2192763 1 ANALOG TO DI G TAL CONVERTER FOR A CAMERA Thi s, invention rel ates
to anal og-to-digital converters for caneras. 5 I n aut omati ¢ caneras

bri ght ness and range information of an object to be phot ogr?&egmﬁgo be.
converted to a digital signal. For exanple, in Japanese Lai nt ( °
Specification No. 60-164728, there is proposed a digital photonetric device
where an object 10 brightness detector Rt apd a capacitor C are coupled in
series with each other, and clock pul ses are counted fromthe tinme when a
photonetric process is started until the voltage across the capacitor C

reaches a reference voI!ggggg?gg%?%gxtxgscdnvgngngpaﬁ i CAMERAL ageous in
t hat nmeasuring accuracy 1s reduce ue to varrations 1n the capacitance of
the capacitor C and variations in the reference voltage. Another problemis
that since a conparator is used for conparing the capacitor voltage with
the reference vol tageThid 2aventiaonmlates tasahhleg-toadigitals T1, T2,
T3 connected in series with a power supply Ve as shown in Figure 6, the
power supply ha&enveptenscfon KagerASL age which is three times the

t hreshol d vgtage of each of the transistors. 25 The present

i nvention séeks to priRiastematis qameras brightness and range

information of an object to be photographed has to be
converted to a digital signal. For example, in Japanese
Laid Open Patent Specification No. 60-164728, there is
Y proposed a digital photometric device where an object

10 prightness detector Rt and a capacitor C are coupled in
series with each other, and clock pulses are counted
from the time when a photometric process is started
until the voltage across fhe cAQAcitor C reaches a
reference voltage. However,'this device is

15 disadvantageous in that measuring accuracy is reduced
due to variations in the capacitance of the capacitor C
and variations in the reference voltage. Another
-problem is that since a comparator is used for comparing
the capacitor voltage with the reference voltage and

20 this comparator has three transistors T1, T2, T3
connected in series with a power supply Ve as shown in
Figure 6, the power supply has to produce a high voltage
which is three times tﬁe threshold voltage of each of |
the transistofs.

25 ‘The present invention seeks to provide an analog-



2 to digital converter for a camera, which has high eonversion accuracy and
whi ch can be driven’by a relatively Iom/voltage According to the present
|n@ent|on/ there is 5 provi ded an anal og-to-digital converter for a
canera, C ri sing pul se output neans-alter@ately and sel ectively
connectable to one of a pair or pairs of signal generating neans, the ratio

of whose signals is indicative of the value of a physi cal

quantity, 10

conputi ng neans terdégipali agnvastest forot pameraduwhirbnbasfhigh pul se
signal's fro”‘thecBHbéQsQthHEcH§§E§ &H&C@hFéhacQHebéhailqﬂhtb?VhbratOr

nMenory nmeans stori ngs Sl ca

means to apply tR&8L

3 quantity related
f8t€d PHtV@lFBQFhe 15 menory means to derive a

o ratios, and

stored val ue of the phxaba@amgaebl tMelprdsentahnbeﬁﬁhoﬁreénégbl !s the

converter i-ncl udes

pul ses at 3|ffergﬁpvééegcaPrQHBEHE? éggfg tegCIHgvﬁggﬁEaﬁg

es of cl

rlﬁcFEﬂ?ﬁa a pre-

settabl e count er cbmprdstingi pglseooktputsmeant abeeknaeely and
selectively connectable to one of a pair or pairs of
signal generating means, the ratio of whose signals is
indicative of the value of a physical gquantity,
10 computing means for computing the ratio of pulse
durations of two pulse signals from the pulse output

) means which is a one shot multi-vibrator, memory means
U storing values of the physical quantity related to

ratios, and means to apply the computed ratio to the
15 memory means to derive a stored value of the physical

quantity in digital form.
Preferably, the converter includes

a clock pulse

source producing two series of clock-pulses at different

—
~
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30



frequency fromthe source.for a duration determ ned by the pul se signals
fromthe pul se output neans due to one 5 signal generating neans to
pre-set a count in the pre- settable cmnter, and for counting’clock pul ses,
of the higher frequency fromthe sourc®¥ for a duration deter- mned.y the
pul se signals fromthe pul se out put neans due to the other signal T
generati ng neans, conparing the 10 | atter count with the pre-set count
and issuing a signal to another counter for each conpleted count to provide
a conput edfragnencipg,si §hel comRELtingnhFeaBsndnedRddB8pRi BESTeans to
generate a referince signal and neans to gener a 15 asur enent

si gnal depBREEAP Bp6AYR ﬁﬁy§P€aF°HB§ﬁP9tF & g%' gSuPEdthe LOWRLt i vel v,
oasur enenfESHRAFE ERERAERRG SPEEENERE: @ CHEe4tEROREREERIREn LY, o 20
phyei calquiti PRFEE,sAERRARCERER" TS, pRARE R Ry Bedls, ayi°RETREE "Po"
o qener ar £ 4RaL SOHBERERAg RANRS  BodRASLRRR 2 BB o ane R ant 11y
to be neasgggfablandohfte?! NehnB2kEbrOtounting clock pulses of the
higher frequency from the sburce for a duration deter-
mined by the pulse signals from the pulse output means
due to the othér signal generating means, comparing the . J
10 latter count with the pre-set count and issuing a signal o/
to another counter for each completed count to provide a
computed ratio.
The signal generating means may comprise means to
generate a reference signal and means to éenerate a
15 measurement signal dependent upon a physical quantity to
be measured. '
Alternatively, the signal generating means may
comprise means to generate the sum of two measurement

signals and means to generate the difference of the two \J

20 measurement signals, the measurement signals being

25



si gnal generation, neans conprises neans to generate the sum of two
measur enent signal s*and nmeans to generate ' the difference of the two
mefisur enght signal s,” the nmeasurenment signa bei ng dependent upon anot her

