
UNCLASSIFIED 
 

AD NUMBER: 

LIMITATION CHANGES 

TO: 

FROM: 
 

AUTHORITY 

 

 
THIS PAGE IS UNCLASSIFIED 

AD0217675

Approved for public release; distribution is unlimited.

Distribution authorized to U.S. Government agencies and their contractors; 
Administrative or operational use; 20 Aug 1959. Other requests shall be 
referred to Rome Air Development Center, Griffiss Air Force Base, NY, 
13441.

ST-A RADC USAF LTR 3 MAR 1972



01MISSV13Nn YINlSaiA Zl NOLdNriHy -NOUVIS TIVH NOlONnHV

^3ya3|j uoi}euiJO|0| |e3jui|3a| saaiAJaj paiuj|j
p>3npojd9^

JO
AINO aOHiNOD 

OHVO-OHOm

HOJ

mm1 - m
03rjissn3Nn





R ADC- TR- 59- 95 

ASTI* Document No. AD-217*75 Augu*t 20, J959 

OPTICAL FILTER TEXT READER 
STUDY 

by 

John A. Fitzmaurice, Edward N. 
anrf wnn__ ~ *'‘ ®*l>bagh, 

- —. «.AA10CC 

!_Bai rd- ^ r_ , 
J3 Univer.ity Road 

¿Cambridge 38,_M,.fichu,ett> 

B-A Job No. 5166 
B-A Document No. 3055 

Contract No. AF30(602)-li28 

Prepared 

for 

R Jmt I?í'1“*®nc* Laboratory 
Air K..e.,ch,I»^enel0Pmen* C*nter 

G II« S..‘',V,A1‘-P~"«COmm*nd Griff!•, Air Force Baa. 
New York 

Approved by: 

r tù-i^dz/cus-'//. 
Walter C' DriecoiT- 

/ Vice President for Reseap^h WraitT...-1,.. •“ '■■‘—".i 

- Ü......-- .uu ^ xz.r,::^:L 



/ 

patent Morrçr.. 
When Government drawings, specifications, or other data 

are used for any purpose other than in connection with a definitely 
related Government procurement operation, the United States 
Government thereby incurs no responsibility nor any obligation 
whatsoever and the fact that the Government may have formulated, 
furnished, ot in any way Ntmnlia/i ••id drswin«?. 

or other data is not to be regarded by implication or otherwise as in 
any manner licensing the holder or any other person or corporation, 
or conveying any rights or permission to manufacture, use, or sell 
any patented invention that may in any way be related thereto. 

ASTIA NOTICE: 
Qualified requestors may obtain copies of this report from the 

ASTIA Document Service Center, Dayton 2', Ohio. ASTIA Services 
for the Department of Defense contractors are available through the 
"Field of Interest Register" on a "need-to-know" certified by the 
cognisant military agency of their project or contract. 



'-V -- W 

* i - r 

•f 
TABLE OF CONTENTS 

I*»!?. 

ABSTRACT 

Parti - INTRODUCTION. 1 

Part II - DISCUSSION.- 2 

A. Negative Transmittance------ — --- 2 

B. Simultaneous Use of Reference Apertures 4 

C. General Linear Two-Dimensional Optical Filters'-- 6 

1. Coherent Filtering ------------------------------- 7 

2. Non-Coherent Lens Plane Filters g 

3. Recognition Filtere ---------------------- — ----- 12 

D. Electrical System of the Breadboard Model of the Pr- nt 
Reader 14 

E. Test Results ——16 

Part in - CONCLUSIONS. 17 

Part IV - RECOMMENDATION. 18 

Part V - BIBLIOGRAPHY. 19 



WBB
oMn

■om
9

>r

o
■n
"0
9

9m
>om
9

J



—¡ssjt? rrfr^yV’W; irapfiœaE: 
Y ~% "' "' "f-T . 

w&: ~ ~mmwm mm 

*•' ~’-i~ yr^-v-~ 1 ^^aBwwwyHNMwiy^»! 

