-1 - 2223139 TITLE OF THE | NVENTI ON: Autonmati ¢ Focusi ng

Appar at us. BACKGROUND OF THE | NVENTI ON: “Field of the Invention 5

The present invention relates to a focus détection apparatus for a canera

or the like. Related Art In a conventional focus detection apparatus
Wsinfle-lens reflex canera, two i mages of beams which 10 ggwo

different pupil regions of a photograph}ng | ens are recelved yﬁ palr

sensor arrays and are photoelectrically converted. A relative p05|t|onal

di spl acenent of the |nage signals as outputs fromthe pair of sensor arrays.

I's obtained to detect an 15 anount of out-of-focus (defocus amount) of

t he photoq;aphlng1§gﬁsopl@Hﬁhtﬁvgg§g0N5|nce onl'y a brightness di stribution
of a specific area of the object space is detected by the pair of sensors,

a def ocus anount cannnﬁtaﬁadgbepbedsungampyaﬁaﬁugmwung 20 no brlghtness
distribution in theSpecrficarea. A pturalrty of —sensor pairs and the
correspondi ng f OBNGKGROURDI OF WHEI CHVESIION are prepared to extract

bri ght ness distributions of the pIurallty of areas. Therefore, focus
detection for neRjeddjeft thhainventidh attenpted, as disclosed in

Japanese Patent Publication No. 59-28886, Japanese Patent Lai d-Open No.
62-2126115 - 2 - The present 1nvent10n relates to a focus detection

apparatus for a camera or the like.
Related Art

In a conventional focus detection apparatus for a KJ

single~lens feflex camer&;_tWo images of beams which

10 - pass through two differént pupil regions of a

- phoﬁographing lens aré received'by a pair of sensor

arrays aad are photoeleCtrically converted. A rélative.
positional displacement of’the'image signals as outputs
from thé pair of sensor.arrays is obtained to detect an .

15 amouﬁt-of out-of-focus (defocus amount) of the
phofographing lens. In this case, since only a
brightness distribution of a:specific area of the
object space is detected by the pair of sensors, a

' defocus amount cannot be detected in an object having

20 no brightness dlstrlbutlon in the specific area.

A plurallty of sensor palrs and the corresponding
focus detection optlcal systems a:e prepared to extract:
brightness distributions of the plurality of areas.
Therefore, focus detection for many objects has been

25 attempted, as disclosed in Japanese Patent Publication

No. 59-28886, Japanese Patent Laid-Open No. 62-212611,



1 and Japanese Patent Application No. 62-234895 filed by the present

appl.i cant. Wen an accunul ation type %ensor:is,used, aceurul ation time nust
"be optimally controlled ih 5 accdérdance with an object brightness level in
order to cause an output signal fromthe sensor to fall wthin the dynamc
range of a processing system In a systemhaving the plurality of sensor
pairs, when the accunul ati on operations of all the sensors are 10 conpl eted
Wi _thin the same accumul ation time, different brightness |levels are obtained
sitfice spatial areas of the object extracted by the respective sensor pairs

sensor s mmynot2Pal TSRFEATR THECTE PORLIFECTaRGRCof C2RE 3PS EiiRg Satem
For exanpl e, ifFﬁ%%%¥§%eg€r%%§g$é€££?sponding to an object has a high

bri ghtness | eve € ac Ion time is shortened in accordance with

a sensor pair corresppadi g 10chR1ALYSER BPbLi OBns8Pi 86t ugla Patterns are

rarely obtained fromother sensors correspondi ng to dark portions,

resulting in i ngeAYRRLLALEn Lhme must KIMNBHRMEE1JFHEohDVENMTEEN;According to

the invention there is provided a focus detection apparatus or an
automati c fpcusadfocddcd with an hobyjagt ot ighoneSs Uevett ianordppatat us

whi.ch has a '
cause an output signal from the sensor to fall within

the dynamic range of a processing system. In a system

.\.

N having the plurality of sensor pairs, when the
&‘) accumulation operations of all the sensors are
10 completed within the same accumulation time, diffgrent
‘brightness levels are obtained since spatial areas of
the object extracted by the réspective sensor pairs are
different. Thérefore, the range of image signals thus
obtained from the sensors may not fall within the
15 dynamic range of the pfocessing system.
For example, if a given portion corresponding to

an object has a high brightness level and the

™

i,/ accumulation time is shortened in accordance with a
sensor pair corresponding to the given portion, object
20 patterns are rarely obtained from other sensors
corresponding to dark portions, resulting in

inconvenience.

25



plurality of accunulation type sensor sections’ for detecting a brlghtness

di stribution of di fferent object aréas amnd mhlch perfoxns focus -
detection in the different .object areas, conpr|5|ng (a) an 10
accunulation time control «circuit for Lndependently controlling the .
signal accumul ation time of each. said sensor section; and (b) a o
processing circuit for processing accunmul ated signal of the sensor i
section whose accunulation time ecoBtrol has been conpleted, 15 sai d

processing circuit executing said processing to the sensor section whose -
accurul ation tinme control has. been conpl eted even before the accunul ation
time control of other said sensor sections has not yet been conpl eted. 20

How t he inventi BUMMARYcOR JFHE cENGENTEDPN| now be descri bed by way of

exanple only and with reference to the acconpanyi ng drawi ngs i n which:
(continued on page 5) -5- 1 BRI EF DESCRI PTI ON OF THE DRAW NGS: Fig lis
an opti cal dlagran1of a focus detectlon S st§n1|n .an ath tic fo§$

control appar at ACFFAING HRr Ehe LB¥APF§OL ﬁrgnﬁgdPWEWF
RS MRt A
arrangengyts having said focusl detection apparatus which has a-
plurality of accumulatlon type . sensor sections for
detecting a brlghtness dlstrlbutlon of different
object areas and which performs focus detection in the
different object areas, ' comprising: _(a) an
10 accumulation time control circuit for indepehdently
controlling the signal accumulatigﬁ time of each said -
sensor section; and (b) ai processing - Eircuit for
procéssing accumulated signal{of_ the sensor seétion_
whose accumulation time_ control has been completed,
15 said processing circuit executing said processing to
thé sensor section whose accumulation time control has
been coﬁpleted even before the accumulation time- \;)
contr01 of other said sensor sections has not yet been
completed.
20
How the.inﬁention may be carried out will now be

described by way of example only and with reference to

the.accompanying drawings in which:

{continued on page 5)



of a sensor unit SNS and a sensor driver SDR shown in 10 Fig. 2; Fig. 4 1is
a circuit diagramshow ng an arrangenment of a sensor shown in Fig. 3; Figs..
EA, 5B, and 5C are waveform-charts for explaining sensor drive tinings;. 15
Fig. 6 is a circuit diagramshow ng an arrangenent of an accunul ation
€ontrol circuit AGC shown in Fig. 3; Fig. 7 is a waveformchart for
expl ai ning a method of controlling atcnul ation by the circuit AGC shown in
F.ge.6; 20 Fig. 8 is a circuit diagramshow ng an arrangenent of an
anplifier VAMP shown in Fig. 3; Figs. 9A 9B, and 9C, Figs. | OA 10B, and
10C, and Fig. 11 are programflow charts for explaining operations of the

automatic focusing control apparatus for the canera according to the
pr esent ihve55£EE—QHﬁEEEEE£§E9§EQEEEQREQE§§§§I2 and 13 are views for

| ai ni i f the present j.nvention. - 6- DESCRI PTI ON OF
THE ENBODINENT G THE. ENVENTORBEAC e FAAPER e B0 £RR5FS4RE b ent
' ti ] crib Lt h. to. t cconpanyi ng dr awi ngs:
romFig. 1 et Bk ERedhhpel HELRRERy CohEra T FOERERLR SRE' Bous

‘detection apRaAtdlSa@sGAd fhd'%ed Cak h&npégﬁg&tigfe%éo&.egggtopt i cal system

I ncl udes an objective |ens
5 invention;

Pig. 2 is a circuit diagram showing an embodiment
of the camera according to the present invention;
W, Fig. 3 is a circuit diagram showing arrangements
of a sensor unit SNS5 and a sensor driver SDR shown in
10 Fig. 2; |
| Fig. 4 is a circuit diagram showing an arrangement
of a sensor shown iﬁ Fig. 3; |
Figs. SA:‘SB, and'SC-aré waveform charts for
explaining sensor drive timings;
15 - Fig. 6 is a circuit diagram showing an arrangement
of an accumulation control circuit AGC shown in Fig. 3:
Fig. 7 is a waveform chart for éxplaining a method
of controlling accumulation by the circuit AGC shown in
Fig. 6; |
20 Fig..8 is a circuit diagram showin§ an arrangement
of an amplifier VAMP shown in Fig. 3;
Figs. 9A; 9B, and 9C, Figs. 10A, 1l0B,
and 10C, and Fig. 11 are program flow charts for
explaining operations of the automatic focusing control
25apparatus for.the camera according to the present
invention shown in Fig. 2; and

Figs. 12 and 13 are views for explaining an

operation of the present invention.



(phot ographing lens) FLNS, a view mask MSK | ocated near a prospective focal
plane, a field lens FLDL, a pair of 10¢ lenses M1 and M2 (constituting a*
secondary optical system) and a pair of |éenses M)1 and MD2 (constituting a
secondary optical systenm) |ocated symretrical about an optical axis of the
‘obj ective |l ens FLNS and perpendi cular to each other with different base
Tine 15 lengths. In this enbodi nent,6the base line length of the pair o
| enses MOL and MD2 is set to be longer than that of the pair of | enses M1
and M 2. A pair of sensor arrays SNSI1 and SNSI 2 are arranged behind the
pair of lenses M1 and M2, 20 respectively. Simlarly, a pair of sensor

arrays SNSP1 and SNSQ2 are arranged behind the pair of.|lenses M1 and M?2,
respectlve}y EEE&%EEE&&ELéEiiQ%ﬁdﬂﬁﬁﬂﬂéﬁﬂé_éﬂiéagédNR Nﬁlpﬂipondence Wit h
. the pair of |enses

| DPOL a DP02
25 arranged in cor:xegﬁo;kgeg Jﬁ'tée'%e %lf &'?e‘?@% gs%llﬁ?{ﬂnﬁﬁ?n e

respectively. fd %§g§ h function .
for focusing trYe rdéagsr(rzsr -HIQ“ (}‘e% on efo' pﬁ%lelaégggé %f‘f Jand ARl 2
and the diaphr m,jﬂg@l% BRQ2 gn exit pupil areas ARO1 and ARO2 of the
obj ective | ens FCNS. Beans passing through the areas ARI1 and ARl 2

are incidept on therﬁ.@nsqr showdyY anrSl¥pth e &m u€S@ethi ¥Rl Yocusm larty,
beans passing through the areas ARO1l and AROZ are incident on the sensor.

arrays detectlon apparatus according to the present invention.

_The optical system includésfan objective lens
(photographing lens) FLNS, a view mask MSK located near
a prospective focal plane, a field-lehs FLDL, a pair of

10 lenses MI1l and MI2 (conStitutiﬁg1a'secondary optiéal' 

system) and a pair of lenses MOl and MO2 (constituting
~a secondary optical system) lOcéted symmetrical about

an optical axis of the objective lens FLNS and

perpendicular'to each other with different base line

15 1lengths. In this embodiment, the base line lendgth of
the bair of lenses MOl and MO2 is set to be longer. than
that of the pair of lenses MI1 and MI2. S .Q) -

A pair of sensor arrays SNSI1 and SNSI2 are |
arranged behind the pair of lenses MI1 and MI2, -

20 respectively. Similarly, a pair of sensor arréys SNSO1
and SNSO2 are arrangéd behind the pair of lenses MOl
and MO2, respectively. -Diaphragmé DPI1 and DPI2 are
arranged in correspondence with'the pair-of lenses MIl
and MI2, respectively. Diaphragms DPOl and DPO2 are

25 arranged in correspondence with the pair of lenses MOl

and MO2, respectively.



SNSO1 and SNS02, respectively. 10 In the focus detection system shown
i,bn Fig. 1, when a focal point of the Objective lens FLNS is located in
front of the prospective focal plane, object inmagés forned on the sensor
pairs cone close to each other. When the focal point of the objective |ens
FLNS 15 is located behind the prospective focal plane, objective inmages
fofned on the sensor pairs are separatet fromeach other. A relative
disspl.acenent of the object inages has a specific functional relationship

wi T the defocus ampunts. Wien 20 appropriate cal cul ati ons are performed
for sensor outputs in each sensor pair, a defocus anount of the objective

| ens can be; det ect ed

I n t.hi ptic ystem the pajr of sepsors_SNSO1 and
SNSO2 extratt a | i ghfrhfnof{}rﬁl%dﬁsefﬁ %ld"tqslbﬁ’%ﬁ 3 h€° H tp¢hieRefor
| ongi tudi nal dir. 1.Qn. i_I 2 .extract a |ight
amount distri butfl%c%\lsiq%gt EZ’QI at o) ggaﬁ%%ﬁ%n%?%r@s%’ég ;Sup:_.%_ 1
optical system | V Akl , el cY 1S ' e
base |ine of th%@ségggﬁakg\ryytaglgt ?‘?alﬁu?fggﬁi%( @Dll%ﬁnogféécﬁi '?%éd F%%g?tzﬁﬂi nal

direction is |oregk Phpill hakeaf ARA @Gy IPlikalosyadevéMdns and
M2) in the lateral direction, the relative positional displacenent of the
obj ect image i NFUNS.| oBgamsdipasls it @tircuyH tHearHasad IRRT 1 had | AR e
| ateral direction. Therefore, |ongitudinal focal

are incident on the sensor arrays SNSI1 and SNSI2,

respectively. Similarly, beams passing through the
o areas AROl and ARO2 are incident on the sensor arrays
SNSO1 and SNS02, respectively.
lQ ' In the focus detection system shown in Fig. 1,
when a focal point of the objective lens FLNS is
located in front of the prospective focal plane, object
images formed on the sensor pairs come close to each
other. When the focal point of the objective lens FLNS
15 .is located behind the prospective focal plane,
objective images formed on the sensor pairs are
. separated from each other. A relative displacement of
the object iﬁages has a specific functional
relationship with the defocus amounts.. When
20 appropriate calculations are performed for sensor
outputs in each sensor pair, a defocus amount of the
objective lens can be detected.
In this optical system, the pair of sgnsors~SNSOl
and SNSO2 extract a light amount distribution of the
25 object in the longitudinal direction. The pair of
sensors SNSI1 and SNSI2 extract a light amount

distribution in the lateral direction. Therefore, this



detection is nore accurate than lateral focal 10 detection. Since the

rel ative positional displacenent in the lateral directionis small, a

| ateral defocus amount larger than a |ongitudinal defocus anpunt can be
detected. Fig. 2 is a circuit diagramfor explaining an 15 arrangenent of
'the camera including the focus detection apparatus according to the present

I nventi on.

