 
The results shown in FIGURE 1 were obtained by making 
all the transfer units I operate as phase inverters and as 
attenuators giving an output equal to -25 of the input, 
and the P function such that each adder unit receives in 
puts, by way of transfer units, from all outputs that are 
obtained from squares having more than half their area 
within the circle of radius two square sides, centred on 
the square connected to the particular adder unit under 
consideration. This same condition applies to all adder 
units irrespective of position. The value of "G" was 
unity for all values of “n” and a greater contrast could 
have been achieved by making the “G” transfer functions 
non-linear so that only positive outputs could occur. En 
most applications it will be preferable to restrict the out 
puts to one sign, although this increases the difficulties of 
analysing the response mathematically. 
The transfer units I provide a useful method of regulat 

ng the properties of the system. When the gain of these 
units is small, the output distribution is practically the 
ame as that at the input. When the gain is large and 
lositive, the discrimination of the system is poor but the 
ensitivity is high and if the gain is too high the system 
ecomes unstable. The selective effect that is useful in 
btaining signals from discontinuities occurs when the 
ain of each unit is negative and has a magnitude that 
epends on the P function. In certain applications it 
hay be advantageous to vary the I, G and P functions 
hanually or to arrange for the signals to vary them as 
y a form of automatic gain control. Any possible P 
Inction can be simulated by inserting all the transfer 
hits I initially and then causing the attenuation of any 
articular unit to become infinite if it is no longer re 
aired in the system. By letting k and n in Equation 2 
ke all values from 1 to N where N is the total number 
sample points, it can be seen that a total of NPI units 

ill satisfy any possible arrangement of connectivity in 
system of this type. In most applications the I func 
ons will be negative quantities and the G functions 
isitive quantities when the input to the G unit is posi 
re, and zero when the input is negative. All the I and 
transfer units may be identical and there may be suffi 
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4. 
cient I units to connect each of the G unit outputs to 
each of the adder units by way of an I unit. If the input 
signals to such a system have an amplitude distribution 
it can be shown that under suitable conditions there is a 
tendency for the differences in annplitude to be exagger 
ated and in the limit the system parameters can be ad 
justed so that only the largest signal produces an output. 
With intermediate settings of the gain of the I and G 
transfer units the second, third, etc. largest signal will also produce output. 
The system may also include apparatus for effecting a 

selective response to characteristic patterns in a distribu 
tion of the variable quantity or function. In some cases 
this apparatus will be arranged substantially in the same 
manner as that described with reference to FIGURE 2. 
The adder units A, however, will in general have multiple 
signal inputs in addition to the signals coming from the 
transfer units I. To illustrate the functioning of this part 
of the system it will be assumed that it is supplied with 
inputs from two separate sets of signals, set 1 and set 2. 
The first set can be regarded as the output signals from 
the first part of the system which may be as described 
above and the second set as code signals representing cer 
tain desired patterns in the single or multiple distributions 
in the first set. 
As an example of the possible applications of this in 

vention it will be assumed that a system is required that 
will automatically recognise objects of a certain type ir 
respective of their precise shape, size, or angle of pres 
entation. Particular examples are the silhouettes of air 
craft or letters of the alphabet. It will be assumed that 
the silhouettes have at most N regions of discontinuity or 
that N or less sample points on the outline are sufficient 
to distinguish between members of the set of shapes under 
consideration. The signals of set 1 represent the outline 
or discontinuities and the code signlas of set 2, say M in 
number, can represent types of aircraft or letters of the 
alphabet. Since the system is assumed to be of the dis 
crete sampling type it will have a limiting resolution and 
the shapes must be enlarged if necessary until the mini 
mum distance between discontinuities is greater than, 
say, D. 

Sets of signals from the output of the first part of the 
system described above are grouped together in such a 
way that the sets contain N or less signals selected from 
points separated by a distance greater than or equal to 
D. All such sets are obtained and each set is supplied 
to Madder units together with one of the code signals or 
set 2 at a suitable amplitude. The system may now be 
set up by projecting an image of each shape in all its 
possible positions on to the system of transducers in the 
first part of the system while simultaneously supplying the 
appropriate code signal at the set 2 inputs in the second 
part of the system. The combined effects of the two sets 
of signals will produce changes in the I or G transfer 
units or in the adder unit A, the magnitude of such 
changes depending mainly on the time of presentation of 
either or both of the signals and/or the number of such 
presentations, and possibly also on the magnitude of the 
signals. Each pair of inputs will need to be maintained 
for such a time that the change produced in the I or 
G transfer units or in the A units is significantly greater 
than any random chages that may be present. When this 
coding process is completed the projection of an aircraft 
or letter on the transducers will produce a specific signal 
distribution at the output and the maxima of this distribu 
tion will indicate the code signal representing the object. 
Thus, instead of designing the system to recognise a par 
ticular set of objects, it is designed on general principles 
and adapted to any specific function by supplying the ap 
propriate information to the inputs. 

If, for example, speech is first analysed into its fre 
quency components and these are displayed in the form 
of a “visible speech' time spectrogram, then the system 
described above can also be used for speech recognition 
by replacing the light intensity signals by Sound intensity 
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signals displayed on a two-dimensional frequency-time 
plane. The number of speech sounds or words that can 
be recognised in a single presentation will depend on 
the number of sample points supplying signals to the 
system and the number of units available for storing in 
formation during the setting up process. This system 
can be set up to recognise a set of sound sequences, such 
as speech sounds, either by setting up the units of the 
memory system on the basis of known statistical infor 
mation or by allowing the units to set themselves auto 
matically as samples of the sounds and their representa 
tive codes are supplied to the system. The sounds may 
be transformed into electrical signals which can then be 
recoded into a suitable form for feeding into the recog 
nition system. Each sound sequence pattern will be 
represented by a code signal at a second set of inputs and 
the interaction of the two sets will cause an association 
to be established so that eventually the sounds alone will 
produce output signals corresponding to the set of code 
signals. For simplicity the output signals could have a 
one to one correspondence with the code signals. In 
general, the information stored represents the average 
signal characteristics of each sound and the recognition 
function is based on the fact that a particular sound 
produces an effect that corresponds more closely to one 
code signal than to any of the others. It is thus pos 
sible for a number of different speakers to say the same 
word in slightly different ways and still produce the cor 
rect output. In a similar way a visual pattern such as a 
letter of the alphabet may vary in style and yet produce 
the correct output because it is more closely associated 
with that cutput than with any other. Thus the output 
code signals from the recognition units will in general 
have different amplitudes and the maximum amplitude 
will indicate the correct output. in some cases the maxi 
mum output signal will not differ significantly from some 
of the others and it is therefore advantageous to amplify 
the amplitude contrast. This can be accomplished by 
passing the outputs from the memory system through a 
set of units similar to those used in the information selec 
tion and memory Systems. 
The connectivity of the amplitude contrast magnifier 

