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2124051 -1- DEVI CES AND METHODS FOR DETERM NI NG DI STANCES The pr esent

i nvention relates to devices and nethods for determ ning distances and nore
parficularly to active devices and nethods wherein a radi ation beamis 5
tra@rritted to an object. and reflected back to photo-elect- ricii% 51
means. - Di st ance det érm ni ng devices are enployed in a variety of Jd
apparatus. For exanple, such devices are useful in focus control syst
e.g. as 10 rangefinders, in caneras, to determ ne the correct focus
position for a lens. Active electro-optical distance determ ning devices,

whi ch form one §g¢ttds CARS MEPEDY FORVIErBRMIENG DTSEaNtasce det er mining
devi ces, typicatrty—t5—enptoy a T gnt emtrrer(s), optrcal neans (e.g. a

|l ens) for directing emtted Iight toward an object to be sensed, a

phot oel ectri c det ect or ( S}hé opresarst nnvergiion efdledtesd thr devtibesobhéct and

i cal for . di i - ;
optical s f g SREeh PO LBEaERLLGF kLdalle e gl SELSTETI LAy 29
triangul ation techivguésvioes aand wrethadswhengire aringddiagaont heasnist er

means and dekectob,SRaGEeAr §o SRRCEH] de K NAWD BRI ¥a0RI43 bhbdBILEpBSE
and the deviCes conpute the object 25 di stance based on a neasure of the

angl e between t F&CeffPPRERH Be&AYaxi s and the axis of the received beam
reflected fromthe obj ecDistancecdetersiinthgsdevices) sre Ratpluyed] dkv, 128

directod tothe HUEARERY ¥e KBl AbBAEHrHS, “FEE Gedmple) "oy 0T '°
gengral Iy commolextces axe yspéul dnsfarus centreod ayskensis & nd@ai t hin
one Qf(a pl yoal idangdfididedsq! Lo’ dateras;ctobaseerainéhehéi g6rréothe
obj ect” s

focus position for a lens. :

Active electro-optical distance determining
devices, which form one useful class within a wide
variety of distance determining devices, typically

15 employ a light emitter(s), optical means (e.g. a
lens) for directing emitted light toward an object
to be sensed, a photoelectric detector(s) for sensing
light reflected from the object and optical means for
directing the reflected light onto the detector(s).

20 U.S. Patents 3,443,502; 3,720,148 and 4,065,778 are
exemplary of triangulation techniques for active

k, distance determination; the emitter means and
o detector means are spaced & known distance along a
triangle base and the devices compute the object

25 distance based on a measure of the angle between the
emitted beam axis and the axis of the received beam
reflected from the object.

The device disclosed in U.S. Patent
3,617,128 differs from triangulation~-type distance

30 detectors in that light is directed to the object and
reflected back to th2 detectors along a generally
common axis. The object distance is determined as
being within one of a Plurality of discrete
range-zones based on the size of the object's
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-2- reflected light "blur circle" (i.e., the out of focus |ight. spot forned
at a detection plane, substantially normal to the optical axis of the
device' s receiving lens, by the object-reflected light). Blur circle 5 size
I s detenwi ned only approximately as exdending onto (or not extending ontgy,
di ff - ones.of a plurality of detectors |ocated at different positions™
in th etection plane. In accordance_ w th one asRect of the present 10

i nvention tkaflected diighdd "PlysyicdECAE’ ddr8rmi APRGOURECE| EPGRe of a

radi ation refiApd idpoHcraled @RI ideiteg tABANS1EAL, P5AbSEAAEDal Byli ation onto
the object, |lens nmeans for caqllecti r%dlgtlgn reflected £¥ t he object, at
| east two r ARG HFHNE ORNEG ﬁq‘ghé’ f 505 IpVAFE B TESPEViRAS neans at

di fferent didmscdy fthmmabdjecapirefdlecaeds 1ightdof , Bhud ekmekef or processing

the signats ékgéya r p | | ndi cati ve of

t he ratiogofg{zﬁégggr]r}eﬁ Itu etan{)ﬂfS o{n;igpo ﬁggsiggfﬁggt g% ?gg?gﬁ% 20 inci dent
on the det ec@® (Qthingdt extending oatod: dd&ferepkeonest aficR of the object.
Such a devi geluwsl 1te ofd \deteagorishdiocdeedr aitndifferehtoppettionst ance

wi thin one %ﬁps 6§FJéﬁ4@@fﬁyyifyﬁ%qs range-regi on can be achi eved 25 as an
rather

anal og out pu an pei'ng merely an indication of within which one of
several discrete randd Aneerdanceomjidht onecasractooft khedpresentmy have

relati ve% | Gy YA [ otide 13 PovaldedNa Weviek! geti Ybt¥raIRIgg di fferent
obj ects ose distance 30 js to he vapt ageously, "the | ens

t d. .Ad
means ser vesthf <biskangs of § F&4RG sggrﬁ?fri%ﬁéiﬁ%f’?é?gﬁg means may further

I ncl ude a r asbhnppe ixirgninidarrs fore prvjeicdingaraddaecdoht entaobRei n or C

proximate thejocal Rl aelnd For ¥811%%1%e radiation reflected N,

by the object, at least two radiation detectors in

15 the focal plane of said lens means at different
distances from the optical axis thereof, and means
for processing the signals from the detectors to
produce an output signal indicative of the ratio of
the amplitudes of the object-reflected radiation

20 incident on the detectors, which ratio is indicative
of the distance of the object.