10 physical quantity.to be measured. The' conputing nmeans may include a
pre-settable counter for counting clock pulses for a duration determ ned by
the pul se signals fromthe pul se output neans. 15 The

anal og-to-digital converter may include oscillator neans for producing
cl ock pul ses foieperdent xpon & physical mvartityictoshe measurefans nmay
produce a first series of clock pulses of one frequency and a second series

of clock pul ses of a SRYPRAERELYencne |PRERCENBEIRFE FCRSEA RS FARM

adoing the. meaSTERLREE ShEREF 1o eRRTARE R iR pAToneR ALoRtl TR bR

Stonal gener = | og, GEARRaTRYs AELAEHRAC o L Ghas HEBALRUAP ey Y9 eSS O

reasur eyt si ol GERE’ GhhAGLEF S BEmASLHEE, TOAAE {05 SEREE BALE bt he
s;gnal generation means comprises means to generate the
sum of two measurement signals and means to generate the
difference of the two measurement signalS, the

v ~  measurement signals béing dependent upon another

10 physical quantity to be measured.

The computing means may include a pre-settable
counter for counting clock pulses for a duration
determined by the pulse signals from the pulse output
means.

15 ‘The analog-to-digital converter may include

oscillator means for producing clock pulses for the

20

25



v

obj ect to be photographed. The invention is illustrated, nerely by way of

exanpl e, in the acconpanying draw ngs, in which:- 15 - Figure 1 is a
bl ock di agram of one enbodi ment of anghnal og-to-digital converter according,
to the present invention; Figure 2 i timng chart to illustrate the

operation of the anal og-to-digital converter of Figure 20 1; Figure 3 is

a bl ock diagram of anot her enbodi nent of an anal og-to-digital converter
accordi ng tcompud imge seansi.nv Qe (msciHjlgtm ddansa mAypravdureplai ni ng t he

operation gf; 2% Ige%aggegl% E?PEM%%&%l{% enb.ot al converter

30 of Flgure I gure I'agram o di rent of an
anal 0g- t o- GRSl Se3Aes: o Cd-@é—‘éﬂrmi@etso afhe mecand fineaancih, and 5

Figure 6 is a C'&ﬁubhedbﬁwaaﬂm@htat%@ﬂ%@%%d%ﬁﬁedﬂ“ﬁd&ﬁﬁﬁ'éédéﬂéiﬂt Figure
1 shaws an enbodi nent .of .an anal g r]%btal converter accordi to the
pres@nt i nvéRg §gang,d . (S c&\ eIYi8 e PESHI shot

the measurement signal to the pulse output means.

The measurement signal generating means may
include means for determining the brightness of an
object to be photographed. Additionally or

10 alternatively, the measurement signal generating means
may include means for determining the distance of an
object to be photographed.

The invention is illustrated, merely by way of W
example, in the accompanying drawings, in which:-

15 Figure 1 is a block diagram of one embodlment of
an analog-to-digital converter according to the present
invention;

Figure 2 is a timing chart to illustrate the
operation of the analog-to-digital converter of Figure

20 1; | |
Figure 3 is a block diagram of another embodiment
of an analog-to-digital converter accor&ing to the
present invention; :
Figure 4 is a diagram explaining the operation of
a rangefinder circuit of the analog-to-digital converter v

o/
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10 multivibrator 1 having a NOR gate |a, a capacitor.1lb, and an inverter 1c
connected i'n series.: One input term nal of the NOR gate la is connected to
the output ternminal of the inverter 1c, and the other input terminal of the
NOR gat® ¥4 is coupled to a trigger 15 cirguit 2. A voltage Ve is applied
selectively through switches 5,6 interlink to a rel ease button (not
shown) of the canera, a reference resistor 3, and a |light detector 4 having
a photoresistive conversion capability. A pulse duration ratio conputing
circuit 7 20 conpri,ses an AND gate 7a having one input term nal supplied
with a main pnggréﬁﬁﬁﬁ Jirom the one-shot nultivibrator 1 and the other

i nput term nal supplied select,ively wth cl ock sjgnal. CK1 of a_l ower
reBet ition f requeﬁgy%iﬁa‘rf g e as?i@)}%ﬁk gé‘%‘?‘”& ‘Pi# gﬁleﬂzhwr%‘h@ﬁ-ﬂﬁﬂt
frequency, a presettabl e coynt 7, lied wth t cl pck, signal from
thquND éate ?8? ﬁﬁda&%;ﬁﬂﬁ#gggﬁg#%éiﬁghﬂﬁ?¥&F¥1?ﬁﬁﬁﬁéﬁhgs 3n5€e?ron1the-

counter 7b. Bo cl lsanal 1 and CK2 are provided by a clock
oscillator 9. #Eggggfsé% urg#%%H %uggtio conputing circuit 7 serves to

Ot e e AL et e At MRS 0 U e LRl T
outputs from t BRopBmaerd direhitdl i 0 _ ' _
Figure 1 shows an embodiment of an analog-to-
digital converter according to the present invention.
o The analog-to-digital converter comprises a one-shot
10 multivibrator 1 having a NOR gate 1a, a capacitor 1b,
and an inverter 1c connected in series. One input
terminai of the NOR gate 1a is connected to the output
terminal of the inverter 1c, and the other input
terminal of the NOR gate 1a is coupled to a triggér
15 circuit 2. A voltage Ve is applied selectively through
switches 5,6 interlinked to a release button (not shown)
of the camera, a reference resistor 3,.and a light
\ detector 4 having a photoresistive conversion
capability. A pulse duration ratio computing circuit 7
20 comprises an AND gate 7a having one input terminal
supplied with a main pulse signal from the one-shot
multivibrator 1 and the other input terminal supplied
selectively with a clock signal CK1 of a lower
repetition frequency and a clock signal CKZ of a higher
25 repetition frequency, a presettable counter 7b supplied



conputing circuit 7 as shown in Table 1. 10 TABLE'