differs from that of the information selective system in 
that each unit has a negative feedback connection to all 
the other units instead of just to nearby units. Some 
simplification can be obtained by connecting all the I 
transfer units with a common busbar. In such case an 
additional unit connecting a single G unit with its as 
sociated A unit may be arranged to provide positive feed 
back. 
A complete system for effecting a selective response to 

characteristic patterns in a distribution of the variable 
quantity or function will now be described with refer 
ence to FiGURES 3-10 of the accompanying drawings, 
FIGURE 3 showing the system as a block diagram while 
FIGURES 4, 5 and 6 show various units of the system, 
FIGURES 7, 8 and 9 show details of the amplifiers used 
in the units, and FIGURE 10 shows an alternative ar 
rangement of one of the units, 

Referring firstly to FIGURE 4A, there is shown an 
array of nine transducers, namely photo-electric cells P1 
P9 on to which an image of a pattern can be projected 
by optical projection means. It will be appreciated that 
in practice a greater number of photo-electric cells may 
be used and the number shown has been selected merely 
to avoid undue complexity in the figures. It will also 
be appreciated that the transducers need not be laid out 
in the checker board pattern shown. They may, for 
example, be laid out in a honeycomb pattern and such 
arrangement has certain advantages. 
FIGURE 4 shows the left-hand row of the array of 

photo-electric cells, namely the cells P1, P4 and P7. 
The output of each cell is applied to the input of its 
respective adder unit Ai-A9 through an input resistor 
Ri. In this case these adder units are amplifiers of the 
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- 6 
kind described below with reference to FIGURE 7 and 
which amplify and produce a phase reversal of an ap 
plied negative signal but give zero output for positive 
signals. The output of each amplifier is applied to re 
spective terminal O in a resistance network RN and nega 
tive feedback signals for each amplifier are obtained from 
this network from respective terminal F. 
A typical resistance network is shown in FIGURE 5. 

Here, the centre of each circle constitutes the terminal O 
and there are nine such terminals corresponding to the 
amplifiers Ai-A9 and the photo-electric cells P1-P9. 
The circle itself represents the terminal F which like 
wise corresponds in number to the amplifiers A1-A9 
and constitutes the feedback terminal for the respective 
amplifier. In the network each terminal O correspond 
ing to one of the photo-electric cells is connected through 
feedback resistors Rf with each adjacent terminal F cor 
responding to photo-electric cells which are adjacent in 
the array to the first cell, that is to say, the terminal 
O5, for example, is connected through feedback resistors 
Rf with all the terminals F1-4 and F6-9. Likewise the 
terminal O4 is connected with the terminals F1, 2, 5, 7, 
8 and if the array of photo-electric cells were extended, 
would be connected with the three terminals F that would 
lie in the vertical row lying to the left-hand side of the 
row 1, 4, 7. It will be understood that these resistances 
correspond to the transfer units I of FIGURE 2. It 
is contemplated that in some circumstances and when 
a larger array of photo-electric cells is used, that each 
terminai O would be connected not only to the next adja 
cent terminal F but also to the next further terminal F 
in each direction, that is to say, for example, the termi 
nal O would be connected not only with the terminal F2 
but also to the terminal F3, and so on, through appro 
priately dimensioned resistance. By this system of in 
terconnection, each amplifier A receives as feedback a 
signal which is influenced by the outputs of the ampli 
fiers' feeding all the neighbouring terminals O and ac 
cordingly the output of an amplifier, the photo-electric 
cell of which is fully illuminated, will be proportion 
ally greater than the output of the amplifier the photo 
electric cell of which is only partly illuminated. 
The output terminals of each amplifier in the unit 1A 

(FIGURE 4) are also connected with the input termi 
nals of a similar series of amplifiers Bi-9 in the unit 
1B. These amplifiers, which may be of the kind de 
scribed below with reference to FIGURE 8, amplify and 
produce a phase reversal of positive inputs but give a 
Zero output for negative inputs. Their outputs are ap 
plied to the terminals O1-9 of a second resistance net 
Work RN which may be exactly the same as that shown 
in FIGURE 5, and similarly each amplifier is provided 
with negative feedback from the terminals F1-9 of that 
network. 
The combined effect of the units A and B and the two 

resistance networks RN results in outputs being obtained 
at the output terminals O of those amplifiers B which 
correspond to a photo-electric cell on which a corner of 
the image is projected, whereas a smaller or zero output 
will be obtained from the other amplifiers B. 

It will be appreciated that in some cases it may be suf 
ficient to use a single unit, for example the unit 1A only. 
In other cases where greater contrast is required, one or 
more additional units may be provided as required. 
A selective response to characteristic patterns is effected 

by units 2A, 2B and 38 which are shown together in 
FEGURE 6. In the unit 2A is a series of busbars 1-9 
corresponding to and connected with the terminals C1-9 of 
the resistance network RN of the unit 1B, and these 
busbars are connected together in this particular example 
in groups of three through adding resistor networks RA 
which add the voltage on each group of three busbars 
and supply a voltage proportional to the sum to the input 
of respective amplifiers C. As shown, the grouping is 
effected by connecting together three busbars corre 
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sponding to those terminals O in the resistance network 
of FIGURE 5 which are not immediately adjacent one 
another, there being eight such groups in the example 
illustrated. As will be seen the busbars, , 3, 7 or 1, 3, 9 
are connected together but the busbars 1, 3, 6 or 1, 3, 
5, are not so connected since the terminals O3, O6 or O3, 
O5 are considered as being immediately adjacent. 
The output of each amplifier C in the unit 2A is in 

part applied to an associated rectifier R and the com 
bined outputs of the eight rectifiers is applied over the 
additional busbar 10 as negative feedback to all the 
amplifiers C through the resistors RF, the effect being 
that only those amplifiers having the larger inputs pro 
duce appreciable output. 
The amplifier C in the unit 2A which gives the maxi 