The arrangenents of the redfpective circuit conponents wll

described bel ow. Referring to Fig. 2, a camera controller (to be 20
referred to as a conputer herelnafter) PRS conprises a one-chip

m croconputer having a CPU (central processing unit), a ROM a RAM and an
A/ D conversion_function. The conputer PRS perforns a series of operations

such as audt onaPPELER

be

Jawi

o§§?§ef‘AE)3ncGRPFOW%&QW%CFWQBDf abdeetic focus

I / di t accordance
Sih camera schREkeRRs, o Sindelthe. ek lila g %astéﬁ"&'”:mucal 0- 1
e Controllor | YSERATKAREALES Moo S“Bheﬁ%k’%'éﬁi %é‘mgé:&%f%{%s?zﬁé and

a controller in"a

communi cati on §8ﬁ§éf'€ﬂa§'99§£so§LEHL &elBnadl

controlllng the operations of the respective C

muni-cat |

h
g'r (%gg?' ca‘t&n%’ryeﬁwe e e%n The

data signal SQng MU2pUinfErRe IQEeQQWEEEECE@Sn,a%ﬂet %1%1%@' gnal Sl .is
i nput thereto. The data

positional dlsplacement of the object image in “the
longitudinal direction is larger than that in the
lateral direction.. Therefore, 1ohgitudina1 focal

detection is more accurate than lateral focal

10 detection. Since the relative positional displacement

- in the lateral direction is small, a lateral defocus

.amount larger than a longitudinal defocus amount can be

detected. .

Fig. 2 'is a circuit diagram for explaining an

arfangement of the camera including the focus detection

~apparatus according to the present invention. The

arrangements of the respective circuit components will

be described below.

Referring to Fig. 2, a.camera'gontrollerhftb'be

referred to as a computer hereinafter) PRS comprises a

one-chip microcomputer having 'a'CPU (central précessing

unit), a ROM, a RAM, and an‘' A/D conversion. function.

- The computer'PRS performs a series of operations such

as automatic exposure (AE) contfol*functioﬁ and an
automatic focus (AF) control'fUﬁctiOn;'a film

winding/rewinding operation in accordance with camera

- sequence programs stored in the ROM. Fof'this pufpose,



signals SO and SI are output and input in response to 10 the sync clock
signal SCLK. A lens communication buffer circuit LCM supplies power to a

| ens power source terminal*VL during the operation"of the canera. The |ens
connunication buffer circuit LCM serves as -a comuni cation buffer between
'15 the canera and the | ens when the selection signal CLCMfromthe
conputer PRS is set at a high- potentlaP Nevel (to be referred to as "H'
IEMﬁi hereinafter; and a | ow potential level is referred to as "L" |evel
héfei nafter). 20 When the conputer PRS sets the signal CLCM at "H'

| evel and out puts predeterm ned data in the formof the output signal SO in

synchroni sy wi t h | PReK u tp buffer
signal s LCElandQE%lgoéb€E§£S| o@%ﬁ gggh%&Eﬁ hgfkgg%?%}oég%

conmuni cat i on C%técééméﬁév‘ﬁ88¥tQﬁdcﬁnﬁéﬁtﬁaiﬂs?e ihegsieft bhewiapR time, a
buffer signal of a signal DLCTromthe Lens Is output as the”input “signal

SI. The - 10 cofmaRitLtidiRSsigRL1Y¥E80!, 81l eBELRFt andS chbiuniRdl igrgnal Sl
in synchronismw th the clock signal SCLK. A switch detection & di spl ay -

circuit DDR is selectibohvwhbgnabe csLonal CSDRR aadsebDRY thlerkdyel and is 5
controlled by the computer PRS using the signals SO SI, and SCLK. Mre
speci fical By, t¢entrollingDbhe chpegetiandi ofl thecpaspattibfreacdrepliays nenber
DSP of the canmera on the basis of the data sent fromthe
and the lens.
The data signal SO is output from the computer
Khj PRS, and the data signal SI is input thereto. The data
signals SO and SI are output and input in response to

10 the sync clock signal SCLK.

A lens communication buffer circuit LCM supﬁlies
power to a lens power source terminal VL during the
operation of the camera. The lens communication buffer
circuit LCM serves as a communication buffer between

15 the camera. and the lens when the selection signal CLCM
from the computer PRS is set at a high-potential level
(to be referred to as "H" level hereinafter; and a
low-potential level is referred to as "L" level
hereinafter).

20 When the computef PRS sets the signel CLCM at "H"
level and outputs.predetermined data in the form of the
output signal SO in synchronism with the signal SCLK,
the buffer circuit LCM outputs buffer signals LCK and
DCL of the signal SCLK and the signal SO through

25 communication contacts between the camera and the lens.

At the same time, a buffer signal of a signal DLC from

the Lens is output as the input signal SI. The



conput er PRS and informs the conmputer PRS of the OV OFF 10 states of

vari ous operation nenbers of the canera through conmunication. Switches SW *
and SW2 are interlocked with a rel ease button (not shown). The switch SW
is turned on upon the first half depression of the release 15 button, and
fthe swwtch SW2 is turned with the second half depression of the rel ease )
Yutton. The conputer PRS perforns phetdfetri-c and AF operations when the ~.f
switch SWL is turned on. The conputer PRS perforns AE control and
subsequent filmw nding by using an ON'20 signal as a trigger signal from
the switch SW2. The switch SW2 is connected to an "interruption I nput

termnal" of the conputer PRS. Even during.execution of .a program upon an
ON operati &n of CPRRU %Ft%ﬁsSﬁﬁceéﬁeﬁanﬁgﬂ&PsfﬁﬁHQlﬁ§sﬁﬂq(ﬂP ﬁ%ﬁ%ﬁ#upts

oS SRRt L2 SRS BT Lt 00

ramis i a | MRT1 and a
mrror up/domn nd s S h

. MDR1 and MDR2, e§$%€$$v§? gﬁﬁggegngégglggre revers?% eq%%¥%g' ﬁhlchvggﬁ

be rotated in tfeh OLHE! g1 gnal BBHDRCYE! SELIRECOHOTRve SRRl M P MR

M2F, and MZR |npu fromt conput er to the notor drivers MDRL and MDR2
are notor gont f@éméfsmé& byhthé Eohp@REr ABHS @@inglitid Biddames oyt

magnets MGl and M2 are energi zed by anplification transistors 10 TRl and
TR2 in responsesip &h&ﬂ§¢§Kfmmﬂoﬁédsﬁﬁﬁﬁflaally, the circuit DDR
changes a display content of a dlsplay member DSP of -
. the camera on the basis of the data sent from the \4 
computer PRS and informs: the 'c:o:ﬁpu_te"r PRS _6f the ON/OFF
10 states of various operation membérs of the camera
through communiéation. |

-Switches SW1 and SW2 are 1nterlocked with a
release button (not shown). The switch SW1 is turned
on upon the first half depreSsion'of the release

15 button, and the switch SW2 is tufnéd with the second
half depression of the release.bﬁiﬁon. The computer
PRS performs photometric and AF'operétiOns when the g;
switch SW1 is turned on. The computer PRS performs AE
control and subsequent film winding by uSing'an"0N

20 signal as a trigger signal from the switch SW2.

‘The switch SW2 is cénnectetho an "interruption
input terminal" of the computer}PRSi. Even during
execution of a program upon an ON operation of the
switch SW1l, an ON signal from the switch SWZ interrupts

25 the presently executed program, sd'that"a predetermihed

interruption program is immediately executed.



that shutter control is perforned by the conputer PRS. The switch detection
and display circuit DDR, the notor drivers MDRL and MDR2, and shutter
control are not directly associated with the present invention, and 15 a
etail ed description thereof will be omtted. A control circuit LPRS is
arranged in the lens. The signal DCL input in synchronismwth a clock
sjgnal CLK is instruction data input'fﬂ&nrthe canera to a photographing
| ena<LNS. Lens operations of the 20 instruction are predeterm ned. The
comfrol circuit LPRS analyzes the instruction in accordance with a
predet erm ned sequence and perforns AF control and AE control and outputs

dat a repreg{a”“ ng OPK! @5&Hgf38§$§§t§%t MRG 1 %%%te%t e Wéﬁﬁgfﬁﬂa’

driving states of 25 focus con I cal” system an rag

vari ous paranet Eﬁﬁtf:&?esﬁﬂh%eg?agggg%ﬂm MR Wre driven ;br% f‘d&%@pﬁé‘”d a

coefficient of a displacenen S anobunt vs. focus c I ca

system). In thigpaibadan@pkz,t BespeBs ikve19XeMiiddeethdiords zaQm | ens.  Wen
a focus control instruction Is sent 5 fromthe camera to the zoom |l ens, a

focus control npéversibReimotbryewhbyhscgnabe Kdtaaud LiYR dHe aFaarddance
with data representing the drive anount and its direction. The focus
control optsi cal asgisteversendiedctionbe dsignkilen MIF ,0MIR,aIM2FK] sand IM2RDY
performng 10 focus control. A displacenent of the optical systemis
control | ed as -fdnpetsfrom pheteempuhen BR§nio fhst eotor drivers MDR1

and MDR2 are motor control signals.
K,/ _ Shutter front and rear curtain drive start magnets
MGl and MG2 are energized by-amplification transistors

10 TRl and TR2 in response to signals SMGl and SMG2, so

that shutter control is performed by the compﬁter PRS;
‘The switch detection and display circuit DDR, the

motor drivers MDRl1 and MDR2, and shutter control are

not directly associated with the present invention, and

15 a detailed description thereof will be omitted.

A control circuit LPRS iéuarranged in the lens.
The signal DCL input in synchronism with a clock signal
CLK is instruction data input from the camera to a
phoﬁographing lens LNS. Lens operations of the-

20 instruction are predetermined. - The control circuit
LPRS ‘analyzes the . instruction in accordance with a
predetermined sequence and performs AF control and AE
control and outputs data representing operating states
of the respective components (e;g., driving states of

25 focus control optical system and diaphragms) and |

various parameters (the smallest f-number, a focal



pivoted interlocking with the optical systemis detected by a photocouplér,_
SENCF from an encoder circuit NCF foor outputting signals 15 *

a pul se signa
correspondi ng
Jis counted by

to the displacenent is nonitored, and the nunber of signals
a counter in the circuit LPRS. Wen the count reaches the

‘di spl acenent val ue sent to the LPRS, the circuit LPRS sets the signals LM

and LMR at "L" level, thereby brakingl# 20 notor LMIR Once the focus
control instruction is sent fromthe canera to the |lens, the canera

controller conprising the conputer PRS need not involve in |lens driving
until lens driving is conpleted. Wien a 25 request fromthe canera is

detected,l;he

.el, . he - -13-
fgﬂﬁgﬁ% rg dF QGFSQ%’%E%&&%” ol.}ce aS ed}:[srﬁtfahéengearfére ?%ef?féu§ ens,

When an exposure i nstruction s sent fromtne :
known st eppi ntabhRt PRTRebEud! YRR GpciedNGyllamly aom in accor dance
wi th a stopping-down count sent fromthe canera. e stepping 5 nmoni t or

is controll ed

a

by apnopRris! efBod2ndnd) @ReCdRr«Ori JTUUdMYP1 8 dd %yf)@rat ion

is not required. An encoder circuit ENCZ is connected to the zoom | ens
system The ciZéomt1eRRS rwhehvas facaisgeoh tTICA Hgtadtioor P den€i r cui t
ENCZ to detect a zoom 10 position. Lens paraneters at zoom positions ar

stored i n5t he

£oomrthe ccamera t&REheV\seoma lemgyest fioswmerdorftxon trietor

comput er PRS on the camera side, a paramneter .

10

15

20

25

LTMR is driven by signals LMF and LMR in accordance
with data representing the driveqambunt and its-
direction; -Thé:focus control optical sYstem is moved
in the direction of optical axis, théreby:performing
focus contfol, A displaceﬁent'of the optical éystemfis
controlled as follows. A'pattern 6n_a.$igna1 plate
pivoted interlocking withfthe-opticél sYstem is
detected bj a photocoupler, a pulse signal SENCF from
an encoder:circuit NCF for outputting signals
corresponding to the displacement is monitored, and the
number of signals is couﬁted-by'agcounter in the
circuit LPRS¥ When the count reaches the disp1aéement
&alue,sent to the LPRS, the circuit LPRS sets the
signals LMF and LMR-at."L"_leVel, thereby braking a
motor LMTR.

_ Once the focus control instrﬁétion is senﬁffrom |
the camerafto the lens, the camera controller
comprising the computer PRS need.not involve in lens
driving until lens driving”ié completed. When a
request from the camera is detected, the contéﬁﬁ'of the

counter can be sent to the camera.

e.

'Q;) .



corresponding to the present zoom position is sent to the canmera. 15

An exposure control photonetric sensor SPC receives light froman object

through t he phot ographing lens. An output SSPC from'the photonetric sensor
PC Ts input to an analog input termnal of the conputer PRS. The input

nal og signa

I's converted into digital (20 data, and the digital data is

processed in accordance with a predetérnrnéd program thereby using the
procgssed data for AE control. A driver SDR drives a focus detection line
sens®r unit SNS. Wien the signal CSDR is set at "H' l|level, 25 the driver

- SDR is selected and controlled by the conputer PRS using the signals SO and

SI and the
driver SDR

I gnal
o the

SClgthen a s@‘ré' gBﬁltrLﬁr E@%ku%"l'ﬁ%l 8¢ TSP t

sensor Unlt IS a Si ronlthe conput er

The signal [err]gg é&h@f&st&nehaf 1&hs8, oat R%smf sedpbiag Helidudivial ssensor
array pair (SNSOL and SNS02) and 5 the lateral sensor array pair (SNSI1

Whedy i ¥én st@na@tiver theEliaphkhgiodn wecoddane¢ewithha

and SNSI 2) .

| ongi t udi nal -

sensor array pair is selected. After charge accunul ati on,

I mage signal s arstogppindgt+downtotntr senthérsenthe sameys .SNIhe am&ppmng
SNSO02 from an 10
[err] HRS, r6&speatonetgr V#econtroligdaby[ enr pSER (18BP) ands@n gncade | evel ,

the | ateral

sensor

out put VOUT in synchrorismw th clock signals [err]SH and

arrays are selected,

for monltorlng its operatlon is not requ1red

An encoder circuit ENCZ is cdnnected to the zoom

lens system. The circuit LPRS receives a signal SENCZ

from the encoder circuit ENCZ to detect a zoom

in

10 position. Lens parameters at zoom positions are stored

the control circuit LPRS. When a request is sent

from the computer . PRS on the camera side, a parameter

corresponding to the present zoom position is sent to

the camera.

15

An exposure control photometric sensor SPC

receives light from an object through the photographing

lens. An output SSPC from the photometric sensor SPC

is

input to an analog input terminal of the computer

PRS. The input analog signal is converted into digital

20 data, and the digital data is processed in accordance

with a predetermined program, thereby using the

processed data for AE control.

