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RANGEFI NDER This invention relates to rangefinders for electro- optlcally

det eeti ng .t he range of an obj ect. The detection of the range-may b apﬁlﬁlji?%f;
i n¥cation that the 5 object. is inside or outside of a. certain range or

~an indicationof 'the actual distance of the objegt. U S Patent No.

3,617.128 describes a rangefinder in which light is transmtted toward

t he object whose range is to be determined.. Light reflected by the o

10 is received by an optical system which conprises an outer annul ar .

portion of a |l ens disposed about the Ilghtwr. The I'i ght

transn1ffer I ncludes a light source and it . The light source

is- in.a light-tight housi Mhisudnvenstion gelagesctat cdngafindevestds not -

directly reach phqmw_tdp\ﬁemw u%lz%c%&nhhenmsﬁ gl gee, fow@ct. The.
optical.system Such a ran findér di sad vi sges t 't requires
the 1ight source (AFYREEHA &hFrﬁﬂPﬁﬁemﬂHoPGSéﬂs pd aﬁﬁ?%rFE?E tReat as

the optics of she db“jam:mﬁst |mmedodebemmmg ognpoventsinr canfe SLpHd at e-
e o L Sef Po i a1 01O} chel 8RTuad A1bRERRU LA chO%abpLE: P0d [t

it is relatively conple pr esent
i nvention to elininate theubﬁbvgaﬁéﬁﬁlHﬁed3dﬁ§3d§3ﬂtﬁgé§rikss a rangefinder

dAcE:ordl ng totL he Lirnesm]tccu iyl le thehemn:ztaaowdsgaa tﬁélgeﬁjffl@rwhéﬁ
eermnlng er e Ol, a e .S n adl 1 O

det ector neans fo%ﬂ%ﬁﬁb&f'ﬁﬁ g%d F&ﬁqggﬁéragéahgy:?ﬁg %ﬂ?&?%x €hﬁi Sject
reflected by tbe dis ssceived byl ant eptitel distemi which compirtsésrard raugeathe
emtter forwardl Yarﬁﬁ(iafro'bo%'iloﬁCBEEnQ &ehheaiesoaa&'%w@ eng figeeting it

backwardly to the vicinity of &ector neani he, radi ation emtter and
det ect or means beﬁﬁQQﬁﬂkﬁﬁﬁﬁ |nTGP pigREnEFANER tFBEaP“%?%ﬁﬁﬁcﬂ light ons.
and the effective samtceuandpicsi ded hynads - The Ligntfesuiée beviines and for

the detector meansy § %!nQi%HQShﬂﬂgiﬂbl¥u88'Qﬁagefight generated in it does

15 not directly reach photosensitive materials at the image:
‘plane of the eptical.system._ Such a rangefinder has the
.disadvantages that it requires the light source to be
shielded frem-the-pnotosensitiVe materials, that as the
dptics of the transmitting and detecting“combonents are

20 separate the eftective aperture of each is: less than the
sum of the whole. and that it is relatively'complex to

: manufacture.
It is the object of the present invention to
eliminate the above-mentioned disadvantages. _

25 According to the present. invention there is
provided a rangefinder, for determining the range of an
object, comprising a radiation emitter and detector means
for detectinq.tadfationigenerated"bY'thefemitter and

~ reflected by the object, a single lens for directing

30. radiation from the emitter forwardly, and for collecting
reflected radiation‘andidirecting'it~backwa:dly to the
vicinity of the detector means, the radiation emi=ter and
detector means being located in or proximate the focal _
plane of the lens., and the effective aperture provided by

35 the lens for the emitter and for the detector means being
substantially coincident.



In_one enbodi ment of the present invention the- radiation directed |
florwardly by the single lens illuminates a first generally cylindrical
vol une_of space. the detector receives through the I ens radiation froma 5~\¢
- secondy aegeral ly cylindrical volune of space-2-A third volunme of space is
he first and second vol umes and extends. a predeterm ned di stance
fromy{he MYens. Such an embodi nent further includes neans responsive to the

< det ect\gfNMeans for detecting. whether a reflecting object 10 lies in the

“third vol une of space. Suphmtn efboddment! ofaher predenaninvdneﬁbnoahei :
advantages 1 rhAdRSARE i Eatned FREYARIT b ] Rl ARHGRE: 1eph ot s ang
in.reduced needﬁﬁiuminanﬂﬁnaﬂfﬁnﬂt<§ﬂmﬂbaaﬂVORY1in§rical volumenof aspater
enmbodi ment thee%awaafaeeasmfadea%bud%@:bwand%hsCieha Fhﬁﬁiifﬂnakrggféere”t

-di stances fromthe emtter tectors- S|g [1tu
i ght incidént ﬁﬂFQWﬁHQQﬂﬂqqééﬂéGyﬂ}néﬁécﬁén¥°&PP§r fafPAGeheech ERiFdcted
by the object. vidlumeerdtodipaee ifsuiciommon 20 thecifides anansetondapvorlamésng

the signals fromggh i%ﬁ%ﬁ%%&(%reh@ fﬁﬂ&%ﬁ ﬁ@s@ﬂhgglf§bﬂn@he'Tﬁngat'gﬁggfl

- the object's distanc ments o resent invention w now
“described, by wap @mbodiment. ﬂﬂFﬁW‘Feﬁ@FéHééstﬂeéﬁé FespPapEiWpaRyi hhe

dL aw ngs, i In Vm:ccﬁtedﬂc(i mbans ao&clamemngawndtnfetam HSEiHEtiﬁgdGSSIécbl ng
the bresent Wy didtodd tik Upitaliluhe 837 sbA08° RSH A5 éﬁ?éiéﬁﬁﬂ
: 30 of a phot ogmeqwi@e:ameriadﬁmtriga gifnghethsnsanangéacndés ﬂasiée or
-accordlng to theutdide a certain range. It has advantages. in
manufacturing simplicity. both in low number of parts and
in reduced need for adjustment and calibration.

15 : In.auother embodiment. the detector means
includes two.  detectors located at dif:erent.distances from
the emitter. The two detectors signal the amplitude of
light: incident on them collected by the lens after having
been: retlected by the object. This embodiment further

.20 - includes means for processing the signals from the |
detectors. to produce an output signal indicative of tne '
object's distance. .

. Embodiments of the present invention will now be
described. by way of example, with reference to the
.25 accompanying drawings. in which: S
. PIG. 1l is a schematic ray diagram useful in
~5describing the principle of operation of a single lens .
: rangefinder device according to the present invention.
. PIG. 2 is a perspective schematic representation .

