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array over a ?rst path including a mirror and pellicle 
and a second path including the ?rst mirror and the 
pellicle, a selectively movable second mirror, third and 
fourth mirrors, a ?rst lens element between the second 
and third mirror and a second lens element between the 
third mirror and the pellicle providing a reduction of 
three. Relay optics between the pellicle and a fourth 
mirror provides an image of the ?lm stage on a screen. 
The column of 1024 diode detectors are electrically 
scanned to provide one dimension of a rectangular scan 
of the image and mechanically displaced to provide the 
other scan dimension. The output of the photodiode 
array is coupled to a recording system that may be 
analog or digital to record an electrical representation 
of the image on the ?lm stage. 

12 Claims, 1 Drawing Figure 
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GRAPHICAL REPRESENTATION TRANSDUCING 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

REFERENCE TO PRIOR COPENDING 
APPLICATION 

This is a continuation-in-part of application Ser. No. 
960,051 ?led Nov. 13, 1978, abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates in general to graphical 
representation transducing and more particularly con 
cerns novel apparatus and techniques for providing an 
electrical representation of a graphic work with high 
resolution at relatively low cost with great reliability 
suitable for recording in digital or analog form. 
A typical prior art recording system comprises a light 

source that illuminates a photoelectric detector through 
a zoom lens and ?lm stage. Moving the ?lm stage scans 
the image therein. At higher zoom lens magni?cation 
stage motion error increases. The typical prior art ap 
proach to solving this problem involves using precision 
stage movement mechanisms to keep stage motion error 
low. 

Accordingly, it is an important object of this inven 
tion to provide an improved graphical representation 
transducing system. 

It is still a further object of the invention to achieve 
the preceding object while improving performance and 
reducing system cost. 

It is still a further object of the invention to achieve 
one or more of the preceding objects while reducing 
error of the scanning stage motion as zoom lens magni? 
cation is increased. 

It is still another object of the invention to achieve 
one or more of the preceding objects while increasing 
the range of magni?cation. 

It is still another object of the invention to achieve 
one or more of the preceding objects while relatively 
compact structure. 

It is still a further object of the invention to achieve 
one or more of the preceding objects while allowing the 
graphic work being transduced to be viewed. 

It is still another object of the invention to achieve 
one or more of the preceding objects with structure that 
is relatively easy to operate by relatively unskilled per 
sonnel. 

SUMMARY OF THE INVENTION 

According to the invention, there is zoom lens means 
for selectively magnifying an object stationary in an 
object plane, photoelectric transducing means for pro 
viding an electrical signal representative of incident 
light energy, means for illuminating the photoelectric 
transducing means through the zoom lens with light 
from the stationary object to provide an image of the 
stationary object in the image plane including the pho 
toelectric transducing means, and means for mechani 
cally displacing the photoelectric transducing means to 
scan the image of the object. Preferably the photoelec 
tric transducing means comprises a linear array of pho 
todiodes that are mechanically displaced orthogonal to 
the array length, and there is means for electronically 
scanning the photodiodes in the array to provide the 
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2 
scan along one direction of a rectilinear scan of the 
image, the other of which is provided by the mechanical 
displacement of the array. According to another feature 
of the invention, there is means for selectively altering 
the path between the object and image planes for intro 
ducing a change in magni?cation while maintaining the 
image plane at the long conjugate side of the lens system 
so that the image of object remains in focus in the image 
plane. Preferably this means for altering includes reduc 
ing lens means for reducing the magni?cation, pellicle 
means for both transmitting and de?ecting incident 
light rays arranged for transmitting the direct rays to 
the photoelectric transducing means along a ?rst of the 
paths and the de?ected rays thereto along a second of 
the paths, and selective ray de?ecting means for selec 
tively de?ecting rays to said second path in a second 
position while allowing rays to pass through said pelli 
cle means to said photoelectric transducing means in a 
?rst position. 
According to another feature of the invention, there 

is screen means for displaying an image of the object in 
the object plane, and means for directing light rays from 
said pellicle means upon said screen means. 
Numerous other features, objects and advantages of 

the invention will become apparent from the following 
speci?cation when read in connection with the accom 
Panyins drawing 

BRIEF DESCRIPTION OF THE DRAWING 

The single FIGURE of which is a combined pictori 
al-block diagram illustrating the logical arrangement of 
a system according to the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