A driver SDR drives a focus detection line sensor

unit SNS. When the signal CSDR is set at "H" level,

25 the driver SDR is selected and controlled by the

computer PRS using the signals SO and SI and the signal

SCLK.



and i mage signals are sequentially output fromthe |ateral sensor arrays
SNSI1 and SNSI2 in the order 15 naned. A nonitor signal VPO is output from
an object brightness nmonitor sensor |ocated near the |ongitudinal sensor

~arrays SNSO1 and SNS02. A nonitor signal VPl is output: froman nonitor

- sensor |ocated near the lateral 20 sensor arrays SNSI1 and SNSI 2. The

~potentials of the monitor signals WO énd VPl are increased fromthe start:
of signal accunul ation, thereby controlling the signal accumnul ati on of tiM
sensor arrays. Signals [err]RES and [err] VRS are clock signals for 25
resetting the sensors. Signals [err]HRS and [err].SH are clock signals for
reading the image signals.. Signals [err]JO.and Jerr] Tl are clock signals
for term hating ac&urﬁﬂ%fﬁ]bré L s_ué%{.yl{ from the dpiyekit SRRDE® them t he

driver SDR is an. i " obtai ned cal cul ati a_difference between
a dark current® onusto[)gﬁ_tq‘%a%d e ﬁsm%esﬁqﬁé)gl%?'?o{ﬁ? hECBRIESF BRfr Sns
and anpl | fy! NGde U Cidls Wit ondlabf AR SHLAKL Pl pRLECt
brightness | evel. e dark current output has an output Val'le of pixels
shi el ded i n eaghgRiRAnA 'hsot Gl dy §a SOR SRS Sarta CAHPEGH | 04ng0 hol d
its output in response to-a signal DSH fromthe conputer PRS and perforns
differentsal Ihe amddridicaldnydbel padir hedNE Sl Gitd NS dNe i wReR |
signal. The output VIDEO is connected to the analog input termnal of the
conput er PRS. thee sigmalt §SEPRYSEL) goes to "H" level, the ' :

longitudinal sensor array-pair-is §eiécted; After
charge accumulation, image signals'afe'serialiy output
from the sensbr-arrays'SNSOI-ahd thén SNSOZ from an
10 dutput-VOUT in synchronism with qloCk signals @#SH and
@#HRS, respectively. When the Signai #SEL (SEL) is set
'at'“Lf level, the lateral sensor arrays afe'éélected,
and image signals are sequentially oﬁtpﬁt‘from_the
lateral sensor arrays SNSI1 and SNSI2 in the'order
15 named. |
A monitor signal VPO is output from an'objéct
brightness monitor sensor located near the longitudinal ;J
sensor arrays SNSOl1l and SNSO2. A monitor signal VPI is
. output from an monitof #ensor located near the lateral
20  sensor ar:éys SNSI1 and SNSI2. The potentials of the
monitor signals VPO and VPI are  increased from the
start of signal accumulation, thereby controlling the
signal accumulation of the sensor arrays.
Signals ¢RES and @VRS are cloék'signals for
25 resetting the sensors. Signals ¢HRS and éSH are clock
signals for reading the image signals. Signals #TO and

¢TI are clock signals for terminating accumulation.



converts the analog signals into digital signals, and these digital signals
are sequentially stored at 15 predetermned addresses of the RAM Signals
/ TINTEO and / TINTElI represent that the horizontal sensor array pair (SNSO1 -
nd SNSO02) and the lateral sensor array pair (SNSI1 and SNSI2) are optimally
changed, respectively. The conmputer PRS executes image signal read access
upon 20 reception of the signals / TINTED and / TINTEI. A signal BTIME
determnes a timng of a gain of the image signal_anplifier in the driver
SDR® When the signal BTIME*is.set at "H' level, “the.driver SDR deternines
the gain of the anplifier in accordance with 25 the voltage of the signa

Lorr RES, [Brr]vRs, et SAPTE,fia, HHE afvaf SbR' £o' 45 Tadif 0o,
“accunl at i on SCAAoridn, PR A OGS T BLEARLET BERflen o

accumul ation opglAh %x@eﬁﬂq%wraﬂﬁ‘!ﬁhél\ﬁnaée. sign?lT{}BUJrOQQHn“@hQal

and | ateral sensors perform photoel ectric convefrsion”of object | nmages, an

the charge is age@nBdrtald BNNARENSPLINPIOP! €RéraLeEepBAdUGEEREREMENt S,
At the sanme tinme, the outputs VPO and VPI fromthe |ongitudinal and | ateral

bri ghtness 40 rpaiin d@eteandwed &y dmwiehset. br Wietnébdeskeoulput Thet enti al s
reach predetermned | evels, the signals /TINTEO and / TINTElI in the driver
SDR are i ndependantikd yurrent output has an output value of pixels
shielded in each sensor array. The driver SDR causes a
.k,/. capacitor to hold its output in response to a Qignal
DSH from the computer PRS and performs differential
10 amplification between the held signal and the image
signél. The output VIDEO is connected to the aﬂalog
inéut terminal of the computer PRS. The computer PRS
converts the analog signals into digital signals, and
these digital signals are sequentially stored at
15 predetermined addresses of the RAM. Signals /TINTEO
and /TINTEI represent that the horizontal sensor: array
~pair (SNSOl nd SNSO2) and the lateral sensor array pair
(SNSI1 and SNSI2) are optimally changed, respectively.
The computer PRS executes image signal read access upon
20 reception of the signals /TINTEO and /TINTEI.

- A signal BTIME_determines a timing of a gain of
the image signal amplifier in the driver SDR. When the
signal BTIME is set at “"H" level, the driver SDR
determines the gain of the amplifier in accordance with

25 the voltage of the signal VPO or VPI.

- Clock signals CK1 and CK2 are used to generate the

signals ¢GRES, ¢VRS, 6HRS, and ¢#SH.



set at "L" level. The conput er PRS assigns a predeterm ned vvéveform 15 to

the clock signal CK2. The driver SDR outputs the clock signals [err]SH and_*

[err]HRS to the sensor unit SNS on the basis of the clock-signal_
sensor unit SNS outputs an inmage signal in response to the clock signal.
PRS causes the A/D conversion 20 function to convert the

“The conput er

CK2. The

‘dutput VIDEO input to the anal og input i6erninal into a digital signal in s/

synchronismw th the clock signal CK2 output fromthe conputer PRS. The

resultant digital signals are sequentially stored at predeterm ned
addresses of the 25 RAM O the circuit conponents descri bed ab'ove
detail ed arrangenents of the sensor unit SNS and the - . ensor

driver SDRIwhich ar eTh&r cPEBRAEEy PRSs S8t dhanisignale cfﬁré% e'f'f? eh‘?Y%h

w |l be described_ with reference t ai.r .of, 1 ongit udi naI '
si gnal det ecti ofi8 °u§BH§8r aPF&??ggﬁggRG% .ﬁ&P gl*aau “Iéu r I o

| ateral inage SI nal ct ensar ay R are
arranged in the€ BHaB; r’gﬁjt kgﬁs HheTs rli??drigr%}%y;& 1§l\5‘%3%(51%[\&(E‘g“k%NSPXOZ and

t he sensor arraXéc@N?Eéjtloﬂng Q@@{Bg ggsq:% %%‘i’x- I S§Pr arrays 1Q

SNSOL and SNSO2™an
DRCKTOL, D%Z@on%@ﬁahﬁalaaﬂd%&%m%@ﬁdw%fﬁ:@nd read

Circuits

e-sensor arrays respectively.

operations of the

10

15

20

25

photoelectric conversion of object images, and the
charge is accumulated in the sensor photoelectrlc
transducer elements. At the same time, the outputs VPO
and VPI from the longitudinal and lateral brightness
monitor sensorsﬁare.increased; 'Wheﬁ these Output
potentials reach predetermined levels, the signals
/TINTEO and /TiNTEI in the driver SDR are independently
set at "L" level. | |

‘The computer PRS assigns a predetermined wéveform
to the clock signal CK2. The driver SDR outputs the
clock signals dSH and ¢HRS to the sensor unit SNS on
the basis of the clock signal CK2. Thé'senédr unit SNS
outputs an imagé signal in response to the.éicck |
signal. The compﬁter PRS causes the A/D conversion
function to convert the output VIDEO input to the
analog. input terminal into a digital signal in
synchronism with the clock signal CKZ-output from the
computer PRS. The resultant digital‘signals'aré

sequentially stored at predetermined addresses of the

" RAM.

Of the circuit components described above,

~detailed arrangements of the sensor unit SNS and the



respective sensor arrays. Shift registers SNSSRO1, SNSSRO2, .SNSSRI 1, and
SNSSRI 2 sequentially output 15 charge signals accunulated in the pixels of
t he sensor arrays. A pair of~sensor arrays AGCPXOL 'and AGCPX02 nonitor an
obj ect brightness level in the longitudinal direction, and a pair of sensor
arrays AGCPXI1 and AGCPXI 2 nonitor an object brightness level in the 20

| ateral direction. These sensor arraylgarrs are located near and parall el
tQ_rhe i mage signal detection sensor arrays in point symetry. Circuits
AGEEKTOL, AGCCKTO2, AGCCKTI 1, and AGCCKTI 2 read charge signals fromthe
noni tor sensor arrays; respectively. 25 The arrangenment .and operation

of the sensor upj 1L b escLihed in_nore _detail, wi.th reference to Fig.
4. The enso?é%?¥%yé5%§?ﬂiéﬁgnggéfheﬁfeig%ﬁ%ﬁﬁﬁ%ﬁﬁ%ﬁiﬁﬂf%ﬁfﬂi nul ati on
t ype photoel ectyi £yt L4 er. el ay :§Qngi.sty ng .qf t,otransi st or
array disclosedw%%hJ%%%iggégégge%ﬁsgéFggépﬁﬁa%o%? ?Sg%§§$§g%Qhﬂghd
60-12765. The photoplscdri& Fignsgucer element is different froma known
CCD or MOS sensor. A charge proportional to incident light is accunul ated

in a base portion. A safRabfCP6AERRATHAT ERabBe saemalIgaitrE Gy ge anount
10 is output in units of elenents. The operation of the photoelectric

t ransducer sel enssisos #hSLY OSSNSPXO1 hendbSNEPROROaNdr s padnd of deltdidLd
description thereof will be omtted.
image signal detection sensor arrays SNSPXI1l and
SNSPXI2 are arranged in the sensor unit SNS. The
" sensor arrays SNSPXOl and SNSPX02 and the sensor arrays
SNSPXI1 and SNSPXI2 cdrrespond to the sSensor arrays
10 SNSOl and SNSO2 and the sensor arrays SNSIl1 and SNSI2,
respectively. Circdits DRCKTO1l, DRCKTO2, DRCKTI1l, and
DRCKTI2 perform éontrol and read operations of the
respective sénsor.arrays. Shift registers SNSSRO1,
SNSSRO2, SNSSRI1, and SNSSRI2 sequentially Oufput
15 charge signals accumulated inlthe pixels of the sensor
arrays. A pair of sensor arrays AGCPXOl and AGCPXO02
- monitor an object brightness level in the longitudinal
direction, anq a pair of sensor arrays AGCPXI1l and
- AGCPXI2 monitor an object brightness level in the
20 lateral direction. These sensor array pairs are
located near and parallel to the'image signal detection
sensor arrays in point. symmetry. Circuits AGCCKTO1,
AGCCKTO2, AGCCKTI1l, and AGCCKTI2 read charge sighals
from the monitor sensor arrays, respectively.
25 - The arrangement and operation of the sensor unit

will be described in more detail with reference to

Fig. 4.



Referring to Fig. 4, the gates of p-channel MOS 15 transistors MOS5
connected to the bases of bipolar transistors TRl serving as photoelectric -
transducer el ements MOS5 are commonly connected and receive a sensor reset

¢l ock signal [err]RES' . The sources of 'the MOS transistors MOS5 are
‘commonl y connected and receive 20 a constant potential VBG The gates of ™
MOS transistors MOS8 connected to theel¥tters of the transistors TRL are
comonl'y connected and receive a reset clock signal [err] VRS . The en1tte@s/
of the transistors TR1L are connected to capacitors CT.25 through MOS

transi stors MOS11, respectively.” The charges of the capacitors CT are

[nput He aq'?ﬁépgﬁaﬁgﬁLLLL?Eﬁ%g%QNPPé Seq +ﬁ|%W?? iﬁéﬁéd15n089551§HFF§
register SNSSR-b}hﬁnsQbEhmh§@E¥6ﬂ}€§$Sﬁ%4 é%%ﬁ?ks %p§§ ?%ﬁdSIQHa

termnal of "H' Tevel iIs sequentia I'n respon cl ock

signal 5 [errbSHmenEhﬁrgaye%dwéﬂé%iﬂd‘ﬁ?“éﬂéﬂf2§€§3&$f%@ EOQPBQLV

connected and recei ve an accumul ati on end cl ock

represents O ordliscllbsédi $nl Japasesiel PeRerSs IKE-de ﬁfﬁbéc"@b1995ﬁ9
sensor arrays; however 10 if * is O then it corresponds to the lateral

sensor arr&ys).antle6Dapav656L the output. anplifier SNSAMP is connected to
G\D t hrough a MOS transi stor MOS14. A read cl ock signal [err]HRS' i s input
to the gate of the The photoelectric transducer element is different
from a known CCD or MOS.sensor, A charge-proportlonal
to incident light is accumulated in a base pdrtion. A 'Tkﬁf
signal corresponding to the accumhlafedvéharge.amount
10. is output ip units of elements;' ThéJopéfation of the
-photoelectric transducer element is disdioSed'in the
above priotr arts, and a detailed déscriﬁtion thereof
will -be omitted.
Referring to Fig. 4, the gates of p-channel MOS
15 transistors MOS5 connected to the bases_of bipolar
transistors ?Rl serving asuphofoélectri¢ transducer
elements MOS5 are commonly connected and receive a C;
sensor reset clock signal ¢RES', 'The sources of the
MOS transistors MOS5 are cdmméhly cbnnécted'and receive
20 a constant poténtial VBG. _
The gates of MOS.tranSistéfé MOS8 éénhécted to the
emitters of the.transiétors.TRliare cdmmbnly'cOnnected )
-and réceiVe a reset clock signélV¢VRS'. ‘The emitters
of the transistors TR1 are'connééted'to capacitors CT
25 through MOS transistors MOS1l1, respectively. The
charges of the capacitors CT are input ‘to an output

émplifier SNSAMP through MOS transistors MOS12.