ABSTRACT 

*t^The use of aperture-stop» to perform gen- 
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tions is described. This theory *PP^*“ 

to the problem of building an automatic print 

reader. A breadboard model was built and used 

to demonstrate the feasibility of this method of 
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Part I 

INTRODUCTION 

Several years ago, a new method of automatic text reading was invented 

at Baird-Atomic, Inc. 

TV» nur*«'“* of thA »»»»•»*»♦ <?/>•»♦*•*At hft- tr* th* 
‘ i./ A » 

feasibility of this method oi obtaining an electrical input for a high speed Russian- 

English translating machine. 

The research performed under the present contract was as follows: 

a. Theoretical and experimental evaluation of optical aperture filter¬ 

ing techniques for automatic i ecognition of typewritten symbols on an 8 1/2 

inch by 11-inch document. This evaluation was based on Pica style type¬ 

writer symbols consisting of the upper and lower cases of the English alpha¬ 

bet (52 characters), the Arabic numerals from 0 to 9 (10 characters), and 

19 punctuation marks, i.e. , a total of 81 different characters. 

b. Preliminary considerations of the entire electro-mschanical- 

optical reader were provided. These considerations included experimental 

* and laboratory tests to determine the affect of slant letters, letters of 

different sizes (not case difference), and overlapping of letters of a limited 

degree in both fields (vextical and horizontal). A breadboard system was 

set up to demonstrate the applicability of techniques investigated. 

859 Baird-Atomic, Inc. 1 



Part II 

DISCUSSION 

The many devices for text reading which have been investigated at one 

time or another may be divided roughly into two categories. These are: Scan¬ 

ning devices which detect intersections, line crossings, etc. and process this 
t~i_* .»• • .- .. .. . . 
-  —i..—.. «k i / tw uukAin um lacmuxcauon 

of the character; and aperture-matching devices which effectively image the un¬ 

known character onto a mask having ths same shape as some reference character. 

If the unknown character were brighter than its background then the total amount 

of light transmitted by the mask would be a maximum when the unknown character 

had exactly the same shape as the mask. If the unknown character were darker 

than its background then the total amount of light transmitted by the mask would 

be at a minimum when the unknown character had exactly the same shape as the 

mask. There have been many devices of this general type proposed in the past. 

In general they have had two defects. One was their slow speed due to the fact 

that the unknown character had to be compared successively with many different 

reference characters. The other was their inability to distinguish between closely 

similar characters. Recent work by Baird-Atomic, Inc., has succeeded in over¬ 

coming these two defects. 

A. Negative Transmittance 

The ability to distinguish characters with very similar shapes has 

been greatly increased by the use of an optical system which, in effect, has an 

aperture with a NEGATIVE transmittance. The nature of such a system is in¬ 

dicated in Fig. 1. When an aperture is being designed for the detection of the 

letter "A" , it is desirable to have one region of the aperture (having the sise and 

shape of the letter "A") have a positive transmittance while the background has 

a negative transmittance. When the letter "AH is imaged onto such an aperture, 

8S9 Baird-Atomic, Inc. 2 



A 
t. 

(*) (b) (c) 

Figure 1 - Apertures for a Two-Channel System 

These apertures transmit in the clear region and are 

opaque in the shaded region. The typical matching 

system of the past has used a single aperture such as 

shown in (b). Better discrimination would be obtained 

with an aperture, such as (a), which has a background 

with a negative transmittance. An equivalent system 

which is physically realisable would utilize two aper¬ 

tures, (b) and (c). The output of (c) would be subtracted 

from the output of (b). 