With reference now to the drawing there is shown a 
combined block-pictorial representation of a system 
according to the invention. A condenser and light 
source 11 illuminates a ?lm 12 in a stationary object 
plane having a graphical representation to be trans 
duced and recorded in the form of an electrical signal in 
recording system 13 that may comprise magnetic tape 
or other suitable recording medium that records electri 
cal signals representative of the optical transmissivity or 
density at points on the ?lm in analog or digital form 
and may, for example, comprise a digital memory that 
stores the density at ?lm locations in respective ad 
dresses representative of corresponding positions on the 
?lm in a manner well-known in the art. The image of 
?lm 12 that is normally stationary in the stationary 
object plane of a lens system comprising zoom lens 14 
that may typically provide a variable magni?cation 
from 3 X to 10X is magni?ed by the latter and reflected 
by mirror 15 along path 1 directly toward pellicle 16 
which transmits a predetermined fraction of the energy 
directly to the detecting image plane including photodi 
ode array 17. In effect a line of the image of ?lm 12 is 
focussed upon photodiode array 17. Ray de?ector 21 is 
then in the path 1 position designated by the broken 
lines 21' and allows the energy re?ected by mirror 15 to 
proceed along path 1 directly to pellicle 16. 
A fraction of the energy incident upon pellicle 16 is 

reflected through relay optics 22 to mirror 23 and then 
upon a display screen 24, typically ground glass, to 
display a visual image embracing the portion of ?lm 12 
then being scanned by the apparatus to provide a repre 
sentative electrical signal transduced by photodiode 
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array 17 and delivered over line 25 to recording system 
13. The individual elements in photodiode array 17 are 
sequentially scanned in conventional manner by elec 
tronic column scanner 26 to effect scanning along a 
column and mechanically displaced by a mechanical 
row scanner 27 in a conventional manner to effect scan 
ning along a row direction, signals from recording sys 
tem 13 being transmitted over lines 31 and 32 to scan 
ners 26 and 27, respectively, to control the particular 
point in the image then in the photoelectric transducing 
means image plane that is transduced into an electrical 
signal provided on line 25. 
When ray de?ector 21 is in the path 2 position repre 

sented by the broken lines 212, it de?ects the light rays 
incident from mirror 15 toward mirror 33 and along 
path 2 through reducing lens 34 to mirror 35 through 
supplementary optics 36 to pellicle 16 where a fraction 
of the energy travelling along path 2 is re?ected by 
pellicle 16 to photodiode array 17 so that the energy 
incident upon photodiode array 17 is independent of 
whether it reaches the array over path 1. or path 2. 
Pellicle 16 transmits a fraction of this energy through 
relay optics 22 to mirror 23 to display screen 24. 
Having described the physical arrangement of a sys 

tem according to the invention, the mode of operation 
will be described. Condenser and light source 11 illumi 
nates ?lm 12 in the stationary object plane so that with 
ray de?ector 21 in the path 1 position 211 zoom lens 14 
focusses the image of ?lm 12 upon the image plane 

, including the photodiode array 17. Photodiode array 17 
typically comprises 1024 photodiodes in a column along 
a line of the image then focussed upon the photoelectric 
transducing means imaging plane. Photodiode array 17 
may typically comprise the commercially available 
Reticon type CCPD 1024 photodiode array available 
from Reticon Corp. Mechanical row scanner 27 may 
typically position photodiode array 17 at the left-hand 
.edge of the image to be scanned, the diodes in array 17 
sequentially scanned by electronic column scanner 26 in 
a conventional manner, typically from top to bottom, 
and photodiode array 17 stepped by an increment corre 
sponding to the desired resolution, typically 16 pm 
prior to scanning the next column with electronic col 
umn scanner 26, and the process repeated until photodi 
ode array 17 has been stepped across to a right edge of 
the image desired to be scanned. The speci?c systems 
for electronically scanning and mechanically scanning 
are known in the art, not a part of the invention and not 
described in detail herein to avoid obscuring the princi 
ples of the invention. For example, the electronic col 
umn scanner may comprise respective gates coupled to 
the output of each photodiode that are sequentially 
enabled with the gate outputs connected to line 25, and 
the mechanical row scanner may be substantially the 
same mechanism used in typical prior art systems in 
which the ?lm 12 is mechanically stepped to effect 
scanning. A disadvantage of this prior art approach of 
mechanically displacing the ?lm is that any error in 
mechanically positioning is magni?ed by zoom lens 14 
so that the tolerance for the mechanical scanner must be 
maintained suf?ciently tight to maintain a desired reso 
lution for maximum magni?cation of zoom lens 14. An 
important advantage of the present invention is that 
increasing magni?cation provides increased precision. 
That is to say, the present invention decouples posi 
tional accuracy from the optics so that the system is 
more precise at higher magni?cation and at less cost. 
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4 
Recording system 13 may comprise a microprocessor 

