2123642 RANGE FINDI NG SYSTEM I n the art of range finding systens and, nore
particu- larly, the art of auto focus caneras, radiation received fromg
renote object through the taking lens of the camera is often split intg
portions. The first, and usually major 5 portion of the radiation,
passes to the filmor to the elec- tronics of the video canera, \gllz
ot her portion of the light is directed-t® the auto focus circuit t
produce a signal indicative. of the focus condition of the canera |ens..
Systems of this type may be seBANGEQFINPING SYSTEMUS Patent 10  No.
4,185,191, It is commn in the prior art systens to enploy a part- ially
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to occupy as ch of -the 1 nmage of rad- Llatton at the detection plane
as® possi bl e: txomiess &dn theovidegneamera, whipg: the r§her, poytiep ofhghe
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e radi ation i,ma .be distort orm an .qval pa n. api n ne
defecrors o AigHL ARAiReSvE AR The' Roche sPhedtRon Bl Fhy crBSRRngEhRo-
extend the ar Sysitemscaf this htypeveany beqseea] fddi exampllegf inr USaRdtent
equi pnen nd S LF- problenms with respect to positioning and
adj ust nmen Oabe(?{aalﬁse‘lc’t %?’rag&'at ion'image and the detector pairs have to be
adj ust- ed extrenellt d& cogmop iia dbge pri@meaxitnisystems tedempley sopart-
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radi ation i s vasitay, while passing about eighty percent of the radiation
; 15 to the image plane of the caméra. It is desirabie to maximize
the amount'of radiation that paSses through to thé'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 méy have
their corners clipped to abproximate 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 equipmént'and has created

L

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. ' ’



.resUIting in less radiation being avai l abl e for expdsing the 35 canmera
filmor video camera circuitry. -2- Finally, when utilizing zoom | enses,

. for exanple, in notion picture or video caneras, a problem arises due to

the f yhat the partially silvered mrror nust be placed be- tween the -~
af ocal \ggom portion of the |lens, ,and the master 5 | ens. The length of -/
the partfally-silvered nirror unrfecess- arily I ncreases the length of the
zoom |l ens i d | t the pr sent i nventi on
there is prlf)&v 2 a%gn,gtég 1r]'lggosysf{%\ %rﬁ?rq’ go g *fens operabl e
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with its long axis perpendi cular tot ocussi ng beam
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of t N oD DO TES HDCLTARI St EAom, ARt A SROReBEabeEer | bed by
way offzsnnqn43 only, with reference to the acconpanying draw ings, in
whi ch: - ﬁQHSFd 1hg' o atnicpﬁé?efnk‘;ﬂv"eﬁﬁf‘u}e@hé}é Qi3 I'oﬁdhﬁ)ra?rx[e guto focus

systemutillzing a zoom fens arrange of the
det ect Siadingt systeneonpaising ant é996r°neﬁébleﬁ)r§aré¥ftf§ o* Wlgure 1; Figure ,

3,§how@am%§b@rwah0ﬁ-&prﬁeaw& iddedd ¥ shUliRagd plahacaﬁong yahem of the
present invention; shows the grran enent of the detectors and the

strip PBEfcat |Pﬁ‘1“h|'nﬁg’é’%§fa%‘§/§f‘§m"of'eﬂ°§ PR PeSitinget| b2k RBus a nore

convenwgth itw neidg tﬁﬂsdqidi'pemmuﬁr Ragutieatd. path to reflect a
rocussing beam from the main beam along a second optical path,
and a plurality of radiation elements placed side by side along |

is the 1ong transverse axis of the focussing beam .to provide an
output signal indicative of the range of the remote-object. '

Embodiments of the 1nvent10n w111 now be described by
way of example only, with reference to the accompanying draw-
ings, in which -

20 Figure 1 is a schematic representation of prior art auto
focus system utilizlng 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
A5 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 § shows a more convenient form of the detectors
of Figure 4. _ o | _ _ . o

30 Figure 1 Shows a prior art auto focﬁs-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. |



30 Figure 1 shows a prior art auto focus systemincluding a zoom

| ens arrangenent 10 (conprising a focus lens 12, an afocal zoom | ens 14=apd
a master lens 16) arranged to receive radiation fromalong a path sucy
shown by arrows 18, 20 and 22; which arrangenment produces an inmage alfo
péfh 35 shown by arrow 24 on an image plane 26, which may be the fil\@!
pl ane of a still or notion picture camer@,-or the de- tector plane of a
vi deo canera. - 3 - In orger that the focus lens 12 be positioned at the
proper distance toloreaterathatuthd faoye denshit2pbanpogbiianed at the
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plurality of &8use theodmgger on phansf 2@hitenbesiBhERRUSR Figure 2 by
reference - 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 Flgure 2 shows an image 50 representing the radiation
transmltted by the mirror 30 and lens 34 to the detector array o
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 sccordingly as shown in Figure 2 the detectors are
portions of-qctagbns sized so as to fit fairly ciosely with-
30 in the circular image 50. In order to prevent great diffi-

*

cultylin_adjusting the system; however, the image 50 is nec-
essarily somewhat larger than the détectors A and B, and
- the cross-hatched areas wifhih-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



