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[57] ABSTRACT

A two dimensional optical array of lenslets and detec-
tors is provided. The outputs of the detectors are com-
bined to produce a signal indicative of the characteris-
tics of an object being viewed while the output of se-
lected detectors are compared to produce a signal indic-
ative of the range to the object.

6 Claims, 4 Drawing Figures
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TWO DIMENSIONAL IMAGE PANEL WITH
RANGE MEASUREMENT CAPABILITY

BACKGROUND OF THE INVENTION

In my U.S. Pat. No. 4,185,191, issued Jan. 22, 1980, 1
disclose an invention for use in auto focus cameras to
determine the range to a remote object by the use of
pairs of detectors mounted in a row behind a corre-
sponding row of small lenslets which receive light from
the remote object through the taking lens of the camera.
Each of the detector pairs receives an image of the exit
pupil of the taking lens and if the object is in proper
focus, the amount of radiation received by each detec-
tor in the pair will be approximately the same. If the
object is not in focus, then the amount of radiation
received by the detectors will not be the same and by
analyzing the outputs of the individual detectors in each
pair, a pair of curves may be generated, the relative
displacement of which is indicative of the range to the
object. ‘ _

Also in the prior art are optical systems which utilize
a matrix of optical detectors positioned so as to receive
an image of a remote object and usually, by use of a
properly programmed computer, certain characteristics
of the object may be determined. Such systems may be
found not only in character recognition systems, but in
robotics where arms are controlled to, for example, pick
up elements passing by on a conveyor belt.

One difficulty found with robotic systems is that
while the computer may be programmed to recognize
an object in a two dimensional view thereof, the image
processing equipment is not able to simultaneously de-
termine the distance to the object being sensed and
accordingly, unless the objects are always positioned a
known distance from the robot arm, the robot may not
be able to locate the object it wishes to pick up.

SUMMARY OF THE INVENTION

The present invention is intended to overcome the
difficulties in the prior art by establishing an array of
detectors capable of producing outputs not only indica-
tive of the shape or identity of an object but also having
the additional capability of determining its range so as
to provide complete information for use in robotics.
More particularly, an image sensing array is made up of
a number of rows of detector pairs similar to that found
in my above-referred to patent so as to form a two
dimensional array. Light from the object being sensed is
focussed on the lenslet array and the detector pairs all
receive images of the exit pupil of the lens in such a way
as to, in effect, see an image of the remote object. The
outputs of all the detectors together may then be used
like a normal optical array so that an appropriate com-
puter can analyze the two dimensional image to confirm
the identity of the object and, in addition, the output
from one or more rows of detectors can be used for
determining the range to that object in accordance with
the principles discussed in the above-referred to patent.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing the image
panel of the present invention; and

FIGS. 2-4 are alternate embodiments of the detector
array used in the image panel of FIG. 1.

5

10

20

30

35

40

45

50

55

60

65

2

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIG. 1, a lens 10 is shown receiving radiation from
a remote object from the left shown by arrow 11 lying
along the optical axis of lens 10. This radiation is fo-
cussed by lens 10 onto a lenslet array 15 which is com-
prised, for purposes of explanation, of five rows of five
lenslets in each row. Each lenslet is such as is identified
by reference numeral 17 in the upper left end of array
15. While in the embodiment described in FIG. 1, five
rows of five lenslets are employed, it should be under-
stood that any convenient number of rows and columns
of lenslets may be used as is necessary to effectively
determine the image characteristics of the object being
viewed and its range. Behind the lenslet array 15, and
normally mounted next to the array 18, is a detector
array 19 upon which a plurality of detector pairs such as
detectors 20 and 21 are arranged in such a manner that
each detector pair lies behind one of the lenslets 17 on
the lenslet array 15. In a manner similar to that de-
scribed in my above-referred to patent, each detector
pair will receive an image of the exit pupil of lens 10
representative of the intensity of light from some small
area on the remote object. If the object is in the proper
focus position, then the amount of radiation seen by
detector 20, for example, will equal the amount of radia-
tion seen by detector 21. On the other hand, if the object
is at other than a proper focus position, the amount of
radiation seen by detectors 20 and 21 will differ and as
explained in my above-referred to patent, the outputs
from a number of detectors in a row enables one to
determine the range to the remote object.

In FIG. 1, a connection shown as cable 25 extends
from the detector array 19 to a box 26 labelled
“RANGE?” so that an output signal on a conductor 27
indicative of the range to the remote object is obtained
as is described in my above-referred to patent.

