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IMAGE REPRODUCTION SYSTEM WHICH DETECTS
SUBJECT BY SENSING INTENSITY RATIOS

BACKGROUND OF THE INVENTION

This invention relates to image reproduction systems, and
more particularly, to an image reproduction system in which
an image of a scene is reproduced by detecting ratios of
brightness or intensity in the scene.

In a conventional image reproduction system such as a
television system, the subject image is reproduced by sensing
incremental areas of brightness of the subject image and then
controlling the brightness of incremental areas in the
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reproduced image so that they correspond to the brightness of A

the corresponding incremental areas in the subject image. For
example, in a conventional television system, the scene to be
televised is scanned continuously to produce a video signal
which represents a continuous record of the absolute
brightness of each successive increment of the scanned image.
However, it can be demonstrated that the brightness of a dis-
crete area of a subject does not by itself determine how light
or dark that discrete area of the image is perceived. For exam-
ple, if a white cat and a black cat are placed together in the
same scene with the black cat in bright sunlight and the white
cat in deep shade, photoelectric measurements may indicate
that more light comes to the viewer from the black cat than
from the white cat, yet the black cat is perceived by the viewer
as black and the white cat is perceived as white. Also, if a plain
white surface illuminated from one end by means of a source
of light positioned near the surface so that a brightness
gradient across the surface results, photoelectric measure-
ments may indicate that 10 times as much light is received
from the end of the surface near the light surface as from the
opposite end of the surface, yet the entire surface is perceived
as uniformly white. These experiments demonstrate that the
lightnesses or darknesses of different parts of a subject are not
perceived by the viewer in accordance with the brightness of
the different parts of the subject. Yet, all conventional image
reproduction systems control the brightness of the discrete
parts of the reproduced image in accordance with the
brightness of the corresponding parts of the subject image.

The phenomenon of perception demonstrated by the above
described. experiments can be further examined with
reference to FIG. 1, which illustrates an experiment employ-
ing a geometric pattern of panels 11 through 16. Each of the
panels 11 through 16 is a different shade of grey and thus has a
different reflectance. The pattern may be constructed by
cutting the panels out of paper and pasting them onto a com-
mon background. Each panel is uniform in reflectance over its
entire surface. The reflectances of the panels are indicated in
the following table:

Reflectance
75
43
55
21
58
12

If the pattern is illuminated from the lower edge, such as by
a light source 19, the panels near the light source are more
strongly illuminated. Moreover, the edge of each panel near
the light source 19 reflects more light than the opposite edge
of such panel. Nevertheless, the viewer perceives each panel

as having a uniform lightness or darkness and the perceived.

lightness or darkness corresponds to the relative reflectance of
the panel. Thus, the panel 16 is perceived as being much
darker than the panel 11 even though the same amount of
light may be reflected from each of these panels to the viewer.
To facilitate the description of this phenomenon, hereinafter
the relative position of a panel or a discrete area of an image in
a range running from white to black through all shades of grey,
shall be referred to as the lightness of the panel or discrete
area.
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Although the amount of light with which the pattern in FIG.
1 is illuminated by the source 19 diminishes from the bottom
of the pattern at panel 16 up to the top of the pattern at panel
11, the edges of each adjacent pair of panels on opposite sides
of the boundary between such pair is illuminated with substan-
tially the same intensity. Accordingly, if the ratio of the inten-
sities of the light reflected from the adjacent edges of each ad-
jacent pair of panels is photometrically measured, the ratio
obtained is the same as the ratio of the reflectances of the
panels. For example, the intensity of the light reflected from
the edge of the panel 11 adjacent the panel 12 could be about
140 units in the example with the pattern illuminated with the
light source from the lower edge (since only ratios are being
considered, the form of the units is not significant). The inten-
sity.of the light reflected from the edge of the panel 12 ad-
jacent the panel 11 would then be about 80 units. Thus, the
ratio of the intensities on opposite sides of the boundary
between the panels 11 and 12 is 140/80, which is about equal
to the ratio 75/43, the ratio of the reflectances of the panels 11
and 12. The intensity of the light reflected from the edge of

“the panel 12 adjacent to the panel 13 could be about 118 units

compared with the 80 units reflected from the edge adjacent
the panel 11. The edge of the panel 13 adjacent the panel 12
would then reflect light having an intensity of 150 units. Thus,
the ratio of the reflected light intensities at the boundary
between the panels 12 and 13 is 118/150, which is about equal
to 43/55, the ratio of the reflectances of the panels 12 and 13.
The intensity reflected from the edge of panel 13 adjacent the
panel 14 could be about 215 units compared with 82 units
reflected from the edge of the panel 14 at this boundary. The
ratio of these intensities is about equal to the ratio of the cor-
responding reflectances of these panels, 55/21. The intensities
reflected at the boundary between the panels 14 and 15 could
be about 145 and 400 and the intensities reflected at the boun-
dary between the panels 15 and 16 could be about 510 and
104. The ratios of these intensities are about equal to the cor-
responding ratios of reflectances 21/58 and 58/12.

Since the lightness of the panels would be perceived by a
viewer in accordance with their reflectance even though the
intensities of the light reflected from the different panels are

" not in proportion to these reflectances and since the ratios of

the intensities across the boundaries between the panels cor-
respond to the ratios of the reflectances of the panels, it can be
postulated that the brightness of each panel is perceived in ac-
cordance with the ratio of intensities across the boundaries
between the panels. Similarly, it can be postulated that the
lightnesses of discrete areas of a scene are perceived in ac-
cordance with the ratios of intensities across the boundaries
between the discrete areas. The present invention is based on
this phenomenon of perception.