the negative region he« no influence while the poeitive region would tranemit 

all the light in the image (assuming that the character is brighter than ite back¬ 

ground). On the other hand, when a different character, such as a NB" is 

«««««% «* *» «4 +1*4» 4* «•+«« «•*» •%*%+ im 1 a a M A1 1 i ¢9%% t A v% dl rv%4^^dbf4 Wv 1^0 A it. i VA 

portion of the aperture, but, si nee the "Bw could not be exactly superimposed on 

the positive region, the negativ«! region would "transmit a negative amount of 

light" thus further reducing the algebraic, sum of all light transmitted and im- 

_^îf 4¾ Ä V-j--* ;siv--/s,--. f-V.jc •• 4 * — — ,r •• ® ® í5 ^ ^ ,Ä 
jp* iî V W » *****••«» ~*>**m» ■# w V * «-■ —•-*♦ -- ***- — ••• •* — ' 4 kr ~~ a 

is especially powerful in recognising punctuation marks. In othsr methods of 

print re=dir¿g, punctuation m“-k* are the most difficult obn^ftcteps te recognise 

whereas they are very easily recognised by the Baird-Atomic system. 

Of course, it is impossible to construct an aperture with a negative trans¬ 

mittance. However, exactly the same result may be obtained by the use of two 

separate optical system* identical in every respect except that they uee different 

apertures as shown in Fig. 1. One aperture transmits in a regi.cn having the 

else and shape of the character to be recognised and is opaque elsewhere. The 

second aperture transmits in a region corresponding to the background of the 

character to be recognised and is opeque elsewhere. When the output# of the two 

apertures are measured by photodetec to re and the output of the second system is 

subtracted from the output of the first system, the net result is the same as if a 

single optical system with a single aperture having a region of poeitive trans¬ 

mittance and a region of negative transmittance were used. 

Because of this use of a dual optical system, if a particular type font having 

N characters is ussd, then 2N apertures are needed to recognise all the characters. 

This total number, of apertures needed may be reduced by a simple modification 

of the system: If the operation performed by the poeitive aperture used to detect 

the ith character is designed as Pi and the operation performed by the corres- 
« 

ponding negative aperture eyetem is designated as H^» then the decision as to 

•59 Baird-Atomic, Inc. 3 



whether a particular character to be recognized is the ith character is based on 

the magnitude of the voltage resulting from the operation (P¿ - Nj). However, it 

may be noted that 

P. - N - 2 P - (P. + N.). 
i i i i i 

The vital significance of this equation is that (P. + Nj) is independent of i. That 

is to say, a single aperture having the shape of the total field of view would per¬ 

form the operation (Pt + N.) regardless of which character were represented by i. 

Hence, if a given type font contains N characters, the total number of apertures 

jieeded to distinguish these characters is N + 1. 

B. Simultaneous Use of Reference Apertures 

The very low operating speed of earlier aperture-matching type 

print readers was due to the relatively slow mechanical motion needed in the 

successive comparison of the character to be recognized with each of the refer¬ 

ence apertures. Attempts at simultaneous comparison bogged down with the 

problem of obtaining a large number of identical lenses. 

Baird-Atomic solved this problem with £.n optical system which does not 

require any lens at all unless the character to be recognized is very small. In 

that case, it is usually magnified before being recognized. 

This system is shown schematically in Fig. 2. Here a photographic trans¬ 

parency containing an image of the unknown character is placed in plane A in front 

of a diffuse light source. A second photographic transparency containing an image 

of a reference aperture is placed in plane B parallel to plane A. However, the 

magnification of the transparency in plane A is greater than the magnification of 

the transparency in plane B. It may readily be seen that the illumination at point 

P in plane C is directly proportional to the total amount of light that would be ob¬ 

tained if the transparencies in plane A and B were made with the same magnification 

Baird-Atomic, Inc. 4 
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Figure 2 - Optical Device for Matching the Image» 
on Two Photographic Transparencies. 



and directly auperimposed. Hence, the results obtained with the system shown 

in Fig. 2 are completely equivalent to the results obtained with other aperture¬ 

matching systems. 