1 Zone Tx/ Ts bj ect Brightness O _— - 0.55
-.15 3/4 1 0.55 - 0.66 .15 3/4 - 15 1/4 2 " 0.66 - 0.78.
15.1/4 - 14 3/4 15 3 78 - 0.91 14 3/ 4 i,ﬂ4 1/ 4
4 0.91 - 1.08 14 1/4 - 13 3/4 5 1.08 - 1.28 ~

13 3/4 - 13 1/4 6 1.28 - 1.58 _ 13 1/4 - 12 3/4 7 1.58
- 1.89 12 3/4 - 12 1/4 8 1.89 - 2.29 12 1/4
- 11 3/4 9 2.29 - 2.80 11 3/4 - 11 1/4 20 10
2.80 - 3.with the clock signal from Fhe AND gatg 73, -andoa 10
3/4 - 10 1/4 12 4.22 - 5.14 10 1/4 - 9 3/4 13 5.14
- 6.29 counter 7c f9r3/=9unt19191/a4 cmmt-up esignal ,7fmm the 9 1/4
- 8 3/4 15 8 3/4 - 1/4 25 Cperatlon of

the anal déPliBf—&Fgl"Pal @tﬂﬁbrtt}l?r ock signals €K I#n‘ﬁow(%eamscrl bed with
et ence S b by T AT AL S s ST deLELg3e Putton s
5 ratio computing circuit 7 serves to compute the ratio
between the numbers of two clock signals. A data memory
circuit 8 stores exposure values corresponding to and

addressable by the outputs from the pulse duration ratio

computing circuit 7 as shown in.Table 1. v
10 TABLE 1
Zone T™ /] Ts ' Object Brightness
0 - 0.55 _ - 15 3/4
1 0.55 - 0.66 15 3/4 - 15 1/4
2 0.66 - 0.78 15 1/4 - 14 3/4
15 3 0.78 - 0.91 14 3/4 - 14 1/4
4 0.91 ~ 1.08 14 1/4 - 13 3/4
5 1.08 - 1.28 13 3/4 - 13 1/4
6 1.28 - 1.58 ' 13 1/4 - 12 3/4
7 1.58 - 1.89 12 3/4 ~ 12 1/4 v
8 1.89 - 2.29 12 1/4 - 11 3/4 \/
9 2.29 - 2.80 11 3/4 - 11 1/4 -
20 10 2.80 - 3.43 11 1/4 - 10 3/4
11 3.43 - 4.22 10 3/4 - 10 1/4
12 4.22 - 5.14 10 1/4 - 9 3/4
13 5.14 - 6.29 9 3/4 - 9 1/4
14 6.29 - 7.54 9 1/4 - 8 3/4
15 7.54 - 8 3/4 - 8 1/4
25

Operation of the analog-to-digital converter of



position in order to neasure the brightness of an object 5 to be
phot ogr aphed, the switch 5 is turned on to allow the voltage Ve to be
appl i ed through the Teference resistor 3 todthe one-shot nultivibrator 1,
and a trigger signal is applied fromthe trlJgger circuit 2. The

mul tivibrator 1 then issues a pulse Ps having 10 a duration determ ned
by-the time constant of the capacitor |Ib and the reference resistor 3. The
pul se Ps is appFigdreoltwélpuhew ber desomibelli withnpefemgnecertoig 7 to open
the gate 7a, o] K:Ru to be applied to the
presettabl e coun?e?hgb&%ﬁgrhﬁlgﬁbgﬁ gsgﬁgaggﬁénber of clock pul ses equal
to the pul se duratlonWh$ﬁetb§I§§1§aﬁ§tbﬁht¢§ &6 €@rprpersd Pe Asféxptessed

by: Rs.C [err] osltYSn ﬁ{t BraerVEoMeaguEar{:hel bribﬁtﬁé@sssbﬁnaﬁ ebjkbe
reference._resisfo t he capacjtance of the capacitor, iio ower
The

r 'S
25 suppl y voFPaBE PQRB°9FEPPﬁé'tﬁPEsﬁUFchoptéﬁet FnFﬁe°Pn$8rP
pul se .duration Iaelsouhagepvapebtbenab 1Qeahehteagatenéerefetbaceeference

e oo Sep RSB Gh LR, a5 MEbBAbENLS bia' i o0 OF

trigger signal is applied from the trigger circuit 2.
The multivibrator 1 then issues a pulse Ps having
10 a duration determined by the time constant of the
capacitor lb and the reference resistor 3. The pulse Ps
is applied to the pulse duration ratio computing circuit
o 7 to open the gate 7a, thus allowing the clock pulses
CK1l to be applied to the presettable counter 7b which

15 presets a number of clock pulses equal to the pulse
duration. The pulse duration Ts of the pulse Ps is
- expressed by: '
rs.c.dn  ve - vth
20
Ve
where Rs is the resistance of the reference resistor 3,
C C is the capacitance of the capacitor, Ve the power
K;* 25 supply voltage, and Vth the threshold voltage of the

inverter 1c. The pulse duration Ts is thus proportional
to the resistance of the reference resistor 3.
After the pulse Ps is terminated, the switch 5 is

turned OFF and the switch 6 is turned ON to permit the
30 '



voltage Ve to be applied through the light detector 4 to the nultivibrator
1, and a trigger signal, is applied fromthe trigger circuit ‘2. The

mul tivibrator 1 then produces a pul se Px having a time duration Tx, .
expressed 5 bel ow, proportional to theesistance Rx of the light deLéctor
4 which resistance is proportional to oBject brightness: [err] 10

