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2126041 -1- | MPROVEMENTS | N OR RELATI NG TO RANGEFI NDERS The present

i nvention .rel ates- to automatic rangefinders of a kind wherein a b f
kight is prolected onto,a scene to illumnate a small area on 5

object in the scene,” a | i hear array of inmage sen- sors senses an e of’“-
the scene and produces sig- nals indicative of the anplitude 02 2&1\;1
incident on the sensors, and signal processing el ectronics detedt

| osation of the spot in the inage to 1Qj-determ ne the distance to the
object. Mre particu- larly, the present invention relates to I mproved

means for processing tﬁ ROVEAERTSENTOR RELOFiNE o Han f t he

i mge of the illum nat ilght is
15 projected onto an obj edhe Preseathdnventipanreiates §ﬁaFPCQPE§iSn t he

]QbJ ecgI An Ilmage of afgef Hrederes Ic{lﬁ'dﬂdiﬁﬁi Wiereidl la ?bhm;fatuaghalr [ga, lst .
orned on a linear a ot 0sensars. ation_o | m nat e
area along the Ii r?e!gqje‘%/tre‘{/ qo% & (gl’:enfot n:lﬁ&&‘ﬁ&ﬁ&ef Pomnfﬂ;t aFS aPPon the
range of the Hb- jamtobieckrinvdhe aeene amgdiinedmg raeyi ofs inage sen-
application, for ee¥dlgendds af gfiﬂitg'ec ofcfo%ﬂ? 38ene"RhaS FZEEcﬁﬁnﬁigown

arrangenent of elenepts, a eration suc
rangefinder will ﬂ%s’c‘?éﬂﬁ)ﬁvﬁ o &he eﬁﬂi’éit de of 1. Shﬁbéﬁ§
projecting a beamend ﬂhQ]hierlsme\bmd))si\g@alobra&é%ﬁllﬁgaélﬁcttdhlcsm tting

di ode (LED) 10 anddétégg ﬂ@an [°er§]rper %'p?tt 3% glh%rﬁ' %g 14 to 3u

illumnate a smal |~ area o € is i mged
by. a second |k@s Kxetsumine [the: Sa-?arwﬁ ® dchepbbﬂsscnsoMoreTpsrsignal S

e ouoet, b e THELFE e ey sl o8 s 20 Lo
produce a - means for processing the signals and for detecting
the location of the image of the illuminated area.
In a known rangefinder, a beam of light is
15 . projected onto an object in a scene to illuminate a
" small area on the objeé:. An image of the scene
including the small 11luminated area, 1s formed on a
linear array of photosensors. The location of the
" 1lluminated area along the linear array is deter-

20 mined, and from that location the range of the ob-
ject is derived. Such rangefinding devices find
application, for example, in automatic focusing
cameras. o

The general arrangement of elements and the

25 mode of operation of such a known rangefinder will
be described with reference to FIG. 1. Means for
projecting a beam of light is_shown by way of
example as a light emitting diode (LED) 10 and a
lens 12. The beam is projected along a path 14 to

3v illuminate a small area on an object O; in a |
scene. The scene is imaged by a second lens 16 onto

~ a linear array 18 of photosensors. The signals pro-
duced by the'photdqensors are analyzed by control
electronics 20 to determine the position of the

35 small illuminated area in the scene and produce a

' signal 22 representing the range of the object.



signal 22 representing the range of the object. -2- As shown in FIG 1,
t he apparent position of the illum nated area in the scene i's a function of

di stance along light path 14 to the object. For an object [err] | ocated. at -

na area will fall on the array 18 at location Si. For an object 02 at a
fur r distance [err], the image of the.grea will fall on the array 18 at-
| ocation S2. By exam n- 10 ing the output of the array 18, the - -
control electronics 20 determ nes (for exanple, by conparing the outputs of
the el enents to detern nepghghowtvt putFIti ch, ither appdrent pidsd tieoat i on of

the illum nated a B&oﬁéﬁug‘ﬂﬁggg anethﬁePEIetmegé ?Eescrlefb&%éi% 15

a Eggéance D fromb5 t he rangefindi ng device, the inmage of the illum -

obj ect. One way 8 hIS cornparison 1s
US- A- 4274735, olfndd-HnaueelebOGESEighb'éoP#Ehlb‘*Nlewj%h Fioghal is

conpared with al lgqt Bgj@LRebs wcaaearaayaoaw@m amorsnonpne conpara- .20

tor for eac photosensor rm ne 0, of the
i|lum nat-edgar eathg §éﬁgsff§néﬁea QF&iEF’ SFE?\ nage ‘f#ueteté r?sclg#unglr _
conpri ses .nore t hased AeeaphbldsEatdren the asrapfl@mtarray of conparators
to determ ne thelgggkq¥g|§|gnaﬁogrggtgg?géﬁ 0£04P! 4 CAl@endPe signal