Such a device has the advantage that
determination of object distance within one
substantially continuous range—region can be achieved -

25 as an analog output trather than being merely an
indication of within which one of several discrete —
range zones the object lies. Also, the device may
have relatively low sensitivity to variations in
reflectivity among different objects whose distance

30 1is to be determined. '

Advantageously, the lens means serves also as
the projecting means. The projecting means may further
include a radiation emitter. The emitter has an emitter
zone in or proximate the focal plane of the lens means.

35



35 '3 I-iavfng -a single lens neans for the projl ecting nmeans and for
collecting reflected radi ati on has advantages in econony, sinplicity of

mandf acture and optical efficiency. Advantageously, the output signgAlw s
nor n\gl ised 5 by the inclusion of a magnitude adjustnment based on t '
anpl1tude of object-reflected radiation on a predeterm ned portion he

plane in which the emtter and the detectqr4lLe. Preferably, the d tors
and the emtter 10 are formed on a common plFanar substrate. This has
advantages in sinplicity of manufacture. The detectors and emtter nay be

constructed as HHAlnd SiAnglienieasamednsi F6v thel Prageot ignareamsd haranot her
aspect of the 15_,present i,nventiqn, %hﬁre .S 8[0V|ged a, et hod for

det er mi ni ng t he *fi%st cJring Fgg'ﬁ'ﬁpi 67 FefialiPrhelan) 2T ERI%idithg
projecting a raceaanomy, regepldfeitilye odbmenufacthirectndgoptidel éfficiency.
object-reflected radiati | e | | of; gbiecisr t 0
radi ation at at | east t'm%gg?lgc%eg%‘sggﬁegﬁoégyg‘gfa%lﬁéﬁe%%nféﬁ%c%s
from the optiZzalP¥axihe dgnalusioanef gnmagaityifagadiuspent ivasedtovehg the

r?tiO_ gf L he sengeshofudd tofiebjeshi-slaraeanall radiatient by ea ofrédetstnsire
of said object.

the invention re?zcgﬁ:gl% q%ébhglﬁ’&%ﬁgzg uﬁgﬁ%‘ﬁ g%%; ’tg#ﬁ eg%rg e'&iié {Eenéaesc'togr
schematic per spekiewve view of a canera enploying a distance detection
Foure 2 s ap axi ol sechroiarasigs Bhe. dFPLEoRn 30 Ehe BFLEERE o ance
detection delf caare, formed on & common planar gubstrate. This has
N advantages in simplicity of manufacture. The
detectors and emitter may be constructed as a solid
state integrated circuit.
In accordance with another aspect of the
15 present invention, there is provided a method for
determining the distance of a radiation reflective
object, including projecting a radiation image at the

object, collecting with a lens object-reflected radiation,
sensing the amplitude of object-reflected

20 radiation at at least two detection zones located at
different distances from the optical axis of the
lens, and deriving a signal indicative of the ratio

N of the sensed amplitudes, which signal is indicative
— of the distance of said object. _
25 The subsequent description of emboudiments of

the invention refers to the attached drawings wherein:
Figure 1 is a schematic perspective view of
a camera employing a distance detection device, in
accordance with the present invention, as a
30 rangefinder;
Figure 2 is an axial sectional view of a
first embodiment of a distance detection device in



accordance with the present invention; Figure 3 is a front view of an
emtter-detector portion of the distance detection device shown in'Figure
2; 5 g Figure 4 is a ray diagramillustrating the light entted:-
to an Eﬁﬁ ected froman object by a device in accordance with the present_
I nveny! Figure 5 is a reflected-light-anplitude versus-detector fadl
di stan romoptical axis curve for 10 two objects at different

di stances; Figure 6 is a diagramillusigating signal processing circuitry
for use in an enbodi nent of the present invention; Figures 7 and 8 are
views simlar to Figure 15 3 but showi ng second and third forns of
emtter-det eCieéétdﬂﬂdemeecweiﬁraéﬁmwdtml view of one preferred

integrated circuit for r- eful in a device in
accordance with the ZORQBPQQ% {’E ﬂven I on. %ﬁlgure il lustrates

