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[57] ABSTRACT 

A method and apparatus for transferring a plurality of 
characters from a ?rst medium wherein said characters 
are arranged in a ?rst array to a second medium 
wherein the same characters are rearranged into a sec 
ond array di?‘erent from the ?rst array. The technique 
employs an arrangement of mirrors or other optical ele 
ments positioned to optically divide the ?rst array of 
characters into a'plurality of segments and to then reas 
semble those segments together into the second array. 
The system is particularly designed for use in Comput 
er-Output-Micro?lirT recording units to transfer data 
from the face of an inexpensive cathode ray tube read 
out display to micro?lm but may also be employed in 
many other image transfer operations. Large expensive 
CRT readout displays are thus eliminated for COM op 
erations. 

7 Claims, 7 Drawing Figures 
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OPTICAL IMAGE TRANSFER APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical assembly 

for manipulating an array of characters. More particu 
larly, the present invention relates to a method and ap 
paratus for transferring characters from a ?rst medium 
wherein the characters are arranged in a ?rst array to 
a second medium wherein the same characters are re 
arranged into a second array different from the first ar 
ray. 

2. Description of the Prior Art 
In all computer installations, some type of output sys 

tem must be provided to enable the computer effec 
tively to communicate with the outside world. Of the 
various systems available, probably the most common 
is a line printer with which the computer may print out 
its response on paper. In addition to a line printer, how 
ever, many computer systems also include equipment 
for recording the output on micro?lm. These devices 
are known in the art as Computer-Output-Micro?lm 
recorders, or, more generally, as COM units. Conven 
tionally, they consist of a cathode ray tube for display 
ing the output data from the computer, and a micro?lm 
camera for photographing the display directly from the 
face of the tube. 
Often, it is desirable to utilize both a line printer and 

a COM unit so that the computer's response may be 
placed on paper for immediate use or review and simul 
taneously placed on micro?lm for more permanent and 
economical storage. Futherrnore, it is generally desir 
able that both the printed and the micro?lmed infonna 
tion be maintained in the same format, and it is in this 
respect that most systems are not fully satisfactory. 
The reason for this de?ciency is the fact that most 

line printers are designed to print as many as 132 alpha 
numeric characters on a single line and, as a result, it 
is also desirable to be able to record the same 132 char 
acter line on the micro?lm. Conventional cathode ray 
tubes, as employed in home television sets, however, 
simply do not have the resolution to display 132 char 
acters on a single line and, accordingly, it has been nec 
essary to employ much more expensive and sophisti 
cated CRT's that do have the required resolution. Such 
tubes are extremely expensive and may cost several 
thousands of dollars. Conventional T.V. tubes, on the 
other hand, only cost a few dollars and if they could be 
effectively used, the cost of COM units would be re 
duced significantly. It is toward this goal that the pres 
ent invention is primarily directed. 

Basically, although a conventional T. V. tube does 
not have suf?cient resolution to display 132 alphanu 
meric characters on a single line, it is capable of dis 
playing that many characters over its entire surface. 
Therefore, if a suitable optical system can be provided 
to assemble the characters displayed on the screen into 
one long line for recordation on the micro?lm, the ef 
fective resolution of the T.V. tube may ‘be increased 
sufficiently to enable its use in a COM unit. 

In U.S. Pat. No. 3,564,128 to Harry L. I-Iosterman, a 
technique for optically assembling two lines displayed 
on the face of a CRT into one line for recordation on 
?lm is described. This sytem, however, suffers from 
several signi?cant disadvantages making it unsuitable 
for use in COM units. Initially, the optics would be 
come quite complex when attempts are made to com 
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2 
bine more than two lines into one line and thisr would 
be necessary in a COM unit as well as in many other ap 
plications. Furthermore, displays on inexpensive cath 
ode ray tubes are subject to drift due to variations in 
power, magnetic ?elds and the like, and; in the above 
cited patent, such drift, particularly vertical drift, can 
seriously affect the positioning of the ?nal assembled 
image and prevent the two lines on the TV. screen 
from being placed in perfect alignment on the ?lm. 

In general, what is needed is a system that can take 
a plurality of lines that are displayed on the face of a 
cathode ray tube and optically realign them into one 
single line for recordation on ?lm. The system must be 
simple, compact, easy to position, and unaffected by 
normal image drift on the T.V. screen. Furthermore, it 
must provide a high quality image on the ?lm. 