processing circuitry ect o present Lgvgn%ion to sinplify
t he signal proce§$ﬁﬁ}nGPePFnoﬁPGs18F8Fh8 rﬁhﬁe?FﬁﬂéV Hat e nunber of
phot osensors in g errrre»y msyarceaseaabbn SE i ncr el eexarfiin-

the range of%n dREcERd RUEPEtcRS th E%r?s Bt P o i o
- electronics 20. determines for ‘example, by Comparing
the outputs of the elements to determine that output
which is a maximum) the location of the illuminated
area in the scene and thereby the distance to the
15 object. : - - _ o
One way of accomplishing this comparison is
described in US-A-4274735, In the device described
in US-A-4274735, each signal is compared with all
the others by an array of comparators, one. compara-
20 tor for each photosensor in the array, to determine
the location of the illuminated area by sensing the
largest signal. If the sensor array comprises more
than a few photosensors, the use of an array of
.~ comparators to determine the maximum signal greatly
25 complicates the signal processing circuitry.

It is an object of the present invention to
simplify the signal processing electronics of the
rangefinder so that the number of photoseansors in
the array may reasonably be increased.

30 According.to the presenr invention, there
is provided a device for finding the range of an
object in a scene, coﬁprising means for projecting a
beam of light for illuminating & small area of the
object, & linear array of sensors for viewing the

35 scene and producing signals representing the ampli-
tude of light incident on them from respective

-
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beam of light for illumnating a small area of the object, a linear array
of sensors for vicewing the 35 - scene and producing signals representing
the anpli- tude of light incident on themfromrespective -3- regions of
the scene, neans for producing fromthe first nmentioned signals, _i=* T
response to periodic scanning signals, a se8tes of signals of VArgipg .-,
“anplitude, signal processing neans responsive to 5 said series gnal.'s”
f ox—detecting the relative location of the illuminated, snmall arex sai d
scene and produci FEIORERe HYyfifensy MeansLOr REPSUSIngafHoR; Fhe| _
processi ng means igs#udhm%@&a &igiRAs, ddvaeepdnse SyNHBELEASE w}thhsai_d
scanni ng signal s r_produci a runnin unt._representative of the '
nunber of signal ss?ae%ejl‘l\llgos} n%. e saerslefre}sq,es%eogﬁ s&@f’@@?of’%r@gﬁgl?gsponsi ve to
the signals in thempbitedesi pignaldurianessing seagsgnaspenshvei ke a new

greater signal soCg4{§ &&rSed doﬁ%iiq&ﬁalsa%r' HetlectingEeRe cepaesyed to said
counter neans and.res ponsli ve to.a__ at

ch signal for captyring,and ,
tenporarily hol di hgSFHEOR (RF Hite Jhiimina 'qﬂ?ﬁg BFeFe&EiBgISfSESPﬁ | at ch
si gnal , whereby, a8decproducingrd eange siigmalls inagepenseonheeetd, the count
held by said 20 1gigh PGS ;&N@ésf‘dltx& ey rsggngfgglﬁi%t %gﬁnhgggﬁe%st he

-illum nated area on the array of sensors. , ] y, the peég et ect or
nmeans conprises stOYaRRLheHhSHRFNLA S, ¥ithe sadd CaPNiRg FagRaLF eat est

si gna!_di n sai doseféeSergata)rnﬁﬁxi{mﬁ?ufmr z@@gp@bh_ﬁgcihe vel umést ored

"in said storage ext_ s [ | .0 es, produci ng an

. out put signal in?@g%%%msépt%ﬂﬁh%%a eljgeeg!.'o dsz}?‘dig'gxf%gia%al.pgggng gr.eat er
than said | ast gréeteetokingails LRRPONGIVEH teedhe SagpaAsi ¥8 thesaid

"series for producing a latch signal each time a new

Lo
~
.
}

greater signal occurs in said series, and latch
15 means connected to said counter means and responsive

to a latch signal for capturing and temporarily '
holding the current count at the time of receipt of
said latch signal, whereby. after said series of
signals has been completed, the count held by said

- 20 latch means represents the locétion of the image of

- the illuminated area on the array of sensors.

_ Preferably, the peak detector means
comprises storage means for storing the value of the
last greatest signal in said series, comparator

25 means for comparing the value stored in saia storage
means with the next signal in said series, and
producing an output signal in response to the value
.of said next signal being greater than said. last
greatest signal, and switch means responsive to said

30 output signal for replacing the value on said :
stotage means with said greater value.