mum output is accordingly that one which is connected 
with those terminals O in the resistance network RN 
which correspond with the photo-electric cells on which 
the corners of a projected pattern lie. Thus, for exam 
ple, if the letter T is projected with the inversion thereof 
being the pattern received by photocells P1-9 (see FEG 
URE 4A), the terminals O2, 7 and 9 will show a maxi 
mum output and since these terminals are connected 
through the busbars 2, 7 and 9 to the resistor adding net 
work supplying the input of the amplifier C3, this amplifier 
will produce a greater output than any other amplifier in 
this unit. If the letter T is inverted so that the photocells 
receive its projection right side up, the maximum output 
will then be from the amplifier C8 since the corners of the 
projected T will now lie on the photo cells corresponding 
with the terminais O1, 3 and 8. Thus, depending on the 
aspect of the projected T different amplifiers will show 
maximum output. It should be emphasized that for any 
given shape the same amplifier gives the maximum output 
irrespective of the intensity of the shape although the 
absolute amplitude of the output will in general be 
proportional to the intensity. In practice a photo-electric 
cell array using more than nine cells will probably be 
used and the number of C amplifiers may be large. It is 
accordingly convenient to arrange that a characteristic pat 
tern, which may produce maximum output from many of 
the C amplifiers, is automatically recognized. For this 
purpose a further unit 2B, which functions as a memory 
unit, is provided. 

In the form of this unit shown in FIGURE 6, the unit 
is arranged for simplicity to recognise one or other of two 
alternative patterns such, for example as a T and an L. 
Each output terminal of the amplifiers Ci-8 in the unit 
2A is connected to the input terminals of two alternative 
amplifiers D1 and D2. Thus when the T is projected on 
to the matrix of photo cells the third pair of amplifiers 
D1 and D2 receive the largest inputs. When the L is 
projected the amplifier C2 gives the largest output and 
the second pair of amplifiers D1, D2 receive the largest 
inputs. The conditions hold if the letters suffer consider 
able distortion in shape and intensity of illumination. 
The output of all the amplifiers D5 is connected to an 
output terminal T and the output of all the amplifiers D2 
is connected to an output terminal L. Each of the D 
amplifiers may be of the kind described below with refer 
ence to FIGURE 9 and is arranged in such a manner that 
it has a gain for positive inputs which is directly propor 
tional to the time integral of the input voltage. The 
anode of a rectifier S is connected with the input terminal 
of each amplifier while the cathodes of all the rectifiers 
associated with the amplifiers D1 are connected in com 
mon through a switch T to earth, and the cathodes of all 
the rectifiers associated with the inputs to the amplifier 
C2 are connected in common through a switch L with 
earth. 

In setting up the system to recognise the pattern T, the 
switch T is opened so that the inputs to all the amplifiers 
D1 are not short-circuited by the rectifiers while the pat 
tern T in all possible shapes and aspects is grojected on to 
the photo cell array. When, for example the T of FIG. 
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4A is projected, amplifier C3 gives the largest output and 
when this is applied to the third D amplifier its gain is 
slowly increased. The gain ideally remains at the new 
value when the input is removed. The amplifiers D1 
will then provide an output voltage to the terminal T 
when they receive an input from the associated C ampli 
fier of the unit 2A and since the outputs will be propor 
tional to the magnitudes of the outputs from the C aim 
plifiers, and also to the time during which these outputs 
have been applied, the amplifiers D1 will become condi 
tioned to amplify input signals derived from all patterns 
which look more like a T than another character such as 
an L, and when such a pattern is projected with both 
switches i and T open the output voltage at the terminal 
T will be largely due to the output of the C3 amplifier 
which provides a substantial output indicating that cor 
ners of the projected pattern lie on the photo cells 2, 7 
and 9 corresponding to the O terminals which are con 
nected with that amplifier. The output of the C3 ann 
plifier is amplified by the third Df amplifier, the gain of 
which was increased by opening switch T alone when the 
T was projected. The gain of the third D2 amplifier is 
zero and there is no output at the L terminal when the T 
is projected. The unit 2B is thus conditioned for Select 
ing the T pattern. 

In a like manner the unit may be conditioned for select 
ing the L pattern by opening the switch L so as to bring 
the amplifiers D2 into operation providing output voltages 
to the terminal L. 

It will be apparent that a separate switch, amplifier 
and output terminal will have to be provided for each 
characteristic pattern which it is desired to be able auto 
matically to recognise but only two sets are illustrated 
in the unit 28 for the sake of simplicity. After the set 
ting up is completed, the switches T and L. may be left 
open and output voltage will be obtained at the T or L 
terminal according as to whether a pattern which is more 
like a T or more like an L is projected on to the photo 
cell array. 

If output voltage is present at both terminals for a 
given pattern projected on to the array there may be 
some uncertainty as to whether it is a T or pattern 
which is being projected. In order to provide a clear 
indication, an additional unit 3B is provided which in 
cludes amplifiers E connected with the output terminals 
T and L and a common negative feedback system which 
operates as a contrast magnifier to reduce the output of 
all the amplifiers E to a low value with the exception of 
that one which has the highest input. The outputs of 
these E amplifiers which are essentially of the kind de 
scribed with reference to FIGURE 8, may be applied to 
operate an indicator such as a lamp or to a relay. 

Since after the amplifiers D1 and D2 have been set up 
for the recognition of the particular pattern they will 
have definite values of gain, which however may be less 
than unity but always positive or zero, and may be rep 
resented by a definite value of attenuation, it is conven 
ient to replace the unit 2B by a unit 2C such as is shown 
in FIGURE 10 in which each amplifier D1 or D2 of the 
unit 2B is replaced by a potential divider PD or even 
by a network of fixed resistors which is set up to give a 
desired value of attenuation in each channel in the unit. 
The unit 2B is, however, useful in setting up a system 

for a particular problem in recognition since it would be 
an exceedingly difficult matter to establish by calculation 
the gain which is required by the various amplifiers D in 
the unit 2B or equivalently the required attenuation in the 
unit 2C. However, once the gains of the amplifiers E) 
have been established these values can be measured and 
a unit 2C can be very quickly constructed for the particu 
lar problem concerned. m 
FIGURE 7 shows one form of the amplifier A or C 

as used in the units A and 2A. This amplifier consists 
of two directly coupled stages in which the input is applied 
to the grid of the valve VA and the output is taken from 
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the cathode of the valve V2. A diode D is connected 
with its anode to the grid of the valve V1 and with its 
cathode to earth. The amplifier thus amplifies and 
reverses in phase applied negative signals while the diode 
short-circuits applied positive signals, thus producing a 
zero output from the amplifier if positive signals are 
applied. 
FIGURE 8 shows one form of the amplifier B or E 