30 of a photographic camera having a single lens. rangefinder

device according to the



'-3 present invention, partially: br oken away to reveal interior detail of
the canera; FI'G 3 is an enlarged portion showi ng details of .the
rahgeﬁnder device of the canmera shown 5 in FIG 2; FIG 4 is a
perspective schematic view of a light emtter and detector for use in_a
embodi nent of the present nvention, integrated on a commpn substrat 1
"FIG 5 is agraph illustrating the spectral. transmittances of an
antireflection coating on the |l ens and arr ihfrared filter enpl oyed
-enbodi ment. of the present invention; FIG 6.is an electrical schend
~di agram‘o’f 15 t he rangefi nder _cont._rol el ectronics shown i'n FIG 2
"7 is a schematic perspective view of a canmera enploying a rangefinder which
i's a second enbodipresent! inventioescparitiaddy dbrokenCawdy toareeealonal

side view of the’ % rf@@@éﬁp{"ﬂﬂ e’ﬁdﬁthe canmera illustrated in

Fig. 7; FIG 9:is a front view -0 er *and detector portion.of the
rangefinder shown in Fig. &IGs & 1?50%3916r8§ﬂal?9rtﬂ-9§t showhygby rays the

25 light enittJetal L e&ﬁaa dfinder’ deviite oF theee cadiedd shdwh
tllustrated_in Fi ﬁca ¢.9; FIG 1l-is a reflected-light-anplitude versus

AR R S A E IR O E A
camera illustrat eugthau:i.‘ethﬁﬁ détedtér fof esdi Dican ¢éibodidenti 9. 9
but showi ng di 1 el enled pPastoe’ Biveiittbe] Ehgiaced 54" douklt' ' " "
- substrate;.
10 ' " FIG. 5 18 a graph nlustuti.ng the: cpectrcl
"transmittnnces of an antireflection coating on the -
lens and an infrared filter employed with an
embodiment of the: present invention;
o FIG. 6 is an electrical uchem;tic:dihgrdmzof‘

15 the rangefinder control electronics shown in FIG. 2.

: FIG. 7 s a schematic perspective view of a
camera enploy:l.ng a rangef:l.nder vhich i3 a leeond
enbodiment of the present invention;

FIG. 8 1is a sectional side view of the
20 rangefinder. included :I.n the camera 11llustrated :I.n Fig.
o 75 _

FIG. 9 13'&-£ront:view:o£':he-emitte:—and
detector pottion“of the rangefinder shown in Fig. 8;
FIG. 10 13_aﬁdiagram'illustrating by rays the
25 1light emitted to and reflected from an object by the
' rangefinder illustrated in Figs. 8 and 9; :
FIG. 11 is a reflected-light-amplitude versus
distance-from-detector curve for two-
 different~distance objects;
30 . -FIG. 12 18 a diagranm 111u§trating signal
'processing circuitry usable in the camera illustrated
in Fig. 7; - -
FIGS. 13 and 14 are views similar to Fig. 9
but showing different forms of the emitter and
35 detector portion of the rangefinder; and



...=4- FIG,. 157is a cross-sectional view of one. preferred integrated circuit
formof emtter and det ect or panel useful in a- rangefinder sim:lar to. :
; IG 7. 5 Referring to FIG 1,a first enbodinent of o
" ‘the p€dsent invention includes a single ‘lens 10. A i ght emtter,. such

as ~AN l) 2 or a diode |aser, is |located near the focal point of. the lens:
- 1 Cso tMaAt |light fromthe emtter is directed forwardly in a beam 14. A~

': phot odetector 16, such as a phot odi ode- 4- =i s | ocat ed near the Ilghtemtter o
= and receives |light directed backwardly by the lens to the "vicinity of~the
- detector, which light is dlrected towards the I|ens fromobjects Wlthl\n“ '

Cfield of view 17. The ef | eps t t ector and the
" emitter are substantial I?fﬁ {'5I & gg@é ﬁé?g%%ﬁh' gge'f' #%ﬁ?h t he -
. detector and t hpreferwed: megmeld mcuﬂ-tt form; glft egitseri agd pover of
~the -single 'en;;k HBE geaallésafdlf 18 d Qin%esﬂhézwdﬁiﬂr'eoatﬂﬁteﬁ ion

~ region 20 xtendsa predeterm ned distance D fromlens 10
. Wien LED 12 is &¢ 'e *any object ia beam 14 will _be illum nated by
“radiati 025 fromthe LED ReferréngbtecPIG.c1, a: Edrectt enbodégentr o€ the LED

o, ther eby et %%-#%W%%&%ﬁﬂm@ﬁéﬂ 1one 7 oK ector.
ghe ouL ggt bg}‘ O\;,)thobtteoitt-n such cense lazcm;eetdindm&mt. ’E.u on 30 -
| r g;?gln 18 FIG Z:éhgg?é%ﬂ%lefg? nb@fé °€ #H&% ‘bﬁeﬁgl on '
. enployed in a st :F' Fom gﬁglﬁﬁ tcte Mes a
~ housing 1%2 havi rﬁapatphmdetea”dﬁs sisch We &lphdﬁodml.c ie :
:  located near the light enitte:: and receives light
- directed backwardly by the lenl to the vicinity of the
detector, which light is directed toverde the lens
- £from objects within a field of view 17. The effective
. lens apertures: for the detector and the emitter are
' substantially identicel and coincident,. so that both
. the detector and the enmitter make full use of the _
'light gathering pover of the single lens. Light beam -
14 and field of view 17 overlap in a detection region
20 - 18 which extende & ptedetemined dietenee D from lens |
10. When LED 12 is activated, any object. in beam 14
will be illuminated by radiation from the LED. If the
- object lies in dete_ction.-t_egi'_on 18, the LED radiation
' reflected by the object will be viewed by

15

o5 - " photodetector 16, thereby eeusing an increese in the ' .
output signal of R
the photodetector. The: output of photodetector 16 is »

sensed in a detection circuit, described ‘below, to
determine whether an. objeet is located in detection
30 - reqion 18.