The present invention will now be
described, by way of example, with'teference to _
. Pigs. 2 to 5 of the accompanying drawings, in which:-
3s -



30 output signal for replacing the value on said storage nmeans, wth said

greater value. The present invention will now be described, by way.of
exanple, with reference to Figs. 2 to 5 of the acconpanying draw ngs, in
- wWhiRN:. 35 -4- FIG. 2 is a schematic block di agram showi ng the signal

agdhng and control electronics of a rangefinder according to the

shaMng the signal processing electronics for peak detecting;, and FIGS.
and 5 are timng diagrams useful in,explaining the operation of the
rangefi nder accord- ing to the present .invention. 10 Ref erring
first to FIG 2, overall control of the rangefinder is provided by a '

prograned micro- processor_1Q0 fhrough conveni i | . drjyer_ cirguit.s 102, |
The ni croprocessor 100 is g&bpl eilsv#t'ﬁ&fﬂﬁ#gc 3’?@9&“ é%ﬂ%s(ci\ogcil?gci rcuit

104 and with powethé5sigmaligirecemssinpami catmil @cdtromizshaift @y 108.
The i mage senslngrggﬁkggg?g%hgggof

| i near i mage sensor e fype g an array, 110 of photiogen
means for serially addressFHgt e:P HRR ¢ qﬁa]sm%ta§°§‘e€él§ i ft
register 111.5Sucliagrhl Elowtagnehe! s bgasl i prasce seirprel evterorelad | y

avai | abl e commer - c¢j.al | ' al require a transfer signal Ti to
actuate a transfefoga? Xﬁlggg%gﬁggébféﬁasignals generated in the

phot osensors in paral | el tBI88.tfcandiftareqgtining diagrams msrful dithse
(e.g. 4-phase) cleﬁﬁlai_ﬂﬂa{g tRer bpéPakied o f NEh L findeiaddc¥rd | 1O
deliver the Slgnak%gsgglg eypresent invention.

10 Referring first to FIG.2, overall control
of the rangefinder is provided by a programed micro-
processor 100 through conventional driver circuits
102. The microp:oceséor 100 is supplied with timing
sigﬁals from a clock circuit 104 and with power

15 through a main power switch 106 from a battery 108.
The image sensing portion of the rangefinder in-
cludes a serially scanned linear image sensor 109 of
the type having an array 110 of photosensors and
means for serially addressing the photosensors, such

20 as a CCD shift register 1ll. Such serially scanned
linear image sensors are readily available commer-
cially, and generally require a transfer signal
T1 to actuate a transfer gate 112 to transfer
signals generated in the photosensors in parallel to

25 the shift register 111, and a multiphase (e.g.
4-phase) clock'signal $1-% to cause the CCD
shift register 11l to deliver the signals serially
to -an output diode 113. The 4-phase clock signals
¢1-4 and the transfer gignal T, are supplied

30 to the image sensor 109 from output driver circuits
102 under control of microprocessor 10V to

];/'rhvention;_FIG. 3is an electrical circuit schematic 5 di agram -

sors and

-
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‘to an out put di ode 113. The 4-phase clock signals [err] and the transfer
signal [ert] are.supplied 30 to the imge sensor 109 from out put drlver
.ciircuits 102 -under control of microprocessor QU to produce out py
"signals fromthe CCD.shift register 111. The signals fromthe CCD ¢
regi ster 111 are sanpled by a sanple and hold circuit 114 and are Ngg

to a peak detector circuit 115 that 5 8roduces a pulse each tine a :
siignal larger than any previous signal i3S recelved fron1|nage sensor 109.

The out put of the t Q. . Ci i 5 1S h CIrCUIt
116. Latch CIrCUIt%%%gugg §8hﬁgctﬁéggﬁi?h i gﬂg# g”dﬁb 5hnter 10
118. - Counter 118 Addei v&heasigoelssfynnl theaf ashifﬂrgpsiqﬁﬁﬂ 1gr Ere

_having the sane fr%%sli@n 8y ahsa&ﬁaa&ﬁd%&f& éwa?i@ 11% 'dnd Hie out put of

the latch circuit 1167 plie rocessor 100.
15 The npdied £Bya pesh,darelban rrentt 1S NE the beam
formng portién of ptrbduceagaf pulise eadhauimetm&igiwl Ckrarigt tihdn amiya range

di splay or a range ey Slign;&%mggsaﬁ@gx BILASLAILL Sogibl Iy, FIG 3

I's a nore detailed CIFCUIt processing
“el ectroni cs shown TReFpgtput A pﬁhﬁlBﬁabfdetﬁﬁtE]DQ#ﬂquiﬁekﬁintﬁ' 111

includ- ing phase ?suwiﬂ@aas;@ 4 lh@@ﬁf euehsetmdses LafcRNéiddidi e 115
respectively, an o tput L % ﬁb aﬁ out ué d| g%% showQ' 25
An out put anpljfiers 53“3§ gﬁ chPg QEE g ﬁda 3¥ﬁé;|99¥§ &€hcl uding a -
sense FET 125 14nhd dlﬂbse&oﬁﬁferzalSTheceénes EEEééQS sigmakuRf aaxed channel
device, and the regel;GHhg!385ha1200 hhoEng PRIk akil EoEquéndyded channel
' the 4-phase clock signals ®i1-4. The output of
the latch circuit 116 is supplied to an input port
of microprocessor 100.
15 The driver circuits 10Z also power an LED
119 in the beam.forming portion of the rangefinder
and an output device 12U such as a range display or
a range servo. LED 119 preferably emits infra-red
light.