. numeral's 52 and 54, representing detectors A and B. As is 25 di scussed

in the .:-ve mentioned US Patent No. 4,230,942, in order to have the

. greatg t put from detectors A.and B,. they should be shaped so as to fit
Wi t hi ircular imge 50, and accordingly as shown-in Figure 2 the '

det ect\Q are portions of octagons sized so as to fit fairly closely w.th- e

30 |n' he circular i mage 50. n order to prevent great diffi- culty i'n

adj usting the system however, tﬁe i mpage 50 is nec- essarily sonmewhat
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vi deo cdnera smal | substanti a ting strip mrror 80 is =~ g
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fﬁal;)darywyidabldamgqgtangular in shape and its |ong dinension extends
into the p ne af th I . Radiation.is reflected from
mrror ﬁﬂﬁggd iﬂéﬁﬁ 5%3%# fiPFS&P SF618 Péﬁ§°§4gband along a
pat h s}m\nhdym amhsztziﬁ:ﬁxtteml Zodetthet darger py,r&aatlﬂyasﬂneeedsmdrrlrer to that
shown3d1d§g¥{gafg 1.Th%tanEQBQQOQr@%y1§8rectangular 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. Thefdetector array 88;.
like array”38 of Figure i, consistS'of a plurality of detec-
20 tor pairs which produce outputs to an auto focus 01rcu1t 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 pos1tion 1t at the correct pos1t-
ion to create a focused 1mage 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 éxialfspace between

the afocal zoom lens 64, nnd the ﬁaster 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 51ze of the totally-

35 reflecting mirror 80, it is seen that the - percentage
of light requlred may be transmitted down to the auto focus



like array 38 of Figure 1, consists of a plurality of detec- 20 tor pairs
whi ch produce outputs to an auto focus circuit 90, along a conductor 92
The out put of aut'o focus circuit 90 is shown as a nechani cal connectidﬁ’
bg;rg connected to the focus lens 62 so as to position it at the cor 7
p

Osit- ion to create a focused image on the detection plane 76. It
shoul d be noted that the distance D bet ween the afocal zoomlens 64 and
the master lens 66 is considerably smaller than the distance "D' shown in
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| i-ght passing imexemgedo naster 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 respectivély,
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
ilie 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

A is less than in Figure 2, the amount of radiation they rec-
' _ ‘eive is as great or greater because mirror 80 in Figure 3
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,



Ref erring t_o_Fi gure 4 the detectors A and B of Figure 2 15 are i'ndi cated by
‘reference nunerals 102 and 104 respectively, and the imge of the radiation
. being r ected by the mirror 80 is shown.as a rectangular strip 106

fallind Qss the central portion of the detectors A and B. It is seen
that i 06 falls between the cutoff corners of detectors A 20 and B,V
as is. in Figure 4 by the-diest-ance "L". Accord- ingly, all that is'

necessary for the detectors A and B to receive the proper amount of
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o g SHRAR A iaq i i, 28l Adiieiite Brathdthes Ao Pore e 4. W th
t he quobdyedw ation of Figure 5, the detectors still rec- eive the sane
anount of radiation as the detectors in Figure 5 4, with the same anount
of lost radiation involved, but the whole arrangenent is easier to B
manufacture. It is therefore seen that we have provided an auto focus
canera which reduces the ampunt of lost radiation in the
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region of the detectors while taking up | ess space and-al | ew—10 I ng
easi er nanufacturrng and adj usting procedures oned
CLAIMS 1. = A range finding system conprising m’ﬁminu rabl-
rvct a main radiation beamfroma renote obj€Cte pla e
an~opti cal path a long and narrow refl ector positioned in that pattiwit h
Its long axis perpendicular to that path to reflect a focussing beam from
the main beam al ong a second opti cal pat_ .And a plurality of radiation
detector elenents placed side by side a the long transverse axis of the
focyssi ng beamto provide an output si gﬂéﬂﬁndl cative of the range of the
remote object. . Fheangystaiding Qsaéﬁnebmprmhudesuma@suusero@bt-mteownve
the taking lens in response to out nal _to,a faocu osjtion. 3.
The system of d ai ‘H{’fc ?aiwf@ INindaly ea&e 8r O 3%9?#33 getr?pg? i@' 28%pai r
of elenents arrangmneoaldma aaacdpteéarenthexaerldssbaydmdaxtm Irefitpeddges of

the focussing bean} diddig ﬂoﬁfa{;hgﬁlﬁi Atnths tagﬁ?sg#ggfgp@ygu‘%npeggnd t he

outer edges of the e errents st em of ereln the
reflector is posi tﬂtﬁ’fed’ab'ét bR enefileet o 0fotussieg nbeame fronthe B3N, 28BM | ens

syStem 5. A rangeafdngdhngemt %Btﬂahstpaml a&ddy aasplhaaﬁt& &2s Gadhadoni t h

reference to Figur aken_in conjynctjon th F| or Fi 5 of the
acconpanyi ng draw‘f&f?c£°’ elements Pli 1)‘\4 stde’ al tHe ' Lodg

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. - o

4, The system of Claim 1, 2 or 3, wherein the reflector is
positioned between the afocal and master lenses of a zoom
lens systenm. '

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.