Although the system shown in Fig. 2 has both transparencies arranged so 

that a line passing through their centers is normal to plane C as well as to both 

transparencies, the same effect is achieved even when the transparencies are 

displaced consiaeraoiy Horizontally, mus, several small reference transpar¬ 

encies may be placed side by side. A matrix of photodetectors is used to measure 

the illumination at each oí the orher points in plane Ü, analogous to point Jr Where 

two separate apertures are used to detect a single character, the outputs of the 

corresponding photodetectors are subtracted. If the difference is greater than a 

certain predetermined amount, then the character corresponding to this pair of 

apertures is indicated. 

Two additional features have been added to this basic system in order 

to make it more efficient optically. These are a better illuminating system and 

a lens in the plane of the reference characters. Rather than a diffuse light source 

directly behind the unknown character on the photographic transparency, a lens 

is used to image a diffuse source onto the transparency or other representation 

of the unknown character. This results in a much greater illumination of the 

unknown character than is achieved with an ordinary light box. The system as 

shown required that the reference characters each be smaller than the unknown 

character. When it is desired to read microfilm or Mini-cards, this restriction 

makes it awkward to align the system properly and results in a waste of much of 

the available light. If it is necessary to recognize letters at a great distance, 

859 Baird-Atomic, Inc. 4 5 



this system also implies that the image pattern in plane C be very small if the 

apparatus is not unreasonably large. Both of these situations may be corrected 

by inserting a lens in the plane of the reference aperture. The effect of the lens 

is merely to change the angles cf ‘.he light rays and thereby change the rate at 

which they diverge or converge. This gives control of the spacing of the elements. 

The array of reference apertures may be as large as the lens itself regardless of 

the sise of the unltnown character. 

In this discussion it has been assumed that the unknown character is dis¬ 

played in the ierm of a pliotogiaphic ix-ensparency. However, if the unknown 

character is displayed as printed text on opaque material, the optical system 

required remains very much the same. The unknown character is illuminated 

uniformly and diffusely on its front surface rather than from the rear. 

Figure 3 shows a photograph of the reference matrix of apertures used 

for the recognition of the characters of one particular English type font. The 

,,negative,, aperture in the center was formed by simply superimposing all of 

the characters in the type font. 

C. General Linear Two-Dimensional Optical Filters 

The optical system described above was developed as a special 

case of a more general linear two-dimensional filter of images formed with 

non-coherent light. Before choosing this particular system, a thorough study 

was made of the characteristics of various kinds of linear two-dimensional 

filters. The results of this study are next described. 

859 Baird-Atomic, Inc. 
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* 

1. Coherent Filtering 

Probably the most thoroughly investigated technique for two- 

dimensional filtering has been diffraction pattern filtering (Refs. 1, 2, 3, 4, 5, 

and 6). Since the end of the nineteenth century, it has been well known that the 

Fraunhofer diffraction pattern of any aperture (or photographic transparency) 

has an amplitude proportional to the Fourier transform of the transmittance of 

the aperture. Thus, the Fraunhofer diffraction pattern produced by a photo¬ 

graphic transparency is a plot of the spatial frequencies present in the original 

image. The zero-frequency component is displayed in the center with the other 

frequency components at a position directly proportional to the components of 

the two-dimensional spatial frequency they represent. 

If an optical system identical to the one used to form the diffraction 

pattern is used in reverse, the original object may be imaged. 

Any object placed in the plane of the diffraction pattern acts as a 

two-dimensional linear filter The transmittance of the object at any point de-, 

termines the attenuation of the corresponding spatial frequency component; the 

optical path determines the spatial ¡díase shift. For many years, the only kind 

of filter used was one which reduced the zero-frequency component to zero mag¬ 

nitude without havi.ig much effect on the od er spatial frequency components. 

Such a system is known as a Schlieren system. It is especially useful for study¬ 

ing shock waves and convection in gases. 

A very similar system is used in phase-contrast microscopy. 

Although there are many different variations (Ref. 6), the basic requirement is to 

attenuate the rero-frequency component and convert a variation in optical path 

859 Baird-Atomic, Inc. 7 



length to a variation in amplitude. Such »yetem* are ueed for viewing transparent 

o >jecte. 