_ FIG. 3 is a more detailed circuit schematic
20 of the signal processing electronics shown in FIG.
2. A portion of the CCD shift register 111 includ-
ing phase 3 and phase 4 transfer electrodes 130 and
132 respectively, an output gate 122, and output
diode 113 is showm. |
25 ~ An output amplifier 124 is an on-chip
sense and reset amplifier including a sense FET 125
and a reset FET 126. The sense FET 125 is a surface
channel device, and the reset FET 126 is a buried
channel device. A buried channel FET 123 {is
30 connected between the drain of the FET 125 and
earth in a constant current configuration for con-
verting the sensed charge on output diode 113 to a
voltage at node A. The sample and hold circuit 114,
comprising a clamping portion having a series
35 capacitor 13Y, a clamping FET 14U, and a buffer
' amplifier 141, and a sample and hold portion



30 connected between the drain of the FET 125 and earth in g constant
current configuration for con- verting the sensed charge on output, di ode
113 to a voltage at node A The sanple and hold circuit 114, -conprising a
cla ng. portion having a series 35 capacitor 139, a cl anpi ng FET 14U,

and uf-fer anplifier 141, and a sanple and hold portion -6- conpr.i sing
as ,ng FET 142, a storage capacitor 143, and an anplifier 144, sanples-

t he output vol tage at node A and hol ds theé-oltage at node B. The peak ./
detectofr- circuit 115 conprises a 5 . conparator 146, a refeéerence capacitor
148,, a sam pling FET switch 150, and a timng FET switch 152. The peak
det ector circuit conprisiogcensanpiingt REBshe? g seﬁtarggQMQ&p&niﬂnﬂnmw sing a

preset FET smntcﬁ4@54aﬁgnggpghggiggggclaggs ? €R7¢ tdut vollidegddr eshol d
setting FET switch nne p volta e Vcc to capacitor

148 through a re§|sPBSel gan hé°gﬂ§r5Pgdﬁ°tFa$£ea DRAR iBder will now be
described with reference TheFp€ak desedtbr dbrédit I&ﬁﬂdbmﬁttsemample upon

cl osure of naln 06

i cr opr ocessor 1%8% F:l ggé Bﬁéf‘éﬂé nsorﬁgtfefr:ta‘é‘/:* ql@’r ansterti ng any
accunul at ed char@éimﬂo h§ﬁé§€hséﬁ »i andhe tiriys 1! @Fl&ﬁ%ﬁ%ﬂﬂk? register ..
111 by applying gh@OpkakrHeteatoretipouse 1D5tdBé6icuntaims 1d2, (FIG 4a)

clock Signal [erf ﬂree%%ss,&%?%%ﬁv%??ﬁa efepfored A tels @ BT (0 o DI
any residual chasg@tcheiéﬁroan@eeeiﬁgcbagagitdﬁ 148 to earthyt andm [err],
the m CFOPrOCGSSeruJeQQotIW @%tQEnEEPEi‘lgwit&ﬁQ% coSnéEPin LROr A peri od
power supply voltage Vcc to capacitor 148 through a
resistor 15&.
The operation of the rangefinder will now
be described with reference to FIGS. 4 and 5. To
15 begin, for example upon closure of main power switch
106 at time L (see FIG. 4) the microprocessor 100
initializes the photosensor array by transferring
‘any accumulated charge from photosensors in the
array 110 into shift register 111 by applying a
20 T1 transfer pulse to transfer gate 112, (FIG.
' 4a) while phase 2 (%2) of the 4-phase clock sig-
nal is held high. The 4-phase clock signal ¢1-.
is then applied to the CCD shift register 111 to
empty any residual charge therefrom (see FIG. 4b).
25 : At time tl’ the microprocessor 100
turns on LED 119. LED 119 is kept on for a period
T1 to intégrate charge in the'phbtosensors, dur-
'ing which time the signal processing circuitry is
initialized-td_set'the threshold of the peak detec-
39 tor. FET SWitch 154 (see FI1G. 3) is turned on
momentarily oy generating a Qpreset pulse (see
FIG. 4d) to earth capacitor 148. Then, FET switch
156 is closed by a pulse T, for a period %, (S2e FIG.
Le) to charge capacitor 148 to 2 va’ue deuermkh-d by the -