The ratio of the reflectance of the panel 11 to that of the
panel 12 is 75/43. If this ratio is multiplied by the ratio of the
reflectance of the panel 12 to that of the panel 13, the follow-
ing ratio results (75/43) X (43/55) = 75/55, which is the ratio
of the reflectance of the panel 11 to that of the panel 13.
Similarly, if this latter ratio is multiplied times the ratio of the
reflectance of the panel 13 to that of the panel 14, the follow-
ing ratio results (75/55) X (55/21) = 75/21, which is the ratio
of the reflectance of the panel 11 to that of the panel 14.
Likewise, if the ratio 75/21 is multiplied by the ratio of the
reflectance of the panel 14 to that of the panel 15, then the
ratio of the reflectance of the panel 11 to that of the panel 15
results, and if this last ratio is multiplied by the ratio of the
reflectance of the panel 15 to that of the panel 16, then the
ratio of the reflectance of the panel 11 to that of the panel 16,
75/12=6.3, results.

Since the ratios of the intensities at the boundaries between
the panels are about the same as the ratios of the reflectances
even though the pattern is illuminated from one edge or by the
source 19, these ratios can be muitiplied together in the same
manner as the ratios of reflectances to give the same result.
Thus, the ratio of the intensities at the boundary between the
panels 11 and 12 indicates the ratio of the reflectance of the
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panel 11 to that of the panel 12. If the ratio of intensities at the -

boundary between the panels 12 and-13 is multiplied by the
ratio of the intensities at the boundary between the panels 11
and 12, the resulting product equals the ratio of the
reflectance of the panel 11 to that of the panel 13. Similarly,
by multiplying the ratios of intensities at the boundaries
between each succeeding pair of panels going toward the
panel 16 times all the preceding ratios of intensities, the ratio
of the reflectance of the panel 11 to each of the succeeding
panels is obtained. Since each ratio is multiplied times a
sequence of preceding ratios, each resulting product is
referred to as a sequential product. When all of the intensity
ratios of the boundaries are multiplied together, the result is
6.3 which is the ratio of the reflectance of the panel 11 to.that
" of the panel 16. Thus, by measuring the ratios of light intensi-
ties at the boundaries between the panels, the relative
reflectance of the panels can be determined even though the
pattern is not uniformly illuminated but is illuminated from
~ the edge by the source 19.

As pointed out above, the hghtness of each panel is per-
ceived by the viewer as uniform even though the light
reflected from each panel has an intensity gradient across the
panel because the intensities of light reflected from the op-
posite edges of the panel are substantially different. Moreover,
. each panel is ascribed a lightness by the viewer in accordance
with its relative reflectance. Since the ratios of intensities
across the boundaries between the panels are equal to cor-
responding ratios of reflectances, the multiples of the ratios of
intensities across the boundaries directly correspond to the
relative lightness of each panel as perceived by a viewer. Thus,
an image of the pattern in FIG: 1 can be produced by sensing
the ratios of the light intensities across the boundaries
between the panels, multiplying these ratios together in suc-

cession to obtain products representing the relative lightness.

"of each panel as perceived by a viewer and then controlling
the brightness of the panels in the reproduced image in ac-
cordance with the products obtained by multiplying the ratios
of intensities. The resulting i image accurately represents the
Jpattern as perceived by the viewer even though the pattern is
illuminated from one edge because, as pointed out above, the
viewer perceives the lightness of each panel in accordance
. with its reflectance rather than according to the intensity of
light reflected from each panel. The fact that the panels in the
reproduced image are each uniform in brightness whereas the
. panel in the subject pattern has a brightness gradient across
‘them, does not prevent the images from being an accurate
representation of the subject image because the viewer scarce-
ly perceives these gradients but perceives each of the panels as
being of a uniform lightness. Thus, there.is no necessity for
reproducing the brightness gradient across each of the panels.

As has been explained in the experiment with the pattern of
FIG. 1 illuminated from one edge, a viewer perceives the
lightness of -each panel in accordance with its relative
reflectance. This phenomenon does not mean that the viewer
always perceives the lightness of discrete areas in accordance
with the relative reflectance of the discrete areas. Discrete
areas of different lightness can be formed by shadows on a
background of uniform reflectance. Nevertheless, multiples of
the ratio of intensities across the boundaries between the dis-
crete areas computed as described above with reference to
FIG. 1, correspond to the relative llghtness of the discrete
areas.

A copending application - Ser. No. 699,496 filed Jan. 22,
1968 entitled “Method and System for Image Reproduction

4

.ries of discrete areas in the televised subject. These signals are

transmitted.to the receiver where the signals representing the
ratios are multiplied together to provide signals representing
the relative lightness of the discrete areas of the televised sub-

5 ject as perceived by a viewer of the televised subject. The
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image is then produced in accordance with these lightness
signals. .