TN e



transi stor MOS14. 15 The gates of p-channel MOS transistors MOS6
connected to the bases of the bipolar transistors TR2 serving as
phot oel ectric transducer elenents are commonly connected and receive the
Sensor reset clock signal [err] RES in the sane manner as in the
Yransistors 20 MOS5. The sources of_tfga MXS transistors MOS6 are conmmonly
connected and receive the constant voltage VBG The enitters of the

txafisi stors TR2 are commonly connected and a common out put signal therefrom
i s~Tnput 25 to an output anplifier AGCAMP. The input of the output
anplifier AGCAMP is connected to G\D through a MOS transi stor MOS9. - 20-
A bl ock SNSPX represeheedraysistiiMUBI |0ny sighatoidl dashiechéd neni s an

i mage signal detection sensor array constituted by the plurality of bipolar
transi st ors TRlbgeavshdfas regdistere GNISR.t r ated e £15 regl sraant SNSSK bsock
DRCKT is a control and read circuit for the sensor array SNSPX and
conpri ses the pagrahged shchOshatagsissitgnasl NMeSRindile qff UYRH ilevel MOS
transi stors MOS11, the plurality of MOS transistors MOS12, and the
plurality of capagredtiatly shdfdedpdn respansg fieresdsaRckirmigmel MOS
transi stor. MOS14, A bl ock AGCPX represented by an alternate | ong and short
dashed 1in@is ﬁsﬁffghtness noni tor sensor array constituted by the
pyurality of bipo{arTﬂéagnggogi the transistors MOS1ll are commonly
connected and receive_an'accumulation'end clock &T**
(U (where * represents O or I; if * is I, then it
corresponds to the longitudinal sensor arrays; however
‘10 _if_* is 0, then it corresponds to the lateral sensor
arrays). The input of the output amplifier SNSAMP is
connected to GND through a MOS transistor MOS14. A
read clock signal ¢HRS' is input to the gate of the
transistor MOS1l4. |
15 . The gates of p-channel MOSItransistors MOS6
connected to the bases of the bipolar transistors TR2
serving as photoelectric transducer elements are.
commonly connected and receive the sénsor reset clock
signal 4RES' in the same manner as in the transistors
20 MOS5. The sources of the MOS transistors MOS6 are
commonly connected and receive the constant voltage
VBG.
The emitters of the transistors TR2 are commonly
connected and a common output signal therefrom is input
25 to an output amplifier'AGCAMP.
The input of the output amplifier AGCAMP is

connected to GND through a MOS transistor MOSS.



TR2. A block AGCCKT is a read circuit for the sensor 15 array AGCPX and .
conprises the plurality of MOS transistors MOS6, the output anplifier
AGCAMP, and the MOS transistor MOS9. An operation of the sensor array will
pe described with reference to a timng chart in Fig. 5A 20 : The ._
si.gnal s SCLK, SO CK1, CK2, and BTIME_asg control signals input fromthe )
conmputer PRS to the driver SDR The signhals [err]RES, [err]VRS, [err]TO i
[err]TI, [err]SH, and [err]HRS are clock signals input fromthe driver SDR™
to the sensor unit SNS. 25 The cl ock signal serves as the signal
[err]RES in Fig. 4; [err]VRS, as [err]VRS ; [err]SH as [err]SH; and
[err] HRS, a% [err] HR& .block éNSPXlrepresentahebﬁ|Qﬁkaihgﬁﬂhie[QB TQn@nd
[err] TI are accunul ation-end clock signals for the |ongitudinal and |ateral
sensor arrays arshart dasteskrdian | i/s sapplnmaget 9ighelsdeteetdbhagensor
Referring to Fig. 4, the signal [err] TO serves as 5 [err] T*' for the

| ongi t udi nal se®¥FFavarganstitinted thie thgrplufalitFfGosebipelax [err] T*' for
the lateral sensor array. The-signals [err]VRS and [err] TO ([err]Tl) are
set at "H' | evelt¥@nsishong TRInFameing @l Pheteq kestricstrapsducer| evel at
time t2. Al the _p-channel transistors 10 MOS5 are turned on, -and the

pot enti al G i SNt « & PaRCRE 1§ |2 (FRAEFQhsRBEAoFSadREITPRES cach

of the residual -f%%t%%g%l.s gf tr}e b-a's%ifsel’g{ t héf: _éérghgli_-gégris:h'erRlltilga gwer

than the potentia ST Fe ST i épe P | P Y

of MOS transistors MOSS5, the plurality of MOS
transistors MOS1l, the plurality of MOS-transistors N k?
| MOS12, and thelplurality of. capacitors CT, the output

10 amplifier SNSAMP, and the MOS transistor MOS14.

A block AGCPX represented by an alternate long and
short dashed line is a brighthéSs monitor sensor array
cqnstituted by the plurality of bipolar transistors
TR2. A block AGCCKT is a reéd circuit for thersensor

.15 array AGCPX and comprises the plurality of MOS
transistors MOS6, the outpﬁt-amplifier AGCAMP, and the .

MOS transistor MOS9. | ' o W

An operation of the sensor array will be described
with reference to a timing chart in Fig. 5A. .

20 ‘The signals SCLK, SO, CKl, CK2, and BTIME are
control signals input from the’computer PRS to the
driver SDR. The signals.éRES,"¢VRS, ¢TO, ¢TI, ¢SH, and
$HRS are clock signals input from the driver SDR to the
sensor unit SNS.

25 The clock signal serves as. the signal #RES' in
Fig. 4; ¢VRS, as @VRS'; ¢@SH, as.ésﬁ';’and $HRS, aé

¢5HRS'7



into the bases. O herw se, an excessive charge is 15 reconbined. Finally,
the charge having the potential VBGis held in each base. Meanwhile, since
the signal [err]TO ([err]Tl).-is kept at "H' level, the charges in the
capacitors CT are cleared through the MOS transistors MOS8. 20 When
the signal [err]RES is set at "H' level at time t3, the charges held in the
bases are gradual |y reconbi ned and disappear since the signal [err]VRS is
held/at "H' level. Since the charge having the base potential as VBGis

hel ®at the base of each transistor 25 TR1, the charges left in the bases
of the transistors TR1L are equal to each other at tinme t4 regardless of the

magni t udes of the ch es hel,d pbrior.to,Line t2. -22- \Wien.the signals

kggg]VRg Sgélgerr]T() fﬁnﬁﬁaj%i%%$?%}sL¢&¢e%%% QFILPﬁgh?EFuFHéaFFSHfggggrs
an r : : enerated by

l'i ght punping ofé%%:}?_t at oa{r)iL arfed:%%%é_rm %%ﬁ?i?ﬁ% gnﬁ_ gégggagf s?ﬁgor _

transistors. A difByd Ul ‘e [fifagdiBeid1y OsibfEibd 18 Bnbe3ghegperation

period of the sensor unit. Wen a predeterm ned accumnul ation tinme has

el apsed, the transtfior s RéFakh @if €aIrEig, 0f, 0ghéNgignad 4R6" edves as

corresponding to a pulse width of the pulse [err]TO ([err]Tl) fromtine t6
to tinme t7.5Si grEt’s' cfor edporidinyg tudinel cdexiges aceay)| eheédebyheéhe bases
of the transistors TR1L are shifted to the capacitors CT by the
_ signal ¢#TO serves as ¢T*' for the lateral sensor array.
The signals @VRS and 4TO (4TI} are set at "H"
kwj level at tiﬁe tl, and the signal ¢RES is set at QL“
level at time t2. All the p—chénnel MOS transistors

10 MOSS are turned on, and the potential VBG is applied to
the bases of all the transistors—TRl. When each of the
residual potentials of the bases of the transistors TR1
is lower than the potential VBG, changes are ihjected
into the bases. Otherwise, an excessive charge is

15 recombined. Finally, the charge having the potential
VBG is held in each base.

Meanwhile, since the signal 4TO (#TI) is kept at
"H" level, the charges in the capacitors CT are cleared
| through the MOS transistors MOSS8.

20 When the signal JRES is set at "H" level at timé
t3, the charges held in the bases are gradually
recombined and disappear since the signal #VRS is held
at "H" level. Since the charge having the base
potential as VBG is held at the base of each transistor

25 TR1l, the charges left in the bases of the transistors

TR1 are equal to each other at time t4 regardless of

the magnitudes of the charges held prior to time t2.



transi stor operations. Therefore, the bases of the 15 transistors TRl
continuously accunul ate optically excited charges without a decrease in
charge accunul ated in the bases. Wien the signal [err]HRS is set at "H'
~level during a time interval fromtinme t8 to time t9, the transistors 20 _°
' MOS14 are kept on during this time interval to renmove the charges left in
‘the stray capacitances of a read |ine2RDEN to the ground GND. Scanni ng g%';
the MOS transistors MOS12 is started by the shift regi ster SNSSR oper atet
in response to a pulse the signal [err]SH 25 during a tine interval from
time tIOto tine t1ll. Wen the transistors MOS12 are turned on, the

signals held by th §igo) r it . a tecm nal VOJT', -23-'1
th?ough tEe reéd_Iﬁﬁ%gggﬁé;éé?%%%goﬁyggtggépkgpiép%gﬁsﬂﬂPFogyzrepeating_'
the above operpljdNise inei ORal enonekorkELbEENbEsCARYCHbET 104HNg (he
accunul ation 5 period fromtine t4 to tine t6 can be sequentially read.

In this mannerguhan dfe. r eacbiPPes 84 | Romeht ! hensi aﬁakgeéreghaght%eby -

transistors TRl is conpleted, the reset operation is performe agaln_from
time tl to tinegHt tphmpgiiry &y ested taeoh hersexecanalaukat bontageration.

The operation of the inage signal detection sensor array has been
descri bedd Thdasesetofopdreaatimamsifstdues obj&2ctihei jhtaesal mipomot imenar
array fromtinme tl to _
to time t4 is a reset operation period of the sensor
unit.
When a predetermined accumulation time has
-elapsed, the:transistors MOSll.are'turned on during a
10 period corresponding to a pulse-widthﬂbf the-pﬁlge éTO
(6TI) from time t6 to time t7. Signais corresponding
to the charges accumulated by the bases of the
transistors TRl are shifted to the capacitors CT by the
transistor operations. Therefore, the bases of the

15 transistors TRl continuously accumulate optically

excited charges without a decrease in charge

accumulated in. the bases. - - ' . Q;) .

When the signal 4HRS is set at "H" level during a
time interval from time t8 to time t9, théftransistors'
20 MOS1l4 are kept on during this time interval to remove
- the charges left in the stray capacitances of a read
line RDLN to the ground GND. Scanning of the MOS
transistors MOS12 is started by the ;hift'registér
SNSSR operated in response to a puiSe_the signal @#SH
25 during a time interval from time t10 to time tll. When
the transistérs MOS12 are turned on, the signals held

by the capacitors CT are output to a terminal vVOUT'



timert4 is perforned. 15 During the accunul ation after the end of
reset operation, the base potential of each transistor TR2 is gradually
increased. The emtter potential of each transistor TR2 is gradually
i“ncreased accordingly. Since the emitters of the transistors TR2 are 20
commonl y connected, the highest one of t:he emtter potentials of the
transistors TR2 serves as the emtter potential of all the transistors TR2.
Thig. Ahighest potential is output to a term nal corresponding to a signal
VP="t hrough the output anplifier AGCAMP. 25 Therefore, the signal VP*' is
a tinme variable signal having a highest brightness I evel within the object

- 24 - 1 j magehrdagHetheORekde 1GhieC RDUN iagld RS JHHPUOargeSO el r ay.
Until the reset operation is perfornmed, the transistofs RT1 continue the
charge accunul asNeaMpThe 5 read operation fromtinme t7 is performed again
to extract the photoelectric converted signals fromthe | ast reset
operation up to the Pyesepeatihgstbperdpivenoperatdons,sithwn sigridls 5B
Referring to Fig. 5B, the reset operation is not 10 performed fromtine tl
to time t4, as Hé@épﬁ%@Gt§b§9é1YDGPPN§r¢ﬁﬂsd@#ﬁ@?’ﬁb@rw&CUMﬂﬂattqnaread

operation is perforned. This operation_ s called "not destruction
accunul ati ¢h" oPersgd gé?@rﬁ&??oﬁ4r§8dt&86e§§"CanTPPssﬁ&ﬂ§Qﬁlﬁﬁ*¥fuion i's
one of "the nalnréggtures of this

In this manner, when the read operation of the
kuj signals from all the transistors TRl is completed, the
reset operation is performed again from time tl to time

10 t4, thereby starting the next accumulation operation.

The operation of the image signal detection sensor
array has been described. The reset operation of the
object brightness monitor sensbr array from time tl to
time t4 is performed.

15 | During the accumulation after the end of reset
operation, the base potential of each transistor TR2 is
gradually increased. The emitter potential of each
transistor TR2 is gradually increased accordingly.

Since the emitters of the transistors TR2 are

20 commonly qonnected,-the.highest one of the emitter
potentials of the transistors TR2 serves as the emitter
potential of all the transistors TR2. This highest
potential is output to a terminal corresponding to a
signal VP*' through the output amplifier AGCAMP.