N
\n

_time constant of resistor 158 and capacitor 1432, At
time t2, the LED 119 is turned off and the photosignals



Ti to integrate charge in the photosensors, dur- ing which tinme the signa
processing circuistry is initialized to set the threshold of the peak detec-
30, tor. FET switch 154 (see FIG 3) is turned on nonentarily oy Pl
generatlng a [err] preset’ pul se (see FIG 4d) to earth capacitor .
FET switch 156 is closed by a pulse [err] for a period [err] (Se
to charge capacitor 148 to a value determned by the 35 tine co _
i stor 158. and. capaci or 148. At tlne:ferr] the LED 119 is tu of f
and the photosignal s generated by the array 110 are transferred to the
CCD shift register 111 by applying a pulse Ti to transfer gate 112 (see
FIG 4a). The. CCD gehktrated- biysthe duraysliheres daprsfierredgéneitheeCERe

range 5 si gnal e S %nﬁ rlsd4 o the

transfer el ectrodeghg klék@ t%g 1§ép9? Epgi f%ng% 34 g‘oéi& ng of the
signals fromthe Céﬁaélﬁlftef-' gégeslé i&ﬁevﬁ €. rt‘b%\)be %&qr‘b it Fe&st - 10
erence to FIG 5. ifber4lphase thenkreadrals dergdneratesttien range GS. 5a-d.

130 and 132 1 8epectiéer), B gﬁﬁlgﬂﬂgré‘?f‘*é’tﬂfﬁaneous Mk ’ﬁ st

pulse ORis applleﬁolshe t&apg PEdeeﬁéhn@de$T§erﬁﬁnSﬂ# ter26 to pre-
pare the output di gdeelfGlosppcei ve the S|gnal char ge. At thIS poi nt, node
A of the output anpli- fier_124 s to hi gh, | evel (200 E 5f). Wen
the vol tage on the phase-3 Praﬁggéin&e&t%eﬂz@al& ‘{j’bé’shq dﬁ% some of

t he signal charge shyfsprégisver 11k wilbuiowdie dm;tdritﬂeel mu.tt}hutretﬂ-ode 113,

and the volta e Qﬁg Qe e gR ¥EEO 5O tfﬁ 'QI éiéﬁo q%@é‘ in FIG 5f.
a

Finally, when Phe VO ge on hase oes |low, all
t he signal ¢,-4 are shown in FIGS Sa-d. While the signal .

charge resides under the phase 3 and phase 4 elec-
trodes, 130 and 132 respectively, (¢: and ¢,
simultaneously high) a reset pulse ¢z 1is applied
15 to buried channel FET reset transistor 126 to pre-
pare the output diode 113 to receive the signal
" charge. At thié”point, node A of the output ampli-
fier 124 goes to a high level (200 in FIG. 5f).
When the voltage on the phase-3 transfer electrode
20 130 goes low, some of'the signal charge may spill
over the output gate onto the output diode 113, and the
voltage at node A may go to the intermediate level
202 in FI1G. 5f£. Finally, when the voltage on the
. phase-4 transfer gate 132 goes low, all the signal
25 charge is moved to the output diode 113 and the out-
put signal at node A goes to its final signal level
204 as shown in FIG. 5f.
‘While the signal is at its reset level 200,
a clamping pulse ¢, (See'FIGo'Sg) is applied to
‘30 clamping FET 140, then when the final signal level
204 1is present at node A, a sampling pulse °S/H
is applied to sampling FET 142, thereby storing the
signal level present at node A on capacitor 143
while removing any variations due to reset level
35 noise. The output of amplifier 144 at node B
follows this signal as shown in FIG. 5i.



25 charge is noved to the output diode 113 and the out- put.,signal at
node A goes to its final signal level 204 as shown in FIG 5f. Wi.le the

i ;;;ls at its reset level 200, a clanping pulse CL (see FIG 5g) is

@"}A o 30 - clanping FET 140, then when the final signal level 204 is
depr(pt node A, a sanpling pulse [err] is applied to sanpling FET 142,

t here Stori.ng the signal |evel present at node A on capacitor 143 while
renovi ng any variations due to reset |eveB-noi-se. The output of anplif e
144 at node B follows this signal as shown in FIG 5i. The vol tage at
node B is a step-w se snpoth curve representing the successive val ues of
the out- put signal (see The&vaitagecnthmaseod acstpprwdsehemppElt sanpl e