such as is used in the units 1B and 3B. This amplifier 
corresponds to that shown in FIGURE 7 with the excep 
tion that the connections of the diode D are reversed so 
that this diode operates to short-circuit applied negative 
signals. 
FIGURE 9 shows one form of the amplifier D which 

is used in the unit 2B. The valves V1 and V2 form 
together a pulse generator producing at the anode of the 
valve V2 output pulses having a frequency proportional 
to the magnitude of the applied positive input. The 
diode D1 operates in known manner as a D.C. restorer 
and the positive-going pulses are clipped by diode D2 and 
applied through a smoothing circuit to the valve V3 
from which the output signals are obtained from the 
cathode. The bias on the diode D2 is controlled through 
the valve V4 by the voltage on the low leakage memory 
capacitor C which is charged by current flowing through 
the diode D3 whenever impulses appear at the anode of 
valve V2. The valve V4 operates as a cathode follower 
and the cathode of the diode D2 is connected as shown 
to a tapping on a resistor in the cathode circuit of the 
valve V4. Accordingly, as the positive output pulses 
from the valve V2 increase the positive charge on C, 
the grid of the valve V4 will go more positive and ow 
ing to increase in anode current in this valve the cathode 
of the diode D2 will go more positive, thus increasing the 
value of positive potential at which the output pulses are 
clipped. The time constant of the capacitor circuit may 
be made as long as an hour but in many applications a 
more permanent memory will be required. Two pos 
sibilities are envisaged, the capacitor C may be replaced 
by a potentiometer the shaft of which is rotated through 
suitable gearing by an electric motor controlled by the 
signals at the anode of valve V2 so that the revolutions 
of the motor are proportional to the integral of the signal 
applied to the grid of valve V1. Since, however, the set 
ting up procedure may in most cases be completed it 
will be possible to measure the amplifier gains after set 
ting up has been completed and then to replace the vari 
able gain amplifier by a fixed resistor network. 
The signals produced when a T shape is recognised 

by the apparatus will now be traced throughout the entire 
system. Referring to FIGURE 3 and following the 
signals through the units from left to right, the first 
unit P is the transducer matrix for example of photo 
cells shown in FIGURE 4, or one of the alternative de 
vices for obtaining signals from an intensity distribu 
tion. The T shape will be assumed to be brighter than 
the background and since the photo cells integrate the 
light they receive, photo cells P2, P5, P7, P8 and P9 
will clearly be seen from FIGURE 4A to receive larger 
inputs than photo cells P1, P3, P4 and P6, which only 
receive the background illumination. This is true for 
a T of any intensity greater than the background in 
tensity and for any background intensity. The outputs 
of the nine photo cells, which will be assumed to be 
negative voltages, are supplied to unit 1A shown in 
FIGURE 4. 
Assuming for simplicity that the outputs of the photo 

cells P2, P5, P7, P8 and P9 are 10 volts negative and 
the outputs of the photo cells P1, P3, P4 and P6 are 
zero volts, it will be seen that amplifier A1 receives a 
zero voltage through its input resistor Ri (FIG. 4) and 
postive voltage (values determined below) through feed 
back resistors Rf (FIG. 5) of the associated resistance 
network RN from output terminals O numbered 2, 5 
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or Zero output voltages. 

and 4, i.e. the nearest output terminals. The posi 
tive or zero output voltages of unit 1A at terminals 
O1, O2 . . . O9 will be denoted by the same refer 
ences and it can be shown by well known methods that 
the resultant input voltage to amplifier A1 is, where 
A1 equal the initial input voltage to amplifier A1 (i.e., 
the output from photocell P1). 

Rf Ri 
) Risit RisRi(O2+O4+05) 

Since the output voltages O2 and O5 of amplifiers A2 
and A5 are positive and A1 along with O4 are Zero, 
the resultant input to amplifier A1 can only be posi 
tive under the assumed circumstances. Further, since 
amplifier A1 (as well as each of the other A amplifiers) 
is not allowed to operate on positive input voltages 
(because each contains a diode which grounds such 
voltages; see D in FIG. 7), the output voltage O1 must 
be zero. 

If Rf=8Ri and the gain of amplifiers A1 to A9 is 
-2, we find that the expressions for the other output 
voltages are: 

Solving these equations for the non-zero output volt 
ages from the A amplifiers, the following is obtained: 

O2=--9.3 volts 
O5---5.7 volts 
O7= --8.4 volts 
O8---7.2 volts 
O9= --8.4 volts 

and O-O3=O4=O6-0 volts. 
These are the inputs to unit 1B which functions in 

exactly the same way as unit A except that it is designed 
to accept positive input voltages and to deliver negative 

The output voltages of unit 1B 
that are not zero are found to be: 

(Alo 

O2s-9.0 volts 
O5=-2.0 volts 
O7--8.0 volts 
O3=-4.7 volts 
O9--8.0 volts 

and Cisne O3-O4= O6-0 volts. 
It will be seen that the outputs of unit 1A thus form 

a new voltage distribution in which the ends of the T 
are accentuated (A output voltages O2, O7, O9 are 
the highest), and this effect is further enhanced by unit 
1B with the result that the negative output voltages 
appearing at terminals O2, O7 and O9 of unit 1B are 
much larger than the voltages at the other terminals, 
although their absolute values still depend linearly on 
the intensity of the T shape and the background. 
The negative output voltages of unit 1B supply the 

busbars labelied 1 to 9 of unit 2A (FIG. 6). This unit 
contains eight sets of resistor adding networks RA that 
form the sums of sets of the negative busbar voltages 
and a positive feedback voltage on the additional bus 
bar 10 connected to the cathodes of all the rectifiers R 
in FIGURE 6. Because busbars 2, 7 and 9 carry the 
largest voltages, it is clear that amplifier C3 will have 
the largest input and hence the largest output. The 
common feedback is all produced by this amplifier 
through its rectifier which is the only one conducting 
and cancels out the inputs to the resistor adding net 
works of the other C amplifiers, leaving the positive 
output voltage of amplifier C3 the only non-zero out 
put. (In some cases the cancellation may only be par 
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tial and when this occurs some of the other C amplifiers 
will give small outputs.) 

