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[57] ABSTRACT

In a color camera utilizing a color encoding strip filter
arrangement in the optical path to separate hght from
an object into its component colors, an imaging sys-
tem includes a noninteracting cylindncal lens array to
image the encoding filter strips onto a photosensitive
medium without the use of a relay lens.

13 Claims, 6 Drawing Figures




Reissued Jan. 27, 1976 Re. 28,702

fFie. 1. 1

:

¥
5 25 /
N al

~y

N [
W e,
Ty ?
59 A |
> i
S |

g

WAVELENGTH 45004 65004

li6.6.




Re. 28,702

1

NONINTERACTING LENS SYSTEM FOR A COLOR
ENCODING CAMERA

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

EBACKGROUND OF THE INVENTION )

This invention relates to the optical system of a color
camera, and more particularly, to a shadowing system
for imaging color encoding filter strips onto a photo-
sensitive medium,

[t is known in the art that a color encoding filter may
be placed in the optical path of a camera to encode the
light from an object in terms of its component colors,
which encoded light may then be recorded on black
and white film for subsequent decoding to reproduce
an image of the object in color, or the encoded light
may be imaged onto the photosensitive electrode of a
black and white television camera pickup tube for gen-
erating color representative video signals which may be
decoded and used to reproduce a color image of the
object in a television receiver.

T'he color encoding filter may comprise a first grating
of alternate and parallel transparent and colored strips
of a first color and a second grating superimposed over
the first and comprising alternate and parallel transpar-
ent and colored strips of a second color. The colored
strips may be of primary colors such as red and blue or
they may be subtractive colors such as cyan and yellow,
for example. The latter type is more efficient from the
point of view of overall light transmission and in that
the entire filter area may be used for color encoding as
well as for luminance or brightness signal generation.

A color encoding filter of the type having subtractive
color strips may be similar to that disclosed in U.S, Pat.
No. 3,378,633 issued Apr. 16, 1968, to Albert Macov-
ski. Such a filter comprises a first grating of alternate
cyan and transparent strips and a second grating of
alternate yellow and transparent strips, one grating
being superimposed over the other with the strips of the
first grating at an angle of approximately 45° relative to
the strips of the second grating. In the patented filter
the width of the strips of both filters are substantially
equal and have a line density of approximately 500
strip pairs per inch (a strip pair consisting of one col-
ored and one transparent strip) imaged onto a one-half
inch wide photosensitive electrode of a television cam-
era pickup tube, for example. The cyan and transparent
strips of the first grating are disposed vertically, for
example, i.e., perpendicular to the direction in which
the electrode is scanned by an electron beam, and the
yellow and transparent strips of the second grating are
disposed at an angle of approximately 45° to the strips
of the first grating and to the scanning direction of the
electron beam. The scansion of the photosensitive elec-
trode of such a camera tube at the rate established as
standard in the United States by the Federal Communi-
cations Commission produces at the output of the cam-
era tube a 3.5 MHz. carrier wave modulated in ampli-
tude by the blue color representative signal and a 5.0
MHz. carrier wave modulated in amplitude by the red
representative signal. The luminance or brightness in-
formation is represented by the signal produced in the
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output of the camera tube that is derived from the
average light transmitted by the encoding filter onto
the photosensitive electrode of the camera tube. The
composite signal produced in the output of the camera
tube 1s processed to develop separate luminance (Y)
and red and blue color difference signal (R-Y) and
(B-Y ), respectively.