SUMMARY OF THE INVENTION

In the system of the present invention, the subject to be -
reproduced is not scanned. Instead, an array of photocells is
provided to sense each incremental area of an image of the
subject. Pairs of photocells separated by small incremental
distances - are interconnected to prodice output signals
representing the ratios of the light intensifies sensed by the
phiotocell pairs. The output signal from each succeeding pair
of photocells is muitiplied by the signals of all preceding pairs
of photocells in the array to provide signals which represent
the lightnesses of the discrete areas in the subject as they
would be perceived by a viewer. These lightness signals are
then used to control the brightness of corresponding incre-
mental areas in the reproduced image. In this manner, an
image is reproduced in which the brightness of each discrete
area is controlled in accordance with the lightness of the cor-
responding discrete area of the original subject as perceived
by a viewer of the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a pictorial representation of an experimental ar-
rangement illustrating some of the principles on which the
present invention is based;

FIG. 2 is a block diagram illustrating the system of the
present invention;

FIG. 3 is a block diagram illustrating in more detail a por-
tion of the system of the present invention; and

FIG. 4 is a circuit diagram illustrating the detailed circuitry
of a portion of the system of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in FIG. 2 the system of the present invention
compnses an array of photocells 21 arranged in pairs. An
image of the subject to be televised is focused on the photocell
array. The image focused on the array of photocells may be
considered to be divided into incremental areas, hereinafter
called increments, each focused on a different photocell in the
array. Each photocell of the array produces an output signal
representing the intensity of the light received thereby. The
output 51gnals from. the photocells are. applied to an analog
system 23 in which they are combined in a way to produce an
output lightness signal for an adjacent pair of photocells,
representing the relative lightnesses of the discrete areas of
the image focused on such pair of photocells. The output
signals of the analog system 23 are each applied to a different
lamp of a lamp array 25, which lamp generates light of an in-
tensity appropriate to characterize the lightness represented
by the applied signal. Accordingly, each lamp in the lamp
array generates light with an intensity or brightness in ac-
cordance with the lightness of the discrete area focused on a
corresponding photocell. The lamps of -the array 25 are’
located in positions corresponding to positions of the cor-

responding photocells in the photocell array so that the lamps

reproduce the i image focused on the photocell array. Because

- of the manner in which the image is reproduced by the’lamp

‘Based on Significant Visual Boundaries of Original Subject,” -

invented by Edwin H. Land and John J. McCann, and assigned
to the assignee of the present application, now Pat. No.
3,553,360 discloses a system which like the present invention
is based on the above-discussed phenomenon of visual percep-
tion. In the systems disclosed in the said copending applica-
tion, the subject is scanned point-by-point to produce a time-
coded video signal. The video signal is operated on to provide
signals representing the ratio of brightness across the bounda-
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array, the lightnesses of discrete areas of the subject image
focused on the photocell array 21 are reproduced as
brightnesses in the image produced by the lamp array 285.

FIG. 3, which is a more detailed block diagram of a'portion
of the system of the present invention, illustrates how the
analog circuit prodiices output signals corresponding to the
logarithm of the relative hghtness of the discrete areas of the
image focused on the-array of photocells. Only three pairs of
the photocells of the array 21 are shown in FIG. 3, the
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photocells of one pair being designated by the reference num-
bers 31 and 32, the photocells of a second pair being
designated by the reference numbers 35 and 36, and the
photocells of a third pair being designated by the reference
.numbers 39 and 40. The photocells of each pair in the array
are positioned so that they sense the light intensity of closely
adjacent increments of the image focused thereon. Thus, the
output signal of the photocell 31 is proportional to the intensi-
ty of light from one image increment focused on the photocell
pair 31-32 and the output signal of the photocell 32 is propor-
tional to the intensity of the light from an adjacent image in-
crement. The output signal of the photocell 31 is converted to
a logarithmic scale by a converter 41 and applied to the minus
input of a difference circuit 43; and the output signal of the
diode 32 is converted to a logarithmic scale by a converter 44
applied to the plus input of the difference circuit 43. The dif-
ference circuit 43 subtracts the signal applied to the minus
input from that applied to the plus input and produces an out-
put signal proportional to the difference between the two ap-
plied signals. If the intensity sensed by the photocell 31 is con-
sidered to be A and the intensity sensed by the photocell 32 is
considered to be B, the output of the converter 41 represents
log A and the output of the converter 44 represents log B. Ac-
cordingly, the output signal of the difference circuit 43 is a
ratio signal which represents log B — log A, or log B/A. The
brightness ratio signal representing log B/A signifies only how
much brighter or darker image increment B is as compared to
image increment A. It is to be noted that this signal does not
carry dimensional information about the absolute intensities
of light either from increment A or from increment B.
The brightness ratio signal has another interesting charac-
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teristic. Because it is derived from a pair of photocells spaced

apart by a very small physical distance, illumination gradients
across the original image do not significantly affect the am-
plitude of this signal. For example, with an image of the type
shown in FIG. 1 focused on the photocell array, illumination
gradients have a vanishingly small effect on the brightness
ratio signal from any given photocell pair in the array. This
will be true even though the absolute intensity of illumination
in any large image area may vary greatly over the total extent
of that area. Consequently, with such an image, the ratio of
the responses of any two paired photocells, such as 31 and 32,
is proportional to the ratio of reflectances of the incremental
image areas sensed by the photocells. This proportionality is
inherent in the brightness ratio signal derived from the
photocell pair.