, FIG. 2, ahows, a rengefinder, embodying the
present invention, employed in a still camera 20 for
exposing disc £ilm. The camera includes a housing 22

. having apertures: for a viewfinder 24, an electronic |
35 flash 26, a taking lens 28, and an exposure control |




35 - - fIaSh_,26, a taking lens 28, and an exposure control _

phptosensof 30.- The body of the canera- is partially. broken away to.reyes
théﬁ -the taking lens 28 is prOV|ded Wi th an aUX|I|ary cl oseup. lens 3
nmounted for ,sliding novenent into the optical . _gpath- of the taking Lg§
to.5 change the focus. of the- taking: |ens fron1norna| phot ogr aphy to
cl-oseup photography (e.g.. three feet or closer). An electromagnetic

actuator 34. such as a solenoid, or, nore preferably, a planar actuator

‘such as4is descri pﬁgtbgeysa: E@tenfhyobo:f%o t eszeamcfﬂas 1%0;1:'3‘}?:}11%‘11 o 10

t-he closeup | ens,- oSeu 0 and out™o € "opti cal
path of the tak|ngbrehsnzswaﬁ\Fanggvemhethﬁ@vuhsawakinguhquras digc pyovided

_itnvention contr.ol Swﬁheaaosu&wﬂa@} éﬁ@ssﬂpsm ifnﬁné%te-ﬁ‘ﬁfd:a'ﬁqfd'iﬁéer
deV|ce i ncl udes- a | ens nl ﬁ %#5 W@lch in t resent case
is a light en1tt|nB°V8PBHE lﬁﬁﬂ Egd%?ﬁ ¢ |9?% - JeRSe 48 E8se
i's a phot odi ode5 Thhahgghthenfotusigotii thie zakhqduienh(ﬂhnmammnuaactr|calIy :
connected to an el nLLo \[ES r netic
ooy au® e BRRESRESPEP"ES L1660 Sndlodlinl) KNS Uied YRIEE
44. As shown in FFEOSEL)apn Mtehs?wwreﬁt%ém RdusisWgioas Aor ns
the sides of an engbpeto€di nowhisdré hp:mtéﬂy;’:?a FIhrat QUtRatd? dueh as

~housed. Lens 36 °c ¢} ur e ck of the

encl osure is 25 g%nééséggb%& ﬁnﬁ r%@%ﬂ[ qioar %éh%ﬁghl& . SORRES e to
enmitter 38 andl® hetuet ebcaeunolm tmr Reing the iaseyp diensuiints? andiheut
printed circuit boggdyhé oﬁg{@gg o6 # gﬁeékgnﬂﬂhfﬂéﬁﬂ Zgchani smpl ate

foscribed Tn 30 |U.S. “pat ork FAEFeEEAAer Ao anpady hd tne maeseatas | o
attached to the bathvehtibon tonsiols et«hermommlgtmﬁeegmalsmudsniosz
- extending 't hrough fﬂkeﬁanégfiﬂdépqd€¢{éi“fné%ﬁﬁék a lens 36, an emitter 38,

15 which in. the present case is a light enitting diode, and a

'detecto: 40, which in the present case is a photodiode.
‘The light emitting diode and photodiode are electrically
connected to an electronic control circuit 42 which drives
electromagnetic actuator 34, The camera is provided with a

20. shutter release button 44._-* '

' As shown in FIG. 3., an_extension 46 of the camera
housiﬁg522'fo:ms:thefaides of an enclosure in which the
emitter 38 and detector 40 are housed. - Lens 36 covers the
front of the-enclosure..'rhe back of the enclosure is

25 formed by a printed circuit board 48 which carries the
 emitter 38 And the detector 40 and the electronic control
circuit 42. The printéd“circuitrboard'iesformed as.part
of a mild steel mechanism plate which is coated with a
 layer of5electiica11y4£nsu1ating*materia1dasqdesc:ibed“in
30 U.s. Patent No. 4,.333,722. Printed circuit board 48 is
" attached to the back of the housing extension 46 by
'”integral studs SO extending through holes 52 in tne
clrcuit board. 5 : L

35



- 35 -6 la this enbodi ment, the” enitter 38 and detector 40 are
I nt _egr at ed on a common chip 54 see FIG 4. The emtter/detector chi p 54

is f¢togd on a substrate 56 of n-type gallium arsenitde in a5 N
convany Fpnal manner. The enmitter and detector diodes. are forned by p type
doped\¥egi ans 5& and 60 respectively I ndividual addr essi ng el ectrodes 62

 and 64 are formed: on the top side of the emitter and dte ctor diodes to
" make ohmc Contact- with the 10 - respective p-type regions t her eunder .
A common ground el ectrode 66 is formed bn the rear of the chip. A slot,68

s formed, for exanple with a dianond saw, partway through t he chlp\-A

- 'sheet 70 of light absorkin ded 15 -
- polymeric film is fi xegh %W@S?%ﬂ%p?ﬁfaf%% §5I ﬁﬁdt he emtter
and the det ect odet@etour 40 srei integtatedcofi! & capmon cbﬁpeﬂlrwl B8éean

L ooy on T3S 80 | houachat ltalpis! SRty sty efpeld ph®i bV 1M

schematical ly i FPgﬂ:FﬁFSnkbh@Et PER¥RF: 8 i@:&“ﬂf ‘§ﬁ€ﬁiﬂﬁ &Ht & efl ection
coating gptin zednventionaIDmannetri.ngThe ehdtietkr ahdddbtebtbroﬁiBHEs

oPaceuver TnoubrofSrdy B3 pOEvBR-debbl PRBISPETSE mubERLC of he. |
~detector to wavespectively. gkndividueld addressinp. clhcttbglosnﬁzeam ng the .
si gnal -t o- noi seghat 64 ke tﬁﬂ@agsﬁl £Hba! oﬁegug of ghée! e%y ! for

this purpose La; the \Watten 87 _East man
Kodak Conpany- Flg'Pdﬁ‘ mﬁ

t er manuf ac ed
= Q‘FH’FFaY'ggﬁt B i SSI ve
filter 9 il I ustupedtlrnt#etylpchrdgtonm thereunder. A common
: g:ound elactrode 66 is: fomd on the rear of the
_ ehip._ A slot 68 is formed, fo: cxunple with a '_
_ d:l.mond sawv, partvay through: the chip. A sheet 70 of
light absorbing, uterhl.t such as catbon loaded
15 polymeric film, is fixed :I.n the slot for optically
isolating the emitter. and the detector. .
Breferably, lens 36 (see FIG. 3) is coat:ed
vith an antireﬂect:l.on coating tailored fo: the
wavelength of light emitted by the LED forming the
20 emitter 38. The solid line 72 in FIG. 5s. .
| schematically illustrates the transmittance of such
- an antireflection coating. oﬁciniz_ed. for an LED
emitting in the infrared region of the spectrum at
~ about 940 nm. An infrared transmissive filter 74 is

25 ‘placed over the photodiode detector 40 to tailor the s
' response of the detector to wavelengt:hs of light
emitted by the LED, thereby increasing the ?