The light from a subject is filtered by a color encod-
ing filter, such as that described and disclosed in the
Macovski patent, and then impinges upon the photo-
sensitive electrode of the camera pickup tube, which
may be a vidicon, for example, after passing through
the faceplate of the tube. It is desirable that the color
encoding strip pattern be sharply imaged on the photo-
sensitive electrode in order to produce maximum mod-
ulation of each of the encoded color signals. In the case
of the cyan-transparent grating of the encoding filter
disclosed by Macovski, for example, it is desirable that
the light passing through the transparent strips be pre-
vented from impinging upon those areas of the photo-
sensitive electrode located behind the cyan strips in
order that the carrier wave, produced in the output of
the camera pickup by the electron beam scansion of
the electrode, be modulated only by the presence or
absence of red light from the subject. The filter gratings
will be sharply imaged on the photosensitive electrode
if the light rays passing through the encoding filter
strips are collimated, i.e., are parallel or substantially
$0. If the camera lens is stopped down to a relatively
small aperture, 122 or f32, for example, the light pass-
ing through the aperture will be substantially colli-
mated and the encoding filter strips will be sharply
focused on the photosensitive electrode of the camera
tube. Frequently, however, it is desirable to increase
the aperture size of the camera lens to obtain sufficient
illumination of the photosensitive electrode or to
achieve other effects. At large aperture sizes of the
camera lens, such as f4.5 for example, the rays of light
passing through the lens will not be collimated (i.e.,
parallel) and the encoding filter strips will not be im-
aged sharply onto the photosensitive electrode, thereby
resulting in a loss of modulation of the color encoded
signals as previously described.

In the past, one approach to imaging the encoding
filter strips onto the photosensitive electrode of the
camera tube has been to insert a relay lens in the opti-
cal path between the color encoding filter and the pho-
tosensitive electrode. In such an arrangement, light
from the subject is imaged onto the color encoding
filter and the relay lens serves to reimage the combina-
tion of the subject and the encoding filter strips onto
the photosensitive electrode of the camera tube.
Hence, in a color encoding camera system utilizing a
relay lens to focus the color encoding filter strips onto
the photosensitive electrode of the camera tube, it is
necessary that the encoding filter be in an image plane.
Thus, any dust on the filter or any imperfection thereof
would be in focus at the photosensitive electrode and
would usually appear undesirably in the image pro-
duced from the camera generated signals. Also, a relay
lens adds to the cost, size and weight of the optical
system used with the camera.

In a shadowing system of the type disclosed in U.S.
Pat. No. 2,733,291 granted Jan. 31, 1956 to R. D. Kell,
a shadowing grating having strips of primary colors and
a separate transparent area for passing luminance rep-
resentative light is disposed in the optical path ahead
(i.e., between the subject and) a color encoding filter
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aving strips of subtractive primary colors. The use of
uch a shadowing grating permits a given primary color
> be encoded only over a portion of the total filter
rea, thereby resulting in decreased light transmission
fficiency, and the separate transparent area of the
hadowing grating permits the luminance signal repre-
zntative light to appear over the entire encoding filter,
1ereby reducing the modulation of the separate pri-
1ary color signals. Also, the color encoding filter must
ave a strip density high enough to resolve the subject
erived hght into a minimum number of elements.

A shadowing arrangement which does not use a relay
>ns and has a relatively high light efficiency is dis-
losed in a copending application of Hugh F. Frohbach
t al., Ser. No. 798,677, filed Feb. 12, 1969, and enti-
ed “"Shadowing System for a Color Encoding Cam-
ra.”” Such an arrangement uses both coarse and fine
olor pending filters and a fine phase or density grating
1 a shadowing arrangement to form a color encoding
attern on the photosensitive electrode of a camera
ibe. In such an arrangement, the strips of the coarse
olor encoding filter act as an effective lens aperture to
mit the angle of the light rays passing therethrough so
1at the fine grating may be shadowed onto the photo-
>nsitive camera tube electrode. If the fine grating is of
1¢ density type, there is some loss in light efficiency
ecause no light is passed by its opaque strips. Simi-
irly, if the fine grating is of the color encoding variety,
>me light s absorbed by its colored strips, thereby
ecreasing somewhat the light transmission efficiency
f the shadowing arrangement.