b 2 ool sckisteeciptbietey cad dacdlde oAl an oFf prepeaccanaci | or
. e sanpl ed va s hresho ue, the output o
conparat or 146 aRUhdfisre e{'ﬁﬁ%:ﬁs%w% PairFtPﬁelégnﬁPQBqﬁlsue exceeds
the threshol d vathe, £1hst osapple aritivde thrpstold galult V@Hpc(isme 10  during
t he sanpl e peri a Pl [ - F hhal S pli.ed to FET
swton 5o 5t HIGE FEITRLdNed O Yeddidred Bibatiforhhel ) TRPERE 10,
will be applied e8mphedg¥etuerisgess, then e shreshald\ypdueo &Peect upon

the state of theogtpetiéf démpardton MRy &t rddk \COheaadnat 18@de C i s high,
t he hi gh val ue

thor cby appl yi noRPREVRER REGE? Ferefefotiiin S{tinde dne Lrebpla e 1
new reference vavakues Emnecdutput het urdde Gigoesddih.t hdtelay podasi ng the 20
orouci ng s pul si- St HoseChBEERS PRERe, o MUp I, SRAFRL "0
previ ous signal (see FIG. 5j) is applied to FET switch 152. 1f the
: voltage at node C is low at this time, the low value
will be applied to the gate of FET switch 150 and
will have no effect upon'fhe state of the circuit.
15 1f, however, the voltage at node C is high, the high
value will be applied to the gate of sampling FET switch
150, thereby applying the new higher reference vol-
tage to capacitor 148. The new reference value is
equal to the value at node B, thereby causing the
20 output at node C to go low (see FIG. 5k). This pro-
. cess continues, producing a pulse at node C each
time a new signal greater than any previous signal

is received from the image sensing array.
At the start of the sequence, counter 118

25 is initialized. Each time a new charge packet is
read from the CCD shift register, counter 118 is
advanced (see FIG. 2). The pulse train produced by
the peak detector circuit 115 at node C is applied
to latch circuit 116 which latches the output of

30 counter 118 whenever a new pulse is prbduced by the
peak detector. After all the charge packets in the
CCD shift register 111 have been read out, the count
held by latch circuit 116 is indicative of the _
location of the photosensor having-the greatest

35 illumination from the LED above the threshold level
Vrye At this point, the microprocessor 100 retrieves



is received fromthe inmage sensing array. At the start of the sequence, *
counter 118 25 .is initialized. Each tine a new charge packet is read
sfromthe CCD shift register, counter 118 is advanced (see FIG 2)
pul se train ‘produced by the peak detector circuit 115 at node C { ‘T ed
to latch circuit 116 which latches the outpyt. of 30  counter 11 fever
a new pul se is produced by the peak detector. After all the charge™packets
iR the CCD shift register 111 have been read out;, the count held by I|atch

circuit 116 is indthettr¥figefdaee fﬁwﬁutnﬁlr&:dﬁucuﬁwuh@semsob having the
gr eat est 35 '||u§h93¥¥8ga{%$ 'ngréf 3pv .the t hreshol d Ievel VTH. At

this point, the m Croproc -9- the range data fromthe
latch circuit 116 by |nterrﬁgattaggetéatnpmtepnhan Uled dange kaww® are t hen

used in a known Wﬂﬂﬂﬁe%%Qrdi‘fvé’tﬁtp&ﬁutd%ﬁ%elaﬁos%‘&Qhaésaar ?Qﬁged' spl ay
or focus servo. ggﬁege rangefinder 1 s enployed in an auto-focus canera,

and no pul se 5 pr &yb9rt BCPRaRk®E¥ERect or circuit 115, either because
the LED signal from a near Uhpactheasaﬁgéfmndétéiéﬂéﬁﬁtﬂyédlﬂnwﬁh, or the

- obj ect was beyond L o) r f f ives the
I eJns to the i %f I ni %ng?ogﬁ'g&%oésa‘%&a’ a%ﬁ‘fr‘{ecg}qr}f g gﬁ% Pﬁ"éﬁ%ﬁg %gbgél i ty

that the object mAPPaBed§FBﬁ§PFy¢16€%§§dﬂ%$nc%i%hﬁr(ﬁﬁqgnﬁﬁI LER bet ween

one hal f the hypersi nalfﬂfaﬁ dlﬁéé&uabjautlwﬁdrvéwbdeHe bﬁrb@haqaeptable

o ot LT ot o gl A Ly, e there
i ncorrect range dueangefdnder,thevﬁocus[snxwﬁf&rives the lens to the
infinity focus position, thereby maximizing the

- probability that the object will be properly focused
since all objects located between one half the hyper

15 focal-distance and infinity will be in acceptable
focus. Normally, the threshold VTH is set -

- sufficiently high so that there is an acceptably low
probability that the rangefinder will indicate an
incorrect range due to noise. However, since the

- 20 photon limited signal-to-noise ratio of the
rangefinder is inversely proportional to the square
root of the ambient light level, the threshold Vqy
may be lowered in low ambient light levels, thereby
increasing the sensitivity of the rangefinder device