The pulse Px is applied to the pulse duration ratio conputing circuit 7 to
open the gate 7a which allows the clock pulses CK2 to be inpressed on the
presettabl e counter 7b. The presettable counter 7b starts counting the
clock pul ya31tdtfe VeIdtd Shelcsppliéd cthréugly th@ndlightcletedtornd geunt
reaches a preset value which has been set on the pulse Ps, so that the
count er 7¢heosniktinibfdkoxrolptand aheriggeresignailsisndppatiede of the
ratio of the pul se durations of the pulse signals Ps, 20 Px, i.e.: [err]
Ther ef or e frome thmittriggem| gireunit o2l t Théamettivibnatonf 1t bhenef er ence

resistor 3 and the |light detector 4
produces a pulse Px having a time duration Tx, expressed

5
below, proportional to the resistance Rx of the light
detector 4 which resistance is proportional to object
-brightness:
Ve - Vth o ,
Rx.g.en 7o : )
- . - o o o/
10 The pulse Px is applied to the pulse Quration

ratio computing circuit 7 to open the gate 7a which
allows the clock pulses CK2 to be impressed on the
presettable counter 7b. The presettable counter 7b
starts counting the clock puises CK2, and issues a
15 count-up signal each time the count reaches a preset
value which has been set on the pulse Ps; so that the
counter 7c counts up. |
Thg counﬁ in the counter 7c is indicative of the )
ratio of the_pulse durations of the pulse signéls Ps, | o/

20 Px' i.e.:
Rx.C.bn —YVe = Vth

..T.l‘.s Tt lVg :
Ts Rs.C.8n Ve ;thh 7
= Rx
Rs

Therefore, the count is only related to the resistance

25
of the reference resistor 3 and the light detector 4



w

10 while the capacitance C of the capacitor 1lh, the power supply voltage
Ve, and the threshol'd voltage Vth are cancelled out. Accordingly, the count
i stof high- accuracy and free frominfluences due to variations in 5 the
power sup Iy vol tage Ve, the threshold voltage Vth which varies with the
power supply voltage, and the capaC|tance' t he capacitor which varies
with tinme and tenperature. However, photonetric errors due to variations in
10 the Iinearity (so called [err] characteristics) of a CdS light detector
with respect to iations in the amunt of |nC|dent gpt cannot be

renoved. The r!’?I e (ﬁaﬂarfé""rq‘b?ﬂ GREctRR c2pag B@é beithe doveras Rx.
-rrgfa'[gzi E;a?ﬁgsflz\%ﬂ(ifw% gqs | i t 15 et eCtgl}raélwng ec br| hége?sxs:@are

Ther of or 6. %e%a%?s b e o the oad f# ec# shia?ﬂZLBﬁﬁZm of
gi ve and di vi dACPRES féﬂdntf(#r W ﬁia'ﬁfe iEGE sy .%ﬂfﬁéf 358 °F5° 41 %
possi bl e t 0 5Makgea Peirede SUPHIY méa%é“v&f'af@ S ddib1d %yesgétveﬂ in .

each division is
which varies with the power supply voltage, and the

capacitance of the capacitor which varies with time and
temperature.
\;. - However, photometric errors due to variations in
10 the linearity (so-called Y characteristics) of a Cas
light detector with respect to variations in the amount
of incident light cannot be removed..
The resistance of-the light detector 4 has been
referred to as Rx. The resistance Rx of a Cds light
15 @detector and object brightness are related by the
following equation:
Rx = Ro x 25 (n-x)
\ where, Ro is the resistance at a reference brightness n,
and x is the object brightness. Therefore, when “§¥
20 varies, so does Rx. Since & is an exponent of 2, it
greatiy affects Rx.
It is possible to measure the C3dS resistance to
give and divide the same in order to make its variations
small., It is also possible to make a large number of

25 divisions so that the variation in each division is



substantially zero. Therefore, correct brightness can be obtai ned by
storing val ues corresponding to pulse duration ratios inherent in [err] in
t he respective divisions. The value of 5 a desired division can be -
determ ned by selecting the corresponding one of as many termnals agthe
. nunber of divisions. The val ues accoﬁi ng to the divisions are stored in
the data nmenory circuit. The conputed value is applied to the data nenory
10 circuit 8 to access a corresponding address for obtaining object
bri ghtness information which is enployed as a paraneter for exposure
control . suhstartiallywizenres a second enbodi nent of an anal og-to-digital
converter according to the present 15 invention. A rangefinder circuit 10
i s operabl e on Thex ﬁQR9¢ﬂQ9¥ﬁeQ¥|ER#E#E§¢$% can ke . obhainadgbyi nder

Vol tage 1 BEPRENHe TSR GORE SAPIHRT %%gi?é-&ﬁ&ZaeSiseriLSBf”‘iSb whi ch
8[)2?3??&3»&%%%%4 13y ¥ ot Ehe FemRRsend VLIV EH o v The! YR UBRCRE  esi Lt or s
voi tégevg?éﬁ% [ﬁ%a}ﬁ&ﬁ rR‘?fa%')Se‘IE% |%‘%?F'?§f‘?§v’é¥ ﬁﬁﬁ%ﬁﬁ*ﬁ'ﬁ?ﬁéﬁ Igg,selof
25 whi ch 85993%%0%@1%@%@'&‘343 \Qan:y Véei‘ini@afgdaé the number of
divisions. The values according to the divi;ions are
stored@ in the data memory circuit. |
The computed value is applied to the data memory
10 circuit 8 to access a corresponding address for
obtaining object brightness information which is
employed as a parameter for exposure control.
Figure 3 illustrates a second embodiment of an
analog-to-digital converter according to the present
15 invention. A rangefinder circuit 10 is operable on the
principle of trigonometric survey. The rangefinder
circuit 10 has a bias voltage generator 10a for applying
a reference voltage to the neutral point of a position (-J
sensitive device (PsD) 10b which pfoduces éurrent from
20 opposite ends, which currents are conjerted by
operational amplifiers 10c¢, 104, respectively shunted by
feedback resistors Rf, to voltage signals vi = Rf x i1,
v2 = Rf x i2, respectively. These voltage signals are
applied respectively to inverting amplifiers 10e, 10f
25 which produce an added signal V1 = vl + v2 and a