SUMMARY OF THE PREFERRED EMBODIMENT 

In accordance with the present invention, many of 
the abovementioned problems have been substantially 
overcome by providing an optical system which can ef 
fectively assemble a plurality of lines of characters into 
a single line for recordation on ?lm or for other pur 
poses. In accordance with a preferred embodiment, the 
system employs an arrangement of mirrors capable of 
optically dividing an array of characters into segments 
and then reassembling those segments to form them 
into a second array. By slight modi?cation of the sys 
tem, the structure can also be used to convert one line 
into a plurality of lines as well as perform a myriad of 
other manipulations to produce desired character ar 
rays. 
Besides being much more versatile than systems em 

ployed in the prior art, the present system also over 
comes many of the problems found therein. Initially, it 
is not as sensitive to image drift as many prior art de 
vices and in general, slight amounts of drift will not af 
fect the alignment of the ?nal image. Furthermore, the 
system is quite simple in design and will not become un 
duly complex as the number of lines being manipulated 
increases. Also, it may be assembled and positioned 
with little difficulty and requires a minimum number of 
components. Finally, it is constructed of common, in 
expensive materials making it readily usable in a wide 
variety of image transfer operations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I illustrates, in schematic form, a top view of the 
optical system of the present invention employed in 
conjunction with a COM unit. 
FIG. 2 illustrates the optical system of the present in 

vention looking in the direction of arrows 2—2 in FIG. 
1. 
FIG. 3 illustrates an image displayed on the face of 

the cathode ray tube of FIG. 1. 
FIGS. 4 and 5 are provided to illustrate the operation 

of the optical system of the present invention. 
FIG. 6 illustrates the realigned image which may be 

recorded on the micro?lm of FIG. 1 and the manner in 
which that image may be produced. 
FIG. 7 illustrates masking structure that may be em 

ployed with the optical system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

To enable a clear understanding of the present inven 
tion, it will be described hereinafter primarily as it 
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might be employed in conjunction with a COM unit to 
transfer information from the screen of a cathode ray 
tube to micro?lm. It should be clearly understood, 
however, that the invention is not limited to use in 
COM units but could just as readily be employed to 
transfer information between other mediums for a vari 
ety of other purposes. It should also be understood that 
the term “characters" as used herein is not restricted 
to alphanumeric characters but may include any other 
type of symbol or indicia that it may be desired to rear 
range. 

FIG. I illustrates, in schematic form, a top view of a 
preferred form of the optical system of the present in 
vention (generally designated by the reference number 
1) being employed to transfer information from a CRT 
to micro?lm. Reference number 2 refers to a cathode 
ray tube which in the preferred embodiment comprises 
a commerical TV monitor of conventional type. As de 
scribed previously, a goal of the invention is to be able 
to record a line of I32 alphanumeric characters onto 
micro?lm to correspond to the 132 character line of 
conventional line printers. As also explained previ 
ously, the face of a conventional T.V. tube does not 
have suf?cient resolution to display that many charac 
ters on a single line, but it can adequately display four 
lines having 33 characters on each line. Thus, appropri 
ate logic is provided in the COM unit (or alternatively, 
in the computer) to display the 132 character line 
printed out by the line printer in an array of four lines 
or segments aligned consecutively reading from left to 
right and from top to bottom in the normal manner. 
Such a display is illustrated in FIG. 3 wherein the face 
3 of the CRT contains four lines 6-9 of 33 alphanu 
meric characters each (for ease of illustration, only 
eight characters are shown in each line). 

In order to place the four lines 6-9 onto micro?lm as 
one continuous line to correspond to the line printer 
output, the optical system 1 of the present invention is 
provided. As illustrated in FIG. 1, this system includes 
four sets of mirror pairs 11a and 11b, 12a and 12b, 13a 
and 13b, and 14a and 14b suitably mounted by struc 
ture to be described hereinafter with reference to FIG. 
2. The mirrors are positioned such that the image on 
the face 3 of the CRT will be re?ected off of each mir 
ror Ila, 12a, 13a and 14a onto mirrors 11b, 12b, 13b 
and 1417, respectively, and then into a lens 16 incorpo 
rated in a microfilm camera 17. 
Each of the two mirrors forming a mirror pair are 

aligned in parallel, and, as understood by those skilled 
in the art, act to “shear" the image on the CRT face 
(i.e., displace it laterally without rotation as “seen” by 
the lens 16). As is also understood, the amount of 
image displacement is a function of the spacing be 
tween the mirrors and the angle between the mirrors 
and the CRT face. Thus,‘ by properly positioning the 
four mirror pairs, it becomes a relatively simple matter 
to produce four images that are each identical to the 
image on the face of the CRT but displaced by different 
amounts. In practicing the present invention, the mir 
rors are positioned to place the four images in align 
ment and directly adjacent each other as illustrated in 
FIG. 4 wherein images 3a, 3b, 3c, and 3d may be 
“seen” by lens 16. 