If the three resistors RA and the resistor RF con 
nected to the input terminal of each amplifier C1 to C8 
are equal, it can be shown by well-known circuit analysis 
that the input to amplifier C1 is 

where Vk is the magnitude of the positive voltage on 
the common cathode busbar 10 of the rectifiers R in 
FIG. 6. If the gain of each C amplifier is -40 then 
the output of C1 is 

It will be noted that Vk must be equal in magnitude 
to the cathode voltage of the rectifier R that is con 
ducting, i.e. the rectifier with the most positive anode 
voltage. It will be clear that the C amplifier giving 
the largest positive output will be the one that receives 
the largest negative input contribution from the nine bus 
bars. The inputs to the amplifiers taken in order are as 
follows: 

Input to C1 = 4 (-8.0-8.0--Vk) 
Input to C2 = 4 (-8.0-Vk) 
Input to C3=14 (-9.0-8.0-9.0--Vk) 
Input to C4=4 (-8.0--Vk) 
Input to C5=14 (-8.0-8.0--Vk) 
Input to C6=14 (-8.0--Vk) 
Input to C7-4 (-8.0--Vk) 
Input to C8=4 (-4.7--Vk) 

Amplifier C3 will be seen to receive the largest nega 
tive signal and this is the amplifier that determines Vk. 
Since the resultant Vk is approximately the output of 
amplifier C3 initially, it may be derived as follows: 

vk- = --23.6 volts 
When this value is substituted into the input voltage 

equations, we find that all the amplifiers except C3 would 
then receive positive input voltages; but because each C 
amplifier is like that shown in FIG. 7 and includes diode 
D grounding out positive input voltages, it follows that 
each of the amplifiers except C3 gives a Zero output 
voltage. The resultant output of amplifier C3, when its 
gain is -40, is then approximately: 

-10(-26--23.6)=24 volts 
The positive output of 24 volts from amplifier C3 may 

be supplied either to unit 2B (FIG. 6) or to unit 2C 
(FIG. 10). Consider firstly the unit 2B. 
The 24 volts is supplied to the input resistors of the 

third set of amplifiers D1 and D2 in units 2B. The circuit 
of these D amplifiers is shown in FIG. 9. If the Switches 
L and T are closed, the diodes S hold the input terminals 
of the amplifiers D at earth or zero potential. The switch 
labelled T is now opened and the clamping effect of the 
left-hand diode S of the third-pair is thereby removed. 
The cathodes of the remaining seven left-hand diodes are 
also released, but because the voltages Supplied to the 
input resistors of the other D1 amplifiers are zero, there 
is still no input to these amplifiers. 
The effect of the 24 volts on the third D1 amplifier 

is two-fold: it causes D1 to provide an output signal 
which is proportional in amplitude both to the time the 
input signal exists and to the amplitude of that signal; 
i.e., the input signal causes from D1 an output signal pro 
portional to the voltage time integral of the input signal. 
Valves V1 and V2 in FIG. 9 are driven to generate out 
put pulses at a rate proportional to the voltage supplied, 
for example 240 pulses per second in response to 24 volts, 
i.e., 10 pulses per second per volt input. 
pulses begin to charge the capacitor C through the diode 
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D3 so that the voltage on capacitor C is at least approxi 
mately proportional to the number of pulses supplied; 
i.e., the voltage on C after 100 pulses is about 10 volts, 
and after 240 pulses approximately 24 volts. Thus if 
the switch T is opened for one second when the T shape 
is present on the photocell mosaic P, the capacitor C of 
the third D1 amplifier becomes charged to 24 volts. This 
voltage limits the size of the pulses reaching V3 because 
it controls the amplitude at which those pulses are clipped 
by diode D2 by biasing that diode at its cathode via V4. 
The capacitor at the grid of V3 smooths the amplitude 
limited pulses. When the circuit values are chosen so 
that the smoothed output for a pulse frequency of 300 
per second and a pulse height of 10 volts is approximately 
10 volts, it follows that the smoothed output voltage for 
a pulse frequency of 240 per second and a pulse height 
of 24 volts is 19.2 volts. This is the voltage supplied by 
the third D1 amplifier through the output resistor con 
nected to the lower busbar T in FIG. 6. The voltage 
supplied to the remaining seven output resistors is zero 
since no pulses are generated by the zero input to the 
other D1 amplifiers. 
The unit 3B (FIG. 6) is supplied by the L and T bus 

bai's. The L busbar gives no voltage since the L key 
switch is not open. The T busbar can be shown by cir 
cuit theory to produce an input component to the ampli 
fier E2 given approximately by A6X 19.2 volts, all the 
resistors being equal. This input component is reduced 
by negative feedback from the output of amplifier E2 
through the diode connected to this output. If the out 
put of amplifier E2 is VT the feedback component is 
approximately 

VT 
2 

The resultant input to amplifier E2 is thus 
19.2 WT 
16 it 2 

and if the gain of amplifier E2 is -16 the output is 
-1 (19.2. VT VT- 16(P. + ) 

and hence 

19.2 
WT- ---- -2.1 volts approx. 

The output of amplifier E1 is zero and the presence of 
the non-zero negative output of 2.1 volts at the output 
of amplifier E2 indicates the presence of the T shape. If 
both switchs L and T are left open, amplifier E2 gives 
a negative output voltage whenever the T is presented 
but not when an L is presented. This output voltage 
may be used to close a relay. 

It will be noted that the third amplifier D1 of unit 2B 
has a gain of 

9.2 go=0.8 
after this setting-up procedure, and that it can be re 
placed by the corresponding potential divider PD of unit 
2C (FIG. 10). This potential divider is arranged to 
give an output that is 0.8 times the input and may con 
sist of fixed resistors if the application is fixed. The re 
maining potential dividers give infinite attenuation or 
Zero output until they are set up according to the gain of 
the corresponding D amplifier for the recognition of 
other patterns etc. 

it will be appreciated that the change of gain of the 
D amplifiers that is produced by presenting shapes and 
pressing key switches to indicate their classification can 
only last for as long as the capacitor C of the D ampli 
fiers will hold its charge. Although this may be approxi. 
mately up to an hoir perhaps, it is essential to replace 
these D amplifiers by the resistor attenuators of unit 2C 
if the apparatus is to function indefinitely. 
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As indicated in FIGURE 10, the outputs from the po 
tential dividers PD of unit 2C are applied to busbars L 
and T and thence to unit 3B which operate exactly as de 
scribed above with reference to FIGURE 6. 