scherat i cal | yemhttebodetectoniportion sk mhe diatanse defesgdon n a still
canera 10 of &e@i@@ HBWH 1A hgugétzand |nclud|ng a housing 11, aperture
12, taklgg | ens VI e gder &hutter rfi afe_€5 and ot her
convent i dnal st|II can@?&“ﬁﬁ ahf ﬁsrﬁﬁo LEFHH) 1Pt ustrat ed sti |

camera the di shaniighttenivtedito amd rrieflected [fxdmw qu ebdect byention and
denot ed generglk&vage 13 gEggaggcgswggﬁqgﬂgf nECI damurcﬂllng t he
e |

positi-on of tRe“Caera St ance 20 conpri ses
| ens means 21 nount ed Fﬁspzedétﬁammﬁkqmlriat&tﬁmkiéu Qan emitter and
detect or paneke2gdubByds¥peebtr distance-from-optical axis curve for

10 two objects at different distances; o
Figure 6 18 a diagram illustrating signal e
processing circuitry for use in an embodiment of the ’
present invention;
Figures 7 and 8 are views similar to Figure
15 3 but showing second and third forms of
emitter~detectors; and
Figure 9 is8 a cross-sectional view of one
preferred integrated circuit form of emitter-detector
panel useful in a device in accordance with the
20 present invention.
Figure 1 illustrates schematically an
embodiment of the present invention employed in a
still camera 10 of a kind known in the art and -~
including a housing 11,'aperture 12, taking lens 13,
25 viewfinder 14, shutter release 15 and other
conventional still camera mechanisms (not shown). 1In
the illustrated still camera the distance detector,
in accordance with the present invention and denoted
generally 20, is embodied as a rangefinder for
30 controlling the position of the camera's taking lens
13. '
The distance detector 20 comprises lens
means 21 mounted in predetermined spaced relation
t0 an emitter and detector panel 22 by support
35 means 23. The details of the distance detector 20
can be seen more clearly in Figures 2 and 3. Tne



35 ' neans 23. The details of the distance detector 20 can be seen nore

clearly in Figures 2 and 3. Tne -5- emtter and detector panel 22
comprises ‘a light emtter 24 |ocated in the optical axis of lens.21 and
two ;concentric annul ar photodetectors 25 and 26 respectivel odat ed at
ditferent 5 di stances, i.e. radii, fromenitter 24. In tha detectors

are at different dlstances fromthe emtteg,~-they are also at different

di stances fromthe optical axis of the |l ens neans. The emtter 24 and
detectors 25 and 26 have emitter and detector 10 zones, respectively, which
lie substanti akmyttrrasndmieheehor tpanelet2R taomptices B0 ldghtare nount ed

general ly coaxb HE%e%ﬂéEE?QGaQQ&IEﬁJ £ Sp #%éj 48RS JFEdpe 21, with the

common enitter-detector ane 19 subst ant’i nornmal to axis 28. In the
present 15 enbé@nfert BRR &Wpteercentyic Amular ghlatadefestods (LED)

adapted to eni25vand 26 respidtdivelstiloicatad Ilteulffht-ﬂhtand the | ens nmeans

t1tut t di st
To be masuredi LikRBeEln 18, Kadf Hae elinte 342 L3R cHAE BN S 00°L T
as ot her rad|aﬂétsntnnsninﬁtttadﬁiﬁGMenm distencesgfrom the el ectromagnetic
spectrum The @éR1€Ee£] Sciey ¥l A0 e AiFPer¥nc?d{BtaBbls OFrhflol 00l el C

transducers such as ot ocel Péé:iem conduct or t sensors. Lens nmeans

21 can conpri s¥& @ ’el(ﬂ*i'xﬁe & lens; !‘REHF' e emifEer 24 nor e
conpl ex nmul ti ehérmatesturmtzs cend mumeﬁmmbhpdl aeepbtarrzed for

egard o a0 i #RdELT ee‘ﬁ*? 55451&% &2? hh?gsg*‘s%ghﬂ%ét 0 for” "
chromati c aber¢@RReM enitterd thpdanend 9 end ere: moupteflecti ng neans'
and “the I ens generally coaxially with the optical axis 28 of lens
means 21, with the common emitter-detector plane 19
substantially normal to axis 28. In the present
15 embodimernit the emitter 24 is a light emitting diode
(LED) adapted to emit visible or other radiation. The
emitter and the lens means_cdnstitute means for projecting
radiation onto the object whose distance is to be measured.
The term "1ight" as used herein includes visible as
20 well as other radiation outside the normal visible
range of the electromagnetic spectrum. The detectors
25 and 26 can be any of a variety of photoelectric
transducers such as photocells or semiconductor light
sensors. Lens means 21 can comprise a single convex
25 lens element, as illustrated, 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
30 for chromatic aberration. In this embodiment the
lens of the projecting means and the lens
through which light returns to the detectors are one
and the same. However, embodiments could be
constructed in which the lenses are different.
35 The distance between the lens means 21 and
the common emitter-detector plame 19 of panel 22 is



t hrough which light returns to the detectors are one and the same. However,
enbodi nents could be constructed in which the | enses are different. 35