Another shadowing arrangement which does not
>quire a relay lens and which has an even higher light
fficiency than that of the copending Frohbach et al.
pplication s disclosed in a copending application of
lugh F. Frohbach, Ser. No. 798,678, filed Feb. 12,
969, and entitled ‘*Lens Array Imaging System for a
'olor Encoding Camera.” In this system the coarse
olor encoding filter is imaged onto the photosensitive
lectrode of the camera tube by an array of small
>herical lens elements aligned with the encoding filter
rips. The use of spherical lens arrays in place of con-
entional cylindrical lens arrays permits the use of lens
rrays with two or more angularly disposed encoding
Iter grids at other than a 90° angle to each other be-
ause the spherical lens array greatly reduces the inter-
ction caused by the use of cylindrical lens arrays.
lowever, it is more difficult and costly to produce
itable spherical lens arrays than the conventional
ylindrical lens arrays.

When more than one set of color encoding filter
rips is used in any mutual relationship except a 90°
ne, the cylindrical lens elements associated with one

f the sets of encoding filter strips interact with the
vlindrical lens elements associated with other sets of

Iter strips, thereby reducing the focusing ability of one
nother. The net result 1s a poorly resoilved or low
10dulation image of the color encoding filter which is
rmed on the photosensitive electrode of the camera

1be.
It, therefore, 1s an object of the present invention to

rovide an imaging system for a color encoding camera
‘hich has a high-light efficiency and which enables the
yrmation on a photosensitive, medium of a high-reso-
1ition encoding filter pattern by a noninteracting lens
rray without using a relay lens.
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4
[SUMMARY OF THE INVENTION ]}

In a color encoding camera system including a photo-
sensitive medium onto which a color encoding filter
pattern is to imaged by apparatus including two arrays
of cylindrical lens elements aligned respectively with
two grids of the encoding filter, each of the lens arrays
has a distinctive dispersion characteristic and the ar-
rays are separated by optical coupling means which has
such a dispersion characteristic in relation to the dis-
persion characternistics of the two lens arrays as to sub-
stantially obviate interaction between the lens arrays.

For a more specific disclosure of the invention and its
mode of operation reference may be had to the follow-
ing detailed description of an illustrative embodiment
thereof which is given in conjunction with the accom-
panying drawing, of which:

FIG. 1 1s a diagrammatic representation from the top
of the optical components of a color encoding camera
system including imaging apparatus in accordance with
the invention:

FIG. 2 illustrates a typical color encoding strip filter
which may be used in the system of FIG. 1;

FIG. 3 1llustrates a vertical cylindrical lens array used
for imaging the vertical color encoding strips of the
filter of FIG. 2;

FIG. 4 illustrates an angular cylindnical lens array
used for imaging the angular color encoding strips of
the filter of FIG. 2;

FIG. § illustrates the manner in which one color
encoding grid of the filter of FIG. 2, the corresponding
cyhindrical lens array of FIG. 3 or FIG. 4 and the photo-
sensitive electrode of the camera tube of FIG. 1 are
arranged relative to one another so as to image the
filter gnid onto the electrode; and

FI1G. 6 15 a graph showing the interrelationship of the
two cylindrical lens arrays of FIGS. 3 and 4 and the
optical coupling means by which they are separated as

shown 1n FIG. 1.

[ DESCRIPTION OF THE INVENTION }

In FIG. 1 typical light rays 11, derived from an object
12, pass through, in the order named a camera objec-
tive lens 13, a color encoding strip filter 14, lenticular
imaging apparatus 15, and the faceplate 16 of a camera
pickup tube 17 to form an image of the object on a
photosensitive electrode 18 of the camera tube. The
camera tube 17 may be of the photoconductive type
such as a vidicon, but it i1s to be understood that other
types of pickup tubes may be used in the practice of
this invention. The electrode 18 is scanned by an elec-
tron beam (not shown) which 1s deflected 1n a conven-
tional manner by means including a suitably energized
deflection yoke 19, thereby developing color encoded
video signals at an output terminal 21 that are repre-
sentative of the object 12, substantially as taught in the
Macovski patent previously referred to. The lenticular
imaging apparatus 1§ comprises two cylindrical lens
arrays 22 and 23 and an intervening optical coupling
means 24, the respective properties of which will pres-
ently be described. |