It will be noted that the outputs from the unit 3B 
(whether the unit 2B or the unit 2C is used) will indicate 
the nature of the pattern presented to the photocell mo 
saic, unit P, while the magnitude of the output will de 
pend on the intensity of the pattern in relation to its 
background. Thus it is possible for the apparatus to 
recognize a shape that is only just bright enough to over 
come the noise of the system, the single non-zero output 
voltage indicating the type of shape being presented. If 
the outputs of unit 3B are connected to relays that op 
erate at a certain threshold voltage, the closing of, for 
example, the relay connected to the output of amplifier 
E2 indicates that a T of intensity greater than a corre 
sponding threshold intensity is being presented. It will 
be noted that the non-zero output voltage indicating the 
presence of the T appears immediately the T is presented 
and remains approximately constant as long as the T is 
present in any position on the mosaic, assuming the mo 
saic to be large enough. There is no delay due to any 
scanning or computation process. The correct indication 
is obtained for any intensity of T and background that 
does not overload the apparatus or get lost in the noise 
and also for any different style of T that produces a 
larger voltage at the T busbar than at the busbar in 
FIGURE 6. 
FIGURE 11 illustrates a system of the kind described 

which is set up for use in reading printed matter. In 
this arrangement an optical system O is arranged to pro 
ject printed matter letter by letter on to the photo cell 
array P and by means of the units 1A, 1B, 2A, 2C and 
3B relays may be operated which select the recorded 
sounds of the individual letters as they are recognised 
and these sounds are reproduced by a loud speaker L. 
which in effect act to spell out words as they are pro 
jected letter by letter on to the photo cell array. In this 
example, and since the number of letters to be recog 
nised are known, the unit 2C will be used in preference 
to the unit 2B although this latter unit will, of course, 
be used in the initial setting up of the system. 
The application of the system for the recognition of 

aircraft is illustrated in FIGURE 12. In this case it is 
assumed that a silhouette of the aircraft to be recog 
nised will be presented on the screen of a cathode ray 
tube CT and in such case the tube may be provided 
with a mosaic of collecting electrodes E arranged ad 
jacent the screen, each electrode being connected through 
resistance with the cathode of the tube. Such electrodes 
will become charged when the beam impinges on them 
according to the pattern of light and shade being created 
on the screen and the voltages on these electrodes can be 
applied after smoothing directly to the amplifiers A of 
the unit 1A. Alternatively, it would of course be pos 
sible to project a silhouette of the aircraft on to an ar 
ray of photo-electric cells in the manner shown in FIG 
URE 4. In either case the system would include the 
units B, 2A, 2B (or 2C) and 3B arranged as previously 
described. The illustrated system also shows an alternative aspect 
of the invention inasmuch as the system can be taught 
to recognise one or more groups of patterns and to indi 
cate to which group a particular pattern belongs. In 
the present case the system is arranged to indicate 
whether the outline of an aircraft is that of a friendly of 
an enemy aircraft, and since there are in effect only two 
alternative sets to be recognised, the unit 2B may be ar 
ranged exactly as shown in FIGURE 6, except that in 
practice there will be many more than the eight ampli 
fiers C shown. In setting up the system, outlines of the two groups of 
aircraft are presented on the screen of the cathode ray 
tube or equivalently to the photo cell array, the outlines 
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14 
of each individual aircraft being shown in all possible 
aspects, and the gains of the amplifiers D in the unit 2D 
are appropriately adjusted automatically to determine 
whether a given pattern falls into the friendly or enemy 
aircraft group. 

It will be appreciated that if required the system could 
be modified to indicate specific types of aircraft provided 
of course that the necessary modification were made to 
the 2B or 2C units. 
FIGURE 13 illustrates the application of the system 

of the invention to a one-dimensional distribution of vari 
ables which in the example shown may be those of com 
plex waveforms which are associated with speech sounds. 
The speech sounds picked up by a microphone M are 
analysed by applying the waveform to a series of narrow 
band pass filters F which cover the range of audio fre 
quencies concerned, and the voltage output from the fil 
ters which corresponds to the acoustic power in the pass 
band concerned produce typical distribution patterns 
which may be recognised as specific speech sounds wheth 
er spoken, for example, by a male or a female voice. 
The voltage outputs from the filters are applied to the in 
puts of the amplifier A of unit 1A and the system com 
prises also the units 1B, 2A, 2B or 2C, and 3B but in 
this case, as compared with the previously described 
examples, there will be only one row in each of the RN 
networks employed with a corresponding reduction in 
the number of A and B amplifiers required in the 1A 
and 1B units. The 3B unit may be used to operate indi 
cators which identify the various speech sounds or, for 
example, they may be used to effect such control opera 
tions according to the nature of the spoken words or 
phrases. 

In some applications it may be convenient to reduce 
the dimensionality of a spatial distribution of a variable 
quantity before obtaining the signals for feeding into the 
recognition apparatus. An example of how a two 
dimensional light intensity distribution might be reduced 
to a one dimensional amplitude distribution is shown in 
FiGURE 14. The two-dimensional distribution shown 
which might be a printed letter is scanned by a spot of 
light generated by a television type of flying spot scanner 
R. A photo cell P is arranged to collect the reflected 
or transmitted) light so that the output voltage of the 
photo cell at any instant of time is proportional to the 
light reflected from a point of the distribution. This 
voltage is applied in synchronism with the time base of 
the scanner by means of a mechanical or electronic 
switch S to each in turn of a number of resistor-capaci 
tor smoothing circuits RC and the distribution of average 
voltages on the capacitors is the required one-dimensional 
distribution. Even when it is required to preserve the 
two-dimensional array the above method may be used to 
reduce the number of photo cells to one at the expense 
of having to introduce the fly spot scanner, switching and 
smoothing apparatus. 

There may be applications of the invention which re 
quire the highest possible resolution and this is obtained 
by letting N equal the number of sample points or the 
number of busbars in FIGURE 6 and by making D 
(distance between sample points) equal to zero. As 
shown in FIGURE 15, the amplifiers C in unit 2A are 
arranged to have all possible connections through resis 
tors R1 with N or less of the busbars B1 (excluding the 
case of Zero connections) and the number of C ampli 
fiers required, for an array of nine photo cells, is there 
fore 29-1 or 511 as compared with eight in the system 
as illustrated in FIGURE 6. The 1A and 1B units are 
not required in a System of this type since every feature 
of the distribution is taken into account and there is no 
need to derive larger signals from corners or other re 
gions of the distribution at which the magnitude changes. 
An increase in the amplitude contrast between signals 

obtained from different distributions may be obtained by 
letting each C amplifier have a total of inputs equal to 
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the number of sample points (in the example nine) ob 
tained by making connections to a second set of nine 
busbars B2 through diodes D (or non-linear resistors) 
and resistors R2. The connections made by resistors 
alone remain as above but those amplifiers having less 
than nine connections to the first set of busbars B will 
have the total of nine made up by connections through 
the diodes D to the second set of busbars B2. The Sec 
ond set of busbars are connected in order to the first set 
through phase reversing amplifiers AR and the diodes are 
arranged so that they only conduct when the busbar to 
which they are connected carries a signal. In the ar 
rangement illustrated in FIGURE 15 only three of the 
511 C amplifiers are shown with their input connections. 
The arrangement illustrated would be followed by a 2B, 
or 2C, and 3B unit which operate in the manner described 
above. 

