
2123642 RANGE FINDING SYSTEM In the art of range finding systems and, more
particu- larly, the art of auto focus cameras, radiation received from a
remote object through the taking lens of the camera is often split into two
portions. The first, and usually major 5    portion of the radiation,
passes to the film or to the elec- tronics of the video camera, while the
other portion of the light is directed to the auto focus circuitry to
produce a signal indicative of the focus condition of the camera lens..
Systems of this type may be seen, for example, in US Patent 10   No.
4,185,191. It is common in the prior art systems to employ a part- ially
silvered mirror in the optical path so as to direct about twenty percent of
the radiation to the auto focus cir- cuitry, while passing about eighty
percent of the radiation 15   to the image plane of the camera.  It is
desirable to maximize the amount of radiation that passes through to the
camera image plane and accordingly, efforts have been made in the past to
increase the efficiency of the auto focus detectors by shaping them so as
to occupy as much of the image of rad- 20   iation at the detection plane
as possible.  As is seen, for example, in US Patent No. 4,230,942, the
detectors may have their corners clipped to approximate a semicircle and
the radiation image may be distorted to form an oval pattern. Shaping the
detectors to fit within the radiation image or 25   altering the image to
extend the area thereof has, however, required additional effort and
equipment and has created problems with respect to positioning and
adjustment because the radiation image and the detector pairs have to be
adjust- ed extremely carefully in order to maximize the radiation 30
used.  Because of this difficulty, a compromise is usually reached where
the size of the radiation image is increased so that the detector pairs can
more easily fit within the confin- es thereof, but in doing so, additional
radiation is wasted 



resulting in less radiation being available for exposing the 35   camera
film or video camera circuitry.    -2- Finally, when utilizing zoom lenses,
for example, in motion picture or video cameras, a problem arises due to
the fact that the partially silvered mirror must be placed be- tween the
afocal zoom portion of the lens, and the master 5    lens.  The length of
the partially-silvered mirror unnecess- arily increases the length of the
zoom lens in an undesirable fashion. According to the present invention
there is provided a range finding system comprising a taking lens operable
to direct a main 10   radiation beam from a remote object to an image plane
along an optical path, a long and narrow reflector positioned in that path
with its long axis perpendicular to that path to reflect a focussing beam
from the main beam along a second optical path, and a plurality of
radiation elements placed side by side along 15   the long transverse axis
of the focussing beam to provide an output signal indicative of the range
of the remote object. Embodiments of the invention will now be described by
way of example only, with reference to the accompanying draw- ings, in
which:- Figure 1 is a schematic representation of prior art auto focus
system utilizing a zoom lens; Figure 2 shows the arrangement of the
detectors within the radiation image,for the apparatus of Figure 1; Figure
3 shows a schematic representation of an auto 25   focus system of the
present invention; Figure 4 shows the arrangement of the detectors and the
strip radiation image of system of Figure 3, and Figure 5 shows a more
convenient form of the detectors of Figure 4. 



30        Figure 1 shows a prior art auto focus system including a zoom
lens arrangement 10 (comprising a focus lens 12, an afocal zoom lens 14 and
a master lens 16) arranged to receive radiation from along a path such as
shown by arrows 18, 20 and 22; which arrangement produces an image along a
path 35  shown by arrow 24 on an image plane 26, which may be the film
plane of a still or motion picture camera, or the de- tector plane of a
video camera.    - 3 - In order that the focus lens 12 be positioned at the
proper distance to create a focused image on the plane 26, a
partially-silvered mirror 30 is inserted at a 45-degree angle between the
afocal zoom lens 14 and the master lens 16 5    so as to direct radiation
along a path such as is shown by arrow 32 to a lens 34, and thereafter
along a path such as is shown by arrow 36 to a detector array 38 of an auto
focus circuit 40. The output of the detectors on the array 38 is presented
to the auto focus circuit 40 by a conductor 42, 10   and the auto focus
circuit operates to produce an output shown as a mechanical connection 44,
which positions the fo- cus lens 12 of the zoom system 10 at a proper
position to cause the image on plane 26 to be in focus. The partially
silvered mirror 30 is usually made so that 15   enough of the available
radiation passes to the auto focus detector 38 to enable it to work, while
the remainder of the radiation passes to the master lens 16. Preferably the
dis- tance "D" between the lens 14 and 16 should be minimized in order to
make the overall zoom lens length reasonably small. 20        Figure 2
shows an image 50 representing the radiation transmitted by the mirror 30
and lens 34 to the detector array 38. The detector array 38 comprises a
plurality of detec- tion pairs, one of which is shown in Figure 2 by
reference 