The photocells 35 and 36 sense the light from successive
portions of the original subject. The photocells are preferably
arranged so that the photocells 32 and 35 sense light from the
same, or approximately the same, increment. Photocell 35
senses light of intensity C and photocell 36, sensing the inten-
sity of light from the next adjacent image increment focused
on the array senses light of intensity C. The output signals of
the photocells 35 and 36 are applied to converters 45 and 46,
which convert the applied signals to a logarithmic scale and
apply them to a difference circuit 47. The difference circuit 47
subtracts the output signal of the converter 45 from the output
signal of the converter 46 to produce a brightness ratio signal
representing log D/C.

The photocells 39 and 40 sense light from still further por-
tions of the subject adjacent to those sensed by the photocell
pair 35-36. Again, it is preferable that photocells 36 and 39
sense light from the same or approximately the same incre-
ment. If photocell 39 senses light of intensity E and photocell
40 senses light with intensity F, the output signals of the
photocells 39 and 40 are converted to a logarithmic scale by
converters 49 and 50 and are then subtracted by means of a
difference circuit 51 to produce a ratio signal representing log
FJE.

The ratio signals derived from each photocell pair are
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further processed to obtain lightness signals representing for

any one photocell pair in the array, the sequential multiplica-
tion of the corresponding brightness ratio from that one pair

75

6

and the brightness ratios obtained from photocell pairs
preceding the one pair in the sequence of the array. In this
way, a signal is obtained for each image increment represent-
ing the lightness of that increment relative to all other image
increments to which the photocell array is exposed. This is ac-
complished in the example illustrated by the use of summing
circuits. _

. The output signal of the difference circuit 43 is applied to a
corresponding summing circuit §3 which also receives a signal
on a channel §6. The summing circuit 53 adds the two applied

-signals together to produce a lightness signal representing the

sum of the two applied signals. The output of the summing cir-
cuit 53 is the output of the analog system 23 corresponding to -
the photocell pair 31-32. The output signal from the summing
circuit 53 is applied to a lamp 57, which is located in a position
in the lamp array 25 corresponding to the. position of the
photocell 32 in the photocell array.

The output signal from the difference circuit 47 is also ap-
plied to a corresponding summing circuit §9, which is also
connected to receive an output signal from the summing cir-
cuit §3. The summing circuit 59 adds the two signals together
to produce an output lightness ratio signal representing the
logarithm of the multiple of the two applied signals. The out-
put of the summing circuit 59 is the lightness signal output of
the analog system corresponding to the photocell pair 35-36.
The output signal of the summing circuit §9 is applied to a
lamp 61, which is located in the lamp array 25 in a position
corresponding to the position of the photocell 36 in the
photocell array.

The output of the difference circuit 51 is similarly applied to
a corresponding summing circuit 63, which is connected to
receive an output signal from the summing circuit 59. The
summing circuit 63 adds the two signals applied thereto
together to produce an output signal representing the sum of
the two applied signals. The output signal of the summing cir-
cuit 63 is the lightness signal output of the analog system 23
corresponding to the photocell pair 39—40 and is applied to a
lamp 65 located in the lamp array 25 in a position correspond-
ing to the position of photocell 40 in the photocell array.

Each pair of photocells in the entire photocell array is con-
nected to a corresponding difference circuit to produce a ratio
signal representing the logarithm of the ratio of the intensities
sensed by the pair of photocells in the same manner that the
photocell pairs are shown connected in FIG. 3. To obtain the
sequential multiplication of such ratio signals, the ratio signal
from each difference circuit is applied to a corresponding
summing circuit in which the ratio signal is added to an output
signal from the summing circuit corresponding to the preced-
ing pair of photocells, just as the output signals of the dif-
ference circuits 47 and 51 are applied to the summing circuits
59 and 63 and are added to the output signals from the
summing circuits corresponding to the preceding pairs of
photocells. Accordingly, the signal applied to the summing
circuit 53 over channel 56 is from the summing circuit cor-
responding to the photocell pair immediately preceding the
photocell pair 31-32 in the sequence of the array. The incre-
ments of the image focused on this preceding pair are
preferably immediately adjacent to the increments focused on
the photocell pair 31-32. Similarly, an output signal of the
summing circuit 63 is applied over a channel 66 to the
summing circuit corresponding to the next succeeding pair of
photocells in the array. The increments of the image focused
on this next succeeding pair are adjacent to the increments
focused on the photocell pair 39-40. The image increments
focused on each succeeding photocell pair are adjacent to the.
image increments focused on the preceding photocell pair.

The photocells are arranged in a regular sequence and are
preferably connected to the analog circuit in an endless loop
so that an output signal of the summing circuit corresponding
to'what may be considered the last photocell pair of the array
is connected to an input of the summing circuit corresponding
to what may be considered the first photocell pair of the array.
The photocell pairs are preferably arranged so that the incre-
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ments focused on the last palr are adjacent to the increments
focused on the first pair.

The spacing between photocells is small enough so that the
photocells of a given pair sense substantially the same intensi-
ty unless an image boundary between discrete areas of dif-
ferent brightness in the image is focused to fall between a
photocell pair. When no such boundary intervenes, the output
signals from the two photocells are substantially the same even
though there may be an intensity gradient across the discrete
-area in which the increment focused on the photocell pair is
located. In that instance, the difference between the output
signals from the two photocells becomes vanishingly small,
and the corresponding difference circuit produces-an output
signal of zero, representing the log of the ratio of 1 to 1.
Gradual illumination gradients tend to be ignored. When the

8

bnghtness) of the corresponding discrete areas in the image '

. focused -on the photocell array relative to some starting value

image increments sensed by a pair of photocells straddle a -

- boundary between discrete areas of differing brightness, the

output signals from the two photocells are not equal. The dif- .

ference circuit then produces a ratio signal of significant pro-
portions representing some finite value equal to the log of the
ratio of the two intensities sensed by the two photocells and
thus corresponding to the ratio of Ilght intensities on the op-
posite sides of the boundary.