In FIG. 2 a representative color encoding filter 14
comprises a first grid of alternate cyan strips 25 and
transparent strips 26, and a second grid of alternate
yellow strips 27 and transparent strips 28. As illus-
trated, one strip grid is superimposed upon the other
with the strips 25-26 of the first grid arranged vertically
and the strips 27-28 of the second grid arranged at
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about a 45° angle to the first grid strips. The strips of
both gnds are of substantially equal widths. The cyan
strips 25 block red light and pass green and blue light so
that the first grid strips 25-26 encode the red light from
the object. In a similar manner, the yellow strips 27
block blue light and pass green and red light so that the
second grid strips 27-28 encode the blue light from the
object. Because the respective colored strips pass light
of two primary colors and block light of the third pri-
mary color, the encoding of light of one color by one
filter grid does not interfere with the encoding of light
of the other color by the other filter grid.

The encoded color representative video signals are
derived from the output terminal 21 of FIG. 1 as side-
bands of a carrier wave, the frequency of which is de-
termined by the number of pairs of colored and trans-
parent strips traversed by the electron scanning beam
over a given area of the photosensitive electrode 18 of
the camera tube 17 in one line scanning period. A
relatively high carrier frequency will be developed by
the scansion of photoelectrode areas aligned with the
vertically disposed strips 25-26 of the first grid of the
encoding filter 14. Also, a lower carrier frequency will
be developed by the scansion of those areas of the
photosensitive electrode 18 aligned with the obliquely
disposed strips 27-28 of the second encoding filter
grid. Thus, in the illustrated encoding filter arrange-
ment of FI1G. 2, the red component of the light derived
from the object 12 is represented by the amplitude
modulation of the sidebands of the relatively high-fre-
quency carrier wave and the blue component of the
object derived light is represented by the amplitude
modulation of the sidebands of the lower frequency
carrier wave. The luminance or brightness component
of the subject derived light comprises the average light
transmission of the two grids of the encoding filter 14
and the representative luminance signal developed at
the output terminal 21 corresponds to the average
value of the color carrier waves. The luminance and
encoded color signals produced at the output terminal
21 of the camera tube 17 may be coupled to a process-
ing network such as that described in the previously
mentioned Macovski patent, for example, in which the
stgnals are separated by suitable filters and combined in
a manner to yield a luminance signal Y and red and
blue color difference signals (R-Y) and (B-Y).

As previously described, the object derived light rays,
of which the rays 11 are typical, upon emerging from
the encoding filter 14, traverse the cylindrical lens
arrays 22 and 23 of the imaging apparatus 15. The
details of these arrays are shown in FIGS. 3 and 4 which
are sectional views of the imaging apparatus taken on
the lines 3—3 and 4—4, respectively, of FIG. 1. The
lens elements 29 of the array 22 are aligned with the
red light encoding strips 25-26, etc., of the filter 14.
Similarly, the lens elements 31 of the array 23 are

aligned with the blue light encoding strips 27-28 etc.,
of the filter. The pitch of the lens elements 29 in less
than the pitch of the filter strips 25-26, etc., and the
pitch of the lens elements 31 is less than that of the
filter strips 27-28, etc. In order for the encoding filter
14 and the lens arrays 22 and 23 to be in a collimating
relationship with one another relative to the photosen-
sitive electrode 18 of the camera tube 17 it is necessary
that the pitches of the lens arrays and the correspond-
ing strips of the filter grids have the relationship illus-