subtracted signal , V2 = v2 - vl, respectively. . Denoted at 10g is a
light-emtting el enent, and 11, 12 are condensi ng | enses. Assuning that the
di 8t ance .0 t he object to be photographed i 4 ndi cat ed by L (Figure 4), the
| engt h of\““<t he PsD 10b is i ndicated by d, the distance fromthe |ight
emtting el ement to the neutral point of the PsD 10b is indicated by b, and

t he di stance: betmeeg the positio mgere ht s S fo nmed and t he
neutral 10 poP RPCERCERE BLgnadLVes |H ca d 5§SRe€F?§ﬁ ¥- 4)Depgtedut put
currents fron1th&ton0@uistarnightsemitthmgFBIbﬁGhtarendnﬁlcaledabé i1 =(d

- 2xX)/2d F, i2 = % %?g§gét§%%g%%respectlver, where F indicates the

intensity of the Is determ ned by the distance L to 15

the object to be photogsameUQahUathéheedietancétyothheeobjeemnte bee

di stante x3betwe alap t tghs r by gf
b/Lif the focalﬁﬁgﬁggﬁgg#éa islg%giiﬁegg ?ﬁd cg?iaégg ?b Eﬁgdféﬁgﬂ%egg IS
20 gi ven by the Psp 10b isjindpeated byig, the dlgtancq fremetbent |y,

the distance L tpighe ORi€EingSeLeMéRESed bie neutral point of the PsD
10b is indicated by b, and the distance between the
position where a light spot is formed and the neutral
10 point of the PsD 10b is indicated by x (Figure 4), the
output currents from the output terminals of the PsD 10b
are indicated by il = (d - 2x)/2d'F, i2 = (4 + 2x)/

(o 2d'F, respectively, where F indicates the intensity of
the light spot which is determined by the distance L to
the object to be photographed and the reflectivity
thereof. '

Since the distance x between the neutral point and
the light spot is expressed by £ b/L if the focal length
of the lens 11 is indicated by £, the distance x is
20 given by:

[ee}
wn

i2 - i1 1 2fb

il + 12 T T3
Consequently, the distance L to the object is
expressed by:
;25 L = K.(il + i2)/(i2 - il)
17 Inasmuch as this préportionality equation does not
contain the light intensity at the light spot as a

30



25 L=K((l +i2)/(i2 - il) Inasmuch as this
proportionality equation does not contain the light intensity at the |ight
spot as a 30 13 factor, the distance can be detected irrespective of the
reflectivity of the object and variationsin the output fromthe |igh#
~emtting elenment. The rangefinder cirf®t 10 has respective added 5 and
subtracted signal output termnals pmconnected to a swtching circuit 13
and a voltage-to-current converter 17 to the one-shot nultivibrator 1 so
that the added and subtracted signals will be applied alternately to the

nul tivi br ga@itokr, the distalled éae ﬁéwdétéé@bal1ﬁyek§éap&9ece&ntmhed to the
output term nal p, the voltage-to-current converter 17 issues a current |1

k(il + rdfledtd wiltgn dfhethiav disfecy and cvaiidiofisconnehkedutputhe out put
terntnal m the voltage-to-current converter 17 issUes a current 12 = 15

k(i2 - i 1fronhdhe Kighta embisting ebémsmtned by resistors RC, RS of the
vol tage-to-current converter 17. TABLE 2 Zone T2 /| T1
Distance (m O The rangefindey 40ircuit 10 has respéctbve added
5 and subtracted signal output terminals p,m connected to

a switching circuit 13 and a voltage-to-current

converter 17 to the one-shot multivibrator 1 so that the

added and subtracted signals will be applied alternately

to the multivibrator 1.

10 When the switchihg'circuit 13 is connected to the
output terminal p, the voltagtho-current converter 17
issues a current I1 = k(i1 + i2), and when the switching
circuit 13 is connected to the output terminal m, the
voltage-~-to~current converter 17 issues a current 12 =

15 x(i2 - 11), where k is a constant determined by

resistors RC, RS of the voltage-to-current converter 17,

TABLE 2
Zone T2 / T1 Distance (m) N
0 - 64/40 - 0.96 ~
1 64/40 - 64/35 0.96 - 1.09
20 2 64/35 - 64/30 1.09 - 1.28
3 64/30 - 64/25 1.28 - 1.54
4 64/25 -~ 64/20 _ 1.54 - 1.92
5 64/20 - 64/15 1.92 - 2.56
6 64/15 - 64/10 2.56 - 3.84
7 64/10 - 3.84 -
25 A data memory circuit 14 stores data distances

(see Table 2) corresponding to the pulse duration ratios



»

1 64/ 40 - 64/ 35 0.96 - 1.09 20 , <2 64/ 35 - 64/ 30

1.09 - 1.28 3 .,  64/30 - 64/25 1.28 - 1.54 4 64/ 25 - 64/ 20
1.54 - 1.2 5 64/ 20 - 64/ 15 % 92 - 2 56 6 64/ 15. - 64/ 10
2.56 - 3.4 7 64/ 10 - 4 A data nenory

circuit 14 stores _data .di stange Tabl e 2) corresp nding to the pul se
duration ratios a“ga adéﬁéﬁé QbP& G3er REtRYE §LI8RISaELOM SRRt RBLSEI se

duration ratio cdurating Qatqultoﬁpuwhﬁg thecuglegse button, for exanple,

bhot o6r aphed, tho added EFEHalng: & BB, BURE oo, B BBl |
appl i edt hrough t depyesseti Ay ordemltolaeasurhethelﬁag&ancecaprshe obrjeert er