It is clearly possible to make many other systems of 
connection through resistors and diodes (or non-linear 
resistors) either with or without the second set of bus 
bars and with or without the 1A and 1B units. The 
choice will depend on the complexity of the distributions 
to be recognised and the accuracy of discrimination re quired. 
The system of this invention may be used for many 

purposes and the system output may be used to control 
various operations of which the following are examples: 
(1) Operate anti-aircraft gun when given types of air 

craft are recognised. 
(2) Operate telephone exchange switchgear in response 
to spoken words. 

(3) Operate typewriter keys in response to spoken words. 
(4) Select particular shapes of objects in automatic sort ing system. 
(5) Produce sounds corresponding to printed symbols 
or letter sequences. 
Some convenient devices for storing the information 

with which to modify the response of the memory units 
are cathode ray tube stores, electrostatic and magnetic 
stores. An economical transfer unit may be constructed 
with a magnetic core having suitable windings for input, 
output and control signals, the gain of the unit being 
varied as in a magnetic amplifier. 

Instead of using a large number of discrete units in 
parallel the signals may be stored on surfaces in cathode 
ray tubes and obtained as required by scanning the surface 
with an electron beam. The signals need not be generated 
by the direct method but may be synthesized by generat 
ing signals to represent the terms of a series expan 
sion, the desired results being obtained approximately by 
adding the signals, representing the first few terms of 
the series. 
What I claim is: 
1. A system for analysing a single or multiple dimen 

sional spatial distribution of a variable quantity including 
means for simultaneously producing signals having a mag 
nitude which is proportional to the magnitude of the 
quantity at each of a plurality of zones in the distribu 
tion and means connected to said means for producing 
signals and operating simultaneously on all said signals 
such that larger signals are obtained from those zones 
in the distribution over which the quantity changes in 
magnitude or in spatial configuration and smaller or zero 
signals are obtained from those zones of the distribution 
over which the magnitude of the quantity is relatively con 
Stant. 

2. A system for analysing the spatial distribution of a 
variable quantity including a plurality of transducers ar 
ranged in an array and simultaneously providing signals 
having a magnitude proportional to the magnitude of the 
quantity at a plurality of zones in the distribution, a plu 
rality of amplifiers each having an input terminal con 
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nal and an output terminal, and a resistance network 
connected with said output terminals and with said feed 
back terminals, said network being arranged to provide, 
as feedback to an amplifier receiving input from a first 
transducer, signals obtained from the outputs of a num 
ber of other amplifiers which receive inputs from trans 
ducers arranged in the vicinity of said first transducer 
in the said array. 

3. A system for the recognition of characteristic pat 
terns in the distribution of a variable quantity including 
means for simultaneously obtaining signals representative 
of the magnitude of the quantity at a plurality of Zones 
in the distribution, means connected to said means for ob 
taining signals for subtracting from each signal signals 
obtained from adjacent zones in the distribution to provide 
output signals only from those zones of the distribution 
where the variable quantity changes significantly in 
magnitude, a plurality of memory units and means con 
nected between said means for subtracting and said mem 
ory units for applying said output signals to activate said 
memory units whereby there is provided a selective re 
sponse to the said characteristic patterns. 

4. A system for the recognition of characteristic pet 
terns in the distribution of a variable quantity including 
a plurality of transducers simultaneously providing sig 
nals having a magnitude proportional to the magnitude 
of the quantity at respective zones in the distribution, a 
plurality of amplifiers, each having an input terminal 
connected with a respective transducer, a feedback termi 
nal and an output terminal, a resistance network connect 
ing all said feedback terminals and said output terminals 
such that the output of one amplifier is applied as feed 
back to the input of adjacent amplifiers, means connected 
to said amplifiers for combining the outputs of all said 
amplifiers in sets of outputs selected from amplifiers the 
respective transducers of which are not mutually adjacent 
one another, a second plurality of amplifiers equal in 
number to the number of sets of outputs, common feed 
back means connecting the outputs of each of said sec 
ond plurality of amplifiers with all the inputs to said 
second amplifiers such that output is obtained from those 
second amplifiers to which the set or sets of outputs hav 
ing a maximum value is applied, at least two further am 
plifiers connected to said second plurality of amplifiers 
receiving inputs from each amplifier of said second plu 
rality of amplifiers and supplying output to respective 
common output terminals representative of characteris 
tic patterns, and means connected to said further ampli 
fiers for feeding a code signal representative of a selected 
characteristic pattern to each of said further amplifiers. 

5. A system for the recognition of characteristic pat 
terns in a spatial distribution of variable quantity 
including means for simultaneously deriving signals from 
selected zones in the distribution, said signals being repre 
sentative of the magnitude of the quantity in such zone, 
means connected to said means for deriving signals for 
simultaneously combining said signals in sets representing 
all possible combinations of said signals, and means con 
nected to said combining means for effecting an auto 
matic response to maximum values in said sets of signals 
representing a characteristic pattern to be recognized. 

6. A system for the recognition of characteristic pat 
terns in a spatial distribution of a variable quantity in 
cluding an array of transducers each simultaneously pro 
viding a signal representative of the magnitude of the 
quantity at a selected point in the distribution, adding 
means connected to said transducers for combining all 
said signals in sets each containing signals derived from 
transducers mutually separated in the array, a plurality 
of amplifiers equal in number to the number of sets of 
signals connected to said adding means for amplifying re 
spective sets of signals, feedback means common to said 
plurality of amplifiers for increasing the relative con 
trast in the outputs from said amplifiers, a plurality of 

lected with a respective transducer, a feedback termi- 75 means for indicating the presence in the distribution of 
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selected characteristic patterns and weighting means con 
necting the outputs of each of said amplifiers with each 
of said plurality of indicating means. 

7. A system as claimed in claim 6, in which said 
weighting means include attenuating networks adjusted to 
favour the transmission to a particular indicating means 
of output from those of said amplifiers which have maxi 
mum outputs when the distribution exhibits the charac 
teristic pattern represented by said indicating means. 