with associated memories that may provide appropriate 
signals on lines 31 and 32 to control scanning in accor 
dance with well-known techniques and using the infor 
mation concerning the particular optical cell of the 
image being transduced to provide the representative 
signal on line 25, store that representation in a known 
memory cell so that the memory may contain a com 
plete representation of the image of the ?lm in station 
ary object plane 12 with exceptionally high resolution. 
At the same time relay optics 22 comprises an element 
in a focussing system comprising zoom lens 14 that 
focusses the image of ?lm 12 then being scanned upon 
display screen 24 so that an operator may view the 
image being recorded. 
An important advantage of the invention is the wide 

effective zoom range with relatively compact structure 
by providing path 2 in which the magni?cation is re 
duced by a ?xed factor, typically three, by reducing 
lens 34. In this arrangement ray de?ector 21, typically 
also a mirror, mechanically moves to the path 2 position 
212 to de?ect the light rays incident from mirror 15 
upon mirror 33 which then de?ects them along path 2 
through reducing lens 34 to mirror 35 which then de 
?ects the rays through supplementary optics 36 upon 
pellicle 16. Pellicle 16 then re?ects a fraction of this 
energy upon photodiode array 17. Supplementary op 
tics 36 functions to coact with zoom lens 14 and with 
reducing lens 34 so that the image of ?lm 12 in the 
stationary [optics] object plane is still focussed on the 
photoelectric transducing means image plane including 
photodiode array 17. Since the distance between pelli 
cle 16 and photodiode array 17 is the same for both path 
1 and path 2 the degree of defocussing at pellicle 16 for 
both paths is substantially the same so that relay optics 
22 may also function to focus the image of ?lm 12 upon 
display screen 24 over path 2 without change. This 
advantageous arrangement effectively converts a zoom 
lens having a range of 3.33:l to providing a zoom range 
of 10:1. 

Pellicle 16 provides a useful function in allowing the 
simpli?cation of electronics because its use according to 
the invention results in the energy incident upon photo 
diode array 17 being essentially independent of whether 
it arrives over path 1 or path 2. This result may be 
achieved by having the ratio of pellicle transmittance to 
re?ectance arranged so that the light density on the 
array is normalized independently of the path chosen. 
Since the resultant energy density at the array transmitt 
ted over path 2 is greater than that over path 1 because 
of the lower magni?cation, pellicle 16 is preferably 
designed so that the energy transmitted over path 1 is 
more than that re?ected over path 2. This desired ratio 
of transmittance to re?ectance may be readily deter 
mined experimentally by initially substituting a mirror 
for pellicle 16 and measuring the ratio of light energy on 
photodiode array 17 with this mirror in and ray de?ec 
tor 21 in the path 2 position 212 relative to that measured 
with pellicle 16 removed and ray deflector 21 in path 
position 211. Having measured this ratio (R), the desired 
ratio of transmittance to re?ectance may be determined 
by calculating UK. 
A typical prior art approach might well require a 

relatively complex normalization system that the pres 
ent invention avoids. 

In a specific embodiment of the invention zoom lens 
14 is a Schneider Betavaron type zoom lens, the optical 
path lengths of path 1 and path 2 are 46.7 and 75.0 cm, 
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respectively, photodiode array 17 is a commercially 
available type CCPD 1024 array from Reticon with the 
associated electronics for scanning. Mechanical row 
scanner 27 typically comprises a mechanical stage from 
Ardel Kinematic lnc. 

While one preferred form of the invention includes a 
zoom lens, lens 14 could be a conventional lens that 
provides magni?cation, reduction or absence of magni~ 
?cation and reduction. Furthermore, pellicle l6 and the 
means for displaying the image being scanned may be 
omitted. A commercial embodiment of the invention 
having lens 14 comprise a reduction lens instead of a 
zoom lens has been shipped. 
There has been described novel apparatus and tech 

niques for converting the image of an object into electri 
cally storable form with high resolution using compact 
apparatus exhibiting superior performance at reduced 
cost while materially increasing zoom range and allow 
ing an operator to observe the portion being scanned. It 
is evident that those skilled in the art may now make 
numerous uses and modi?cations of and departures 
from the speci?c embodiments described herein with 
out departing from the inventive concepts. Conse 
quently, the invention is to be construed as embracing 
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transducing means and a portion thereof toward 
said display screen means. 

3. Graphical representation transducing apparatus in 
accordance with claim 2 wherein said lens means com 
prises zoom lens means for providing variable magni? 
cation and further comprising, 
means including said pellicle means for de?ning a 

second light path between said zoom lens means 
and said photoelectric array transducing means, 

said second light path including alternate lens means 
for providing a predetermined ?xed magni?cation 
for altering the effective zoom range of said scan 
ning system, 

and means for selectively directing light energy from 
said object plane along a ?rst path excluding and a 
second path including said alternate lens means. 