17 which h br at 1,
ot O L 23 S ekethepak ) she ke MRHE S L L

er si
The nult|V|bratoFanﬁﬁéﬁdP§sGé§°&lguﬂ9elﬁlaﬁﬂﬁﬂﬁé §h§GP§P| RedsWatRhABE by
the values of theigenael Ler tbbeagdvbleage- tenkykentheonvbzeePl 17suanphl o

Lo, e pulse, 0t 40 B s RYL THI-CH 81 {21030 Re Batahge ™ Wh1
' multivibrator 1, which is also supplied with a trigger
signal from the trigger circuit 2.
10 The multivibrator 1 then issues a pulse Pl having
a duration determined by the values of the capacitor 1b
and the current Il1. The pulse Pl is applied to the
o pulse duration ratio computing circuit 7 to open the
gate 7a, which allows the clock pulses CKl to the
15 presettable counter 7b which presets the number of clock
pulses equal to the pulse duration. The pulse duration

Tl of the pulse Pl is expressed by:

1 1 B _
20 TL = __ .C Vth = . CVth
I1 k(ll + 12)

which is proportional to (il + i2).
Upon completion of the pulse Pl based on the added -
signal V1, the switching circuit 13 is operated to apply
25 the subtracted signal v2 from the rangefinder circuit 10
to the voltage-to-current converter 17, which then
applies the signal I2 = k(i2 - il) to the multivibrator

—
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15 presettabl e counter. 7b which presets t he nunmber of clock pul ses equal

to the pul se duration.

by: 20

conpl eti on of the pulse Pl based on th
circuit 13_is operated to ap

al so supp
pul se P2 h

current

val ue,

Pyt
u

)
in

and

Iz k(12 - 1i1)

The pulse P2 is applied to the pulse duration ratio
computing circuit 7 to open the gate 7a which permits
the clock pulses CK2 to be applied to the presettable
counter 7b.

The presettable counter 7b issues a count-up
signal each time its count reaches a preset value, and
the count-up signals are counted by the counter 7c. The
count in the counter 7c is indicative of the ratio
between the pulse signals P1, P2, i.e.:

1 .
- .C Vth

k(i2 - 1i1)
T2 =
T1
) .C Vth
R(i1 ¥ 12)
= (i1 + i2)
17 =3

" and hence is proportional to the distance L. The count

is only related to (il + i2) and (i2 - il) while the
capacitance C of the capacitor 1b, the power supply
voltage Ve, and the threshold voltage Vth are cancelled
out. Accordingly, the count is of high accuracy and
free frqm influences due to variations in the power

The pul se duration T1 of the pul se.Pl is expressed
T1 = [err] which is Egoportional to (i1 + i2). Upon
é dded signal V1, the swtchijg
the subtracted slgnal V2 fromthe
rangeflndeﬂ-cﬁPéGPt1§03ﬂ§°tﬁépwéﬂﬁég@ﬂﬁé-@uﬁﬁéﬂﬁﬁébEW@ﬁﬁbr 17, which then
applies the signghel &uitlieﬂz&ratbk) 1t Qh’élﬁep*ﬂddﬁ:ddélsbhatpwls@Pz 1, whichis
d MW th a.trigger % The rrulUwg}'e 1 then prodyces a
vife, % oo B anr T2 o S esnnt, B BRSBRE SRR L ot he
| 2t05 the=currieatr L2the pulse P2 I's applied to the pul se duration
ratio conmputing circuit 7 to open the gate 7a which,permts the clock
pulses CK2 to be applied toqthe presettable 10

counter 7b issues a CRYNL- Up sbg@Qh gach tine its count & gaghes a preset

ounter 7b. The presettabl e



t he count-up signals are counted by the counter 7c. - The count in the
counter 7c is indicative of the ratio betwveen, the pul se signals P1, P2,
i.e.. 20 feerr] = (il +i2) (i2 - i1l) and heﬂé% is proportional to the

di stance ¢ The count is only related to (il +i2) and (i2 - i1l) while the
capaci tance C of | , ' p agewn Vens apd the

t hreshol d voItag%£€§%9:?§i%é§%evgéd£g§t£8£§%8§g?ng¥§¥8§%eggguﬁ?1?§'of hi gh
accuracy and fre¥a¥iem vithutheepodet suppiyi uoibage; nardethever 30 16
supply voltage VeaphBetahe€S68! €hy¥OLhpaeivby VB GRi¥AT 8818k HiLhCt PRYLT
supply voltage, and the capacitance of the capacitor Ib which varies with
ti me- and tenper afB e??ﬁﬂér BWPSted value is applied to the data nemory 5
circuit 14 to access aTﬁéréﬁﬁpﬁﬁdangaaﬂérﬁ§8a?pli§btﬁbnfhﬂ d&t&cheslbsyance
informati og which,Ls egpkgygd as a garaneter or .focal gistangg control and
exposur e cdntr ol Circul O access a corresponding address r

. obtaining object distance information which is employed

as a parameter for focal distance control and exposure

control.
. Figure 5 shows a third embodiment of an analog-to-
10 digital converter according to the present inventibn.