signal-to~-noise rat:l’o of the rangefinding device. A

_ suitable filter for this purpose is the Wratten 87 C
30 Filter manufactured by the Eastman Kodak Company -

The spectral transmission of the infrared

transmissive filter is 111ustrated by the dashed line

76 in FIG. 5. |

The electronic control circuit 42 will now
.35 be described with reference %o FIG. 6. Control
circuit 42 includes a camera control



76 i'n FIG 5. The el ectronic Cohtrol CII‘CUIt 42 will now 35 be
descri hed vmth reference to FIG 6. . Control circuit 42 includes a carrera

cottr.ol - logic circuit 78-, corrpr|5| ng a. progranmed ni cr oconput er, as is

vveII known in the prior canera control art The ‘canera control |ogic:
ci I cuiA~78 receives an input fromthe shutter rel ease button 44 5 .
begi n~operation . The- conputer turns. on an oscillator 80 that appl | eg
AC. voltage to t he light emitting di ode fg{m ng the emtter 38, causiH
~di'lode to enit a beamof light having ani entifiable- AC brightness
corrponeﬁ't’. The frequency of oscillator 10 - 80 is chosen to be
tonmpatible with. the frequency response of th :LED and to be

di stingui shable fr | i cker_frequencjes- associated wth artificial

i1 lum nation. The £‘P§)§1‘5] ‘%’éﬂ!{ é] mwlmm formng the

detector 40 is ampictbedmpateti! as'ts well ﬁﬂﬁdnpmscﬁelﬁﬁoﬁ?ciﬁdrhﬂg a
e

pacs band cent ot e ghpuby' e 02 A el SRS, Tie WA

logic level out putrgcgiunmanmpu: frohetbetphuturmlbméﬂttawrklw _

exceeds a pg edeter rgﬁ @M “%e‘?gipé g.cuit 84 is -
set to substantlal m n oss It tr er| noj se such
‘as, cross-tal k bet V\Eéﬁ atef; SPeF ﬁ E?o! Q u%‘éing %&a‘%ﬁ JZ@"
by l'ight reflectedemftbingtdfodecforming mmnmpw-mm :

ol so- - Caner a E?h@?@?ﬁbéé mif &%@@?ﬁ%ﬁ@ﬁiﬂi’ﬁ 'S‘Qc 3 g'f?%#{@?*om

trigger circuit 8sAGnbrightness component. f Ehe f: reguanck off eacillatoRi t
_86 in respgpse to 80°4s chosen to be compatible with the: frequency

response of the LED and to be distinguilhnblc» from:
the £11cker frequenchl associated with artiﬂ.cul _
illumination..
S . - The gignal gencuted by tbc photodiode _
15 forning. the detector 40 is amplified and filtered in
a band-pass f£ilter 82 having a pass band centered
‘about the oscillator frequency. The output of the:
band-pass filter 82 is applied to a trigger circuit
_ 84, which provides a logic level output ntgnal when
20 the output of band-pass: filter 82 exceeds a
pred_etemined threshold. The threshold of tt:l.gger
~eircult 84 1s get to substantially eliminate the
possibility of triggering on noige such as cross-talk
- between the emitter and detector, caused for example
: 25 . by light reflected within the enclosure. The sides
B . and back of the enclosure. are painted black to
B further reduce this potential source of noise.
~ Camera control logic circuit 78 receives the logic
~signal from trigger circuit 84 and controls a
30° -focussing drive control ecircuit 86 in response to the
' signal. The circuit 86 applies power to the
electromagnetic actuator 34 (see FIG. 2) to move
closeup lens 32 in or out of the optical pa:h of the
taking lens 28. :

O

35



“si-gnal The circuit 86 applies 'power to the el ectromagnetic actuator 34
- (see ' FIG 2) to nove closeup lens 32 in or out of the optical path of the -

t aki ng u;-s 28. 35 -8- The canera control |ogic may al so control caner a~
- exposurg gcei ving. signals froma photoneter 88 in. controlling. a
- .shutterid er 90in a known manner. 5 In the above’
enbodi N the foll ow ng di nensions exist. The |l ens 36 ts a 20 nm focal .
- length F20 convex lens . The width of slot 68 in the enmtter/detector
chip.54 is approxi-mately 150 -m cronsTtHeTeby .spaci ng the LED and photodi ode
10 approxi mately 150 microns-apart. The mtter 38 and detector #0 are

- located substantially in the focal. plane of lens 36 and arranged

o ‘substantially synmetrically about the optical axis-of lens 36. As a reSuIt

of this ar angerrent t hERRICRMERR, ¢Q‘§'F¥ﬂ11 pgls may glac qontrol) extends
approximatel y loand¥a Jamra. té&dm&ag 14l 8/ fiOn @/photiometely ates

second enbodi f the =nt |n e l on a t| || canmera 110

of a kind knomrf ?%I‘fﬁ#%cﬂk } qyo aperture

~112, taking Ierunhh’r Vi ewr| nder 114 shutter rel ease 115 and ot her - .
. conventional still camer a )| ated still _
canera the rangef i nder |ﬁlr@§% %&g Wé}dm*eé%r?ﬂ%%n and denoted -
'25.  gener al [dimensions exiat <d The denm@f ikaid 20mmfiacad. [ ing the -
posi ti on of they &Rgeh P26 WoriVex Tind 3 THE WIMWIE Wide 69 £078Hd Ses. e
9 C emitter/detector chip 54 is approximately 150

microns,. thcrcby spacing the LED and photod:l.ode :

10 approxinauly 150 microns apart. The emitter 38 and "
detector 40 are located cubn:anthny in the focal
plane of lens 36 and arranged substantially
symmetrically about the optical axis of lens 36. As

& result of this arrangement, the detection region 18

15.  (see FIG. 1) extends approxmtely 1.3 -etcu from.

| " the lens. -
~ Figure 7 achmtically 11lustrates & second
' onbod:l.nent of the present invention employed in a -
still can_l_era 110 of a kind known in the art and

20 including & housing 111, aperture 112, taking lens

. 113, viewfinder 114, shutter release 115 and other
conventional still camera mechanisms (not shown). In
the illustrated still camera the rangefinder in

- accordance with the present inveantion and denoted

25 generally 120, 18 embodied as a: rangeﬁnder for

. controlling the position of the cmera '8 taking lens
113. :

The rangef:l.nd“e:- 120 coup::lse’_s,. i‘.n general, a
single leéns 121 mounted in predetermined spaced