The di st between the | ens neans 21 and the conmon emitter-detector -
pl ane 19\ anel 22 is i nportant. This can be expl ained nore easily
with refegepce to Figure 4, where the plane of a reflective obj ect [err]the’
| ens nmeans 21 and the en1tter detector pPane 19 are illustrated in one 5

exenplary interrelation. As shown, the emtter-detector plane 19 is

preferably | 00abgbrilant, PRRNSTBAG bUCekpialnBlgEra ehENTyBEER 21 W 1N

this arrangene ht en1tte I rect (solid
lines) by the I'@wéﬁrerﬂﬁﬁmFQf igyre é:b?b&ﬁﬁ gneyp &P&I Pgl &t 0 the optical

aﬁi S ﬁs, V\hi[chz@ﬂ;?ﬁta.lvd mehhe gt ghhl QBnB%QﬂsOZItMidMGCtSF 23 OItoh
the obj ect err|. e [ e om.t e an as
| i nes) passes bt qﬁgﬁs ﬁ@gﬁ 1?2 ﬁgkiéEFﬁ ﬁg er

dependent 3n t lexegipliaxyc dnterriedatipuost Mo sdthect i on deV| ce
Speci fically, téﬁ@ez&meﬁcwie PlaneP19 1gUpretedabilyn1statba s€fbect ed

light e.g. a spot, ,at plape versely roportlon to_t{he distance of
t he obj ect [erPF°FFGHFfb‘E é ieaﬂ§321° BR Pﬁﬁnﬂlgie lﬁigg preci sel y
at the focal pluins drdengememtnthel 1ight é¢niveedr foonf embetébl 24 Ltarcle” at
pl ane 19 is def I d [err]
where f is the g%%ﬁgﬁ %%19 i?hggpeﬁg tég leqﬁe peans 2émster and Z is
t he obj ectlQi stanbatantdaldohpanalded t9 the opsdcaldr sxilgal8,twbiehcal point
of lens 30 Ngaitends ah@%g§tE%"GE:EQEiBhU&eﬁlbﬁhS£ahﬁe 6&:@c€@¥0t0n|03||y
decr easi ng funq‘;d on of (y tance o
to the object 1° e light reflected from the \_/

object 0y (dotted and dash lines) passes back ’

through lens means 21 to plane 19 in a manner
15 dependent on the distance of the object from

the detection device. Specifically, the extent of

the out-of-focus condition of the reflected light

e.g. a spot, at plane 19 is inversely

proportional to the distance of the object 01 from -
20 1lens means 21. When the plane 19 is precisely at the

focal plane of lens means 21, the diameter D of the

“blur circle" at plane 19 is defined by the relation:

p = 25 i
25 Z . ~
where £ is the focal length of the lens, d is the lens
diameter and Z is the object distance. For other

plane 19 positions proximate the focal point of lens
3o means 21, the size of the blur circle also is a

monotonically decreasing function of the distance of

the light-reflecting object.

Because of the above-described relationship of the

size of the blur circle to the distance of the object,
35 the relative light intensity within the blur circle at

different distances from the light emitter 24 varies
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the iight-reflecting object. Because of the above-described relationship of
the size of the.blur circle to the distance of the object, 35 t he
refative light intensity within the blur circle at different distances from
the light emtter 24 varies in away inggative of the distance Z of .t e
object (generally l'inearly with respect to distance fromthe emtter

present invention uses this characteristic that the ratio of |ight

anplitudes nmeasurgd & w&b)y ik stetiond s e diifsfranert Zdbst shees from the

tt t {
re{ans peg [ xglr Iyefegiégigfgt kgﬁx\%"‘g}ﬁi] ﬁéﬁ%&qf%i%%@(rggﬂ \egbjggtg?ésiﬁi gure 5
i |l ustrates graphfrem|the remitter) ol Shel present! inventipar usesl thidi st ance
det ect i devi . , ¢ . :
oot of The anpl i HaEee P e R e o L e
fromthe enittler Pi. the diReEEs 3k %ﬁqﬁé‘eﬁ"%r %f'sﬁéﬁf’&?e PRy gﬁee‘&ﬁﬁﬁﬁ'ude
versny_ 15 ?: st S_n]gvaﬂem edietably ﬁ:ll.ﬂhtotsjséldttedmmn <o detrijver L] is
significan [ - cur. e
r egr esents a?lrpl [ t%‘gé;%? s{é%éf’é‘?#cg f&fﬁ‘&%ﬁ%‘ﬁ%ﬁq’?&h a?’éFP@é?eﬁof rom
a sinmlarly refl cdifferentsobjestect [err] 20 At |east two detectors
25, 26 are |located atpfighiter $Mil1luStPdEEs grdpHicly Hhe prio@iphesenm tter