- 25 Therefore, the signal VP*' is a time variable signal

having a highest brightness level within the object



15 enbodinent. A further description will be nade with reference to F|g 3
again. The sensor arrays described with reference 'to Fig. 4 conprise two
| ongi tudi nal sensor arrays and two 20 | ateral sensor arrays. The outputs -
“fromthe longitudinal sensor arrays (SNSPX01 and SNSPX02) are coupled as
“Mout O which is then input to an anal og gwitch ANSWL.. Simlarly, the outputs
fromthe | ateral sensor arrays (SNSPXIE and SNSPXI 2) are coupled as 25 ‘)‘J
Vout| which is then input to an analog switch ANSWM'. |In practice, the 7
output anplifier ANSAMP is omtted fromthe read circuit DRCKTO2 of the
sensor array - 25 - SNSPXQ2. The read line RDLN of the read circuit
DRCKTO2 i s1lconniasdgsl rec Muti€Poh othéeobgadt! bRe gbitnelae mad o WardsdIRCKTOL
of the sensor array SNSPXOL. The output fromthe output anplifier of the
circuit DRCKTOlrxay.serves as VoutO The arrangenent of the lateral sensor
‘array is the sanme as that of the vertical sensor array. Qutputs fromthe-
anal og switch pair GKNSM&thﬂjnﬁaﬁM.QP@xetiDneQStpedﬁpammdanhhﬁrnn Vout
which is defined as an image signal output. A control signal .10 for the

switch pair is frangighors Q%tlsfl'%ath?eﬁhf’s&& pecyaulation. | &k, the
switch ANSW. is turned on. ﬁp t he si naI err SEL is _set at "L" Ievel
the switch® ANSWR2Y ORGRATSPTHET ot HRS eR Flﬁgrg‘FSnéﬁa[lé‘r fOSEL i s set

at "H' level, a %Qé%”gh ﬁﬁaf%gleééfgélgggv -kgg signals from the

last reset operation up to the present. This operation N
timing is shown in Fig. SB. _ " ' :\y)“
Referring tb Fig. 5B, the reset operation is not
10 performed from'time tl to time t4, as described above.
During this time interval, only the read operation is
performed. This operation is'called:“not'destruction
accumulation" or "not destruction read access". This
mode of operation is one of the main features of this
- .15 embodiment.
A further description.will be made with reference
to Fig. 3 again. o - ‘ | <
The sensor arrays described with reference to
Fig. 4 comprise two longitudinal sensor arrays and two
20 lateral sensor arrays. The outputs from the
lbngitudinal sensor arrays (SNSPXOl and SNSPX02) are
coupléd as VoutO which is then input to an .analog
switch-ANSWl. Similarly, theﬂoutpufs from the latefal
sensor arrays (SNSPXI1 and SNSPXI2) are coupled as
25 Voutl which is then input to an analog switch ANSW1'‘.
In practice, the output amplifier ANSAMP is omitted

from the read circuit DRCKTO2 of the sensor array



15 VoutOis output as Vout. \Wen the signal [err]SEL is set at "L" |evel,
the lateral sensor array image signal Voutl is output as Vout. The outputs
(VPOL and VPQ2) fromthe verti.cal object brightness nonitor sensor array
pair (AGCPXOL 20 and AGCPX(2) are input to an anplifier AGCOAVP through a
resistor to constitute an illustrated cirguit arrangenent. The out put VPO
fromthe circuit arrangenent is a sumof the outputs VPOL and VPQ2. The
output- VPl froman anplifier AGCIAWP is a sum25 of the outputs (VPI1 and
VPI 25 of the lateral nonitor sensor array pair. - 26 -1 Si gnal s
[err]RES, [err]VRS, and [err]HRS fromthe sensor driver SDR are input to
the respective restispxoeui t Thelhiead driale [RDIN Jf i the NfrEd teitdeigommon

i nput of an anal og switch pair (ANSW2 and ANSW2'), and an output 5 from
t he anal og swi t chDREBIR2i dsi wpnneateadas nmitd2rtd Sthe afeadiel imagd £ uthaal
shift register SNSSRO2 and as the input [err]SH of the lateral shift

regi ster SNSSRI 2. readagdircudt, DROKIOL e dde rsgnsagretray SNEPXQL ¢ chThai r
is [err] SEL, the analog switch ANSW2 is turned on in 10 response to the
signal [err]SEL oPutpulY &Fem theheudimptalanplifisy iof iHhricitewht YDREETOL

| ongi tudi nal shift register. \Wen the signal [err]SEL is set at "L" |evel,
only the analbg sRPEYRASARSWOULD. tuFﬁ@H%&? Qé?qqgﬁ Q#KFQﬁ gafreral rsensex’
input to the lateral _shift Feglster tﬁlqpakigz fro Iast stqge of

the shift registeFr§ﬁ¥S§EQ samé as a e ver 1ca seénsor array.

Outputs from the analog switch pair (ANSW1 and |
kw/ ANSW1') are wired to obtain an output Vout which is
defined as an image signal output. A control signal
100 for the switch pair is ¢4SEL. When the signal ¢SEL is
set at "H" level, the switch ANSW1l is turned on. When
_the signal ¢SEL is set at "L" level, the switch ANSW1'
is turned on. Therefore, when the signal #SEL is set
at "H" level, a horizontal sensor array image signal
15 VoutO is output as Vout. When the signal ¢SEL is set
at "L" level, the lateral sensor array image signal
VoutI is output as Vout.
The outputs (VPO1l and VPO2) from the vertical
object brightnéss monitor sensor array pair (AGCPXO1
20 and AGCPX02) are input to an-amplifier AGCOAMP through
a resistor to constitute an illustrated circuit
arrangement. The output VPO from the circuit
arrangement is a sum of the outputs VPOl and VPO2.
The output VPI. from an amplifier AGCIAMP is a sum
25 of the outputs. (VPI1 and VPI2) of the lateral monitor

sensor array pair.



i nput as the input [err]SH of the |ongitudinal shift register SNSSROL. .-
When scanning of the shift register SNSSRQ2 is conpl eted, scanning of the -
_shift register SNSSROL is perforned. The lateral shift register is 20

operated in the sanme manner- descri bed above. The signal [err] TO serves as
the input [err]T*" of the longitudinaeread circuits (DRCKTOL and DRCKTQR).
The signal [err] Tl serves as the input [err]T*" of the lateral read A J

circuits (DRCKTI1 and DRCKTI2). 25 The sensor driver SDRwill be™
descri bed below. A clock generation logic circuit SNSLOG outputs the
signals [err]RES and [err] VRS during resetting of the -27- 1 sensor

and the dlignals [esiphB¥sad@ESer gvRS ,ddn O @HRRAKE ARE aSfe Herddth SENSOr on

the basis of the clock signals CK1 and CK2 input fromthe conputer PRS.

Accumul ati on duives| SORr auet SnpGEOtantheCRlespectdord nmedad kel danigid udi na

and | ateral sensor arrays, respectively, and will .be described bel ow wi th

reference to Fig. BheRsfignailngSHoiki gnpat ttiee the glomress immit @f sensor

signal VPO or VPl fromthe sensor unit SNS is input to 10 a termnal

cor r espondi ng2R3lagnbriteh BRAKaI(AYPH2 384 ANSHRIdot @G @nt it ti ve

| nputs of conParators A 1, ACWP CVP3, gnd ACMP4. Potential s obtained by
O d

, 22 . : .
di vi di ng 32 vofFSBetRf cPNBYOT cEWIEGhsANSH2 A8 AnpYt B¢ tbeadinput @SH's of

Lhe comparal obf: ¢d0e15851 ELARSET 8hal? ALGRLTLy 8ol iiia BP el R4
input ¢SH' of the lateral shift register SNSSRI2. 1In N
addition, since the control signél of the_swifch pair : "/
is ¢SEL, the analog switch ANSWZ’is[turned on in

‘10 response to the signal #SEL of'"H¢u1e§el. The'éignal_
$SH is input to only the longitudinal shift register.
When the signal @SEL is set at “L" level; only the
analog switch ANSW2' is turned on, so that the signal
¢SH is input to the lateral shift register. .A signal
15 from the last stage of the shiftfregister SNSSROZ2 is
input as the input ¢SH' of the longitudinal shift
register SNSSROl. When scanniﬁg of the,shift register QJ :
SNSSRO2 is completed, scanning of the shift register |
SNSSROl is performed.- The-lateialnéhift register is
20 operated in the same manner des¢ribed'above;

- ‘'The signal ¢TO serves as the input 4T*' of the
longitudinal read circuits (DRCKTOl and DRCKTO2). The
signal ¢TI serves as the input ¢T*' of the lateral read
circuits (DRCKTI1l and DRCKTI2).

25 _ The sensor driver SDR will be described below.
A clock generation logic circuit SNSLOG outputs

the signals #RES and @¢VRS during.resetting of. the



following relation: R11 : R12 :-R13 :R14= 4 :2 :1 :1 Therefore, the voltage
Vref is input to the negative input of the conparator ACMPLl; Vref/2, '
conparator 20 ACMP2; Vref/4, ACMP3;, and Vref/8, ACWMP4. Al outputs from
the conparators are set at "L" |evel during sensor resetting. Wen the
petential of the nonitor si:ghal VP* is ippcreased as  a function of tine, the
outputs fromthe conparators ACMP4, ACWMP3, 25 ACWMP2, and ACMVP1
séqugntially go high in an order named. - 28 -1 When a signal
ENAGC is set at-"H' level, of all analog switch pairs (ANSW3 and ANSW3'),
(ANSW 4 and ANSW4'), (ANSW5 and ANSW5'), (ANSW6 and ANSW6'), the
anal og switches s&B98, anlliSthd, sANBHLS, JHRS ANSVWSHS durinsy treahcdess

Qut puts fromthe respective conparators are input to AND gates ANDLG,

AND17, AND18, ANpEothensepspeOoon the baghsl oENABE icdoxks afdapialom GHYyremhd f or
det ermi ni ng whet her sensor accunul ation control is perforned by the nonitor
signal . \Wen thHeK3j jnartefpere the cemputext PR | evel , accunui ation
control by the nonitor signal |s perforned. ,The signal ENAGC will be

s

described in detail |APERRUERtiOR Fﬂetsa%paﬂ§cpni6mgthﬁ;§%m&£¢o# s, outputs
'g-ﬁe Er?nmpfj?s% g?%ﬁ?{:ginggng i‘%%haimgné a%e%ra rseeS s%(i*t Ia\é:%!g/ysl,npm to
respectively, and will be described below with
reference to Fig. 6.
Referring to Fié. 6, the brightness monitor sensor
signal VPO or VPI from the sensor unit SNS is input to
- 10 a terminal corresponding ﬁo a monitor signal VP* and is
gonnected to the.positive-inputs-of comparators ACMPl,
ACMP2, CMP3, and ACMP4. Potentials obtained by
dividing a voltage Vref by resistors are input to the
_ negative inputs éf the comparators. The resistances of
15 resistors R1l, R12, R13, and R14 are set to satisfy the
following relation: |
| -R11 :.R12:R13:R14.=4:'2l:1:1
A $herefore, the voltage Vref is input to the negative
input of the comparator ACMPl; Vref/2, comparator
20 ACMP2; Vref/4, ACMP3; and Vref/8, ACMP4.

. 'All outputs from the comparators are set at "L"
level during sensor resetting. When the potential of
the monitor signal VP* is increased as a function of
time, the outputs from the comparators ACMP4, ACMP3,

25 ACMP2, and ACMP1l sequentially go high in an order

named.



FF2, and FF3. The clock inputs of the flip-flops FF1, FF2, and FF3 receive
the signal BTIME. Therefore, the flip-flops FF1, FF2, and FF3 hold the

out put states of 20 the conparators ACMP2, ACMP3, and ACMP4 when the
."signal BTIME is set at "H" |level. The signal BTIME is a signal for giving
~a timng to determne the gain of imagg signal anplification and is output

fromthe conmputer PRS. 25 The gain determ nation and accunulation)hgf
control in this enbodiment will be described with reference to Fig. 7. = =
29 - 1 Referring to Fig. 7, the time fromthe start of accurul ation

is plotted along the abscissa. TBTIME along the abscissa represents tine
when the signal BTIwfken saseigral " kfateves, sagdatMAKRNE e316aNg a1

absci ssa represents a maxi mum accunul ation tinme. Wén a brightness |evel:
of an object iandlyy swictclngrainsie(BNSWHE2 andgARNSWEGaAl) ,cqaNswWIMNGmRASed in
a prolonged accunul ation tinme. However, when the accunulation-time' is
prol onged in ANSEAU atANSWEY pand ANIWIS Skns (ANSWI 6nansle ANSWIST )a dar k
current is increased.. Even if the object brightness |evel is extrenely

| ow, the accurfiliataHag fB7ikehrRs ANSWEY i nANSWT 4 pr ANSHESd, andd ANFHI6
accurmul atjion tinme is a ro_riateuélinterrupted according to a general

control technidffe turhed Qe QRIS Fromt FRe nBRFRARLTAVELFOMREEGTAESTE.
The potenti al a(%fe 'tir}:%u@mg '(}{NDSigqaq‘;aels \ﬁq*bié,-_pAI%i??’ANDlS_, AND19, and
AND20. The signal ENAGC is a sé1é6£iOn'sigﬁal for
determining'whether-senSor accumulatibn'coﬁtrol is i N/
performéd by-the monitor sigﬁal. When the signal ENAGC
10 .-is set at "H" level, accumulatiqn control by fhe
monitor'sighal is performed;.
‘The signal ENAGC will be described in detail
later. '
Of all the outputs from the comparators, outputs
15 from the compérators ACMP2, ACMP3, éhd ACMP4:are |
respecﬁively input to the D inputs of D flip-flops FF1l,
~ FF2, and FF3. The clock inputs of the flip-flops FF1, : ;) )
FF2, and FF3 recei#e the signaI.BTiME.- Therefore, the
flip-flops FF1l, FF2, and FF3 hold the output staﬁes of
20 the comparators ACMP2, ACMP3, and ACMP4 when the signal
BTIME is set at "H" level. | |
The signal BTIME is a signal for giving a timing
to determine the gain of imagé'sighai'amplifiCation and
is output from-the-computer.PRS.
25 _ The gain determination and acéumulation control in
this embodiment wi;l be described with reference to

Fig. 7.



along the ordinate. VTHL, VTH2, VTH3, and VTH4 al ong the ordinate represent
potentials input to the negative inputs of the conparators ACWP1l, ACMPZ2,
ACMP3, and 20 ACMP4, respectively. As described above, the magnitude of the
signal VP* is increased as a function of time. The rate of increase in
magni tude of the signal VP* .is increaseggmen the:-object brightness |evel
is increased, as 25 indicated by a curve Bl. Otherw se, the rate of

i ngLease i s given by a curve B6. -30- There are six conbinations of the
gai ns and accunul ation control for the nonitor signal VP* as follows: (1)
The potential VP* is higher than VTHL prior 5 to ti-me TBTINE (curve Bl).
Accumul ationLis endedRaffetricimgt Bd Fak.VE, héTHlimeafkcin 08id dSade &2)

Inequal ity VTH2 [err] VP* < VIHlL is established at tim TBTIME (curve B2).
10 Accumul acconuilatépdedsaploitied BAomy tWe abo¢élHlsa andrerpeen is 1.
(3) Inequality VIH3 [err] VP* < VTH2 is established at tine TBTIME (curve
B3). Accumul ati orliPsgetiedabscisme repriesenys: timgTMhen Shersfignghin is 2.
by oY e £ b a e T Fev215 thd MAKINT along the ooV
5 abscissa represents é maximum accumulation time. Whén
a brightness level of an object is low, the mégnitude
of the image éignal can be increased in a prolonged
accumulation time. However, when the accumulation time’
is prblonged in an accumulation type sensor, sensor
10 noise called a dark current is increased. Even if the
object brightness level is extremely low, the
accumulation time cannot be infinitely prolonged, and
the accumulation time is appropriately interrupted
according to a general control technique. This time is
15 called the maximum accumulation time.
The potential of the monitor signal VP* is plotted
along the ordinate. VTH1l, VTH2, VTH3, and VTH4 along
\ the ordinate represent potentials input to the negative
inputs of the comparators ACMP1l, ACMP2, ACMP3, and
20 ACMP4, rgspectively.
‘As described above, the magnitude of the signal
VP* is increased as a function of time. The rate of
increase in magnitude of the signal VP* is increased
when the object brightness level is increased, as

25 indicated by a curve Bl. Otherwise, the rate of

increase is given by a curve B6.