4. Graphical representation transducing apparatus in 
accordance with claim 3 wherein said pellicle means has 
a ratio of transmittance to re?ectance so that the light 
energy density incident upon said photoelectric trans 
ducing means is independent of whether said light en 
ergy arrived over said ?rst path or said second path. 

5. Graphical representation transducing apparatus in 
accordance with claim 1 wherein said photoelectric 

each and every novel feature and novel combination of 25 transducing means comprises a line array of photoelec 
features present in or by the apparatus and 
techniques herein disclosed and limited soley by the 
spirit and scope of the appended claims: 
What is claimed is: 
1. Graphical representation transducing apparatus 

comprising, 
means de?ning an object plane for supporting a ?xed 

object to be imaged in a photoelectric transducing 
means image plane, 

30 

tric transducing elements, 
and further comprising means for sequentially scan 

ning said photoelectric transducing elements to 
scan a line of said image in a direction generally 
perpendicular to the direction of displacement of 
said photoelectric transducing means effected by 
said means for mechanically displacing. 

6. Graphical representation transducing apparatus in 
accordance with claim 1 wherein said lens means com 

lens means in fixed relationship to both said object plane 35 prises zoom lens means for providing variable magni? 
and said image plane comprising means for focus 
sing the image of said object upon said photoelec 
tric transducing means image plane, 

photoelectric array transducing means in said photoe 
lectric transducing means image plane for provid 
ing an electrical signal representative of the light 
intensity thereon, 

and means for mechanically displacing in a plane 
including said image plane said photoelectric trans 
ducing means relative to said lens means to scan the 
image of said object. 

2. Graphical representation transducing apparatus 
[in accordance with claim 1 and further] comprising, 
means de?ning an oly'ect plane for supporting a ?xed 

object to be imaged in a photoelectric transducing 
means image plane, 

lens means comprising means for focussing the image of 
said object upon said photoelectric transducing means 
image plane, 

photoelectric array transducing means in said photoelec 
tric transducing means image plane for providing an 
electrical signal representative of the light intensity 
thereon. 

means for mechanically displacing in said image plane 

45 

cation. 
7. Graphical representation transducing apparatus in 

accordance with claim 6 wherein said photoelectric 
transducing means comprises a line array of photoelec 

40 tric transducing elements, 
and further comprising means for sequentially scan 

ning said photoelectric transducing elements to 
scan a line of said image in a direction generally 
perpendicular to the direction of displacement of 
said photoelectric transducing means effected by 
said means for mechanically displacing. 

8. Graphical representation tronsducing apparatus in 
accordance with claim I wherein said lens means focuses 
the image of said object upon said image plane between 

50 ?rst and second edges of the image to be scanned, 

55 

said photoelectric transducing means to scan the 60 
image of said object, 

display screen means for displaying an image of the 
object whose image is then being scanned by said 
apparatus, 

and pellicle means in the path between said lens 
means and said photoelectric array transducing 
means for directing a portion of the light energy 
incident thereon upon said photoelectric array 

as 

and said means for mechanically displacing mechani 
cally displaces said photoelectric array transducing 
means across said image between soid?rst edge and 
said second edge to scan said image along a first 
direction between said ?rst and second edges, 

and means for electronically scanning said photoelectric 
array transducing means to scan said image in a 
second direction, 

thereby providing an electrical representation of the 
image of said object. 

9. Graphical representation transducing apparatus in 
accordance with claim 8 wherein said image plane is at the 
long conjugate side of said lens means so that the image of 
said object remains in focus in said image plane. 

10. Graphical representation transducing apparatus in 
accordance with claim I wherein said image plane is at the 
long conjugate side of said lens means so that the image of 
said object remains in focus in said image plane. 
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l l. A method of providing an electrical representation of an electronically scanning photoelectric elements in said 
the image of a stationary object which method includes the photoelectric army transducing means as said photoe 
steps o? lectric array transducing means moves across said 
focusing the image of said object with a stationary lens image, 

means upon a photoelectric array transducing means 5 and receiving electrical signals from said photoelectric 
in the image plane of said lens means to provide an transducing means representative of the image of said 
electrical signal from said photoelectric array transv object. 
ducing means representative of the light intensity 12. A method in accordance with claim I I wherein said 
thereon between first and second edges of the image in lens means has a long conjugate side and ?trther including 
the image plane, 10 the step of establishing said image plane at the long conju 

mechanically displacing in a plane including said image gate side of said lens means so that the image of said object 
plane said photoelectric array transducing means remains in focus in said image plane between said first and 
from said ?rst edge to said second edge across said second edges. 
image’ ' i i ‘ i 
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