Several investigator * have used diffraction plane filters to sharpen de- 

focused or otherwise degraded photographic images but more general spatial filter¬ 

ing has rot been reported. There are two reasons tor this: firstly, m order to 

get a diffraction pattern of sufficient diameter so that the prescribed filter is large 

enough to be conveniently built, the illumination of the final output image is neces- 

sarily very low. Secondlyt in order to build an arbitrary general linear filter, it 

is necessary to be able to produce any arbitrary combination of transmittance and 

phase shift at any given point of the filter. 

Recently <Ref. 5), a method was developed for obtaining a desired var¬ 

iation in transmittance with no phase shift at all; but, so far, no one has succeeded 

in achieving independent control of transmittance and phase shift. 

2. Non-Çoherent cens Plane Filters 

A non-cohere it system has been developed with none of the difficulties 

described for coherent filtering. The filter is relatively large and easy to make 

The amount of light is usually adequate. 

The extraction of information from an optical image by two-dimensional 

filtering operations is lubject to two conditions. First, since useful information 

may be located in any position in the image, any complete filtering operation must 

be spatially homogeneous; i.e. , the operation must extract information in the same 

manner from every part of the image. Second, since physically obtainable images 

are necessarily finite in extent, every operation at a point ought to depend, at most, 

on a neighborhood of that point considerably smaller than the total image. Then the 

boundary of the original image affects only regions near the boundary of the filter¬ 

ed image. If the filter is linear in addition to satisfying the other two conditions, 

then its operation must be described by an equation of the form 

I* (x,y) = ^ ^ n (h,k) Ij (x - h, y - k) dh dk (2.1) 

R(h, k) 

where 1| is the intensity of the original image, Ij is the intensity of the filtered 

859 Baird-Atomic, Inc. a 



image, R is a neighborhood oí (x, y) whose size, shape and orientation are in¬ 

dependent of (x, y), and is an arbitrary real function. 

The significance of equation (2.1) is that, except for an almost constant 

factor, it is the equation of a defocus sed lens with an aperture-stop in the lens 

nlan» havino the ahan* ami nrientatirm nf R and aunerimnosed on a transmission 
• aw a * * 

filter (e.g. , a glass plate) with a transmittance proportional to |¿. Such a filter 

is shown schematically in Fig. 4. 

The relative positions of the lens and the screen are chosen so that if a 

auxuaexy iiiuminaiea oojeci were pxacea in me pxane oi the biuaen iiixu <u uxe i«xr 

¡eft of Fig. 4, then its image would be in focus on the screen at the far right. The 

r::«,guxxieaLiuix would be aya. lx the point (xq , y0) m the plane ui uxe broken line ia 

imaged at (x, y) on the screen, then the relationship between intensities is 

li (*» y) = Ki I0 (x©. y0) (2.2) 

If the intensities, 4 and lt are interpreted as radiance and irradiance respectively, 

all image-forming rays form small angles with the optical axis, and there are no 

losses in the optical system, then . 

K, = (2.3) 

where is the area of the lens. However, when an aperture-stop filter of non- 

uniform transmittance is placed in the lens plane, 

( V! f V ) 

I» (x. y) = K, 4 (x«, y0) Ç Ç —k- du dv (2.4) 
4. S^ ^ T 

Rl (u , v) 

where W^(u, v) is the transmittance of the filter at (u, v) and v) is tht 

region of the filter in which W. ^ 0. The out-of-focus system shown in Fig. 4 
la 

is described by a similar equation. The significant difference is that the intensity 

at a point (x, y) in the image plane depends not only on the intensity of the corres¬ 

ponding point (xj , yi ) in the object plane but also on the inter ñties at all points in 

a neighborhood around (x* , y* ). Specifically, let the object plane be moved in a 

distance, a, from its iu-iocus position toward the lens. (xt , Yi ) is the intersection 

859 Baird-Atomic, Inc. 9 



with the object plane of a straight line pseaing through (xo* y®) and (x, y); 

(x, -h, y, -k) is the intersection with the object plane of a straight line passing 

through (xqi y0) and (u, v) in the filter plane. Then 

r / * ir f f Wfh.k) I* (x, y) = K, \ \ P Il (xj -h» y J -k) dh dk (2.9) 

Rp (h»k) 

where Rp is the locus of all points in the object plane through which a ray could 

pass from (x«» yo) *nd reach (x, y), Ap is the area of the region Rp, and 

Wp(h,k) = WL(-u, -v). 