Wi oh i propokQ | BHSELBLAREA AR eiﬁéﬁfé ks deecsion deRiks, i | zed
sl ope val ue 25 "Sictordaheecwith the pfesent dnventdxreby mednsy ofi epl e
oL 09, SLon PrOSEGE 08 £hd Wil ¥ A@NARR Mane ar plene 19
' versus the distance from the emitter 24. In Figure 5
the curve Sl, representing the amplitude versus
15 distance-from-emitter for light reflected from object
0;5 is significantly different from the
similarly-plotted curve 8y, which represents
amplitude versus distance-from-emitter for light
reflected from 2 similarly reflective closer object 02.
20 At least two detectors 25, 26 are located at
different distances !.1 and L, from the emitter
24 and each detector provides an electrical signal
having an amplitude which is proportional to the light
amplitude incident on it. A normalized slope value

;"\'\/ 25 "8" for the curve therefore can be determined by
simple analog signal processing circuitry by the
relation )
cah -4
30 | -5 5

where A and A, are the amplitudes of the electri-
cal signals from detectors 25 and 26 respectively. 1In
~ the above relgtion, the slope value is normalized

35 by the factor %1 because the amount of light reflected



cal signals fromdetectors 25 and 26 respectively. In the above relation, -
the slgpe value is nornmalized 35 by the factor 1 because the anpbunt of

| i ght ected [err] -8- back froma given object (and collected:by .
| ens 21) varies inversely with theaeistance of the object. ~
Nor mal tion also is inportant because Tferent_objects have different -~
reflectTvities. It will be 5 appreci ated that a sensed val ue other than

Al can be used | bZ 3k RR, o [ r | ue for
the ampl i t ude n;;‘;#“m aBLYeR objeb® tind 5%2%.‘%%'%?%?%%%“1@‘%%& s as

fle |
close to the e e?"EgeﬁsiBYﬁEF? EI‘!'I-E'B the digtange ofthe qhjected t hat
the sl ope of th¥ormaldzationdalsdi 8 bhpottantibecabsé diffehéntinpl i t udes

at the two dete I r u , desired

sl ope of the cu?e‘géﬁgsta gﬁ g%f?ﬁgeégﬁgf%f&%ﬁf%ﬁ Z%I‘Y{{E&f Ref er ence
i s now madg 15 #BPFRE1stgfAathetoscaenagdcvalueiother thanid) Riaure 6. As
shown, the out puse@UEbLNhEThaPIZRELIR S OLE BOL ¢ Uit G O

respective curr 0gVQl tage co rt.er gircul gp‘i’l 6 85 : erat 1 onal
§hdug. £a LA : Feeved

amplifiers), wh ufBgt &mﬁ%ﬁv 8 of the reffes ctf%‘g'blfolrp%ra circuit

63. The differchecatiphi 6hcplanecl?ititdt pks fas ncldde tpats iemidtey | of the

above equation gadagp?khegiggg.resultant anal og difference signal to anal og
divider circuit 64 C an be one of various types known in the art (e.qg.

25 havi ng W@t ched vikhsber secognized, that khe sdope iof Hhe curveircuit
64 perforns theigoindieaciverosi théiruriv o dhe tl*l?l‘?&ﬁiﬁﬂ]}i}ttfd’ésr lagorovi ded
0y converter CbhM' twBaedlEebfR! | PE ndlE' ad' S aetedtodh' Gde | MY A1 Ve
used, the desired slope of the curve is taken as the A
ratio of the light amplitudes. Reference is now made '
15 to the signal processing circuit 30 shown in
Figure 6. As shown, the output currents from
photodetectors 25 and 26 are applied to respective
current to voltage converter circuits 61, 62 (e.g.
operational amplifiers), whose outputs are applied to
20 @ difference amplifier circuit 63. The difference
amplifier circuit 63 performs the operation AI'AZ
of the above equation and applies the resultant analog
difference signal to analog divider circuit 64 which
can be one of various types known in the art (e.g.
25 having matched MOS transistors or operational L
amplifiers). The circuit 64 performs the
normalization dividing A, -A, by the quantity A
provided by converter circuit 61. The resultant
analog signal is uniquely indicative of a particular
30 ©bject distance.
In the camera shown in Figure 1, the output
(control voltages of varying magnitude dependent on
object distance) of the signal processing circuit 30
controls the flexure of bimorph bender elements 37,
35 38, which control the position of taking lens 13 along
the picture taking optical axis 18 of the camera. 1In