trated in FIG. 8.
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There i1s shown in FIG. 5§ the desired relationship
between the vertical strips 25-26, etc., of the red light
encoding grid of the filter 14, the vertical cylindrical
lens elements 29-29a-29b, etc., of the array 22 and the
photosensitive electrode 18 of the camera tube 17. It s
to be understood that FIG. § also 1s representative of
the desired relationship between the oblique strips
27-28, etc., of the blue light encoding grid of the filter
14, the cylindrical lens elements 31, etc., of the array
23 and the photosensitive camera tube electrode 18.
The color encoding filter 14 is located at a distance L
from the photosensitive electrode 18 and the cylindn-
cal lens array 22 is disposed at a distance T from the
electrode. The pitch of the cyan-transparent strips
25-26 is A and the pitch of the lens elements 29 15 B. In
order for the encoding filter 14 and the lens array 22 to
be in a light collimating relationship with one another
and with the photosensitive electrode 18, the following
relationship must exist: A/B = L/T. With this collimat-
ing relationship the pitch C of the color encoding strip
pattern imaged onto the photosensitive electrode is
given by the expression 1/C = 1/B — 1/A. Therefore, it
is seen that the frequency of the signal developed by
scanning the image of the color encoding strip pattern
on the photosensitive electrode 18 is proportional to
the difference between the line “frequencies’ (l.e.,
reciprocal of pitch) of the cylindrical lens array 22 and
the color encoding filter 14. Such an arrangement ena-
bles the color encoding filter to be made with relatively
wide strips which makes the filter easier and less costly
to manufacture than one having a higher strip density.
Also, in a filter having a relatively small number of
strips there is a relatively low probabihity of defects
therein.

In FIG. S rays of object derived light indicated by the
solid lines 32, 33 and 34 are shown passing through
three of the cyan strips 25 of the color encoding filter
14 and a single cylindrical lens element 29a of the lens

array 22. The lens element 29a thus forms an image of
substantially the entire color encoding filter 14 on the

photosensitive electrode 18. The imaged cyan strips are
represented by the shaded areas 35 and the imaged
transparent strips are represented by the unshaded
areas 36 on the electrode 18. Other rays of light indi-
cated by the broken lines 37, 38 and 39 also pass
through the cyan strips 25 of the encoding filter 14 and
through another cylindrical lens element 295 of the
lens array 22. This lens element also forms an image of
the color encoding filter 14 on the photosensitive elec-
trode 18. |

From the foregoing description of FIG. § it can be
seen that each individual cylindrical lens element 29 of
the lens array 22 forms an image of the color encoding
filter pattern on the photosensitive electrode 18 of the
camera tube of FIG. 1, the images produced by the
respective lens elements being mutually superimposed
on the photosensitive electrode. Consequently, even if
there were to be defects in, or dust on, an individual
lens element, or even if a lens element were to be miss-
ing, there would be little adverse effect on the encoding
filter pattern shadowed onto the photosensitive elec-
trode 18 because of the many superimposed images
created by all of the lens elements 29 of the lens array
22. The use of the lens array 22 in conjunction with the
red light encoding grid of the filter 14, and a similar use
of the lens array 23 in conjunction with the blue light
encoding grid of the filter 14, constitutes an imaging

. system having a greater light transmission efficiency
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han one employing a fine pitch color encoding filter as
lescribed 1n the previously mentioned copending Froh-
vach et al., application. This results from the fact that
he entire area of the combined lens arrays 22 and 23
ransmits light and there is no absorption of light as in
he case of a color encoding filter or a density grating.