300 relation with respect to an emitter and detector
panel 122 by support means 123. The-details of the
rangefinder 120 can be seen more clearly {n Figures 8
and 9. The emitter and detector panel 122 comprises
a light emitter 124 located on the optical axis of

35 the lens 121 and two concentric photodetectors



mngle lens 121 nounted in predeterni ned spaced 30 relation with
respect. to an=emtter and detector panel 122 by support neans- 123. 1]
détdils of the rangefinder-120 can be seen nor e clearly in Figures(&#
The. emitter and detector panel 122 conprises a light emtter 124 ,9
fhé optical axis of 35 the lens 121 and-t9mw concentric photo.» S
125 and 126, respectively,. locatedat different distances fromemtter
The emitter 124 and detectors 125 and 126 |ie substantially in a comon

enmitter-and detectl@d @Pdnd2AndTEPRERELKELY . glocREed A ALEERTRANY with the.
opti cal™exis 128 q&sltah&ekZE:ow eliitbercoPyDN THetémiteee I amidr pl ane

~substantially nor axi be,a light emttin
di ode (LED) adaptggtFSQQ i&%sPBFeIgg ﬁg% 8$%é§ iéﬁhy ﬁqut o"'hght ?
as used herein |nemuaasriendvdetbcsoaspiene andosrermouynited igenanallixie- the
nor mal vi si bl e 5 aggq Embewil:ﬁcs:aarraﬂef&af gREst {240 of Ténd el 2C! Qf1enl 25

and 126 can be any_of a variet 8ogeectrlc t[ ansducers suc as

photocel I's or semthsn GommgR ﬁfegeﬂg teqher plgne substantisglly |5 _
conprise a si ngl enoemadx tbenxisl 228t , The emnitter al24, can bﬂnaaljmwpiex I
miti-el t st t
T eLeTent St ugltedng RiBakeRiendoahbpbhy ta GRlLIVEShIO G0N O 2
antireflection co&ﬁﬂﬁ§§ﬁ°ﬂut WEGdtﬁﬁﬂ béist?e%?e%5¢iwhﬁkﬁiﬂﬂiﬂﬁﬁﬂ4ﬂﬁ

gberrat i onI The ]gilvahamelbet weel abcothes fddiattonheurerdae nmdindrialand -
cas Ty wi h ref or 183515 EAneB oELEhb Bl ectihdng bl "ped Bl LT, | o
object 01, the | edeteetogsdl@heandi 126rcandbecanyiof §lvarniety off e
i1Tustrated in onghp¥eERkaty¥1tNtRahBUBELES - sdith S8 Bhotdke FIE tder and
' semiconductor light sensors. The singie lens 121 can
15 comprise a single convex lens element, as 111ustrated,'
or more complex multi-—element structures. ‘The lens
desirably is optimized for operation at the wavelength
of the light emitted by the emitter (e.g. in regard to
antireflection coatings) but need not ‘be corrected for
20 chromatic aberration. '
‘ The distance between the lens 121 and the
- common emitter and detector plane of panal 122 is
important. This can be explained ‘more easily with.
reference to Figure 10, where the plane of a
25 reflective object 01, the lens 121 and the emitter
~and detector plane 122 are illustrated in one

124. ..

Vo _ l exemplary 1nterrelation. As shown, the emitter and
_ detector plane is located at or proximate the focal
e plane of lens 121. With this arrangement the light

30 emitted from emitter 124 is directed forwardly
(solid lines), by the 1ens,.shbstantia11y parallel
to the optical axis 128, which extends along the
detection region of the device 120, to the object

0,. The light reflected from qhe-objec;'ol



'_ : det ector_ pl ane is |ocated at or pI‘OXI mate the focal pI ane of | ens 121.

W th-t Jfi ‘arrangenent the light 30 emtted fromemtter 124 is directed
forwayghyy/Asolid |ines), by the lens, substantially parallel to the optlcaI\J
. axis 7Avhi ch extends al ong the detecti on regi on of the device 120, to
"~ the object/0 The light reflected fromthe-object 01 35 -10- (dotted.
and das i nes) passes back through.lens 121. and is directed backwardly to
the vicinity of the detector neans, i.-€.1d06-plane 122, in a manner
dependent on the distance of 'the object fromb5 : the rangefi nder.

Specifically, the extent of ‘the out -of -focus. condition of the refleoi,ed
li-ght, e-g. a spot, at plane 122 is inversely proportlonal to the - '

di stance- of the(dm;tmﬂ dmd idash ddnds) paikies Wark Whroughndeha? 121

Porur ci vol e aBag S %ﬁﬁgﬁeﬁg“g&r&'ﬁ"%ﬁiﬁ%&%&%ﬁﬁ&%ér et is

© the focal | engt IﬁﬂteQ#@‘-' MBANS o L2« (o iplanelildd dn ammenner t h obj ect

. distance. For ot exﬂe&tﬁeoﬁ&h@oaﬂsw@aéepbexwet 8bhjBetf egah point of lens

.121 the siLze of e bl ur. Ie algso i nonot.oni cal] y_decreasi ng
~ function 9f theté?% sgs?rﬂ %é&y’n&%ﬁ\?&e &éaﬁ’@ of the %
above- descri bedm-oiﬁ-tfochlspcohdﬂ,ltd.w of ¢het refllected Qdphti,0 the distance
of the object. { circle :
"~ at different di tthq ces ot t*’gthld'%&er%& ﬂ%ﬁ\f&&eggo&ﬁﬁio\w :
_indicative of tke &hﬁdﬂssagcsf oeﬁw&h@bpbdsc(tg&iefmwlensnum-y with o
~ When the plane 122 is precisely at the focal plane of
10 leas 121, the d:l.mter D of the "blur circle" at
_ p_h___t__x_e 122 is d_eﬂned by the relation:

D= 2;:‘.
: vhere £ is the focal length of the lens, d is the
lens diameter and Z is the object distance. For
other plane 122 positions proximate the focal point
of lens 121, the gize of the blur ci.rcle also is a
20 nonotonically decreasing £unct:lon of the d:l.stance of
the light-reﬂccting object. : :
Because of the above-described relationship
of the size of the blur circle to the distance of the
. * object, the relative light intensity within the blur

o5 - ecircle gt different distances from the 1ight emitter 3
124 varies in & way indicative of the B .
‘distance Z of the object (generally linearly with . 2

respect to distance from the emitter). Figure 11
. illustrates gra-phtcnliy the underlying principles by
30 means. of a plot of the imp]_._i’tude- of reflected light
at plane 122 versus the distance from the emitter
124, - In Figure 11 it can be noted that the curve
Sl, representing the amplitude versus
distance-from-emitter characteristic for light
35 reflected from the object 0;, is significantly
different from the similarly-plotted curve 52'