Accumul ation is ended at time tB4 for VP* = VIH3, and a gainis 4. 20

(5 Inequality O [err] VP* < VTH4 is established at tine TBTIME, and VP*
exceeds VTH4 prior to TMAXINT.(curve B5). Accurnulation is ended at tine tB5
for VP* = VTH4, and a gain is 8. 25 : (6) Inequality O [err] VP* < -

WVTH4 is established at tinme TBTI Mg, ﬁgd_VP* does not exceed VTH4 at tine
a

TMAXI NT (curve B6). - 31 - Accunu _ J
and a gain is 8. Wen a ratio of conparison potentials VTHL, VTH2, VTH3, &
and VTH4 for the potential VP* is set to be 8 : 45 2 : 1 and the gains
of the imge signals obtained when the potential VP* reaches the conparison
potentiaks are setTHerdears ix dcombinStidbhse §BIBhbUGaSnal ahlie anplified

i mge signals can always be equal to each other regardl ess of the end
timng of acaomimilianid) adntanyl ofier othé heonbtpar s$gnapotent aal s. The
signal BTIME is a signal for giving time for determning this gain. \Wen
the signal THERIN©WS: generated earlier, a higher gain can be obtained even
if the object brightness is kept unchanged. 15 When a. high gain can be
obt ai ned, the accufl atThsh rRAtANEEML NP Ehbs tlehghier othapr ¥¥ELt psiegsponse -

characteristics of focus detection. . However,. the noise"
5 to time TBTIME (curve Bl). ' _

tion is ended at time TMAXINT (tBEY L

Accumulation is ended at time tBl for VP* = VTHI,
aﬁd a géin is 1. _
- (2) 1Inequality VTH2 < VP* < VTH1 is established ' (}I
at time TBTIME (curve B2). |
10 Accumulafiqn is ended at time tB2 for VP* = VTHI,
and a gain is 1.
(3) Inequality VTH3 s VP* < VIH2 is established
at time TBTIME (curve B3).
Accumulation is ended at time tB3 for VP* = VTHZ,
15 and a gain is 2. |
(4) Inequality VTH4 < VP*. < VTH3 is gstablished
at time TBTIME (cdrve B4). |
Accumuiation is ended at time tB4 for VP* = VTH3,
and a gain is 4. |
20 (5) inequality 0 g VP* < VTH4 is established at
time TBTIME, and VP* exceeds VTH4 pfior to TMAXINT -
(curve B5).
Accumulation is ended at time tB5 for VP* = VTH4,
and a gain is 8.
25 (6) 1Inequality 0 § VP* < VTH4 is established at
time TBTIME, and VP*.does not exceed-VTH4 at time

TMAXINT {(curve B6).



conponent

again. 25

sk\gnal s GSEL1*,

included in the image signal is also anplified with a high gain,
t hus decreasing an S/N 20 ratio. The tine TBTIME is appropriately
determned in consideration:of the response tinme and the S/INratio. A
description of a accunulation control circuit AGC* in Fig. 6 will be nade
' Qand [err] outputs frgmthe flip-flops FF1l, FF2, and FF3
are output directly or through AND gates AND12, AND13, and AND14 to obtain

GSEL2*, - 32 -1 GSEL3*, and GSEL4*. These signals

represent that the gains are set to be 1, 2, 4, and 8. That is, when the
output fromthe flip-flop is confirmed at the | eading edge of the signal.

BTIME at tilre TBTI MEAgedmuliatienQis endeldpuit fuine HAXIND- (tBP) FRAndsaset
the nonitor signal VP* has a potential higher than the

at "H' | evel,

pot enti al

than the potenti al

VTH2 ghihids BBTIME. Simlarly, if the Qoutput fromthe
flip-flop FF2 is set at "H' level, the signal VP* has a potential higher

at "H' | evel,

out put 15

1@hexnTRBratip pife compaindwon porbentd &lls MFHbp VFB2is set

the signal. VP* has a potential higher than the VTH4. The
signal GSEL1" | YTHRe @n8uVBH{ fPEnthrePPtemfigloyB*ris spie &R dital8 st
I's an AND si gnal

the [err] outputﬁ
the FF3. The si §

potentials are set to be 1, 2, 4, and 8, the magnitudes

U

10

15

20

25

of the rr] output fromthe flip-flop FF1 and the Q
ronftﬁe‘fﬂiﬁLSIB epgal %ﬁ%nal of

(romtnseLhipatl gas EELAN FR2 cclplie Q output from

FE3insTRE dhendmagspisionad s, Phhad

of the amplified image signals can always be equal to

each other regardless of the end timing of accumulation

at any one of the comparison potentials. The signal

BTIME is a signal for giving time for determining this

gain. When the signal TBTIME is generated earlier, a

higher gain can be obtained even if the object

brightness is kept unchanged.

.Mhen a high gain can be obtained, the accumulation

time .can. be shortened to improve the response -

characteristics of focus detection. However, the noise

component included in the image signal is also

amplified with a high gain, thus decreasing an S/N

ratio.

The time TBTIME is appropriately determined in

consideration of the response time and the S/N ratio.

A description of a accumulation.control circuit

AGC* in Fig. 6 will be made again.

'Q and Q outputs from the flip-flops FFl, FF2, and

FF3 are output directly or through AND gates AND12,

AND13, and AND14 to obtain signals GSELl*, GSEL2%*,



AND signal of the [err] outputs fromthe flip-flops FFl, FF2, and FF3. Wen
the nonitor signal VP* has a 20 potential higher than the VIH2 at tine ’
TBTIME, only the signal GSEL1* is set at "H' level, and the gain is 1.
Simlarly, the signal VP* is higher than VTH3 and | ower than VIH2, only the
signal GSEL2* is set at "H' level, and;ghe gain is 2. Wen the signal VP*
I's higher than 25 VTH4 and | ower than H3, only the signal GSEL3* is sef f
at "H' level, and the gain is 4. \Wen the signal VP* - 33-1 does
not exceed VIH4 at tinme BTIME, only the GSEL4* is set at "H' level, and the
gain is 8 The accunul ation end operation wll be described below 5

The signal 8 GSEsEY3*GSEng" cs8BalE3*, 1ot SoHlgHany erapitdsénoUtRhEeLhBe
circuit AGC* and at the same tinme are input to the AND gates AND16, AND17,
AND18, and ANDRinEhase AR gat @2 dqmmnl4), rackis.es Tavul Pytwheamthe AND
gate AND15. The gates of the AND gates 10 AND16, AND17, AND18,” and AND19
recei ve out put suftpart ifrenc cimea fatip-<£ JAPVAS ACNHEXMmeRUNMAS, thadlé@iPrigt hr ough

the anal og switch pairs (ANSW3 and ANSW3'), (ANSW4 and ANSW4'), (ANSWS5
and ANSW5'), sdge( aiSthe sAgnalSWIIME afhdnimeh SBRIMRarENAL thes@t at "H'
| evel, 15 the output fromthe conparator ACVMPl is input to the.. AND gates
AND16. and SAND2QUutPYthifrem khet fdipnidor FEdmisheedodtar H 'orlevsbe £Bej nput
to the AND gatﬁbﬁ?%%l’s%g%a?”5%qtﬁ2%°@1ﬂgiéﬁ¥¥%'*ﬁighéﬁmﬁﬁgﬁstlgp”t to the
. potential VTH2 at time TBTIME. Similarly, if the Q
. output from .the flip-flop FFZ'is;seE'at wH" lével, the ;;;.:
signal VP* has a potential higher than the potential
10 VTH3. If the Q output from the flip-flop FF3 is set at
"H" level, the signal VP* has a potential higher than
the VTH4. The signal GSEL1" is “the 0 output from the -
flip-fiop FFl. The signal GSEL2* is an AND signal of
the Q output from the flip-flop FFl1 and the Q output
15 = from the flip-flop FF2. The signal GSEL3* is an AND
signai of the Q outputs from the flip-flops FFl. and FF2
. and the Q. output from the FF3. The. signal GSEL4§ is an Q;J
AND signal of the Q outputs from the flip-flops FF1, | '
FF2, and FF3. When the monitor signal VP* has a
20 potential higher than the VTH2 at time TBTIME, only the

. signal GSELl* is set at "H" level, and the gain is 1.

. Similérly, the signal VP* is higher than VTH3 and lower
than VTH2, only the signal GSEL2* is set at “H" level,
and the gain is 2. When the signal VP* is higher than

25 VTH4 and lower than VTH3, only the signal GSEL3* is set

at "H" level, and the gain is 4. When the signal VpP*



AND gate AND18, and the output fromthe conparator 20 ACMP4 is input to
the AND gate AND19. The AND gate AND 15 receives the signal ENAGC and the
si gnal BTIME through inverters INV7 and_I V8. Direct -coupling of the
inverters 1V7 and INV8 ains at del aying the signal-BTIME. The signal BTI M
is°25 input to the AND gates AND16 to ANRQ after the outputs fromthe
flirp-flops FF1 to FF3 are confirned and 1 nput to the AND gates AND16 to
ANB29.. \When the signal BTIME - 34 -1 goes from"L" level to "H' |evel
while the signal ENAGC is set at "H' level, an output fromthe AND gate
AND15 is changed from"L" to "H" with a slight delay. This signal is input
to the AND ght esdébBlhotoeANBed VIH4 at tifle BINMBAten WNDPRe abSPLAECEEVES
a signal obtained by inverting the signal BTIME by an inverter | NV6.

Qut puts from t hesakDagal'8S ARPEE .t @nd\NB2@ ain MmItBL o an OR gate ORS. An
output fromthe OR gate ORS is output as a signal AGCEND* outside the
circuit 10 AGC*. An Bber accymulatiosy et mperatiane Wiclk ke Blgschbbadi n
Fig. 7 will be described below. Until time tBl, the outputs fromthe
conpar at ors ACMPRE1@¥NP3, and CMP2 are sequentially changed from"L" to

gate ANDLS % Kept ot Ther SLEDaLS SRENITor ESRIEY AT FBISELINERD
are kept "L". Vhghehlie BRELEAE £hANdirdRd SR G PRI fhe \TH A"
| are input to the AND gates AND16, AND17, AND18, and
ij ' AND19, These_AND gates commonly receives an output
from an AND gate AND15. The gates of the AND gates
10 AND16, AND17, AND18, and AND19 receive outputs from fhe
comparators ACMP1, ACMP2, ACMP3, and ACMP4 ';:hrou'gh the
analog switch pairs (ANSWI3 and ANSWI3'), (ANSWI4 and
ANSWI4'), (ANSWI5 and ANSWIS'), and (ANSWI6 and
ANSWI6'). When the signal ENAGC is set at "H" level,
15 the output from.the comparator ACMP1 is input to the..
AND gates AND16.and AND20. Similarly, the output from
the comparator ACMP2 is input to the AND gate AND17,
o . the output from the comparator ACMP3 is input to the
AND gate AND18, and the output from the comparator
_20| ACMP4 is input to the AND gate AND19.
| 'The AND gate AND 15 receives the signal ‘ENAGC and
the signal BTIME through inverters INV7 and IVS.
Direct coupling of the inverters IV7 and INV8 aims
at delaying the signal BTIME. The signal BTIME is
25 input to the AND gates AND16 to AND20 after the outputs
from the flip-flops FFl to FF3 are confirmed and input

to the AND gates AND16 to AND20. When the signal BTIME



tBl, the output fromthe conparator ACMP1 goes from"L" 20 to "H'. ne of
the three inputs of the AND gate AND20 receives an inverted signal of the -
signal BTIME, i.e., "H' level signal. 1In response to the |ogical change.
from"L" to "H' of the comparator ACWMPLl, an output fromthe AND gate AND20
goes from"L" to "H'. The output 25 3AGCEND* fromthe OR gate OR5 goes
from"L" to "H'. At this nonent, charge accumul ation of the sensor is
optimi zed. As will be described |ater, the signal -3 -1 AGCEN
i nput to the clock generator SNSLOG (Fig. 3) through inverters INvV3 and

| V4. The cl ock generators SNSLOG generates the signal [err]TO (or [err]Tl)
shown in Eig. d9es$nfrempbintelevel hbos{'HlfialexedEMDileA tigyrailgrmml ENAGC
corresponding to the accunul ated_charge in the sensor is charged by the
capaci tors CT.iFregt t3f s Bonkeyely hani augeudi Srams the M gatepd be .
read. A signal_ inverted_throug he ipverter INV3_qr INV4 is input,to the
cl ock gener at o¥S SRRARIS nEF PR 'QE'L Bat E)Htﬁ ¥ithha sldghtadedidgiral TPRNTEO or

/TINTEI outside, th _dyi he i L TINTEQ and / TINTEl a

tored i n-the T of° PRPUHIED oF BT o ANR R CE g AP RGN BOIIG ACCENDI ) i &
i nverted "L gyel i ts, oy i L TLNIEO. ( Qs /T NTEL). ; 15 -
D her @by | nfor i g AR GakS VAL 2, 21 80°rec b lES ol BanR kPRl Tan

operati on fOr e e B? éxfe Fidend1 WbvBengeasr 1hed-AR0YnvENe seduence

until tinme TBTI Is the

Outputs from the AND gates AND16 to. AND20 are

input to an OR gate ORS. An-output from the OR gate -_'&.;'
ORS5 is output as a signal AGCEND* outside the circuit
10 AGC*. | |
An operation in a brightnéss;étate (cueveﬁBl)
-showh in Fig. 7 will be described below. Until time
tBl, the outputs from the comﬁarators ACMP#,“AGMP3, and -
CMP2 are sequentially changed frome“L“ to "H", but the
15 signal BTIME. is Kept at "L" level.' In this state, the
AND gate AND1S is kept at "L" level. Therefore, the
AND gates AND16 to AND20 are kept "L*. When the
~ monitor signal VP¥* reaches-theepotential VTH1 at tiﬁe
_tBl, the output from the comparator ACMPl-goes:from “L“;
20 to "H". One of the three inputs of the AND gate AND20
receives an inverted signal of the signal BTIME, i.e.,
"H" level signal. In response to the:logical change
from "L" to "H" of the comparaﬁor:ACMPi, an output from
the AND gate AND20 goes from dL" to "H". The output
25 AGCEND* from the OR gate ORS goes from "L" to “H". At
-this moment, charge accumulation of. the sensor is

optimized. As will be described later, the signal



sane as in the curve Bl. That is, outputs fromthe 20 conparators are
sequentially inverted from"L" level to "H' level, but the nonitor signal
VP* does not reach the potential VTHL, and the accunulation is not ended.
When the signal BTIME goes from"L" level to "H' level, the outputs from
t’he~ compar ators ACVWP4, ACMP3, 25 and-Ag§P2 have al ready been "H' |evel,
the Qoutputs fromthe flip-flops FFl1, FF2, and FF3 are |latched to "H'
| exel. Therefore, the signal GSEL1* is set at "H' -36- 1 | evel , and
t he signals GSEL2*, GSEL3*, and. GSEL4* are set at "L" level, so that the
gainis set to1l. In addition, the AND gate ANDL5 is set from"L" level to
"H' level wilth -AGCENDt Heliypuy teecthe| alogkhaensrasprsSNSIQS | (Rigt s
V7 and INv8 after time TBTIME at which the_signal BTIME kf_chan ed from.
"L" level to "H'theoegh inyerteranBV¥itardalibis t Shaneiock: & Y hree
i nputs of only the AND gate AND16, are set _at “H' |ev ln this _case, one
out of three inptHSLQE %BﬂriﬁesoFﬁ?hﬁl?ﬁﬁiiﬁ?ﬁL(QNDS 5?e§%fmﬁhfjﬁo AND19
is set at "H' |eyel. out put %. e r @%@ﬁ «1 S ghae g from
"L" level to " H'¥+%Veﬁ]a’tnt$ensep éna%%flggr%%%@é?op‘ e liND ggt gggﬁl i6. An
out put fromct he AND ' 6, 15,3, LS 29+ EFORhakae! §HelenkO sedsdrevel -
An out put fPon1t%ékfégég?éggg$t%st%%aﬁgggﬂgron1aLEhFegel to "H' level. At
this moment, accygulpliffaOby ! fhe SERSRE1t8rE00R. €t Pdom this moment, the
| image signals of the sensor can be read.
ij A signal inverted through the inverter INV3 or
INV4 is input to the clock generator SNSLOG and is
10 output as the external signal /TINTEO or /TINTEI
outside the sensor driver SDR. The signals /TINTEO and
/TINTEI are stored in the computer PRS. Therefore,
when signal AGCENDO (or AGCENDI) is inverted from "L"
level, its inverted signal /TINTEO (or /TINTEI) goes
15 "L", thereby informing the computer PRS of the
accumulation end timing.
An operation for the curve B2 in Fig. 7 will be
N , described below. The sequence until time TBTIME is the
same as in the curﬁe Bl. That is, outputs from the
20 comparators are sequentially inverted from "L" level to
"H" jevel, but the monitor signal VP* does not reach
the potential VTH1, and the accumulation is not ended.
When the signal BTIME goes from "L" level to "H"
level, the outputs from the comparators ACMP4, ACMP3,
25 - and ACMP2 have already been "H" level, the Q outputs
from the flip-flops FFl, FF2, aqd FF3 are latched to