In the 1maging apparatus of the present invention as
llustrated in FIGS. 1, 2, 3 and 4 advantage is taken of
he use of the separate lens arrays 22 and 23 for the
espective imaging on the photosensitive camera tube
lectrode 18 of the two differently colored encoded
omponents of the light derived from the object 12 and
he encoding filter 14. In order to take such advantage,
he imaging apparatus 15 comprises, in addition to the
ylindrical lens arrays 22 and 23, light coupling means
4 disposed between the lens arrays, the respective
urved elemental lenticular sides of which abut oppo-
ite sides of the coupling means. The two lens arrays 22
nd 23 and the optical coupling means 24, respectively,
re made of materials having light dispersion character-
stics such as those illustrated in FIG. 6.

In FIG. 6 the curves 41 and 42 represent the disper-
1on characteristics of the lens arrays 22 and 23 respec-
ively, and the curve 43 represents the dispersion char-
cteristic of the coupling means 24. It is to be noted
hat the curves 41 and 43 intersect at a point 44, indi-
ating that for light having a wavelength of approxi-
1ately 4,500 angstrom units (blue), the lens array 22
nd the coupling means 24 have substantially the same
1dex of refraction (viz, about 1.62). Similarly, the
1tersection of the curves 42 and 43 at a point 45 indi-
ates that, for light having a wavelength of approxi-
1ately 6,500 angstrom units (red), the lens array 23
nd the optical coupling means 24 have substantially
he same index of refractive viz about 1.57).

The sigmificance of the refractive index matching of
he coupling means 24 with the lens arrays 22 and 23 at
he respective wavelengths of the blue and red object
erived light is that the particular lens array that is
esigned to image light of one color on the photosensi-
ive camera tube electrode 18 has substantially no im-
ging effect for the object derived light of the other
olor. For example, at the 4,500 angstrom unit wave-
:ngth of blue light, the curved lenticular side of the
2ns array 22 effectively disappears because of the
cfractive index matching of this lens array and the
oupling means 24 at the point 44 of FIG. 6. The lens
rray 22, thus, has no imaging effect upon the blue
bject derived light. This array, however, does have an
naging effect upon the red object derived light be-
ause, at the 6,500 angstrom unit wavelength of the red
ght, its refractive index is materially different from
1at of the optical coupling means 24. Similarly, the
:ns array 23 and the coupling means 24 have substan-
ally the same index of refraction, indicated at the
ot 45 of FIG. 6, at the 6,500 angstrom unit wave-
:ngth of red light, and materially different refractive
idices at the 4,500 angstrom unit wavelength of blue
ght. The lens array 23, thus, images blue, but not red,
ght upon the photosensitive camera tube electrode 18
t FIG. 1. Hence, the cylindrical lens elements 29 and
1, respectively, of the arrays 22 and 23 may be placed
t substantially any desired angle relative to one an-
ther without incurring any interaction between them.

The lens arrays 22 and 23 and the optical coupling
1eans 24 may be made of a number of different glass,
lastic, and liquid materials having the desired light
iIspersion characteristics such as those indicated in

8

FIG. 6. One representative group of materials which
may be used for the imaging apparatus of this invention
1s set forth in the following table.

Refractive index

4,500° A 6,500° A
Imaging clement  Material ( blue) (red)
L.ens array 22 Barium crown 611 glass, 1.6245 |.6078
10 gfupling means Aniline C¢gH NH, liquid. 1.6204 1.5793
Lens array 23 Barium crown 574 giass. |.5871 1.5715
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It is to be noted that the refractive indices of the lens
array 22 and the coupling means 24, respectively, are
substantially the same at the wavelength of blue light
and the refractive indices of the lens array 23 and the
coupling means 24, respectively, substantially match
one another at the wavelength of red light.