Since the output from the difference circuit corresponding
to a given pair of photocells is essentially zero when the incre-
ment focused on such pair of photocells lies within a discrete
image area rather than on the boundary between discrete
areas, the output from the summing circuit corresponding to
each succeeding pair of photocells on which an increment
within a bounded area is focused is the same as the output
from the summing circuit corresponding to the preceding pair
of photocells. Thus, the summing circuits corresponding to
succeeding pairs of photocells sensing light from the same
bounded area, all produce substantially the same output
signal. This output signal equals the output signal of that
summing circuit corresponding to the next preceding pair of
photocells sensing light across the boundary between this
same bounded image area and an adjacent bounded image
area. Accordingly, the summing circuit corresponding to each
pair of photocells sensing light from a boundary between dis-
- crete areas effectively multiplies the ratio of intensities across
this boundary times the ratio represented by the output from
the summing circuit corresponding to the next preceding
photocell pair positioned to sense light from opposite sides of
a boundary between discrete areas. Thus, the summing cir-
cuits multiply the ratios of intensities across the boundaries
between discrete areas in the same manner that the ratios of

intensities ‘across the boundaries between panels are mul-’

tiplied as described with reference to FIG. 1. The resulting
output signals of the summing circuits represent the logarithm
of the sequential products of the ratios of intensities across the
boundaries between discrete areas. As pointed out with
respect to FIG. 1, the sequential products resulting from this
multiplication correspond closely to the relative lightnesses of
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the panels as would be perceived by a viewer. Accordingly, -

the outputs of the summing circuits corresponding to the
photocell pairs sensing light across image boundaries cor-
respond to the relative lightnesses of the discrete areas on a
logarithmic scale. In this manner, the output or lightness
signals of the analog system correctly represent the relative
lightnesses of the corresponding increments of the image
focused on the photocell array.

Preferably, the lamps of the lamp array produce output in-
tensities proportional to the antilogarithm of the applied
signal. Accordingly, each lamp produces light with an intensi-
ty corresponding closely to the relative lightness of the dis-
crete area in which the corresponding increment is located in
the image focused on the photocell array. In this manner, the
relative lightness of the discrete areas of the image focused on
the photocell array is represented in the reproduced image as
brightness.

Since the brightness of each discrete area of an image
reproduced by this system depends upon the lightness (not

60

65

70

5

which starts the sequence of multiplication of ratios, this start-
ing value must be determined in order for all of the discrete
areas in the reproduced image to have the correct relative
brightnesses. In the system shown, a correct starting value is
automatically determined within the matrix of the system
because of two operating characteristics of the system: first,
because the analog circuits are connected in a closed loop as
described above and, second, because each of the summing
circuits has an amplitude-limited maximum output signal.
Each summing circuit is adjusted to energize its corresponding
lamp with a predetermined maximum brightness when
producing its maximum output signal. This maximum
brightness becomes a standard by which. the brightness of all
other lamps in the array may be compared. In the reproduced
image, this corresponds to the whitest or the lightest image
area.

For example, in the reproduction of an image such as that
shown in FIG. 1, the lamp array would render image area 11 as
the brightest portion of the image because it is, in the original
subject, the lightest portion. If a change were made in the
original subject, all of the lamps in the lamp array would read-
just their intensities appropriately. For example, if image area
14 of comparatively low reflectance were replaced by a
similar sized image area of higher reflectance than that of
image area 11, the image reproduced by the lamp array would
no longer show image area 11 as the brightest portion of the
scene. In fact, the brightness of the lamps which would then
define image area 11 would be reduced to a level less than that
of reproduced image area 14. The reproduced image area 14
would then become the brightest portion of the image.

This bears closer analysis. When area 14 of the original sub-
jectis replaced by a new and lighter area, i.e., one having the
Highest reflectance of any. of the image areas 11 through 16,
the sequential multiplication of ratios which had previously
been effected by the image reproduction system is inter-
rupted. New values are substituted. Those portions of the
image reproduction system which had previously attempted to
reproduce image area 14 at a lightness value lower than that of
image area 11 now attempt to exceed the brightness of image
area 11. This cannot be done, however, because of the limita-
tion on the amplitude of the output signal. In effect, the
sequential multiplication of brightness ratios is interrupted
and the multiplication begins anew with all successive mul-
tiplications being based upon the new maximum values
derived by the system for image area 14. This interruption of
the multiplication effected by the system occurs whenever the
array derives a sequentially multiplied brightness ratio signal
which tends to exceed the maximum output signal level of a
summing circuit. At this point, the system substitutes the new
maximum value and all subsequent multiplications of ratios
are based on this maximum. The reproduced scale of
lightnesses rendered in terms of the individual brightnesses of
lamps in the array are scaled down from that maximum value.
It is particularly to be observed and stressed that this system
locates the lightest area of the original subject, not necessarily
the brightest, and reproduces all image areas with brightnesses
dependent on the scale of lightnesses of corresponding areas
in the original subject.