"H" level. Therefore, the signal GSEL1* is set at "H"



An operation for the curve B3 wll be described 20 below. A gain of 2 is
confirnmed at tinme TBTIME, and only the signal GSEL2* is set at "H' |evel.
The AND gate AND15 is set at "H' level with a slight delay fromtine
TBTIME. Two out of three inputs of the AND gate AND15 are set at "H'

‘.Xevel. The remmining one input is 25 _an output fromthe conparator ACWP2.
When the nonitor signal VP* reacheé’fﬂ%'botential VIH2 at tinme tB3, the, ,
output fromthe conparator CAMP2 is changed from"L" =~ - 37 - 1 | evel "o
"H' level, and the output fromthe AND gate AND17 is set at "H' level. In

the sane manner as. in the curve B2, the OR gate OR5 is changed from"L"
level to jH' hevgh, Ahd Rhe HRNLs [QERLEUBERALION 2ng ?QEE&U 98!S
ended. In operations for the curves B4 and B5, the accunulatlon operations
are ended at fkeeatt B4 andvel Wd kgl ithofgdlimngs 8set eggegti vehy. An.
operation for the curve B6 in Fig. 7 is 10 different fromthose for the
curves Bl to B@dit3onge theeANdnidate ANDIH N 'selpeSramt “Leagévébetpot enti al
VTH4 at tinme TBTIME, the gainis 8 This is the sane as in the curve BS.
In this stateHthdeveRewithi o5 ldightaldely rpacties ddbaypobehavadbr\VoB4, the
accunul ation 15 is ended (tB5 in the curve B5). Even if the nmaximum
accunul at?on theeinVeXtrrsha¥eeads dNVE i bagnitiore STRFEME \@t wbéchnot

reach the potential VTH4 in the curve B6, At this noment, the accumul ation
is forcibly the signal BTIME is changed from."L" level to "H" :

level. Of the AND gates AND16 to AND19, two out of

ST e

three inputs of only the AND éateiANDlG are set at "H" 'FT&J
level. 1In this case, one out of three.inputé éf each | |
10 of the rem&ining AND gates ANDI17 fo AND19 is set af'ﬁH“
level. |
An’ouﬁéut from the comparator ACMPl is changed.
from "L" level to "H" level at time tB2 and is input to
the AND gate AND16. An output from the AND gate AND16
15 is changed from "L" level to "H".level. An output from
the OR gate ORS is changed from "L" level to "H" level.
At this moment, accumulation of the .sensor is . ... i‘)
completed. | | |
An operation for thé'curve-B3'will_be described
20 below. A gain of 2 is confirmed at time TBTIME, and
only the signal GSEL2* is set at "H" level. The AND
gate AND1S5 is set at "H" level with;a sligﬁt delay from -
. time TBTIME. Two out'of three inpufs'of the AND gate
AND15 are set at "H" 1evei. The remaining one input is
25 an output from the comparator ACMP2. When the monitor
signal VP* reaches the potential VTH2 at time tB3, the

output from the comparator CAMP2 is éhanged from "L"



interrupted based on the limtation of the maxi rum 20 accunulation tine as
previously described. Mre specifically, the conputer PRS forcibly sets
the signal /TINTE* at "L" level in Fig. 3. Since the inverters |INV3 and
{INV4 are open collector type inverters, their outputs are pulled up inside
the inverters. The signal 25 /TINTEO39r -/ TINTElI goes to "L" level in
response to an external pulse, so that the clock generator SNSLOG -38- 1
od%ﬁuts the clock pulse [err] TO (or [err]Tl), thereby term nating the
accunul ati on operation of the sensor. The above description has been nade
on an assunption that the signal ENAGC is set at "H' level. 5 When t he
signal ENAGC i sleeelato" 'H"| begebl, " anduthkabudputorfiron tife AND spts®Or i S
performed on the basis of the nonitor signal VP* (to be referred to as an
"AGC accunul at i &Pl hpiie aetedhallirlevelhenInhéhs ganle ENAGRY aascin at "L"

| evel , "accunul ation control 10 of the sensor is perfornmed on'the basis of
the given gain B ¢REVacBamihei @R grke PRE Be chpagesy froms' L' "kriteAGC
accurul ati on” nDde“hﬁrfina,ter ". Wen the signal ENAGC goes to "L" |evel
anal og swi t chestANSH 3teveliswiat thigpgmengng thRsprewmiations anal og
switch pai ks (ANSW 3 and AAENV&'%, (ANSW 4 and ANSW 4'), (ANSWS5 and

ANSW 5' ), EAAENvgﬁﬁiﬁlﬁﬁEWWGe? &2 turned on.  Instead of the outputs from

t he conparators ACMPL,, (é%%§§%ggoraggeAg@?éeSog%p%5% @g¥n€§g)gates

AND21 to AND23 are supplté _
accumulation operations are ended at times tB4 and tBS

ij with gains of 4 and 8, respectively.
An operation for the curve B6 in Fig. 7 is
10 different from those for the curves Bl to B5. Since
the monitor signal VP* does not feach the potential
VTH4 at time TBTIME, the gain is 8. This is the same
as in.the curve B5. In this state, when the monitor
signal VP* reaches the potential VTH4, the accumulation
1§ is ended (tB5 in the curve ES).' Even if the maximum
accumulation time TMAXINT has elapsed, the monitor
signal VP* does not reach the potential VTH4 in the
curve B6. At this moment, the accumulation is forcibly
interrupted based on the limitation of the maximum
20 Iaccumulation time as preﬁiously described. More
specifically, the computer PRS'forcibly-sets the signal
/TINTE* at "L" level in Fig. 3. Since the inverters
INV3 and INV4 are open collector type inverters, their
outputs are pulied up inside the'inverters. The signal
25 /TINTEO or /TINTEI goes to “L" level in response to an

external pulse, so that the clock generator SNSLOG



20 flip-flops FF1, FF2, and FF3, and the AND gates AND16 to AND20. The
outputs fromthe AND gates AND21 to AND23 are determ ned by the external
signal s GSEL2* and GSEL1* supplied fromthe circuit AGC*, thereby setting
the 25 gains. The correspondence between the signals GSEL1* and GSEL2*

* and the AND gates AND21 to AND23 is defined, as shown in Fig. 12. - 39 -
1 The outputs fromthe AND gat &8 AND21 to AND23 are supplied to the /
flip-flops. FF1 to FF3 and the AND gates AND16 to AND20 regardl ess of thé&
| ogi cal |evel of the nonitor signal VP*. Wen the signal BTIME goes from5
"L" level to "H'" level, the flip-flops FF1 to FF3 latch the outputs. At '
this nonment, the gains are determned. After the gains are determ ned, no
changes octur putphési pet slogk Ralad 4R tOANHE) + otPRELBY The end of
accunul ati on cannot occur | ogically. As_indicat§%$§¥% the curve B6 in

10

Fig. 7, the si §8amipRtANEOLES: aCrURBIAtiQn QR hafgther FERFOE | evel

to "L" | [ i t Xt € | | Lo by 't ] ti th

accumul ation. Ref or FPfig 3h¥R A5 SSEGPEom NAR RECRHaRe 8o, 15 GoEL2I,

and GSEL1l can _be set .by .t ' | @ d shift
2 5ol By OUERULS Y B indk COUEL CLT P COOYBAY Shi

regi ster CMDSR2S tion regu ween. -the sensor driver SDR and

the conputer PRS.W khebe dasqr iHRakda Pt (e Whvele R, i s selected in
I p . S . .

response to a c - -
"accumulation control of the sensor is performed on the

basis of the monitor signal'VP*_(fq_be fefexréd to as P

an "AGC accumulation* hode hereihéfter)“. Wﬁén'the

signal ENAGC is set at "L“ level, "accumuiation:control
10 of the sensor is performed on'tHE-Basis 6f thé'givén

gain and the accumulation time (to_be-réferred tp as a

"not AGC accumulation" mode hefeinaftér)";- 

| When the signal ENAGC goes'ﬁo'“L" level, ahalog

switches ANSWI3', ANSWI4', ANSWIS',}ahd'ANSWIG' of the

15 analog switch pairs.(ANSWI3 and ANSWiB'), (ANSWi4 and

ANSWI4'), (ANSWIS and ANSWIS'), (ANSWI6 and ANSWI6')

are turned on. Instead of the outputs from the W

comparétbrs ACMP1, ACMP2, ACMP3, and ACMP4, outputs
from AND gates AND21 to AND23 areISupplied_to the

20 flip-flops FFl, FF2, and FF3, and the ANﬁ'gates AND16
to AND20. '_ | |

The outputs from the AND gates AND21 to AND23 are

determined by the external siénais GSEL2* and GSELl*
supplied from the circuit AGC*, fhérebY"setting the

25 gains. The correspondence.befweéh the Sigﬁals éSELl*
and GSEL2* and the AND gates AND21 to AND23 is defined,

as shown in Fig. 12.



20 select signal CSDR. Wien the chip select signal CSDRis set at "H'
l.evel , the analog switch ANSWB is turned on to supply a sync clock signa

to the clock input of the command shift register CQVDSR Wen conmmuni cati on
is performed in this state, transm ssion data fromthe 25 conputer PRS is
kAput to the 8-bit 3-shift register CMDSR as the signal SO in synchroni sm
with the clock signal SCLK. Qutputs Q03% Q7 fromthe register CVMDSR -
40— 1 are determned at the end of 8-bit communication. A conmunication
format is shown in Fig. 13. The outputs Q7, @B, and & fromthe register
CVMDSR are respectively input to AND gates AND1, AND2, and 5 AND3. The

t put f | ' ‘ ' ' k
Corhinals df Cthe anothel BUTRREs kY cnt SR ed Diitlad Vb MinfatiEre. 4
3-bit b . . z : . ) . \

T onel i moer s cqufibBLiedntol he! MRUDIIIOHY ¥ id A it MDA ofrest

CLK. Thereforeanbhig 66 BNDBU! regaitliedls 'JF Y o\l itéﬁ;@l &Pine

comunication is termnated. Wth the above arrangenent, e outputs from
the AND gates AhBhitOMDigaad HhBE] awheteitdidligirthall BTMME Jyodd O fm 8- bi t
comuni cation. The output fromthe AND gate AND1 is an "accunul ation
start" sigmal. "LMh Lespdnse IH"t levedGuiiheatfildp-Sflaps FRIhalo RI® Id 66k
generator SNSLOG generates the sensor clock signals [err]RES, [err] VRS,
[err] TO, and [ethéToubputhe basi this momexdnsdhe gains are determined.

After the gains are determined, no changes occur in the
W, inputs to the AND gates AND16 to AND20.. The end of
accumulation cannot occur 1ogicallyf As indicated by
10 the curve B6 in Fig. 7, the signal /TINTEO (or /TINTEI)
is forcibly changed from "H" level to "L" level in
response to an external pulse, thereby terminating the
accumulation. |
Referring back £o Fig. 3, signals GSEL20, GSEL1O,
15 GSEL2I, and GSEL1lI can be set by §utputs Q0 to Q3 of a
c§mmunication_command shift register CMDSR. |
Communication regulations between the sensor driver SDR
and the computer PRS will be described below.
The driver SDR is selected in response to a chip
20 select signal'CSDR. When the chip select signal CSDR
is set at "H" level, the analog switch ANSW3 is turned
on to supply a sync clock signal to the cioék input of
the command shift régister CMDSR; When communication
is performed in this state, transmission data from the
25 computer PRS is input to the 8-bit 3-shift register
CMDSR as the signal SO in synchronism with the clock

signal SCLK. Outputs Q0 to Q7 from the register CMDSR



L

20 clock signal CK1, as described in Figs. 5A or 5B. The output fromthe-. .-.
AND gate AND2 is a signal for switching between the "destruction o
accunul ati on" node and the "not destruction accumnul ati on” node. Wen the

output fromthe AND gate AND2 is set at "H' level, the 25 "destruction -

accumul ation" node is set to perform&@cunul ation after the sensor is o

normal ly reset. The clock generator SNSLOG generates the clock signal
- 41 - shown in Fig. 5A. However, when the output fromthe AND gate ANW
set at "L" level, the "not destruction accunulation" node is set to perform.
accunul ation wi t hout resettcinagt e sen Is case, the clock 5

c

t
gener at or - SNSIEEE SRS TKER g?lgl éggﬁgmﬁomuﬁr’ﬁa%lgn(l n%his
| t t h t t he AND t e AND3
case, no si g?%rss\amrr}eicg%ioqb j%@rnt])g@c IC&A‘&J fnoﬂi ut ;rom t he gat e

is a signal | Tig vieen accunii atlon node and the 10
"not AGC accunul at i %1 Wy s SEEV S M@‘s ghhi ch
is then input to tﬁlg%accu ation’ c%%? %dcgécﬁ??g K&%Oréhggig n i mage
si gnal anpl i fixgle VANR M dvdR, dassat bed aibhonebsr &RSE, t ANDRY- afa 15

Referring to Fig. 8, the i mage signal Vout outout from the sensor is
connectedst 0 tik®3anale Budmit ANSV¥raida ac186k Sé6unBExt BLaggr dsvol tage

foll ower VOP1. The anal og switch ANSW, a capacitor DHC, and a voltage
fol | oner VCPZcmm&trmwt:m;ansa:o:attﬂeecbboelanpénhhmans of the AND gates
AND1, AND2, and AND3. The counter CLKCNT 1s_a_3 ~-bit
binary counter, and its input receives an.inverted "‘;
" signal (i.e., a signal inverted”by'an ihverter INV2) of
10 the communication”clock signal'CLK._ Therefore, the Q0
output is set at "H" level everY'time é-bit _
'communication is terminated. | | |

With the above arrangemeut .the Outpute from the

AND.gates ANDl, AND2, and AND3 are determlned at the
15 end of 8-bit communicatlon. The output from the AND

gate AND1 is an “accumulatlon start" 51gnal. In

response to the accumulation start signal, the clock

generator SNSLOG generates the senSor clock signals -

SRES, ¢VRS. ¢TO, and #TI on the basie_of the sensor
20 clock 51gnal CK1l, as described'iﬁ Figs. SA or SB.