25. while maintaining the same low probability that the
rangefinder will trigger on noise.
The maximum ambient light level can easily

- be determined by_setting the threshold VTH.at some
intermediate value and operating the rangefinder

3¢ Wwithout turning on the LED 119. If a peak greater than

_ VTH is detected, the threshold is raised by some
increment, and the process is repeated, until no
peak is detected. If no peak is detected at the
intermediate threshold value, the threshold is

35 lowered by some increment, and the process is re-
peated, until a peak is detected. The final
threshold value is indicative of the peak ambient
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20 gprioson limted signal-to-noise ratio of the rangefinder is,inversely

pr ops §nal to the square root of the anbient light Ievel, the threshold

Dk lowered in |ow anbient |ight |evels, thereby |ncrea5|ng t he

ty of the rangefinder device 25 while mai ntai ning the sane | ow
dbfity that the rangefinder will tri.gger on noi se. The maxi num anbi ent

| i ght kevel can easily be determined by setting the threshold VTH at some-

i ntermedi ate val ue and operating the rangefinder without turning on the N/

119. If a pear gua.Merbh%u VTEhbStHQEEh?Qd sébfi?grfshobﬁktétimgsed 3y .
sone incremen he S i ea | e tegte

no peak is det ectg'be rﬁ%ﬁﬁe& r@dltg&é‘ F%ES&@PS%%? g g‘fﬂ&é{'ﬁ'r?ecg oldis
35 lowered by sﬁneamwdnameﬂﬁghanAewhé.pfoceexangl¢ébypeememﬂtins|$ a peak
is detected. The fdggﬂuﬂtygyygﬂéidygdugnl5 h?gtggthgﬁop . the peak anbi ent
-10- light level. The thresh ﬁttlgg g ft'ﬂﬁ the r ﬁ@%ilnder IS
then deternified as a functifof edipsnE ePe gﬁ catly descy mpl e by
C(r)rtr;sgl ting a | oo][ahqxé aldlth &teﬂe&dmcle tomphecdrawingy, fhe signals In the
enbodi ment speci fJ Ccr, e t efereng t | hgs, the
signals supplied %‘? édgg g§ﬁ§§¥' Q’g Féngﬁé %gnég?egge%ﬂ &]

phot osensors in tte the aabqsg;enﬂqrsl4ntanea§rgNal§ whi Ef &8et SGed to the
sanpl e and hol d csw mnalld wh%lht aaL-L4 assBaSeoStHAAL & ,?f@reﬁ@mowecpﬂ ght ness
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great est signal, pdnuﬂomssodbmhmedcénenihbéupmngoshessmahhvards ofing the
great est anplitL“khéﬁoﬂjgﬂgaﬂﬂﬁuﬂtnaééﬂ a8ditionally hy LED 119. The
rangefinding is achieved by detecting the greatest
signal, which is derived from the photosensor hav-
15 ing the greatest amplithde of image’iight. It is
assumed that the greatest amplitude of image light

is that in which there is a component derived from
' the LED 119. In most circumstances this assumption
_ gives satisfactory results, particularly when the

29 light being generated by the light source in the
above embodiment, the LED 119, and the light being
sensed by the sensor, is infrared. However, in some
circumstances. satisfactory results would not be
achieved. '

25 In order to emsure that the peak signal
detected by the peak detector 115 is indeed derived
from light emitted by the LED 119, means may be 1ncluded
for subtracting signals representative of illumi-
nation of the scene other than that illumination

30 derived from the LED 119, from signals representative of
illumination of the scene by that other illumination
and by tae LED 119. Such means are known from :
US-A-4274735 which describes subtracting
signals created with the light source off from sig-

35 nals created with the light source on. Also, our
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assuned that the greatest anplitude of inmage light is that in which there
is a conponent derived fromthe LED 119. In nost circunstances this
assunption gives-satisfactory results, particularly when the 20
bei ng generated by the light source in theX¥bove enbodi nent, the L
and the |ight being sensed by the sensor, is infrared. However, in
ci rcynst ances satisfactory results would not be achieved. 25 _
ornder to ensure tRaPendingcRateny APPHRAIU NR- 18222581 I88CEAPES 115 i s

i ngteed fl_eri ved frlem inphbved éf?ﬂn@éﬁ?éﬁ‘flﬂ-ﬁprjehﬁat\(iﬁﬁaﬂ?alﬁﬁ\érbﬁnhmd ;Jﬂed for
subtracting signals represeptative of. illum - | of, the scene ot her