*

respect to dlstance fron1the emtter). Figure 11 illustrates graphical

t he underlylng principles: by 30 means of a plot of the anplitude g
r elFect ed light at plane 122 versus the distance fromthe emtter 124\
Figure 11 it can be not'ed that the curve 8L, reprLesenting.the anplit (&€= /
versus distance-fromenitter characteristic for light 35 . reflectedfrom ’
the object [err]is significantly different fromthe simlarly-plotted curve
S whi ch represents anplitude versus distance-fromemtter for |ight

~reflected froma ehagar xe{at@kbatbyamsiieﬁaevee@bmecaléedﬂ&e-frﬂif‘-éﬁissﬁlce'
to a pa i cul ar 0

d
relative-1ight-a Pft&dgg§ ?éﬁgg SsFﬁ%ﬂe ?? ﬂ?éﬁ?g%iﬂl%ﬁﬁﬁ%ﬂﬁ%ﬁ%%ﬁFQYQat
pl ane 122. One adw&ub&ge@gs wmyetdisﬂancefyothepdhtieuxat aﬁﬂeun meflected

Lijght eharact er | skists rheRbasEP! LAGnELEY £5G L O0E ERdr, efolfﬁfxﬁt; bk rude

curves [err] and [err z means of " a, _
this. 10 purp®seVe&s Feﬁ ﬁteaﬁeu5535rewét&25 cﬂi&??ﬁ%ﬁ §tihtaly phane 122.

diffeaent di sltances [err]aode[ed{rlmtiqmi\il#h@ajﬁntétﬁeﬂﬁi‘!fﬁmheemffﬂi&te@ﬁttOr
t t
provides an e ect bbgglestdptbolay! Pogft CHRLALLEAMILT dhMid LA 1O

the |ight anplitude’inci ope va
curve therefore c8iffergatephinet. %ifs%ﬂﬁ:ﬁ% Ehed o CUIVRRIS prande Ssiinds
cifcuitry by the bgl akeaas 6f&- 4 536?& Qﬂlwbefér[fﬁé]éﬁtbelfﬂﬁdrfﬁﬁidlhe

anplitudes of the electrica n from det ectq 5 and
respectively. E' nPPRRO8BevE rgFg?Eoﬁ‘m RLeFHRS vﬁ%’e&%ﬁa Q%ti’abftt he
factor [err]becauééftheeaﬁndmstancésghi and | tﬁxbﬂnnﬁe:!hiﬁhennhzqglven

obj ect (and col | eshldebxnl §8tedPd) YR6vESed W SFodeMiddY tYHIS1BARAGE

the object Nor mal |zg 10n
amplitude which is proportional to the light amplitude

incident on it. A normalized slope value *s" for the
15 curve therefore can be determined by simple analog signal
processing circuitry by the relation '

- 20 : S - : . : _ .
whe:e.AI;and;A§_aze;the-amplitudes of the-electrical
signals from detectors 125 and 126 respectiyely. In the
above relation, the slope value is normalized by the

, -facto::IIA1 bécause~;he-ampunt of light reflected back

26 from a given object (and collected by lens 121) varies
' inversely with the distance of the object. Normalization
also is important because different objects have different
reflectivities. It will.be-appreciated.that:sensed value

other.than.Ai_can.beaused-fo:inormélization._it.being'

30 preferred to obtain a value for the amplitude of the

 reflected light from a location on plane 122 that is as
. close to the emitter as practical. '

'.35'



- “also is inportant because different objects have different reflectivities.

be appreci ated that sensed value other than [err]can be used for
45\ on. it being 30 preferred to obtain a value for the anplitude \

ected light froma location on plgge 122 that'is as elose to the

- practical. 35 = The slope of the curve is indicative of the r
“of the ght. anplitudes at. the. two detectors. -If nore than two -
detectors are used, the-derived slope of the curve is taken as the ratio

. Pnlwhich the ourput cur B Shors e TR Ly 074l RREITe 9 kRS EhHE O
to respective cff ree kightlampid tudesy @t dhecitMouidesecsors. 162£( moge _
anpl T ar i r o A o, KSR B Hed.Althle AhciVed S10DE BECthe ¢ o
| ? Lrg operation [ 4G i Fakan,pe %ﬂtgﬁgﬁg%hgpﬂ‘l F&-WPJEFESGF?&M |
. anal og di ffer®nce si gnal Rig.ai ahowsyiadeignialc processingi chircattba3ontnof
o Fona R A e ok il S NS SRR ot
dividing Lerr] HFS APRRESR (60 TASRRSHAVE: FU5F 98, 50; VOLLABPLGPRVEBEEL. The =
resul tant anal og:ixtcgriatls. i16 Winil2e! (@-.igndiopairiatdonla appaticdeks) , obhose
 rocessing circRUCHERS and ARIUE Y b BibbeFohoe I iReE SiPeysy 0,
“magni t ude défendéir- ofhsmjddfiferencmamplisiesncisicuise 16Bcperfosmshtherph
 he bl cture ek TLEAtio B ANy (O tHie ANbYS eguard on AN appeiss el poer
~ shown in Fi gure%‘ﬁ&?&' paf;?%ig | é’é‘jt?ﬁ%t"ttcﬁésé'gf‘%gl%a?f‘é&iéssi’ﬁ'ﬁ?%e devi ce -
- 120 be subst ant icdldouigarlfi4 sihitch tcan biecomee ofakiardoupt typksaknewn in the
- ' art (e.g. having matched ‘MOS: transistors. or operational
15 amplifiers). The circuit 164 performs. the normalization
dividing 5'1'32. by the gquantity: Ai- provided by _
converter circuit 161. -The resultant analog signal is
uniquely indicative of a pa:ticularr- object distance.
) "~ In the camerw'i-.llustrate_'d._ in Pigure 7, such
20: gignal processing circuit 130 provides its outputs |
(control voltages of varying magnitude dependent on object
‘distance) to c’o-ntrd-i‘ the flexure of 'bimo:phs_ bender
elements 137, 138, and thus the peé-i.t'i.ou of taking lens
- 113 along the picture taking optical axis 118 of the
25 camera. In the rangefinder shown in Pigure 7 it is
. preferred that the optical axis 128 of the device 120 be
substantially parallel to the picture taking optical axis
118. Further detailed description of suitable bimorph
~ bender constructions. and electrical control for lens
30  positioning is set forth in. text No. 20340 in' the March
' 1981 edition of the journal Research Disclosure. For |
larger lens. f-o'cu's d‘isplacements the output of processing'