In order to now assemble the initial four lines 6-9 
into a single line for recordation on the micro?lm 18 
(FIG. 1) it is only necessary to displace the four images 
3a-3d relative to each other such that line 6 in image 
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4 
3a, line 7 in image 3b, line 8 in image 3c, and line 9 in 
image 3d will all be in alignment. This may readily be 
accomplished by independently rotating each of the 
four images by an amount sufficient to bring the appro 
priate line of each image into alignment as illustrated 
in FIG. 5. On doing this, a single line 19 is formed 
which consists of each of the four lines 6-9 of original 
image 3 arranged in the proper order. 
The relative displacement between the images 3a - 

3d can be accomplished by tilting the TV face 3 
through a small angle, in which case the camera lens 16 
would “see" the image shown in FIG. 5. In this arrange 
ment, however, it would also be necessary to tilt the 
camera so that the ?lm 18 would be aligned properly 
to position line 19 thereon as shown in FIG. 5. 

It is preferable, therefore, to maintain both the CRTv 
and the camera in their normal upright position and in 
stead tilt the mirror assembly I. This is illustrated more 
clearly in FIG. 2 which is a view of the system of FIG. 
1., looking in the direction of arrows 2-2 with portions 
removed for clarity. As can be seen, the mirrors are 
mounted on a support table 22 having appropriate legs 
23 and 24 (only two of which are shown). The legs are 
adjstable in height to enable the table 22 and hence the 
mirrors to be tilted relative to the TV screen 3 and the 
camera (not shown). I have found that by properly 
choosing the angle of tilt, which will generally be 
around 6°, an image as illustrated in FIG. 6 will be pres 
ented to the lens 16 of camera 17 wherein line 19 is 
aligned horizontally for recordation on ?lm 18. In this 
regard, it should be pointed out that the images illus 
trated in FIG. 4 and 5 would never be actually pres 
ented to the lens 16 when the mirrors are tilted relative 
to the camera and T.V. screen as shown in FIG. 2 but 
that image in FIG. 6 is the one “seen" by the lens. The 
images of FIG. 4 and 5 are illustrated simply for expla 
nation of the invention. It should also be understood 
that the image in FIG. 6 is actually identical to that 
shown in FIG. 5 except for being tilted so that the line 
19 will appear horizontal. 
Inasmuch as it is desired to record only the single re 

assembled line 19 onto the ?lm, and not the remaining 
segments shown in FIG. 6, appropriate masking struc 
ture must be provided to blank out the remaining por 
tions of the image. This masking structure may take 
several forms. The simplest technique would be to sim 
ply position a small slit in the camera directly in front 
of the ?lm plane such that only line 19 will be able to 
reach the ?lm. This structure has certain disadvan 
tages, however, because the slit must be made very thin 
and thus is susceptible to becoming clogged with dust 
and other debris. Accordingly, it is preferable to mount 
the masking device in the light path between the TV 
screen and the mirror assembly to permit the slits to be 
made much larger. This may be done fairly simply by 
providing a mask 26 as illustrated in FIG. 7 having four 
separate slits 26a, 26b, 26c, and 26d. The slits are posi 
tioned such that only line 6 on the T.V. screen 3 will 
reach mirror lla, only line 7 will reach mirror 12a, 
only line 8 will reach mirror 13a, and only line 9 will 
reach mirror 140. As a result, only line 19 will appear 
on the ?lm l8 and the remaining image segments 
shown in FIG. 6 for illustration purposes will be 
blocked out. Preferably, the mask 26 is positioned in 
the area shown schematically in FIG. I. If it were 
placed closer to the TV screen where the light beams 
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intersect each other, positioning would be much more 
difficult. 
By synchronizing the motion of the ?lm (which 

would be perpendicuar and upward from the plane of 
FIG. I and in the direction 21 in FIG. 6) with the elec 
tron beam in the TV set, successive lines may be 
formed on the ?lm in the same format that they are 
printed out on the line printer. Synchronizing circuitry 
for accomplishing this is well-known in the prior art 
and need not be detailed here. 
Referring again to FIG. 6, it might be noted that inde 

pendent rotation of the images 3a - 3d to form the line 
I9 causes portions of certain characters, for example 
the “I” and the “Q", to extend off of the particular 
image plane in which it was originally contained. It has 
been found, however, that these entire characters will 
still be visible to the lens 16 and may be recorded on 
the ?lm. The reason for this phenomenon may be ex 
plained by the fact that what the lens actually “sees" is 
a plurality of images which appear to originate from 
some point behind the mirrors. Thus, the mirrors 11b 
- 14b may be considered to be the optical equivalents 
of four apertures allowing light from each image to 
reach the lens. Since each of these mirrors 11b - 14b 
act as apertures, at least portions of the lens will receive 
light from the entire images and thus, the entire images 
will be “seen" by the lens. Due to vignetting, however, 
these portions of the characters will not be as bright as 
other portions of the characters, but they are clear and 
sufficiently bright to form a good image on the ?lm. 
This phenomenon is well understood by those skilled in 
the art and a more detailed discussion of the optical 
theory involved need not be discussed here. Suffice it 
to say that a clear image of line 19 may be readily re 
corded onto the micro?lm 18 in its entirety. 
The positioning of the mirrors to align the images in 