In a sense, the neighborhood R^ is the projection or R, on the object 

plane; and the weighting function, Wp, is the projection of the filter transmittance, 

W, . For small angles with the optical axis , 
JÜ 

u = -h-j 

v = -ka 

* * -*o T B mXi 

y s -y®— s-ri — 

(2.6) 

Using (2. 3) and (2.6), equation (2. 5) may be put in the form 

Ak 1 
* Ã 

P 

A, , 
or, since-T— =(¾). 

M*. y) = -^rr ^ ^ wl,^u* ^ (x* + “7* y» + v7) du dv* 

Rl(u,v) 

(2. T) 

i2(x, y) = ^ ^ ^ wl ^u* ”v^11 **» + «-i) du dv* 
R-l(u,v) 

It may be noted that, for a = 0, equation (2. 8) reduces to the in-focus case des¬ 

cribed by equation (2.4). Still another form of equation (2. 5) is 

i»<*. y) = 4r (5)1 ( Ç w.fr. k) ii l*i -h* ri -k> <»■ * «• ’> S *J ») • 
Rp(h,k) 

859 Baird-Atomic, Inc 10 
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Since equation (2. 9) clearly has the form of equation (2. 1), it follow« that the 

defocussed len« with an aperture-stop having non-uniform transmittance is a 

two-dimensional linear filter of the type «ought, provided only that all rays 

imaged make small angles with the opticaj. axis. 

From the relationships 

w (h, k) - wL (h-J , k-J) 

and (2.10) 

W f'i — 
P' 8 

- ! =■ W (i, vi 
8 * L" ' 

i 

1 

1 

1 

it follows that, except for a uniform attenuation, the filtering action of an aperture- 

stop is independent of size, depending only on shape. The size of the projection 

of the aperture in the Ij - plane is important, but this can be adjusted at will by a 

proper choice of a. 

There are only two basic differences between the general operations des¬ 

cribed by equation (2. 1) and the aperture filtering described by equation (2.9). 

First, while p may have values such that 

00 00 «0 «0 

Ç Ç I, (x y) dx dy > Ç Ç Ij (x, y) dx dy. 

«ao - oo - 00 - oo 

aperture filtering necessarily implies an attenuation so that 

SO oo OO 00 

^ ^ Ia (x, y) dx dy < Ç Ç ^ Y) <** ¿Y- 

.00.00 - OO . 00 

Í 

4 

I 

- 

Second, p may have both positive and negative values while W, and W are always 
Irf p 

positive. Since the filtering action is the same except for a uniform attenuation, 

the first difference is not usually significant. The second difference is more 

important. It can be avoided by using two filters in combination. For example, 

if an aperture of transmittance in desired where assumes both positive 

859 Baird-Atomic, Inc. 11 
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and negative value», then two separate apertures can be constructed with trans¬ 

mittance s W, and W2 where 

w, = w lor w >. 
I-i L 

U 

= 0 for W <.0 
V-* 

W2 = - WT for Wf i 0 

% 

- 0 for WL_fc 0. 

The two apertures may be used in separate filters operating on the same 

original image. The output of the W2 filter is then subtracted from the output of 

Wj filter to give the desired result. This subtraction may be accomplished with 

point scanning and electric subtraction or it may be done photographically. 

3. Recognition Filters 

Many of the theorems pertaining to the design of optimum one- 

dimensional electrical filters may be readily extended to the two-dimensional 

optica! filter. The principal change is that there is less restriction on physical 

realizability. 