t han t hat iIIunin5?98ﬂ935° gé??v%&ﬂ??{ﬁniﬁﬁaqﬁéyaﬁé§14%%5hl§F§nals
representative of repkesentative ofoléky sefertthdiltthatineitien plriowidedt i on and
by the LED 119; Sygh a e ' - = A Al whi ch descri bes
subtracting si -%nalug ggga?g%lﬁsvi ?Wﬁ% (ﬁ Sﬁys%oat?lrgg%lo@f'r omsig- nals
created with the |ight source on. Also, our copendi ng Pat ent
Application No. 8322256 describes. an inproved arrangenment for renoving
"background” signal so that signals are produced which are representative
solely of the illum nation provided 5 by the |ight source of the
rangefinder. 10 15 20 25 30 35 '
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-12- CLAIMs: 1. A device for finding the range of an object in a scene,
conprising nmeans for projecting a beamof light for illum nating a snall"
object, a linear array of sensors for view ng the scene and
of light incident on'them from

series of signal

he 5

éﬁﬁ\signals representing the anplit

e
#.d regions of the scene, neans fdﬁngoducing fromthe first :
menti ode signals, in response to periodic 10 scanning signals, a series of ~
signal s of varyiégéfﬁgﬂitude,-signal processi ng nmeans responsive to sai d s
S for detecting the relative location of the illuninated
smal | area in said scene lnd PrdgWidendoxr £ingdng §hal rARIee8foABe t hereto,

15 said signa

synchroni sm wit
representative

latch signal eaclldid®adl

| at ch nmeans connected to
signal for capt@#®

PEPFESE | 110 A Bdtnd Ndoipris iU Me@nsMeans ppdyase g &

'sai d scanni ng si | s ,for .producing.a running _count

S35 I O o LA BAS D, Bd SMAL1; AEedePF othe poak

det ect or neans rasjpeersi & tinddre aimyalof isensioes2@ozeviewihgr theoduci ng a-
M3y I ' akgd.series, and

;b‘g.f&dﬂfcc;‘laﬂrﬁe esrfdnr%g% r ﬁ:g‘éﬂs%n‘:@n tfle

t

ns a

A device as X0 aismanning|siignails .wies@in es0 ofaisd gpadk @6t ¥arpingeans

in said series,

conpri ses st or agmpPRnfad Ors il Mt Jded sidlgumedhst Pespsakigecabest signal
conpar at,or qgfns or cgnpaglng t he vg
storage means witdt9d RPIR8E oF Fianals f9r detectdng,

ue s&ored in said
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location of the illuminated small area in said scene
and producing a range signal in response thereto,
said signal processing means including counter means
advanced in synchronism with said scanning signals
for producing'a running count representative of the
number of signals received in. the series, peak
detector means responsive to the signals in the
series for producing a latch signal eaéh time a new
greater signal occurs in said series, and latch
means connected to said couhte: means and responsive
to a latch signal for capturing and temporarily
holding the current count at the tiﬁe of receipt of
said latch signal, whereby, after said series of
signals has been COmpleted. the count held by said
latch means represents the location of the image of
the illuminated area on the array of sensors.

2. A device as claimed in claim 1, wherein
said peak detector means comprises storage means for
stofing the value of the last greatest signal in

' said series, comparator means for comparing the

value stored in said storage means with the next
signal in said series., and producing an output

A0 A

responSive to a_ latch
e (it Iipaideditngn fBeRmyfreRt T@ERACtAYet he ti ne
of receipt of 25r&fichd WLhd Fradne Wikbatlsy £foaf pebda’itdgSekbRStRe Signal s

acation of ©he 4t Mtided Hikabhed s sBERongRORE pEPIGRSES (OT

| ocati on of the
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:13- signal in response to the value of said next. signal being greater than
sai d |ast greatest signal; and switch nmeans responsive to said output
signal for repIaC|ng the val ue on said storage neans with said 5 7
value. 3. A device as.claimed in claim?2, wherein said peak detector
further includes threshold setting neans foi35tor|ng an initial thre§
-value in said storage neans. 10 A device as clainmed i NNl m
i further conprising neans for determning said-initial threshold val ue as
a function of ambi gnt, \% S. gl C 15
substantially as hggrl Jb ore 3?‘8953 tgAtﬁg {,-Ef %r%ﬁc%{@dﬁﬁ A I?0115 of
t he acconpanyi ng drigdng grearer thgmsaid last greatest 8181131: and

switch means responsive to said output signal for
replacing the value on said storage means with said
5 greater value.
3. A devicé as claimed in claim 2,

wherein said peak detector means further includes
threshold setting means for storing an initial
threshold value in said storage means.
10 4. A device as claimed in claim 3,
| further comprising means for determining said
initial threshold value as a function of ambient
illumination. '
_ 5. A device as claimed in claim 1 _ '
15 substantially as hereinbefore described with reference
to Figs. 2 to 5 of the accompanying drawings.

20

25

30

35

NN R