numerals 52 and 54, representing detectors A and B.  As is 25   discussed
in the above mentioned US Patent No. 4,230,942, in order to have the
greatest output from detectors A and B,. they should be shaped so as to fit
within the circular image 50, and accordingly as shown in Figure 2 the
detectors are portions of octagons sized so as to fit fairly closely with-
30   in the circular image 50.  In order to prevent great diffi- culty in
adjusting the system, however, the image 50 is nec- essarily somewhat
larger than the detectors A and B, and the cross-hatched areas within the
circular area 50 is there- fore representative of radiation which is wasted
and is not 35   used by the detectors A and B.  It is desirable to minimize
the amount of wasted radiation, since to do so will increase    -4- the
amount of radiation that can pass in Figure 1 from the afocal zoom lens 14
to the master lens 16. Referring to Figure 3 the present auto focus system
includes a zoom lens arrangement 60 (including a focus lens 5   62, an
afocal zoom lens 64 and a master lens 66) operable as the elements were in
Figure 1 to direct radiation from a remote object along a path such as is
shown by arrows 68, 70, 72 and 74 to a detection plane 76 which may be the
film- plane of a still or motion picture camera or the detectors 10   of a
video camera. A small substantially fully-reflecting strip mirror 80 is
shown substituted for the large partially silvered mirror 30 of Figure 1.
Strip mirror 80 is rectangular in shape, and its long dimension extends
into the plane of the paper 15   in Figure 3.  Radiation is reflected from
mirror 80 downward along a path shown by arrow 82 to a lens 84, and along a
path shown by arrow 86 to a detector array 88 in a manner similar to that
shown in Figure 1.  The detector array 88, 



like array 38 of Figure 1, consists of a plurality of detec- 20   tor pairs
which produce outputs to an auto focus circuit 90, along a conductor 92.
The output of auto focus circuit 90 is shown as a mechanical connection 94
being connected to the focus lens 62 so as to position it at the correct
posit- ion to create a focused image on the detection plane 76.  It 25
should be noted that the distance D' between the afocal zoom lens 64 and
the master lens 66 is considerably smaller than the distance "D" shown in
Figure 1.  This advantage occurs since the mirror now occupies much less
axial space between the afocal zoom lens 64, and the master lens 66
allowing 30   the two to be moved closer together. Since the mirror is
substantially totally-reflecting, none of the light passing to the mirror
80 reaches the master lens 66, but all of the light around the mirror 80 is
passed on to master lens 66. By adjusting the size of the totally- 35
reflecting mirror 80, it is seen that   the*  percentage of light required
may be transmitted down to the auto focus    -5- detectors with the
remainder passing to the master lens 66. If, for example, twenty percent of
the light from the remote object is desired for the auto focus detectors,
then the strip mirror 80 should be made to block twenty percent of 5    the
cross-sectional area of light between the zoom lens 64 and the master lens
66.- Furthermore, as will be described hereinafter, the adjustment of the
position of the detectors with respect.to the radiation image transmitted
by the mirror 80 is less critical and less of the radiation will be wasted.
10   Accordingly, the auto focus circuitry can operate on a small- er
amount of light than was required in Figure 1 and thereby the amount of
light passing through to master lens 66 is increased. 



Referring to Figure 4 the detectors A and B of Figure 2 15 are indicated by
reference numerals 102 and 104 respectively, and the image of the radiation
being reflected by the mirror 80 is shown as a rectangular strip 106
falling across the central portion of the detectors A and B. It is seen
that image 106 falls between the cutoff corners of detectors A 20   and B,
as is seen in Figure 4 by the distance "L".  Accord- ingly, all that is
necessary for the detectors A and B to receive the proper amount of
radiation is that the image 106 lie somewhere in the distance L so it is
seen that the diff- iculty of close adjustment is reduced. While, in Figure
4, 25   the area of radiation to which detectors A and B are exposed is
less than in Figure 2, the amount of radiation they rec- eive is as great
or greater because mirror 80 in Figure 3 is substantially totally
reflective while mirror 30 in Fig- *         ure 1 reflects only about
twenty percent of the radiation. 30 Furthermore, it is seen in Figure 4
that the cross-hatched area representing that amount of radiation which is
wasted is now considerably reduced from that shown in Figure 2, and
accordingly, more of the radiation can pass through to the master lens 66
of Figure 3 than was the case in Figure 1. 35        Figure 5 shows the
same arrangement as Figure 4, except that detectors A and B are now shown
to be, themselves,    6 square or rectangular which is a configuration
easier to manufacture than the octagonal  configuration of Figure 4. With
the configuration of Figure 5, the detectors still rec- eive the same
amount of radiation as the detectors in Figure 5    4, with the same amount
of lost radiation involved, but the whole arrangement is easier to
manufacture. It is therefore seen that we have provided an auto focus
camera which reduces the amount of lost radiation in the 



region of the detectors while taking up less space and allow- 10   ing
easier manufacturing and adjusting procedures to be em- ployed.    - 7 -
CLAIMS 1.  A range finding system comprising a taking lens operable to
direct a main radiation beam from a remote object to an image plane along
an optical path, a long and narrow reflector positioned in that path with
its long axis perpendicular to that path to reflect a focussing beam from
the main beam along a second optical path, and a plurality of radiation
detector elements placed side by side along the long transverse axis of the
focussing beam to provide an output signal indicative of the range of the
remote object. 2. The system of Claim 1, includes means operable to move
the taking lens in response to the output signal to a focused position. 3.
The system of Claim 1 or 2, wherein the detector elements comprise a pair
of elements arranged so that each element extends beyond the long edges of
the focussing beam and the short edges of the focussing beam lie beyond the
outer edges of the elements. 4. The system of Claim 1, 2 or 3, wherein the
reflector is positioned between the afocal and master lenses of a zoom lens
system. 5. A range finding system substantially as herein described with
reference to Figure 3 taken in conjunction with Figure 4 or Figure 5 of the
accompanying drawings.    