30 object distance. In the canera shown in Figure 1, the output (control
vol t ages of varying nagni tude dependent on obj ect dlstance) of the signal
proceSS|ng circuit 30 controls the flexure of binorph bender el enments 37,
35.38, which control the position of taking lens 13 along the picture
taki ng optical axis 18 of the canera. In -9- the rangefinder shozié%ii}
Figure 1 it is preferred that the optical axi9s 28 of the distance d f
20 be substantially parallel to the picture taki ng optical axis 18. Further

detail ed descripti of sui t p nde nstruct 4

el ectrical control %@Fﬁ BHPHBN?E gé Fg f’ f?nfé ﬁe{%@?eﬁ%ﬁ n
the March 1981 edi tthm agtidal Jn;lmna'lls efsshecdistsocesdetector 20 her

Contro a0 end |vm‘ﬁ1 qg& aralfeduts the pi éeﬁfiétﬁ‘g’rw dedTh
potenti ometer ci rcuﬂ’f \Fg“c qgggﬂgeeﬁoaﬁﬁﬁrgBEiPPoﬂ pXng?mgi%r
phOtOQFaphinglﬁ-detﬂmw&¢hobpadbr édonseradtibnscanthelectrical dadmttal pl ane

preferably is locatggl el JUgdy %?& tﬁi PgiakoﬁkﬁnfnlgagtlﬁbOf%ﬁﬂﬁ?Oca|

nmeans 21. The deS|red eci*sion o aceirent deépe upon
length of the |ens %*&5@&1 1981.edirden Qf ﬂhStiﬂﬂéﬁﬂﬂbt%ﬁ%ﬁc eeded for a

particular appli catnmldiurﬂamze 1w:tgl&:adliep1abaheaesf goe! fbeﬁﬂitné
nm a spacing of t e lens focgw%plane

causes | ess than 13?9% %Qﬁ% °%n3r859ﬁﬂ¥m§| ﬁﬂﬁ?uﬁg CHB £IEOHi %t ance
of 3 a or |essi@corkansedzive Im:nm:gr(al gor byt meéansecoft herpadnenly memory

CoSLratT 1 12 MpSI bR 8 LR e P E 0 a1t
| ens focal plane t PYHEEO q|n;oper for photographing a de ected object.
As noted above, the emitter-detector plane
preferably is located at or proximate the focal plane
15 19 of the lens means 21. The desired precision of
such placement depends upon the focal length of the
lens and upon the accuracy of distance detection
needed for a particular application. For example with
a lens having focal length £ = 50 mm, & spacing of the
20 emitter plane 0.08 mm behind the lens focal plane
causes less than 10% difference in the output signal
at an object distance of 3 m or less (compared to the
signal created when the plane 19 is positioned
N~ precisely at the focal plane of the lens). In some
25 applications it is preferred to position the emitter
 glightly behind the lens focal plane to focus the -
emitted light toward a point beyond the object ranges
of interest. An example of such an application is one
in which a device in accordance with the invention has
30 been designed to operate optimally within a particular
-range of digtances and it is desired, subsequently to
manufacture, to operate optimally in a lesser range.
It has been found that in such circumstances superior
results may be achieved if the emitter is slightly
35



emtted light toward a point beyond the object ranges of interest. An
"exanple of such an application is one in which a device in accordance with .

the inv ion has 30 been designed to operate optinmally within a. _
particuf@N\-range of distances and it is dttred, subsequently to o
manuf ac , to.operate optinmally in a lesser range. It has been found that

I n such rcu ta ces ,super.i sul be achieved if the emtter is
slightly 35 : a°8955388egaFr§ % pfa%ﬁt pl ane. Preferably, the emtter
and detectors are centéreﬂegebéyaltyeoemihEenpa¢¢adeEanEnﬁ§3aﬁethe | ens
means 21. HOW@éWterEP ggﬁl‘.’rﬁflks ﬁ“tfué 6@?9&&1”& dﬁ? such

centering. For ors escrlbed

above, a cent BERR§ GéV|aﬁP8ﬁV6F 7Ehef deyiencippAvite Eﬁ@&ﬁﬁiﬂﬁhﬂiﬁ# only

about 1% SIsgnales@bamgeo(sa&aaéeﬁtéeiﬁge sraﬁaéxéﬂi aﬁpm':gw aldriy)
precisely cen% ﬁgﬁon t ns) res 7 and 8

illustrate al FvgngoﬂF ﬁﬁgf:fgﬁgs?ﬁib%‘% ??%Yetie? e‘fﬁ"bﬁ ls. In
Figure 7 the pewéationcgﬁp?msegran thetoptigal axisvproducesmriloaldbout

solated by ehaaagpaiZehinge ecofpipba’ th! effe 101 aas ol p) (rom

detector bars 75, 75 IS con |gurat|on
addi ti onal deF@BFéS?r?ﬁ1°?59rﬁFésgb&cﬁﬂnFﬁF?%eQHf?QﬁnQRﬁ#Qﬁﬂt%&%ﬁ Bf 71 to
provi de added taecqeasy.for close-in distances (for which the slopes of the