The reference resistor 3 and the light detector 4;of the
photometric circuit, and the rangefinder circuit 10 are
connected to the one-shot multivibrator 1 through a
measurement mode switching circuit 15. By operating the
measurement mode switching circuit 15 in response to the
release button, for'example, measured photometric and
distance values can be converted by the common one-shot
multivibrator 1 to a pulse duration-ratio to access a
data memory circuit 16 which stores object brightness
20 and distance data for producing a digitai signal. The
arrangement of this embodiment is of reduced cost.
. While the pulse duration ratio computing circuit
is composed of a combination of counters in the above
embodiments, a pulse duration ratio computing circuit of

—
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Figure 5 shows a third enbodi nent of an anal og-to- 10 digital converter *
according to the present invention. -The reference resistor. 3 and the |ight

detector 4 of the photonetric circuit,
connected to the one-shot multivibrato
switching circuit 15. By operating t 15 measur ement node swit chi ng

15 in response to the rel ease button, for exanple, neasured
photonetric and di stance val ues can be convert ed by the conmon one-shot

1 to a pulse duration ratio to access a data nenory circuit
Efkhierstthe crefiepehoe producing a
signal. The arrangenent of this enbodi nent is of reduced cost.

circuit

mul tivi brator
16 whi ch steesdebignt mayi Ge eagsldaifed.

digital

Whi | e t hevglihe corluthei measaried calueg ingy de applied chipstetoothe

conbi nati on of counters in the above enbodi nents,
conput i ngpulseuduratisfh atio admputiosy g:irmyit)e elpsbykdonEi t her the
reference val ue or the neasured val ue e applied first to the pul se
duratum1Uh@tht@dgumBthﬁ pEed aSAtheufgsh

etector. - Wth the enbodi nents of the present invention

l'i ght

descri Bed abovéWi§hn§Betﬁ&hQQ%NQQﬁﬁmﬁﬂkiﬁﬁnﬂﬁﬁﬁQﬁE vention

10

15

20

25

~ described above, since there are provided pulse output

meaﬁs alternately sglectively connectable to a reference
signal generating element and a measurement signal
generating element which serve as elements for defining
pulse durations, and means for computing the ratio of
the pulse duration of twolpulse signals from the pulse
output means, a measured value can be highly accurately
converted to a digital signal free from time- and
temperature—dependent variations while cancelling out
circuit constants such as the capacitance of a capacitor
constituting a time-constant circuit and the supply
voltages.

Inasmuch as pulse durations are compared, no
comparator is required; and the power supply voltage can
be lowered as much as possible.

The pulse duration ratios are used as addresses
and the measured values corresponding to the pulse
duration ratios are stored as data in memory means.
Therefore, device variations can be compensated for

simply by varying the data to be stored according to

a pulse duration ratio

o

Hrartegtor. ray be used as the

~

e

and the rangefinder circuit ‘10 are =«
1 through a neasurenent noda¢



means alternately selectively connectable to a reference-signal generating
el ement and a measurenment signal generating el enent which serve as el ements
for defini'ng 10 pul se durations, and means for conputing the ratio of the
pul se dure#ion of two pul se S|gnals fromthe pul se output neans, a neasured
val ue can be highly accurately converted to‘@ digital signal free from
time- and tenperature-dependent variations while cancelling out 15 circuit
constants such as the capacitance of a capacitor constituting a
time-constant circuit and the supply voltages. |pasmuch as pul se durations
are conpared, nehaspsterigftics itker %REPQr@fpﬁﬂﬁrdgﬁﬁﬁ€9rvﬁpgage can
20 be |l owered as,nuch_as OSSIb|e The pul se duration ratios are used as
addresses and t f&rfBdtuce Rﬁ%ﬁﬁ&?%anQ£%ﬁﬁﬂﬁ Yo PaeApefeEs ofex: Famera

Lgttﬁipiﬁiaféﬁrﬁgﬁse Ii‘t«%a peo PR, i {h{ f?%%@%%x‘s?é#&”ﬁ%ﬁ%é to
Consequent |y, - pAPRcEBFe IRGPIY, ReeniBn T At CRomRpishEa i [ h i gn

accuracy mﬁtgout t he need for_hlghly,accurate circuit conponents. 5

g
10
15
-
20

25



-

v

10 15 20 25 19 CL A1 MS 1 An anal og-to-digital converter for a
canera,—conprising pulse output neans alternately and 5 , ‘selectively

connectable to one of a Eair or pairs KE%signal generating nmedns, .the

ratio of ' 1' ﬂ i ndi cative oft 1he val ue of a physical quagtity,
conput i

ting the ratio of pulse durations of two pul se
signals fromthe pul se output 10 nmeans which is a one shot
mul ti-vibrator,. menory nmeans stogiflgaval geg of the physical quantity
related to ratios, and nmeans to appty the conputed ratio to the nenory
means to derive a stored value of the physical quantity in digital form 15
2. A copvert exn agn&légred-dgetal mednvepteydEsg a ebmekapul se source
produci ng two series.of.clock gutses at dégferept freggencies, t he
conputi ng SRARELF T RRHEe OPFRYUE FEABP A LEGRPAFEEEr 2BBunt i ng ¢l ock pul ses
of the | owseléckivelyycénnectableotiocenéoofaa2pair durpeiva déterni ned by
. signal generating means, the ratio of whose signals is
indicative of the value of a physical quantity,
computing means for computing the ratio of pulse
durations of two pulse signals from the pulse ocutput
10 means which is a one shot multi-vibrator, memory means
storing values of the physical quantity related to
ratios, and means to apply the computed ratio to the
memory means to derive a stored value of the physical
quantity in digital form.
2. A converter as claimed in claim 1, including
a clock pulse source producing two series of clock
pulses at different frequencies, the computing means
including a pre-settable counter for counting clock
pulses of the lower frequency from the source for a

Y
w

29 duration determined by

30



& . P
30 ° the pulse signals fromthe pul se output nmeans due to one signal

generating .means topre-set a count in the pre- set ““l“““d for
colinti ng ¢tfock pul ses of the higher frequen from mﬁ‘muuﬂ““

duration dgter- 5 nmined by the pul se si s from*the pul s dut pfut . means
due to the other signal generating neans, conparing the. latter count with
the pre-set count *and issuing a signal to another counter for each

conpl eted count to provide a conputed ratio. 10 3. ... A converter as
claimed in clairfhe Gulse signiisifror e kilapeutpvhdieanh Sue ke iene
means to generate a reference signal and neans to generate a neasurenent

si gnal dependentSISRAT FENBRALINT RLANT (5P (RF He8fe A FMPTL 12h the prep

Compr | ses means TECERR GENIRE auAi 10b SRRSO SR e to

gener e the o AELRRE o Alaldied B AP AL SRGS U812 05 JBEAIEN

' 5 mined by the pulse signals from the pulse output means

due to the other'signal generating means, comparing the

latter count with the pre-set count and issuing a signal

to another counter for each completed count to provide a
\;/ computed ratio.