the prescribed manner is important but not particularly 
dif?cult. The basic requirements in this preferred em 
bodiment is that the mirror pairs lla - 11b, 12a — 12b, 
and so forth be parallel to each other to act as shearing 
mirrors to displace the images laterally. By properly se 
lecting the angles between the mirror pairs and the tele 
vision screen the amount of lateral displacement can 
readily be adjusted. The mirrors should also be posi 
tioned such that they will not interfere with light beams 
re?ected 011' of other mirrors. This again can be readily 
done with slight amount of experimentation. In general, 
the mirror pairs may be positioned in many different 
ways, both symmetrical and non-symmetrical, to 
achieve the same ?nal image illustrated in FIG. 6. 
What has been speci?cally described above is an op 

tical system that can take four lines of characters and 
optically rearrange them into one single line for recor_ 
dation on ?lm. By simply reversing the camera and the 
TV tube, one line of characters may also be converted 
into four lines without further modi?cation of the sys 
tem. By slight modi?cations other character manipula 
tions may also be readily performed. It is also not nec 
essary to use mirrors in the present invention. In some 
applications prisms or ?ber optical bundles could also 
be employed to produce multiple images. 
Although the invention has been described in con 

junction with a COM unit for transferring information 
from a TV screen to film it may be readily emloyed in 
many other applications. For example, it may also ?nd 
use in the facsimile ?eld. In such equipment for exam 
ple, the optical system of the present invention could 
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6 
be used to separate one long line of characters irito four 
lines to be picked up by an ordinary TV camera and 
sent over long distances to a TV receiver. Another opti 
cal system can then be provided at the receiver to re 
convert the four lines into the original one line for re 
cordation. Accordingly, it should be understood that 
numerous alterations, omissions, and additions may be 
made without departing from the spirit of the inven 
tion, and it should'be limited only as required by the 
scope of the following claims. 

I claim: 
I. Apparatus comprising: 
a. a ?rst medium having a ?rst character array 

thereon, said ?rst character array consisting of a 
plurality of substantially stationary characters ar 
ranged in a ?rst number of lines; 

b. optical means for optically multiplying said ?rst ' 
character array to produce a plurality of images of 
said ?rst array; 

c. means for aligning a ?rst portion of the ?rst image 
of said ?rst array with a second portion of the sec 
ond image of said ?rst array and so forth through 
out said plurality of images of said ?rst array to 
form an image of a second array consisting of said 
plurality of characters rearranged into a second 
number of lines; and 

d. means for placing said image of said second array 
of characters on a second medium. 

2. Apparatus as recited in claim 1 wherein said ?rst 
array comprises said characters arranged in a plurality 
of lines and said second array comprises said same 
characters rearranged into a single line. 

3. Apparatus as recited in claim 2 wherein said opti 
cal means includes means for optically multiplying said 
?rst array to produce a number of images of said ?rst 
array equal to the number of lines in said ?rst array, 
and wherein said aligning means includes means for 
displacing said plurality of images relative to each other 
to align the ?rst line of characters from the ?rst image 
of said ?rst array with the second line of characters 
from the second image of said ?rst array and so forth 
throughout said plurality of images of said ?rst array to 
fonn said single line of said characters. 

4. Apparatus as recited in claim 1 wherein said opti 
cal means comprises a ?rst plurality of re?ecting means 
upon which said ?rst array is imaged and a second plu 
rality of re?ecting means for receiving said images re~ 
?ected o?‘ said ?rst plurality of re?ecting means and 
for placing said plurality of images in alignment. 

5. Apparatus as recited in claim 4 wherein said align 
ing means comprises means for mounting said plurality 
of ?rst and second re?ecting means at an angle relative 
to said ?rst array. 

6. Apparatus as recited in claim 5 wherein said ?rst 
and second re?ecting means comprise a plurality of 
parallel mirror pairs, said ?rst array being imaged on 
the ?rst mirror of each of said mirror pairs and re 
?ected therefrom onto the second mirror of each of 
said mirror pairs for placing said plurality of images in 
alignment. 

7. Apparatus as recited in claim 1 and further includ 
ing masking means for placing only said second array 
on said second medium and for blocking all remaining 
portions of each of said plurality of images of said ?rst 
array from said second medium. 
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