FIG. 4 is a circuit diagram illustrating the details of the
summing circuit and the difference circuit corresponding to a
given pair of photocells. In FIG. 3, the photocells are
designated by the reference numbers 71 and 72. Each of the
photocells 71 and 72 has a resistance which is propdftional to-
the intensity of the light incident thereon. One side of each of
the photocells 71 and 72 is connected to ground. The other
side of the photocell 72 is connected to the base of a PNP
transistor 75, and the other side of the photocell 71 is con-
nected to the base of a NPN transistor 76. The emitter of the
transistor 75 is connected through a series circuit of a 2.7
kilohm resistor.77 and a variable 5 kilohm resistor 79 to a 10
volt positive DC source applied at a terminal 81. The emitter
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of the transistor 76 is connected through a 4.7 kilohm resistor
83 to a 10 volt negative source of DC voltage applied at a ter-
minal 85. The terminal 81 is connected through five diodes 87
connected in series to the junction between the photocell 72
and the base of the transistor 75. The diodes 87 are poled to
permit current to flow from the terminal 81 to photocell 72.
The terminal 85 is connected through five diodes 89 con-
nected in series to the junction between the photocell 71 and
the base of the transistor 76. The diodes 89 are poled to per-
mit current to flow from the photocell 71 to the terminal 85.
The resistances of the photocells 71 and 72 change linearly
with the intensity of the light incident thereon. Because the
diodes 87 are connected in series with the photocell 72, the
voltage at the base of the transistor 75 and accordingly the
base current of the transistor 75 varies logarithmically with
the intensity of the light incident on the photocell 72.
Similarly, because of the diodes 89 connected in series with
the photocell 71, the voltage applied to the base of the
transistor 76 and accordingly the base current of the transistor
76 varies logarithmically with the intensity of the light incident
on the photocell 71. The collectors of the transistors 75 and
76 are connected together and to ground through a 10 kilohm
resistor 91. The collector currents of the transistors 75 and 76
are summed in the resistor 91. However, since the currents
through the transistors 75 and 76 are of opposite polarity, the
summing of the currents in the resistor 91 in effect is a sub-
traction so that the transistors 75 and 76 perform the function
of a difference circuit such as the circuits 43, 47 and 51
described with reference to the block diagram of FIG. 3. The
variable resistor 79 permits the difference circuit to be
properly balanced. '

The output signal from the summing circuit corresponding
to the preceding pair of photocells is applied from an input 92
to the junction between the transistors 75 and 76 and the re-
sistor 91 through a 10 kilohm resistor 93. The resistors 91 and
93 sum the output signal from the summing circuit cor-
responding to the preceding pair of photocells and the signal
representing the logarithm of the ratio of the intensities in-
cident upon the two photocells 71 and 72 so that a signal pro-
portional to this sum is produced at the junction between the
resistors 91 and 93. Accordingly, the signal at this junction is
proportional to the sum of the output signal from the summing
circuit corresponding to the preceding pair of photocells and
the output signal of the difference circuit corresponding to the
photocells 71 and 72. Thus, the resistors 91 and 93 comprise
the summing circuit corresponding to the photocells 71 and
72.

The signal at the junction between the resistors 91 and 93 is
applied to the base of a NPN transistor 95, the collector of
which is connected through a 1 kilohm resistor 97 to a 35 volt
positive source of DC voltage applied at a terminal 99 and the
emitter of which is connected through a 2.2 kilohm resistor
101 to a 10 volt negative source of DC voltage applied at a ter-
minal 103. The collector of the transistor 95 is connected to
the base of a PNP transistor 105, the emitter of which is con-
nected through a 100 ohm resistor 107 to the 35 volts applied
at terminal 99. The collector of the transistor 105 is connected
to the collector of a PNP transistor 109, the base of which is
connected to the emitter of the transistor 105 and the emitter
of which is connected directly to the terminal 99. The collec-
tors of the transistors 105 and 109 are connected through a se-
ries circuit of a lamp 111, a 5 ohm resistor 110, and a 50 ohm
variable resistor 112 to ground. The lamp 111 is the lamp in
the lamp array corresponding to the pair of photocells 71 and

Resistors 113 and 115, each having a resistance of 430
ohms, are connected in series from the junction between the
lamp 111 and the resistor 110 to ground. The junction
between the resistors 113 and 115 is connected to the base of
a transistor 117, the emitter of which is connected to the
emitter of the transistor 95 and the collector of which is con-
nected to the terminal 99. The transistor 95, 105 and 109 am-
plify the signal voltage applied to the base of the transistor 95
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to produce an output signal voltage across the lamp 111, pro-
portional to the applied input signal and representing the sum
of the output signal from the difference circuit comprising the
transistors 75 and 76 and the output signal of the summing cir-
cuit corresponding to the preceding pair of photocells. The
lamp 111 produces output light with an intensity proportional
to the antilogarithm of the signal voltage applied to the base of
the transistor 95. Accordingly, the intensity of the light
produced by the lamp 111 corresponds to the relative
lightness of the discrete area in which the increment focused
on the photocell 72 is located. The resistor 112 provides a
means for adjusting the brightness of the lamp 111 for a given
input signal applied to the base of the transistor 95. The re-
sistor is adjusted to give the desired intensity to represent
white when the current through the transistor 109 is at its
maximum.