Since in FIG. 1 a number of rows of detectors are
used and since each pair of detectors receives radiation
from a different point on the remote object, it can be
seen that an image of the remote object is, in effect,
sensed by the detector pairs in the whole array. Thus, if
the outputs of detector pairs are combined the detector
array 19 would be very similar to the standard optical
detector array sensing the image from the remote ob-
ject. The outputs from all of these detectors is shown on
a cable 30 leading to an image micro processor 32 which
is programmed in order to determine the characteristics
desired and whether or not the image being sensed by
the array 19 corresponded to such an image. The output
of image processor 32 on a line 40 may be a signal indic-
ative of the identity of the remote object as, for exam-
ple, whether or not a round shaped or square shaped
object were being viewed. This information is presented
to a box 42 identified as “ROBOT” which box is also
connected to line 27 from the range determination de-
vice 26. Accordingly, the robot 42 receives information
not only as to the identity of the object being viewed
but also its range. Accordingly, the robot may act by a
mechanical connection shown as dashed line 50 to per-
form some operation on the remote object such as pick-
ing it up or moving it.

FIG. 2 shows an alternate embodiment of the detec-
tor array in which, instead of using a pair of detectors
behind each lenslet, four separate detectors are em-
ployed such as is shown by reference numerals 55, 57,
59 and 61. Using four detectors behind each of the lens-
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3
lets enables the system to utilize both vertical and hori-
zontal pairs of detectors for determining range. In other
words, if the remote object were in proper focus, then
detectors 55, 57, 59 and 61 would be receiving the same
amount of radiation. But if the object were to move out
of focus, then the amount of radiation received by de-
tectors 55 and 37 would change and so would the
amount of radiation received by detectors 55 and 59 as
well as that received by detectors 57 and 61. Accord-
ingly, by the methods shown in the above-referred to
patent, the outputs of detectors 55 and 59 combined
could be compared with the outputs of detectors 57 and
61 combined for range finding or the outputs of detec-
tors 55 and 57 combined could be compared with the
outputs of detectors 59 and 61 for range finding accord-
ing to the principles set forth in my. above-indentified
patent. This allows one to either use rows or columns to
extract the range information desired.

To avoid combining outputs, the arrays could be
made of detector combinations as shown in FIG. 3 or in
FIG. 4.

As an alternate use for the present invention, it should
be realized that the detectors of FIG. 1, for example,
sense the image of the object from different areas of the
lens 10. As such, the outputs of a detector pair, such as
20 and 21, are, in fact, a portion of a stereo pair. Thus,
in FIG. 1, by using a large array of detectors and con-
necting their outputs by way of a cable 68 to a display
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device 70, such as a TV receiver, so that the outputs of 5,

all of the left side detectors created a first image and the
outputs of all of the right side detectors created a sec-
ond image, the two images being displayed would, in
effect, be a stereo image of the scene and if one of the
viewer’s eyes saw the first image and the other eye saw
the second image, the viewer would be able to see a
stereo TV picture.

For example, as is described in a copending applica-
tion of Jurisson and Khalafalla, Ser. No. 35,173, filed
May 2, 1979, now U.S. Pat. No. 4,286,286, and assigned
to the assignee of the present invention, assume the
image created by the outputs of the left side detectors
were first displayed on the TV screen and then the
image created by the output of the right side detectors
were secondly displayed and this was repeated in rapid
succession and assume the viewer wore glasses which
were synchronized with the alternating images first left
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4
opaque, then right opaque, etc., the viewer would see
the i image in stereo.

It is therefore seen that I have provxded a novel de-
tector array for use in determining not only the image
characteristics of an object but in determining its range
and allowing the detector to be useful in systems such as
robotics for performing functions on.remote objects. I
do not wish to be limited to the specific disclosures used
in connection with the preferred embodiment and wish
only to be limited by the following claims.-.

The embodiments of the invention in which an exclu-
sive property or right is claimed are defined as follows:

1. An image detection array comprising;..

lens means for transmitting radiation from a remote
object;

a lenslet matrix comprising a predetermmed number
of lenslets arranged in rows and columns and
mounted to receive radiation transmitted by the
lens means; and

a detector array mounted adjacent the lenslet matrix
and comprising a plurahty of substantially equal
sized detectors arranged in pairs with at least one
pair behind each lenslet so as to receive an image of
the exit pupil of the lens means, the outputs of the
detectors producing a first resultant signal indica-
tive of the shape of the remote object.

2. Apparatus according to claim 1 wherein the out-
puts of selected ones of the pairs of detectors produce a
second resultant signal indicative of the range to the
remote object.

3. Apparatus according to claim 2 wherem two pairs
of detectors are behind each lenslet.

4. Apparatus according to claim 2 wherein the out-
puts of the detector pairs are combined and the com-
bined outputs produce the first resultant signal and the
outputs of the selected ones of the detector pairs are
compared to determine relative intensity to produce the
second resultant signal.

5. Apparatus according to claim 2 further including
an industrial robot and means connecting the robot to
the detector array to provide the first and second resul-
tant signals as control signals for the robot.

6. Apparatus according to claim 1 furthér including
viewing means and means connecting the detector
array to the viewing means to provide the first resultant

signal as a stereo signal for the viewing means.
* * * * *
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