8. A system as claimed in claim 6, in which said weight 
ing means include amplifiers which have a gain propor 
tional to the time integral of an applied input, whereby 
the gain of said amplifiers may be adjusted by applying 
to the system distributions of the said variable quantity 
which exhibit a selected characteristic pattern. 

9. A system for the recognition of characteristic pat 
terns in the distribution of a variable quantity including 
a plurality of transducers arranged in a given array for 
simultaneously providing a like plurality of output sig 
nals each proportional to the magnitude of the quantity 
in the zone in which the respective transducer is located, 
a first plurality of adding means connected to said trans 
ducers for modifying the output signal from each one of 
the transducers with output signals from other trans 
ducers located in the vicinity of said one transducer, the 
said adding means operating to provide modified trans 
ducer output signals, which are greater as regards re 
spective transducers located in zones where the quan 
tity changes in magnitude and smaller or zero as re 
gards respective transducers located in zones where the 
quantity is relatively constant, a second plurality of add 
ing means for combining all said modified output signals 
into sets each containing signals derived from transducers 
not mutually adjacent one another, and means connected 
with said second plurality of adding means for automat 
ically effecting an output when the modified output signals 
in any one set thereof have maximum values representing 
characteristic patterns. 

10. A system according to claim 3 including a plurality 
of means for indicating the presence in the distribution 
of selected characteristic patterns and means for connect 
ing the outputs of each of said memory units with each of 
said indicating means. 

11. A system for the recognition of characteristic pat 
terns in a spatial distribution of a variable quantity in 
cluding an array of transducers each simultaneously pro 
viding a signal representative of the magnitude of the 
quantity at a selected point in the distribution, adding 
means connected to said transducers for combining all 
said signals in sets, a plurality of amplifiers equal in num 
ber to the number of sets of signals connected to said 
adding means for amplifying respective sets of signals, 
feedback means common to said plurality of amplifiers for 
increasing the relative contrast in the outputs from said 
amplifiers, a plurality of means for indicating the presence 
in the distribution of selected characteristic patterns, and 
weighting means connecting the outputs of each of said 
amplifiers with each of said plurality of indicating means. 

12. A system for the recognition of characteristic pat 
terns in a spatial distribution of a variable quantity in 
cluding means for simultaneously deriving signals from 
selected zones in the distribution, said signals being rep 
resentative of the magnitude of the quantity in such zone, 
means connected to said signal deriving means for com 
bining said signals in sets representing at least certain 
combinations of said signals, and means connected to 
said combining means for effecting an automatic response 
to maximum values in said sets of signals representing a 
characteristic pattern to be recognized. 

13. A system for the recognition of characteristic pat 
terns in a spatial distribution of a variable quantity in 
cluding an array of transducers each simultaneously pro 
viding a signal representative of the magnitude of the 
quantity at a selected point in the distribution, a plurality 
of adding devices equal in number to the number of 
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transducers and coupled thereto for combining said sig 
nals into sets representing at least certain combinations 
of said signals, a plurality of means for indicating the 
presence in the distribution of selected characteristic pat 
terns, and weighting means connecting the outputs of 
each of the said adding devices with each of the said 
plurality of indicating means, 

14. A system for the recognition of characteristic pat 
terns in a spatial distribution of a variable quantity in 
cluding an array of transducers each simultaneously pro 
viding a signal representative of the magnitude of the 
quantity at a selected point in the distribution, adding 
means connected to said transducers for combining said 
signals in sets according to a predetermined rule, a plu 
rality of amplifiers equal in number to the number of 
sets of signals connected to said adding means for am 
plifying respective sets of signals, feedback means com 
mon to said plurality of amplifiers for increasing the 
relative contrast in the outputs from said amplifiers, a 
plurality of means for indicating the presence in the dis 
tribution of selected characteristic patterns, and weighting 
means connecting the outputs of each of said amplifiers 
with each of said plurality of indicating means. 

15. A system for analysing a single or multiple dimen 
sional spatial distribution of a variable quantity including 
a plurality of transducers arranged in an array having at 
least two dimensions for simultaneously providing respec 
tive signals each proportional to the magnitude of the 
quantity instantly in the distribution zone with which the 
respective transducer is associated, adding means con 
nected to said transducers for combining with the signal 
from each transducer signals from other of said trans 
ducers, a plurality of devices for indicating the presence 
of selected distributions of said quantity, and weighting 
means connecting the outputs of each of said adding 
means with each of said indicating devices. 

16. A system for the recognition of characteristic pat 
terns in the distribution of a variable quantity including a 
plurality of transducers arranged in an array having at 
least two dimensions for simultaneously providing respec 
tive signals each proportional to the magnitude of the 
quantity instantly in the distribution zone with which the 
respective transducer is associated, a first plurality of add 
ing means connected to said transducers for combining 
with the signal from each transducer signals from trans 
ducers arranged in the vicinity of the transducer providing 
said signal, the said adding means operating to provide re 
sultant signals one from each transducer which are greater 
as regards transducers located in zones where the quantity 
changes in magnitude and smaller or zero as regards trans 
ducers located in zones where the quantity is relatively 
constant, a second plurality of adding means for combining 
all said resultant signals in sets each containing signals 
derived from transducers not mutually adjacent one an 
other, a series of output terminals representative of char 
acteristic patterns to be recognized, and weighting means 
connecting the output of each adding means of said sec 
ond plurality with all said output terminals. 

17. A system as in claim 16 wherein each of said add 
ing means includes in a respective amplifier with unidi 
rectional conductive means poled to cause the said first 
and second pluralities of adding means to amplify only 
signals of one polarity and of the other polarity respec 
tively. 

18. An apparatus for recognizing patterns comprising, 
in combination: 
a plurality of input terminals; 
a plurality of connection points; 
a plurality of output terminals; 
means for applying pattern-dependent signals to the 

input terminals; 
a first impedance matrix means for coupling each input 

terminal with at least two connection points and for 
coupling each connection point with at least two 
input terminals; 
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and a second impedance matrix means for coupling each 
connection point with at least two output terminals 
and for coupling each output terminal with at least 
two connection points. 

19. The apparatus described in claim 18, wherein each 
matric means comprises resistors. 

20. The apparatus described in claim 18, wherein each 
connection point is coupled by the first matrix to a plu 
rality of input terminals that correspond to adjacent areas of the pattern. 

21. The apparatus described in claim 20, wherein each 
matrix means comprises resistors. 
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