Q
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118. Further detailed description of suitable binorph bender constructions
and el ectri‘cal: control for lens 30 positioning is set forth- in text No.
20340 in the March 1981 edition of the journal Research Disclosure. For

| afger |ens- foeus di spl acenents the output of processing circuit can 8 ()
¢ontrol a lens drive notor (e.g. by neans. ofl3—read only nenory- or
potentionmeter circuit) to ane the lens 113 to the correct position faor”’

phot-ogr aphi ng a det ect .obj:e not ed ‘abogve - he en1tt and
det ect oj~ pl ane 5 qqﬁﬁq& aFe&eQF SéiHFOQPﬁBFé Bhi-f a?e%W% o EeRd |y
means 1R¥. The demmory prepotieatiohesschcprenttdnto depes dshe thensg Mkl 3 amsl

l.ength of the Ien n a o] tec a
particul ar appllca % QO%E%?teQQSQGEHE ?ﬁr £P§E§&ﬁ£€ f%dé+£%k#§3(%¥igé¥

50 nm a spacing of the eA#st n@fte9| ahevg,oshmrsbﬁtm and ¢%¥%¢#Qﬂ:aﬂl~‘$ﬂ€hne
causes |ess than m%l%hft@aea@aeornpbbﬁiﬁate%nél saeéiaﬁlmemea{e digdsance

f 3 1 t d
preci sely at the PERRS J2d pifiscpedized) FR0ERAIOE o duch Wlaqendie’ ' O"°
preferred to p03|ﬁe@ﬁndﬁeu@9nt$be g€pcght Lengthi off the lens andaipqn Hheto
- focus the enitted a@cﬁ%cﬁro\&?r ﬁi@tﬂﬂbat d@E&EEﬁoﬁhﬁeé’@é&Cfofaélgﬁ‘écﬁcular

interest. :This may he so range i nder been e5|€ perat e
within a certain m&ét‘-&r‘-ife dFQFaﬁ @P&ﬁd"’-%t%rlﬁ%lﬂ% Qgequal i s
~desired to opdatat dength Ifess50 mange. spaeingi 6f cthenemiittectiplane 0.08 mm

confi gurati on br efgkable/ ths 9HS! BhbCEIAALCLahll 1650°6Had AdH OPL] cal

axis of the len orgiving with
respect to such cddf&erggce #BrtbﬁaﬁﬁFE“t ﬁﬁ&halh%tI%%SOblﬁﬁQtQisﬁﬂﬂFe of

detector described aboveless ¢ebmpar8d €6Vthé 9lgRal /cFedtéd tien afhd cal .
' - plane is positioned precisely at the 1ens focal plane).
15 'In some applications it is.preferred to-position-thei
emitter slightly behind the lens focal plane to focus
the emitted light toward a point beyond the object
ranges of interest. This may be so if the rangefinder
has been designed to operate within a certain range of
_ 20._distances and"after_manufacture-it.is_desireduto operate
' in a lesser range. . o
The emitter and detector configuration
. preferably is generally centered with respect to the
optical axis of the lens 121. However, this device is
25 quite forgiving with respect to such centering. For
example, with the lens, emitter and detector described
above, a centering deviation of 7mm from the optical.
axis produces only about 1% signal change (compared to
. the signal from a configuration precisely centered on
30° the lens optical axis).

Figures 13 and: 14 illustrate configurations for
emitter and detector panels alternative to that
fllustrated in Figs. 8 and 9. In Figure 13 the panel

. 170 comprises an emitter bar 171 which is optically
35 :



“oat an outer con

-".-.-;""axrs pr oduces onl y about 1% srgnal change (corrpar ed to the Si gnaL from
a- C/onflguratlon precisely.centered on 30 the lens optical axis)."-Fi gures 13

. and 1/ | ustrate configurations for emtter and detector panels ' N
- al terlpa e tothat illustrated in Figs. 8 and 9. In Figure 13 the panel

. 1./70-0¢mpyi ses an enitter bar 171 which is optically 35 = 14 - isolated by
elerrentd 172 (e.g. carbon-filled plastic chip) from det ector bars .

173, 173", 174, 174" and 175,175 The aadlflonal detectors 175,175 are
spaced further fromthe enttter bar 171 to provide 5 added accuraey, for -
¢l ose-in distances (where the slopes of the curves S are sore gradualyw In- -

ot S out the Segéfr%eqarb&at#qon 10 I nner géﬂ tliQ% wmlé&qsl&mﬂfcer Ve

isgu ﬁ ik tor 183 and 184
10 chip)u £rom; detiectox, bars; nddfop L3 fer 8RAeq
copstruction f0f1755“17§'f. arghe fidditlonil Jetettors) m,awnfwwrat ion the

E?“aite?rdZCf’cgit Sades Furhas Trol bhe MR GRe barl 17168, oy of sol1d

.gal [ um amseni deﬂldal rﬂ!(ﬂn‘lﬂﬂy (ﬁmMeﬁm‘dﬁlﬁml (mhere: the: taI | ayer

- 192 (e.g.a gol d.g % : r)e,onxa,s lahelgtim &
> arseni de phosphi eq a ers gr ed epl taX| aI a er of n rr] Py) and
194 (epitaxial A twl%‘#@%‘[@'ﬂ%é‘% ' regions,

;195 and 196 resm'ﬁ&&qa‘pww»mmm Loeastomon
oTicon nitrt de 4R @eRceRtEAs ‘Sapadtare M and HB4) TN B T
det ect onoregi ons el ectri @ligureks 41lustrates a particularly .
preferred construction for emitter and detector panel
122. In this eonf:l.gurat:l.ou the emitter and detectors
are formed as: a monolitic, integrated array of solid
. state.devices. The panel 122 ghown in Figure: 15
15 . comprises & gallium arsenide substrate 191 (n-Ga As)
' - material overlying a metal layer 192 (e.g- &
gold-germanium alloy) and having formed thereon as
gallium arsenide phosphide layers 193 (graded
epitaxial layer of n-Ge Asl -y Py) and 194 (epitaxial
20 layer n-Ga ‘“1—: Px). The emitter and detector p
: regions 195 and 196 respectively are formed by
standard photolithographic techniques and zinc
- diffusions to comprise: p-Ga: Asl -x PXx material. A
~silicon nitride dielectric layer 197 isolates the |
25 ' emitter and detector regions electricelly and an : g
optically. dense material, e.g- carbon-filled plastic
is formed in a cut groove 198 to optically separate
the regions 195 and 196. Electrodes 199 are formed of
aluminum and configured by ctandard metallization
30 - techniques, and an antireflection coating 200 is
: - formed on the emitter and detector regions as shown.