In the fabrication of the lens arrays 22 and 23, which
may be achieved by well known photographic tech-
niques, the radii of curvature of the lenticular elements
are functions both of the focal distances to the photo-
sensitive camera tube electrode 18 and the respective
indices of refraction of the particular array and the
optical coupling means 24 at the wavelength of the
light encoded by the associated grid of the filter 14 as

represented by the expression
f = R/(nl _ nm}

where R is the radius of curvature, n, i1s the refractive
index of the lens array material and n,, is the refractive
index of the coupling means 24. Thus, the required
radius of curvature (R,) of each cylindrical lens ele-

ment of the array 22 is given by the expression
R, = f(n, — n,)red

where n, and n,, respectively, are the refractive indices
of the array 22 and of the coupling means 24 at the
wavelength of red light and f is the focal length of a lens
element which i1s equal approximately to the thickness
of the faceplate 16 of the camera tube 17, assuming the
imaging apparatus 15 to be mounted on the outside of
the tube faceplate. Likewise, the radius of curvature
(Rp) of each cylindrical lens element of the array 23 is

given by the expression
Ry = f(ny — n,)blue

where n, and n;, respectively, are the refractive indices
of the array 23 and of the coupling means 24 at the
wavelength of blue light and f is equal approximately to
the thickness of the camera tube faceplate 16, From
the data of the foregoing table it is seen that R, is posi-
tive and R, is negative which indicates that the cylindn-
cal lens elements 29 of the array 22 are convex toward
the coupling means 24 and the elements 31 of the array
23 are concave toward the coupling means.

As shown in FIG. 1 the cylindrical lens arrays 22 and
23 are mounted in contact with opposite sides of the
optical coupling means 24, thereby forming a unitary
structure of the mmaging apparatus. Such a structure
has the advantage, in addition to the formation of a
noninteracting lenticular imaging apparatus, of produc-
ing less diffusion of the light representing object infor-

mation than is produced by conventional lens struc-
tures because, at the center of the visible spectrum,

each lens element has an effectively increased radius of
a curvature and, hence, reduced “‘lens action,” thereby
reducing any diffusion of the luminance information.
The described imagingapparatus of the inventionmay
be used in other than the herein disclosed embodiment,
such as with a film camera for recording encoded col-
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ored light information on a panchromatic film, for
example. Accordingly, the term *“photosensitive me-
dium” as used herein may be defined as an electrode, a
film or other surface which is susceptible of having an
initial state thereof altered in response to light pro-
jected thereon, whereby to record the information
represented by the projected light. Also, it should be
understood that the imaging apparatus may be used
with other types of strip light encoding filters having
two or more grids of encoding strips, so long as the
cylindrical lens elements of the plurality of lens arrays
are aligned with their associated filter strips in the spec-
ified light collimating relationship and have the requi-
site light dispersion characteristics specified herein.

I claim:

1. In a color encoding camera system including a
photosensitive medium, a lens system for projecting
light from an object onto said photosensitive medium,
and a color encoding filter including first and second
grids of first and second colored light transmissive
strips, respectively, each grid having a relatively coarse
pitch and positioned in the optical path between said
lens system and said photosensitive medium, apparatus
for imaging onto said photosensitive medium object-
derived light separated into components of first and
second spectral ranges encoded by the first and second
colored light transmissivity of said first and second
filter grids, respectively, said imaging apparatus com-
prising:

first and second arrays of cylindrical lens elements,

each array having a distinctive dispersion charac-
teristic and a smaller pitch than said first and sec-
ond grids and arranged in the optical path between
said photosensitive medium and said color encod-
ing filter in light collimating relationship with said
respective first and second filter grids and with the
lens elements of said first array parallel to the light
transmissive strips of said first filter grid and the
lens elements of said second array parallel to the
light transmissive strips of said second filter grid;
and

optical coupling means located between said first and

second cylindrical lens arrays and having an index
of refraction characteristic which is different for
colored light passed by said first and second color
encoding grids and which matches the respective
indices of refraction of said first and second lens
arrays for each of the respective colors passed by
said grids such as to substantially obviate interac-
tion between said first and second lens arrays.