10 3. A converter as claimed in claim 1 or 2, in which
the signal generating-méans comprises means to generate
a reference signal and means to generate a measurement
signal dependent upon a physical quantity to be
measured.

15 4. A converter as claimed.in claim 1 or 2, in which
the signal generating means comprises méans to generate
the sum of two measurement signals and means to generate
the difference of the two measurement signals, the
measurement signals being dependent upon a physical

20 quantity to be measured.

25



5. A converter—as—ekai'ned in claim1 or 2, in which one pair of signal

gener 3ig i ses neans to ‘generate a reference signhal and neans
to geﬁmmgﬂgmgﬁﬁmment si gnal depengdent upon a physical- quantity to 5
be neasured,. ands ot her pair of si | generation means conpriseg means
to generate the sum of two neasurenent signals and neans to generaté the
difference of the two neasurenent signals, the neasurenent signals being
dependent upon anot her physical quantity to be 10 nmeasured. 6. A
converter & cl alnednvertexi msl cdaimedarbn ofladimilng3 2,4 in@is,chas

appendant to claim1, in which the conputing nmeans includes a pre-settable
count er foPn@oRRiTtnLcBdeRaduigeneRSing Mmaans GPMRIiSges magans the 15

pul se signals fr(%6 t he pul se outputagfans. 7. A converter as clained in

claim 1 or 9EPEEAE, & FEEEHENG S0 ST G BEANE SO FERRFEYRy &1 ock pul ses
for the co ting nmeans.. 8. A canverter as clainmed.n.cla.p7, as
appendant g%%szr%mengl gi:l.g]ng,l deipr?"%ﬁn%h yaeR &(Brms- c&l ﬂé’:i'ﬁ‘?- Yodfes a

f1rgt seri 83 fleatlionls PULRES (ilp QAR AU BE Wb FelLaRTES Of of ook
means comprises means to generate the sum of two .
measurement signals ahd means to generate the difference
of the two_meaeurement signals, the meaeurement signals
being dependent upon another physical quantity to be
10 measured.
6. A converter as claimed in claim 1 or in any of
claims 3, 4 and 5, as appendant to claim 1,'in which
the computing means includes a pre-settable counter for
counting clock pulses for a duration determined by the
15 pulse signals from the pulse output means.
7. A converter as claimed.in claim 1 or claim 6,
including oscillator means for producing clock pulses
for the computing means. |
8. A converter as claimed in claim 7, as appendant to ~/
20 claim 6, in which the oscillator means produces a

first series of clock pulses of one frequency and a

second series of clock pulses of a second frequency.

25
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9. A converter as clained in claim3 or or'Tﬂ—any cIa“ﬁTﬁﬁﬁéﬁHént to
claim3 or 5, inctuding switch nmeans for selectl

neasurenemnt signal t'o the pul se output mearsg mm ﬂm lﬂﬂmerter as
clainmed imiclaim3 or 5 or in any cla|n1appendant 5,

whi ch t he nmeasurenent signal generating neans includes neans for

determ ning the brightness of an object to be phot ographed. 10 11.
A converter as c¢lained in claim4 or in any cl.aim ﬁ&F%bndant to claim

4 or 5, in whiclthe %ﬁ%’(&r&leﬁ‘ étseﬁé@iﬂ?&?s rPelﬁti“'b@g e®dr 4R AF¥heans
phot ogr aphed. - 165 a18" eBpendait et aladna Garis 2 ARIAY A E R arer
substantial ly a?ner&?fse'f&:d%%&r |&§'Q, éfgt gff%fi%i%%}nz'\ %&ﬁ?"?%ﬁ ) Feogur es

1 and 2 of the acconpanylng SN convert er
for a canera, 2 ﬂé% ‘herein descrlbed mnth reference to
|g|§r es 3 an%hl' tnne '

and as shown in acconpanyi ng draw ngs. 23 14.
An anal gg-t o- di gig al C‘A“szv"er:tfe‘i'r a8 A¥hidd in claim 3 or 5, or in any
N claim appendant to claim 3 or 5, in which the
measurement signal generating meéns includes means for
determining the brightness of an object to be
photographed. '

10 11. A converter as claimed in claim 4 or 5, or in any
claim appendant to claim 4:or 5, in which the sum and
difference measurement signal generating means includes
means for determining the distance of an object to be
photographed.

15 12. An analog-to-digital converter for a camera,
substaﬁtially as herein described with reference to and
as shown in Figures 1 and 2 of the accompanying
drawings.

~— 13.. An analog-to-digital converter for a camera,

20 substantially as herein described with reference to and

as shown in Figures 3 and 4 of the accompanying

drawings.



substantlaILy—as—heLe+n—dese#+bed with reference to and as shomn i n Figure ’

5 of the acconi) T il raw nils 10 20 25 30 '
AR E 33 .

14. An analog-to-digital converter for a camera,
substantially as herein described with reference to and
as shown in Figure 5 of the accompanying drawings.
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