it tor ~det ector conti SUPUFE8n; SAd BPHE Fufe (Red PRV ° a1y
out si de and ceeaédgurationg &gncentttermmatouamhss 8 dFigwre Figure
9 illustratesthg %hb&emdebﬁﬁmeaaas'eaettéfl B O Ly add er and
detectors are ;%EESQIy isolated by elements 72 (e.g. a carbon—filled
15 plastic chip) from detector bars 73, 73', 74, 74' and 75,
75'. In this configuration, additional detectors 75, 75
are spaced further from the'emitter bar 71 to provide
added accuracy for close—in distances (for which the
slopes of the curves S are more gradual). In the Figure 8
20 embodiment, the emitter—detector configuration is such
that the emitter 81 is radially'outside and concentric
with concentric annular detectors 83 and 84.
Figure 9 illustrates an emitter—detector panel
22' in which the emitter and detectors are formed as a
25 monolithic, integrated array of solid state devices. -
The panel 22' shown in Figure 9 comprises a gallium —
arsenide substrate 91 (n—Ga As) material bverlying a
metal layer 92 (e.g. a gold-germanium alloy) and having
formed thereon as gallium arsenide phosphide layers 93
30 (graded epitaxial layer of n—Ga Asl_yPy) and 94
(epitaxial layer n—Ga'Asl_xPx). The emitter and
detector p regions 95 and 96 respectively are formed by
standard photolithographic techniques and zinc
diffusions to comprise p—Ga Asl_xPx material. A
35 silicon nitride dielectric layer 97 isolates the
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25 nﬁnol]tﬁlc integrated array of solid state devices. The panel 22' shown

I n Flgure 9 conprises a galliumarsenide substrate 91 (n-Ga As) materi al ~
ovérlying a netal layer 92 (e.g. a gol d-germanium alloy) and having forégéig;

thereon as gallium arseni de phosphide |ayers 93 30 (graded epitaxial |

of n-G As[err] and-94 (epitaxial |ayer n-Ga As[err]Px) The emtter ~an
detector p regions 95 and 96 respectively ar&Yror med by standard

phot ol i t hographi ¢ techni ques and zinc diffusions to conprise p-Ga As[err] Px
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emtter and detector reglons z; dense naterlal
e.g. carbon-filled 9P§§Fﬂllysd¢%ﬁ¢m!F$¢F kute gosarbomfilded pipsfic

segar atfe t he 3 egl onfs%ﬂ@dd 9%.|£'a9£ rgaéiﬁﬁvt a%a% Uwiegn& e araftlarrtltium
and configured by standar a echnj qu an n a ection
coating 100 is fornE§8 ﬂnfh é é ¥Ré€hiﬁ% 59 e?ﬁ&&ﬁ

Enbodi nents of 3t he qalmmnmlmdarnonftgmd)d:ysqunﬂm metzial}lighetanse a
single | ens el ement ed 0] I al o

ing tS?ﬂn?&Hﬁ and Can iﬁ'ﬁﬁéf% 2] &ﬁ%&gqm gal og

signal can be used) he appyecr at e

Igita
processing circuit r§°f‘!e ¢ on t&?(ﬂﬂ%(ﬂ“dclq’&ﬁqt%nrﬁs BE gﬁl 9Lﬁ’é'ﬁfnry
circuit) can be used leﬂhsdiﬁehtStdﬂOthsreamqmmm blec gimplent

b f abr  cat od tigélﬁﬁfé%fie@‘%ﬁﬂvﬁe@%feﬁsﬁ? #15meBt 5, BB 85893
radi ation to al@aysand electricably:(kecsnse analag ﬁ*ﬂﬂahﬂﬂﬁﬂhbﬁbUﬁeé
ragges of distance @ wﬂPl%‘é ﬁ'étﬁ.&fﬁd A Howdern thatt BQ. Aggher of
detectors utilized. Tga L9 anc SenaSIuHcroﬁ/rocess%\Q C‘ircqu on
met hods i n accor danRECFPER ?ﬂe %F%%i e-8
a read only memory circuit) can be uged if desired.
Structures in accordance with the present invention
15 facilitate alignment because the emitter and detectors
can be fabricated together and because the gingle lens
causes the reflected radiation to always be centered on
the emitter.
Further, the number of ranges of distance
20 detectable is not a function of the number of
detectors utilized. That is, the distance sensitivity
of devices and methods in accordance with the present
invention is, generally, limited by signal-to-noise
~ ' congsiderations rather than by the number of
25 detectors. Additionally, devices and methods in
accordance with the present invention can be not
highly sensitive to variance in reflectivity of the
object whose distance is being detected because the
sensor outputs are compared to each other rather than
30 to predetermined thresholds. In certain applications
it may be desirable to employ devices in accordance
with the present invention in conjunction with signal
processing circuitry which subtracts background noise
such as that due to ambient light.
35
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CLAIMS 1