The transistor 117 provides a feedback signal to the amplifi-
er comprising the transistors 95, 105 and 109 to insure that
the signal voltage produced at the junction between the lamp
111 and the resistor 110 is twice the signal voltage applied to
the base of the transistor 95 for reasons explained below. The
resistors 113 and 115 act as a voltage divider so that the signal
voltage at the junction between the resistors 113 and 115 is
half the voltage at the junction between the lamp 111 and the
resistor 110. The transistors 95 and 117 are matched so that
the voltage drop across the emitter base junctions of these two
transistors is the same. Accordingly, the voltage at the bases of
these two transistors should be the same. Any voltage dif-
ference between the bases of the transistors 95 and 117 is am-
plified by the transistors 95, 105, 109 and 117 to counteract
such difference. In this manner, the voltage at the junction
between the resistors 113 and 115 is maintained equal to that
applied to the base of the transistor 95 and the voltage at the
Jjunction between the lamp 111 and the resistor 110 is main-
tained at twice the voltage applied to the base of the transistor
95. This signal voltage at the junction between the lamp 111
and the resistor 110 is the output of the summing circuit which
is applied to the input of the summing circuit corresponding to

- the next succeeding pair of photocells in the photocell array.

The reason this signal voltage is controlled to be twice that ap-
plied to the base of the transistor 95 is to compensate for the
voltage divider effect on this signal voltage in the summing cir-
cuit corresponding to the next succeeding pair of photocells
following the photocells 71 and 72. As pointed out above, the
signal voltage from the summing circuit corresponding to the

" photocell pair preceding the photocells 71 and 72 is applied to
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the summing circuit corresponding to the photocells 71 and
72 from an input 92. The resistors 93 and 91 act as a voltage
divider on this signal so that the summing circuit in effect adds
half the signal voltage on the input 92 to the output signal of
the difference circuit. For this reason, the signal applied to
each summing circuit from the summing circuit corresponding
to the preceding pair of photocells should be a scale of twice
that of the output signals of the difference circuits. Ac-
cordingly, the signal voltage produced at the junction between
the lamp 111 and the resistor 110 is maintained twice that ap-
plied to the base of the transistor 95.

The above described embodiment of the invention
reproduces a monochromatic subject image. The inventive
concept is not limited to black and white or monochromatic
systems as it may also be used in two or three color systems. In
a color system, duplicate photocell arrays might be used to
sense different color components of the subject image to be
reproduced. For example, a red filter could be placed in front
of the photocell array of one circuit and a green filter in front
of the photocell array of the other circuit. Corresponding
lamp arrays producing registered images in appropriate colors
would be excited by signals from the respective signal
processing systems.

Instead of using photocells which have resistances which
vary linearly with the intensity of the light incident thereon,
photodiodes which produce output signals proportional to the
logarithm of the intensity of the applied signal could be used,
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thus eliminating the need for the conversion of the linear re-
sistance variation to a logarithmic scale. These and many
other modifications may be made to the above described
specific embodiment of the invention without departing from
the spirit and scope of the invention, which is defined in the
appended claims.

We claim:

1. An image sensing system comprising;

an array of photocells adapted to have an image focused

thereon,

means interconnecting said photocells in a regular sequence

to produce ratio signals representing brightness ratios
between adjacent image increments focused on pairs of
adjacent photocells in said array, and '
means responsive to said ratio signals to produce a lightness
signal corresponding to each of said image increments
“and representing the sequential  product of each
brightness ratio determined for a given photocell pair and
the brightness ratios determined for the preceding
photocells pairs in said sequence.

2. An image sensing system comprising an array of
photocells adapted to have an image focused thereon, said
photocells being connected in pairs to sense light from ad-
jacent increments of such image, and analog means responsive
to the output signals of said photocells to produce lightness-
characterizing signals for each of said increments and
representing the product that results from the multiplication
of the ratio of light intensities at any given pair of adjacent
image increments times the sequential product of the ratios of
light intensities at pairs of adjacent image increments preced-
ing said given pair of increments in said sequence.

3. An image sensing system comprising an array of
photocells adapted to have an image focused thereon, said
photocells being connected in sequential pairs to sense light
from adjacent increments of said image, and analog means
responsive to the output signals of said photocells to produce
an output signal for each one of said increments and
representing a ratio between the light intensity at said one
image increment and the light intensity at an adjacent image
increment multiplied by the ratios between light intensities at
pairs of adjacent image increments preceding said one incre-
ment in said array.

4. An image sensing system comprising an array of

photocells arranged in a regular sequence and adapted to have
an image focused on said array of photocells, pairs of said
photocells being arranged to sense light from adjacent incre-
ments of the image focused on said array, each pair sensing
light from image increments adjacent to the increments sensed
by a preceding pair of photocells in said sequence, and analog
means responsive to the output signals of the photocelis of
said array to produce an output signal corresponding to each
increment of said image representing the product that results
from the multiplication of the ratio between the intensities
sensed by a given pair of said photocells times the sequential
product of the ratios between the intensities sensed by the
preceding photocell pairs in said sequence.

5. An image reproduction system comprising an image
sensing system as recited in claim 4 and output means respon-
sive to the output signals of said analog means to produce an
image in accordance with the output signals of said analog
means to thereby reproduce the image focused on said array
of photocells.

6. An image reproducing system as recited in claim 5§
wherein said output means comprises a lamp array including a
lamp for each of said pairs of photocells connected to be ener-
gized to produce an output intensity in accordance with the
product represented by the corresponding output signal of
said analog means, each lamp of said array being located in a
position in said lamp array corresponding to the position of a
respective image increment impinging on said photocell array.