When accurate reproduction of the input signal is desired, the mean 

square difference between the input signal and the total output may be minimized. 

If the input signal is f. the input noise is g, and correlation functions are re- 

presented by ¢, then the weighting function, h, of the optimum filter is given by 

the Wiener-Hopf equation (Ref. 5) 

«e «0 

y y h(r, s) ♦t+g.f+gt^r, y-s) dr ds - ^ f+g(x, y) = 0 
- «0 - 00 

(3.1) 

where -oo < x < «o 

- oo < y < oo 

*f+g,f+g ~ *ff ^Rg 2<^fg 

*f+g, í = *f Í + *fg* 

859 Baird-Atomic, Inc. 
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A Fourier transformation of the Wiener-Hopf equation gives 

i 

H(w , to ) = 4>, , (u , 
x’ y1 Tf, f+g' X 

w ) / 4».^ (w , w ) 
y ^f+g, f+g x y 

(3.4) 
I I 
V * 

where H, ¢, and 4*. are Fourier transforms of b, A, ., and 
Í» f+g. f+g. f+g Tf, f+g, 

4f+g respectively. Thus, the frequency response, H, of the optimum 

filter is determined by the statistical structure of the signal f and the noise g. 

If a simple yes-no type decision is to be made as in the case of detection 

of a two-dimensional pulse, then it is necessary to maximize the ratio of the peak 

output signal amplitude to the rms output noise amplitude (Refs. 7, 8) where the 

pulse to be detected is called signal and everything else in the image is called 

noise. If the complex conjugate of the Fourier transform of the input pulse is 

F* (w^, u>y) and the power spectrum of the noise is |^wx* Wy) J . then the optimum 

linear detection filter has a frequency response (Ref. 8) 

F*(u , co) . exp { -j(u> x0 + u) y0) } 
H(u , u ) =" K. ---£-^-j-ï--- I (3.5) 

K -A 
The constant factor, K, depends on the maximum gain of the system. The ex¬ 

ponential factor has no influence on the signal-to-noise ratio; it merely shifts 

the output by a constant amount (x0. y0). 

Of course u is assumed in both cases that the statistical structure of the 

noise is such that it would be unaffected by a random phase shift filter. 

In the case of aperture filtering in the presence of while noise, equation 

(3. 5) has a very simple interpretation: the optimum aperture has the same 

shape as the object to be detected and a transmittance proportional to the corre¬ 

sponding brightness of the object. 

Since the spatial structure would be completely disrupted by random phase 

shifts neither the Wiener filter nor the Dwork filter would necessarily be an 

optimum linear filter for the recognition problem. 



Even though the optimum filter remain* unknown, a aufficiently good filter 

may be constructed starting with the white noise filter as a first approximation. 

It has been found that when the characters to be recognized consist of the elements 

of a 12 point Pica type font commonly found on American typewriters, about one- 

third of the characters can be recognized solely on the basis of their response 

to white-noise type filters. The remainder of the characters may be identified 

...._ f. ... .-V----i i- •.mmr* tv»» r»r»«íHV» channel uses an aperture which 
*r’ »aw 4* *<* V •• W W-A»».—w* y ’ * ' * ” - 

is transparent in a region having the shape of the character to be recognized and 

r-.r.a.-»»,» siseivhcrc. The nep&tivelv weighted channel has an aperture which is 
-i—-i—--- - 

opaque in a region having the shape of the character to be recognized and trans¬ 

parent in the remainder of the field of view. With such a system, if there are 

N different symbols to be recognized then 2N different apertures are required. 

The number of apertures required may be reduced from 2N down to N + 1 by the 

method discussed in section IIA. 

Since the filtering action described here may be accomplished with a lens 

of any size, it is possible to operate with many different filters simultaneously 

simply by using small lenses and placing them side by side. An equivalent effect 

may be obtained using one large lens together with a matrix of small apertures 

contained effectively in the center of the lens. 

If each reference aperture is smaller than the corresponding character 

in die scanned text, then lenses may be eliminated. This special case is the 

optical system described in section ÜB. 