A device for determning the distance of a radiat- ion

reflective_object, conprisin ns for proj [ rad i gfion the
obj ect, |es Leans £o Xb??eg?? %ﬁﬁ%ﬁ%4ﬁ1é¥ eﬁ%%? agﬁfgc

| east two
di fferent
t he signal

tadi aefmectlevecobn ecty ¢dmprimwinig memres dfors qmzb gleertengem-at

i nvention in conjunction with

gb@;gﬁf?ﬁ d’?{% ?S;és’ b%n@ﬁéaﬁé‘efo%pfcoﬁ%%ﬁr%%niﬁg a?%ﬂcess' ng

roduce an “out put

I've of

the ratbo seflRetadpbytthesobieche %15)1 keast Mg éfaéé@‘é@nr Aeitgcitomrsi nci dent
on the det egt ¢hs, fweamhplaae Oofssé,i@“'féﬁs e s tdte difHeae® afisthecaehlj ect.

s the profEek RBenBRLcel i RtRetrat: S ieghe For Toorantom a0e &

radi ati on ehightts, from t‘netdetedﬁoimvtm@mﬂm tererowhput isigwalpr oxi nat e

t he focal

or 2, whereln out
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h386aRlviNse! €05 FERNS-oF the pnpl RMEGA YymRdn claim

Is normalls usl on a magnit-
reflected radlatlon incident on the detectors, whlch ratio

is indicative of the distance of the object.

2 A device as claimed in claim 1, wherein the lens
means serves also as the projecting means, and the project-
ing means further includes a radiation emitter, the emitter
having an emitter zone in or proximate the focal plane of
the lens means.

3 A device as claimed in claim 1 or 2, wherein
output Signal is normalised by the inclusion of a magnit-
ude adjustment based on the amplitude of object-reflected
radiation at a predetermined position on the plane in which
the detectors 1lie.

4 A device as claimed in claim 2 or 3, wherein the
detectors and the emitter are formed on a common planar
substrate.

5 A device as claimed in claim 4, wherein the
detectors and the emitter are constructed as a solid state
integrated circuit.

6 A device for determining the distance of a radiation
reflective object substantially as hereinbefore described
with reference to and as illustrated in Figs. 1 to 6 or
FPigs. 1 to 6 as modified by Fig. 7 or Fig. 8 or Fig. 9 of
the accompenying drawings.

J
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udé ‘adj ustment based on the anplitude of obj ect-reflec{—ed—ze—Fadi-a{—Len—at a
predeternined position on the plane in which the detectors I i

device as 'claimed in claim2 or 3, wherein the detecto,' U u' Uﬂ Ielﬁre
are Yformed on a common pl anar substrate. 25 5

| aim4, wherein- t he detectors .and the emtter are constructed as a

C@

SO|Id state integrated circuit. 6 device for determning the {3
di stance of a radiation reflective obj ect éubstantl ally as hereinbefore
described 30 with reference to and as illustrated in Figs. 1 to 6 or Figs.

é to 6 as rmdicfi edLby F.?.wgne%sd& ﬂlagg.de&milﬂi%g %hﬁf gﬁbeaageoafpaayi ng ]
raw ngs. L, . W . . . Qr. t he

di stance of a FatFabiom-refieciive °§Uje§&’, Wé’lﬁr\?}& gp%Péjeggﬁ‘ﬁ% gggat- i on
at the obj ect, J.onla'éct]helgob\jemt,a doé.dsaodﬁ.jr@:wv-irbén‘ leedend pbdeati-nﬁfleehsdng
the anplitude g 559}‘, Gh; '€l nces %&Jﬂ ’é %tf %‘ogb@%s}eﬂ’@c@@&ec“ on

zones | ocat ed at Ferent | st axl s the | ens, and
deriving a 8i gRafiRhieR 2% &t ckease twa |5@trﬂ°ttll9€- 2enesdlarpref dEs, which

signal is indigaffepent diwtdhicds froee tife dPtdcelj ertis 3¢ tBe lens, A

met hod of dete di s C f r tiye,.ppj ect as
claimed in cla 7&%%:&9{}3% %‘ Jﬁaialaa%l y asqﬁerelor#bggor%fa%ggc |¥bggg

A phot ogr aphi csenged aamptbbywiesit |W1‘gl-céhcﬂ§l\81’l?d- ds dndicedive afythe @iatm; 1
to 6. ance of said object.

10 8 A method of determining the distance of a radiat-

k

" ion-reflective object as claimed in claim 7 and substant-
ially as hereinbefore described.
9 A photographic camera incorporating a device as
claimed in any of claims 1 to 6.
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