~7.'An image sensing system as recited in claim 4 wherein
there is provided means to produce a logarithmic signal cor-
responding to each photocell and representing the logarithm
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of the intensity of the light focused on such photocell and
wherein said analog means includes means to subtract the
logarithmic signal corresponding to one of the photocelis of
each of said pairs from the other and to add the resulting dif-
ference to the output signal of the analog means correspond-
ing to the preceding pair of photocells to provide said output
signal corresponding to each pair of photocells.

8. An image reproduction system comprising an image
sensing system as recited in claim 7 and a lamp array including
a lamp for each pair of photocells connected to be energized
in accordance with the corresponding output signal of said
analog means, each lamp producing light of an intensity pro-
portional to the antilogarithm of the energizing signal, each
lamp of said array being located in a position in said lamp
array corresponding to the position of a respective image in-
crement focused on said photocell array.

9. An image reproduction system as recited in claim 7
wherein each of said photocells has a resistance proportional
to the intensity of the light focused thereon and wherein said
means to provide a logarithmic signal corresponding to each
of said photocells comprises a circuit including a plurality of
diodes connected in series with said photocell. .

10. An image sensing system comprising an array of
photocells and arranged in a sequence of succeeding pairs and
adapted to have an image focused on said array, each of said
pairs being arranged to sense light from adjacent increments
of the image focused on said array, each pair of photocells
sensing light from increments adjacent to the increments
sensed by the preceding pair of photocells in said sequence,
and analog means responsive to the output signals of said
photocells to produce an output for each of said photocell
pairs representing a lightness. ratio determined by the ratio
between the intensities sensed by the photocells of such pair
multiplied by the sequential products of the ratios represented
by the output signals of said analog means corresponding to all
preceding photocell pairs in said sequence.

11. An image reproduction system comprising an image
sensing system as recited in claim 10 and means responsive to
the output signals of said analog means to produce an image in
accordance with said output signals to thereby reproduce the
image focused on said array of photocells.

12. An image reproduction system as recited in claim 11
wherein said output means comprises a lamp array including a
lamp for each of said pairs of photocells connected to be ener-
gized to produce light with an intensity proportional to the
ratio represented by the corresponding output signal of said
analog means, each lamp of said array being located in a posi-
tion in said lamp array corresponding to the position of a
respective image increment focused on said photocell array.

13. An image sensing system as recited in claim 10 wherein
the increment of said image focused on the last photocell in
said sequence is adjacent to the increment of said image
focused on the first photocell and wherein the ratio
represented by the output signal corresponding to the first pair
of photocells is determined by multiplying the ratio of intensi-
ties sensed by the photocells of said first pair times the ratio
represented by the output signal of the analog means cor-
responding to the last pair of photocells in said sequence.

14. An image sensing system as recited in claim 10 wherein
there is provided means to produce a logarithmic signal cor-
responding to each of said photocells representing the
logarithm of the intensity of the light focused on such
photocell and wherein said analog means comprises means to
subtract the logarithmic signals corresponding to one
photocell of each pair from the other and to add the resulting
difference to the output signal of the analog means cor-
responding to the preceding pair of photocells to thereby
produce said output signal corresponding to each pair of
photocells.

15. An image reproduction system comprising an image
sensing system as recited in claim 14 and a lamp array includ-
ing-a lamp for each pair of photocells in said photocell array
connected to be energized in accordance with a correspond-
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ing output signal of said analog means, each lamp producing
an output intensity proportional to the antilogarithm of the
energizing signal. :

16. An image sensing system comprising an array of
photocells arranged in a predetermined sequence and adapted
to have an imagewise distribution of light focused thereon,
means for obtaining from adjacent pairs of said photocells in
said array signals representing the ratio of brightness sensed
by said photocells at closely adjacent points at separate incre-
ments of said distribution, analog means responsive to said
signals representing brightness ratios to produce signals
representing the brightness ratios sensed by each of said ad-
jacent pairs of said photocells multiplied times the sequential
product of all brightness ratios sensed by said photocells
preceding such adjacent pair in a predetermined sequence to
establish a hierarchical scale of lightness values of said incre-
ments, said analog means including means responsive to the
establishment of a lightness value at any particular one of said
increments more extreme than at any preceding one of said in-
crements for interrupting the sequence of multiplication at
said particular increment and for starting a new sequence of
multiplication of successive brightness ratios detected by said
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array at said particular increment.

17. An ipiage reproduction system comprising an image
sensing system as recited in claim 16 wherein said analog
means produces an output signal representing each sequential
product determined by said multiplying means in said multipli-
cation sequence, and output means responsive to the resulting
output signals to produce an image in accordance with the
output signals of said analog means to thereby reproduce said
imagewise distribution' of light focused on said array of
photocells.

18. An image reproducing system as recited in claim 17
wherein said output means comprises a lamp array including a
lamp for each of said output signals and means to. energize
each of said lamps to produce light of an intensity in ac-
cordance with the sequential product represented by the cor-
responding output signal.

19. An image sensing system as recited in claim 17 wherein

“said means for interrupting said sequence of multiplication
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carries out said interruption of the sequence of multiplication
by providing each sequential product in said sequence of mul-
tiplication with a predetermined maximum value.

* * * * *