D. Electrical System of the Breadboard Model of the Print Reader 

Light from a tungsten filament source is collected by a condensing 

system and passed through a diffuser. A minified image of the diffuser is formed 

at the location of the unknown character. The unknown character is imaged by 

an objective lens onto an aperture which limits the field of view of the correlation 

system to the area occupied by one character. Near the plane of this aperture 

is a rotating segmented disc which chops the light at 450 cycles per second. 

859 Baird-Atomic, Inc. 14 



Light passing through the chopper and aperture travels through the corre¬ 

lation matrix to a bank of photomultipliers located in the critically defocussed 

plane. These photomultipliers produce a 450 c.p. s. alternating voltage having 

an amplitude proportional to the total ilux in mat region oí me defocuaaeù plane 

being se ised. An auxiliary photomultiplier and light source at the chopper pro¬ 

duce a 450 c.p.s. reference that is in-phase with the signals produced by the 

multipliers in the defocussed plane. 

As explained in sections A and B( certain regions of the correlation 

matrix are given negative weight. The output of the multiplier corresponding to 

these regions is fed into the negative input of a differencing amplifier. The 

positive input comes from the corresponding positively weighted regions. 

Relative magnitude of positive and negative weighting is controlled by potentio¬ 

meter* at the differential amplifier input. The output is amplified and applied 

to the grid of a Schmidt trigger-type circuit which acts as an amplitude dis¬ 

criminator (see Fig. 5). Also applied to this grid is a signal derived from th 

chopper reference which clamps the grid at an adjustable d. c. voltage when¬ 

ever light through the system is interrupted. Changing the d.c. level changes 

die amount of signal required to trigger the Schmidt circuit, Whc.i the grid 

clamp is released (i.e. , light is passing through the system) a positive output 

from the differencing amplifier is added to the d. c. level; if the output is 

negative, it is clamped by a diode. Hence a positively weighted signal exceed¬ 

ing a given magnitude will trigger the Schmidt circuit. 

However, the duration of the pulse from the Schmidt circuit is dependent 

upon the amount of time the signal exceeds the discrimination level. Therefore 

the Schmidt output is differentiated, amplified, clipped, and used to trigger a 

single shot multivibrator. This generates a 50 millisecond pulse which closes 

a relay operating the typewriter key connected to this unit. 

The research reader included nine identical recognition channels which 

could be positioned so as to recognize any 9 of the 81 characters in the specified 

alphabet. A plug board permitted connecting the discrimination unit correspond« 

ing to a particular character to the appropriate typewriter key. 
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E. Tot R«8>vüU 

In order to provide a quantitative measure of the ability of the expcri 

mental model of the print reader to diatUguiah various characters, a graphic 

recorder was used to plot the responee of each filter to each of the 81 characters 

in the type font used. Figures 6 through 16 show the results. The matrix of 

reference apertures is shown in Fig. 3. In each case, the photomultiplier outpu 

corresponding to a measurement of the peak illumination produced by the negativ 

/i.nf »il fVi* other aoertures superimposed) is subtractec 
--sr — o 

from twice the peak illumination produced by the given "positive" aperture. The 

no*itive filter used for each graph is indicated by the encircled character. The 
À 

line was drawn from right to left as the characters passed through the field of 

view in the order: 

1234567090ABCDEFGHIJKLWI0PaRSTUVWXYZ*bcd«fghijklamopqrituvwxy* 

*«#$***()"♦ l 

Only those characters which result in a strong response by the filter are separ¬ 

ately marked. 

It may be noted that the character corresponding to the filter being testet 

always produces a response at least 10% greater than the response caused by 

any other character. 
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Part III 

CONCLUSIONS 
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Part IV 

^ RECOMMENDATION I 
1 

In view of the very successful results of this feasibility study, and the 

great need for a highly versatile print reader, it is recommended that an 

operational prototype print reader be built utilising the methods discussed in 

this report. [r 
|r 
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