2. In a color encoding camera system, imaging appa-
ratus as defined in claim 1, wherein:

the dispersion characteristics of said first and second

lens arrays and of said optical coupling means are
such that,

said first lens array and said optical coupling means

have substantially the same index of refraction at
the wavelength of light encoded by said second
filter grid and different indices of refraction at the
wavelength of light encoded by said first filter grid,
and

said second lens array and said optical coupling

means have substantially the same index of refrac-
tion at the wavelength of light encoded by said first
filter grid and different indices of refraction at the
wavelength of light encoded by said second filter
grid.

10

3. In a color encoding camera system, imaging appa-
ratus as defined in claim 2, wherein;
the arrangement of said first and second lens arrays
and said optical coupling means is such that said
3 object-derived light, after passing through said
color encoding filter, passes through said first lens
array, said optical coupling means and said second
lens array in the order named to said photosensitive
medium.
4. In a color encoding camera system, imaging appa-
ratus defined in claim 3, wherein:
each cylindrical element of each of said first and
second lens arrays has a curved side; and
said first and second lens arrays are disposed with the

10

L5 curved sides of their respective lens elements fac-
ing one another and said optical coupling means.
5. In a color encoding camera system, imaging appa-
ratus as defined in claim 4, wherein:
the curved sides of the lens elements of said first lens
20 arrays are convex toward said optical coupling

means; and
the curved sides of the lens elements of said second
lens array are concave toward said optical means.
6. In a color encoding camera system, imaging appa-
25 ratus as defined in claim §, wherein:
the radius of curvature of the curved sides of the lens
elements of said first lens array is a function of the
focal distance from said first lens array to said
photosensitive medium and of the respective indi-
ces of refraction of said first array and said optical
coupling means at the wavelength of light encoded
by said first filter grid; and
the radius of curvature of the curved sides of the lens
elements of said second lens array is a function ot
the focal distance from said second lens array to
said photosensitive medium and of the respective
indices of refraction of said second array and said
optical coupling means at the wavelength of light
encoded by said second filter grid.
7. In a color encoding camera system, imaging appa-
ratus as defined in claim 6, wherein:
the respective indices of refraction of said first and
second lens arrays and said optical coupling means
are greater at the wavelength of light encoded by
said second filter grid than at the wavelength of
light encoded by said first filter gnd.
8. In a color encoding camera system, imaging appa-
ratus as defined in claim 7, wherein:
the index of refraction of said second lens array is less
than the respective indices of refraction of said first
lens array and said optical coupling means at the
wavelength of light encoded by said first filter grid;
and
the index of refraction of said first lens array is
greater than the respective indices of refraction of
said second lens array and said optical coupling
means at the wavelength of light encoded by said
second filter gnid.
9. In a color encoding camera system, imaging appa-
60 ratus as defined in claim 8, wherein:
said first and second lens arrays are mounted in
contact with opposite sides of said optical coupling
means, thereby forming a unitary structure of said
imaging apparatus.
10. In a color encoding camera system, imaging ap-
paratus as defined in claim 9, wherein:
said photosensitive medium is the photosensitive
electrode of a television camera pickup tube; and
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the unitary structure of said imaging apparatus is

mounted on the faceplate of said pickup tube.

I1. In a color encoding camera system, imaging ap-
>aratus as defined in claim 10, wherein:

the unitary structure of said imaging apparatus is

mounted on the outside of said pickup tube face-
plate.

12. For use in a color camera system having a device
or generating electrical signals from an optical image
ocused thereon, optical means for focusing one of the
wimary colors onto the device in a series of discrete strips
vhile passing other primary colors directed therethrough
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to said device, said means comprising a first member of
material of index of refraction n, and a second member of
material of index of refraction n,, said members forming
a lenticular array of cylindrical lenses, and the materials
being such that n, is different from n, for said one pri-
mary color and n, and n, are approximately equal for
other of the primary colors.

{3. The optical means as claimed in claim 12, wherein
ny > ny tn the blue region of the optical spectrum and
substantially the same in the red region of the optical

spectrum.
¥ %k ok %k X
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