e
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optlcally dense material *e.g. carbon-filled plastic is forned in a cut
groove 198 to:optically separate the. regi ons- 195 and 196. Electrodes 199
are/ formed of al um num and- configured by standard netal lization 30 :
techn1ques and--an antireflection .coating 200 is formed on the emtter and
det egtor regi ons as shown. -15- The exanples illustratedin Figs. 7
-are.xsinple optically (because a single lens element is used) and .
~electrically (because analog signal is used) and. alignnent is faci
-because~the emtter and 5 detectors Tahobs fabricated t oget her and

because¥he single. I'ens causes; the reflected  radiation to always be
~centred on'the emtter, where the emitter is located on the optical axis.
By having a single-lens f@heiexappleg 1dlustrated: foFigsm 7htoclStare

forwardly, and f@iﬁbwwﬂ‘ﬂ:ﬂqfi E(rwah{sidhak IEaIK%fdgxﬁhgtt?EeVl cinity

of the- detector | ens

for the enitter gﬁg%p 8"@%928F5Fiﬁé;i ké?ﬁg gﬁbéﬁgkggggiqne% givged) the
15 . frontal suentaligmment ds faxilitatet decaaser checenipteg andt he

{Fo rangef | pder %ﬁm&%&%&% AE84CESkevnel ind HCAfNY ”5#$en s
used for both di CHIBES; t GC':Fﬁe"'@Q)latlthﬂ'géf
relatlvely S|npleemm&eﬂﬁnuf&hbuéﬂ1t25r$0wﬁ5re +thé emﬂf%er is located on
: " - the optical axis.
. g - By having a single lens for directing
10 radiation from the emitter forwardly,. and for
' directing reflected radiation backwardly to the
vicinity of the detector means, with the effective
‘aperture provided by the lens: for the emitter and the
detector means being substantially coincident, the
15 . .frontal surface area, for example, of a camera,
- occupied by the rangefinder is: kept to a minimum, and
conversely the area taken up.by'the.rangefinder is put
to: maximum use: because the aperture of the lens is
- used for both directing and collecting. Also, the
20 . rangefinder is relatively simple to manufacture.

- 25
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- Clainms: 1. . A—tangefinder fur.deternining5the range of ah_object,

conprising a radiagj ' ' detector neans for detecting radiation -
gener at ege t he Eﬂ“ H ﬁ flected by the object. a.single lens for \
“directipfig, Fashi ati Of° er forwar@ns- and for collecting I

reflectp 7 _ _
det ect oh wEahs, the radiation enmitter and detector nmeans. being locatedin. -
or proxi hete the focal. 10 plane of the lens. and the effective aperture

provi ded by the ¢raiimg:or the emtter and for the detector nmeans being .- .
wherern the Tadiba;on |s MAARKREIndSe %, aBtarad vt dunsha, sapge: A pR

vher ei n e radiation is _ -

singl e | ens thr aRfect iconprjsingla radiatidn ealittec) and détepzoe, meadst he
detector means iforidetiidds fai¥eidn GlnlidtelNBy! ¢S chidtali ghalroma
comon Lo sab 1Getiedkal B oKE PRIRSEs dneioqiendeRg SOROILFeaELag ned
common to saix C . : : : .

di stance from saadiavion ifrom xheclomideer Tothardly;! udangoreass1a86PRESi Ve
third volune of Siserell fadisidld aldCledRecR 1R’ EChRBRuRRAEY rg €, ", C .
wherein 25 the émélﬂiﬁYéﬁéiG@F@é@@ﬁ°ﬁ9§hyéﬁﬂéhu§§°ssﬂﬂﬁagiaaeeu§Vtee§and o
Lrtegrgteahon admammmmrsuh&hhabeifg-Igcate?AihaBﬂeﬁtaﬂfﬁaEE]ﬁg@!ﬁ@ggin ) .
claim 3. rei , ter detec ns are seal ed | _

“cont ai ner oﬁo \M}iltca%%t ﬁ’erP }té%s lgg‘gr‘hs ?§ﬁe%§ﬁd."2£'§g§?¥9 apertuse RrARIded by o
claimed in claihhe lemer £ox the emistesr andafiori hbeudetector dmeans Obsing
Lpcated at di {1 Subcaeyuanpesnetie om ttor the two detectors -
signal | i ng. e anplitude o i ght i ncident on t ch i -ecCl
backwardly by t#é |ens. ShfFﬂﬁegggﬂeFeFFeﬁiégmﬁ9 fﬂecéﬁlﬁobréﬁ¥?r?h% the

: radiation is arranged to be directed forwardly by the

1s single lens through a first generally cylindrical volume
of space, and the Jdetector means iszarrangedzto-:eceive,
through the lens, radiation from a second generally
cylindrical volume of space, qathird volume of space being

~ common. to said first and second volumes and extending a

20 Dpredetermined &istaneertrqm.said*lens. the rangefinder
fu:thersincluding'means requnsiverto the”detecton means
for detecting whether a reflecting object lies in the -
third volume of space. |
3. A rangefinder as claimed in c¢laim 1 or 2, wherein

25 the emitter and detector means include solid state devices
integrated on a common substrate. L )

4. ' A rangefinder as claimed in claim 3, wherein the
emitter and the detector means are sealed in a container
of which the lens forms one end.

30 S. A rangefinder as claimed in claim 1., wherein the
detector means includes two detectors located at different
distances from the emitter, the two. detectors signalling
the amplitude of light incident on them which is directed
backwardly by the lens. having been reflected by the

35 object, the :
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I 11111 C L M - 17 rangefinder further including nmeans for
pr.ocessing the signals fromthe det ect ors tput Si gnal
i ri\dfrcéflve of the obj ect' s-di st ance. lmﬁg m ‘1 _

herei nbefore de* 5 scribed with reference Lasw | s i i

to 6:0f_the acconpanyi ng dr awi ngs. 7 A canera incl udi
as clained in any pr ecedi ng cl al m 10 15 20 25 30 35
: - - 17 -

Y, _ . _

'~ rangefinder further including means for processing the
signals from the detectors to produce an. output signal
‘indicative of the object's distance.

6 A rengefinder substantially as hereinbefore de-

5 scribed with reference to and as illustrated in Pigs. 1
to 6 of the accompanying drawing's.

7 - A camera 1nclud1ng a rangefinder as claimed in.
any preceding claim.
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