The output from the AND gate ANDZ is a signal for
switching between the “destructlon accumulatlon ~mode
and the “not destructlon accumulatlon mode. When the
output from the AND gate AND2 is set at "H" 1evel the

25 “destructlon accumulatlon“ mode is set to perform

accumulatlon after the sensor is normally reset. The

clock'generator SNSI.OG generates the clock signals



20 circuit. The sanple/hold circuit perfornms sanpling during the "H'
period of a control signal DSH and hol ds the sanpl ed values during its "L"
period. The sanple/hold circuit holds the potentials of the-shielded pixels
;of the sensor. The sanple/hold circuit 25 holds an i mage signal of the
first pixel (shielded pixel) during reqﬂ}qpcess of the imge signal as the
signal DSH and a predetermned period "H', -42- 1 differentially
catul ates the held potentials during read access of valid pixels (to be
described later), and then anplifying the difference. An operational
~amplifier VOP3, resistors RLto 5 R10, and anal og swi tches: ANSW to

ANSWL2 consiitu V & 2 gain IJdLr - : '
controll ed by O%%ﬁtnegndgtlﬂgfoggm. %‘%ﬁa’s ‘ﬁﬁ%\%@?@’%g%‘gﬂ(ﬁﬁ and

AND9) , (AND6 andnpNQh@e AtvIDE san +ANRL L, anskd ANDBh@Nth MY 23 t 266t L8RUL
to the OR gates 10 - to OR4, respectively. Gain signals GSEL40 to GSEL10

and GSEL4l to Gakdchimulatdosi*gmaldeSHls sttt td peficrt esccmgbationverted by
~an inverter INV5) are commonly input to the AND gates. The signal SEL is a
signal for sel estiithguttherelsattdrialg dhed mwgigsadi naln senkorcdse arthg. cYbek t he
signal SEL is set at "H' level, the longitudinal sensor array is selected.
However, when tgensirgtor SNSLOS gememates theetloghesignals|skewsoinarray
is selected. Wien the signal SEL is set at "H' level, the signals GSEL40

to GSEL10 are dFAget PP Kﬁpuﬁhis case, no signals are output in

practice).
W The output from the AND gate AND3 is a signal for
SWitching between the "AGC accumulation" mode and the

10  "not AGC accumulation" mode. This signal serves as the
signal ENAGC which is then input to the accumulation
control circuits AGCO and AGCI.

An image signa; amplifier VAMP will be described
-with reference to Fig. 8.

15 _ Referring to Fig. 8, the image signal Vout outout
from the sensor is connected to the analog switch ANSW4
and a resistor R6 through a voltage follower VOPl. The
analog switch ANSW4, a capacitor DHC, and a voltage
follower VOP2 constitute a so-called a sample/hold

20  circuit. The sample/hold circuit performs sampling
durihg the "H" period of a control signai DSH and holds
the sampled values duriné its "L" period. The
sample/hold circuit holds the potentials of the
shielded pixels of the sensor. The sample/hold circuit

25 holds an image signal of the first pixel (shielded
pixel) during read access of the image signal aé the

signal DSH and a.predetermined peried "“H",



P,

20 fromthe AND gates AND4 to AND8. In this case, al | out put s fromthe
AND gates AND9 to AND12 are set at "L" level. For exanple, when the signa
GSEL10 is set at "H' level (all the signals GSEL20 to GSEL40 are set at "L"

;level), only an output fromthe AND gate AND8 is 25 set at "H' level, and
-tHen an output fromthe OR gate OR4 which receives the output fromthe AND
gate AND8 is set at "H' level. |If tha2ignal GSEL20 is set at "H', -
-1 only the OR gate OR3 is set at "H'; if GSEL30, then OR2; and if

3/

GSEL40, then ORL. In this case, all the AND gates ANDO to AND12 are set at
"L" by the inverter INV5. In this case, an operation is not associated 5 .
wth the ain'signals GSEL1l to GSEL4l for the.lateral sensor array. \Wen

t he signal

SELdi

fegengially caleplates: fbe heddalpokentiiale rdurinde

signal s GSEL1l, EL2]., GSEL3l, and GSEL4l correspond to the OR gates OR4,
CR%, 10 OR2, aFarORAccees et YoLrd. Pixedsi dtoade daseniked digtia® 4 rom t he

AND gate AND4 to are set_at "L'. The _resistors Rl to RO satisfy the
fol | owi ng cond??‘?éﬁgg"ﬂmﬁh%?lﬁg ghﬁ?,gl%efeﬁ&e'm = R9, R5 = R10 15 and

%0 e Beredionhs (Sl Bhe . BB R 0t (70

5 -

10

15

20

25

R10, and analog switches ANSW5 to ANSWIZ constitute a
variable géin amplifier. Eacﬁ'anéiog switch is
cdntrolled3by OR gates ORl1 to OR4. Outpufslfrom AND e
gate pairs (AND4 and AND9), (AND6 and AND10), (AND7 and “**-
AND11), and (ANDS8 and AND12) are input to the OR gétes.
OR1l to OR4, respectively. Gain.éignals GSEL4O to

. GSEL10 and GSEL4I to GSEL1I, the signal SEL,. -and its
inverted signal (inverted by an inverter INV5) are
commohly input to the AND gatesf _The'signdl SEL is a
signal for selecting the lateral or léngiﬁudinal sensor
array. When the signal SEL is set at "H" level, the

longitudinal sensor array is selected. However, when

the signal SEL is set at wL" level, the lateral sensor \.J'

array is selected. When the signal SEL is set at "H"
level, the éignals GSEL40 to GSEL10 are directly input
from the AND gates AND4 to ANDS. In this case, all
outputs from the AND gates AND9 to AND12 ére set at "L"
level. For example, when the éighal GSELiO'is set at
"H" level (all the signals GSELZCfto GSEL40 are set at
“L" level), only an output from ﬁhe AND gaté-ANDB is
set at "H" level, and then an output from the OR gate
OR4 which receives the output frbm:tﬁe.Aﬁb'gate'AND8 is

set at "H" level. If the signal GSEL20 is set at "H",



20 that is, R2 = 4R1/5 R3 = 6R1/5 R4 = 3R1/2 R5 = 9R1/2 25 Wth the
above arrangenment, when only the output fromthe OR gate OR4 is set at "H'
level, the anal og sw tches ANSWB and ANSWL2 are turned on, so that the

-44- 1  gain of the operatlonal anplifier VOP3 is 1. When only the output
fromthe OR gate OR3 is set at "H' level, the anal og sw tches ANSW and
ANSW 1 are turned on, and the gain is set3t® 2. Wen only the output from
the OR 5 gate OR2 is set at "H' level, the anal og switches ANSW and
ANSWLO are turned on, and the gain is set to 4. Wen only the output from
the OR gate ORl is set at "H' level, the anal og swtches ANSWo and ANSWD
are turned on, and the gain is set to 8. The o uhgut fromth

oper at i onal hnplmeM'hhﬂR@Rsgﬁﬁﬂnﬂﬁﬁeiﬁtﬁﬁﬁrﬁﬁ 1oglfn§§FL§8rnFH8P of the
conputer PRS as the anpljfied |na e si.gha i C% TEe co ut er E-ﬁg
converts this si QR i if @ %%ENOR hertBytBh? aF R ﬁg ahli Flige
SESIERLTE i i T P N e e
o[ output fom GO L0 ) GleEuion A aRdsRlRaternU (o
5 with the gain signals GSEL1I to GSEL4I for the lateral
sensor array.
When the signal SEL is set at "L" ﬁo select the
k,/. lateral sensor array, the signals GSEL1I, GSEL2I;
GSEL3I, and GSEL4I correspond to the OR gates OR4, OR3,
10 OR2, and ORl, respectively. In this case, all the
‘outputs from the AND gate AND4 to AND8 are set at "L".
The resistors R1 to R10 satisfy the following
conditions:

Rl = R6, R2 = R7, R3 = R8, R4 = R9, R5 = RI10

15 and
Rl : (R2+ R3 + R4 + R5) =1 : 8
Y (R1 + R2) : (R3 + R4 + RS5) =1 : 4
(Rl + R2 + R3) : (R4 + R5) =1 : 2
(R1L + R2 + R3+R4) : RS =1 :1
20 that is, |
'R2 = 4R1/5S
R3 = 6RL/S )
R4 = 3R1/2
RS = §R1/2
25 | With the above arrangement, when-oﬁly the output

from the OR gate OR4 is set at "H" level, the analog

switches ANSW8 and ANSW12 are turned on, so that the



20 signals are also connected to the parallel inputs of a parallel-in
serial-out shift register AGCSR. Since the shift register AGCSR recei ves ars
i nverted signal (by an inverter INV1) of the comunication clock signal,
“the shift register AGCSR outputs serial data fromthe Q25 output in .
response to parallel input data when conmunication is started. The serial
output data is supplied to the conpujgr_PRS as its reception data. -45- ;
1 The conputer PRS can detect the set gains of the sensor unit. The AF‘#J
control apparatus of the camera having the above arrangenent wll be
described with reference to 5 flow charts fromFigs. 9A to 9C. Upon the
first half depression of the release button of the canmera, the switch SW
i's turned ondairsiod ttHdhopdranivial anslofien vopst €8 {000ynheRebanyi ng to
Fig. 9A, upon the second half 10 depression of. the release button, the
state of theths toutpdM? fironddtlectOR] gatest@R3 (D1set | &tt MB*Sshetreh,SW is ON
in step (001), continuous photographing is nmade, and the flow is branched

t o connect or thenanalod fswitehed (ANEWINand XNSW1l harée| burnddannesand 15
step (002) to_perfaormnormal AF control. As. described above, the switch SW2
i s connect ed the @d™ if &&tuha G | PN trhy nbhe ontput Exaputbe PRS. \Wen
the swwtch SW2.is deternined.to.pq'QFF I n stq£.§001), an_interruption by -
the swit2h S@2tesOR? et at "H evel, the analog switches SWé

and ANSW10 are turned on, and the gain is set to 4.
When only the_output from the dR.éaté'ORI:is set at "H"
" level, the analog switches ANSW5S and ANSW9 are turned
on, and the gain is set to 8. 'Thé_output from the
10 operafional amplifier VOP3 is'éonﬂected'td'thé'analdg
input terminal of the computer PRS as the amplified
image'signal VIDEO. The computer.PRS'convefts this
signal into a digital signal, theréby dbtaining'an
image signal of the sensor. - |
15 Referring back to Fig. 3, the lqngitﬁdinal gain
' signals GSEL10 to GSEL40 and the.latéfal gain signals
GSEL1I to GSEL4I are output from the accumulation _\hif
control circuits AGCO and GCI aﬁd_iﬁpﬁt to the_image
Sighal amplifier VAMP. At the'#éme ﬁime, these gain
20 signals are:alsq connected to the ﬁarallel in?uté of a
parallel-in serial-out shift register AGCSR. Since the
- shift register AGCSR receives an.inVéffed.éignal (by an )
inverter INV1) of the cbmmunica£ion.clock signal, the
shift register AGCSR outputs serial data from the Q
25 output in response to parallel ihput.data when
communication is started. The serial oﬁtput data'is

supplied to the computer PRS as its réCeption data.



20 Thereafter, when the switch SW2 is turned on, the flowis branched into
a predetermned interruption step by the interruption function regardl ess
of the presently executed operation, and a release operation is perforned.
Wen the rel ease operation is conpleted, 25 the SW2.interruption inhibit
tafe is set. Since the rel'ease operation is not ditectly associated with
the present invention, a detailed descrﬂﬁtlon thereof wll - 46 - 1 be
wted. Wwen a series of release oper ati ons (photographi ng operati ons)
such as a mrror-up operation, a shutter curtain drive operation, a
m rror-down operation, and a filmw nding operation are 5 conpl eted, the

LLoperurng Lo Hhe Soystedt PREYBLhORekBCR! fRel SV palih Pt dl0Nanddl® |

state of the SWi t S detecte Ri's case, SW t
a state i medi atghyeafter the rel ease operation, i.e., a state of
conti nuous photographing is 10 discrimnated. A state in which the switch

SW2 is OFF will be desgéiAedcdetoyr aggabaeubl BE theCeaheda MAvEY ttHDde
1" is executed in step (002). This subroutine is illustrated 15 in detai

in the fl ow chardbwfe Faxrarddement nwblbebewdederibbdswitht re€ferentesatsor
accunul ation start routine with normal Sensor resetting. The subroutine
"accunul ati 6n stfkaw npfvertls fardmh BigslesBhi bed9Gith reference to the fl ow

chart in Upon the first half depression of the release
button of the camera, the switch SW1l is turned on to
W2 start the AF control operation in step (000). |
Referring to Fig. 9A, upon the second half
10 .depression of the release button, the state of the
switch SW2 is detected in step (001). If the-switch
SW1l is ON in step (001), continuous photographing is
made, and the flow is branched to connector .
However, if the switch SWl1l is OFF, the flow'advanceé to
15 step (002) to perform normal AF control.
As described above, the switch SW2 is connected to
the "interruption input terminal" of the computer PRS.
; Wheﬁ the switch SW2 is determined to be OFF in step
| (601], an interruption by the switch SW2 is allowed.
20 Thereafter, when the switch SW2 is turned 6n, the flow
is branched into a predetermined interruption step by
the interrﬁption function regardless of the presently
executed operation, and a release operation is
performed. . When the release operation is completed,
25 the SW2 interruption inhibit state is set. Since the
release operation is not directly associated with the

present invention, a detailed description thereof will



20 Fig. 10A. Wen this subroutine is called, constant "200" is set as a
vari abl e MAXI NTO representing the |ongitudinal maxi mum accunulation tinme .in’
step (101) after step (100). This value is determned in units of nsec.
More specifically, the longitudinal maxi num 25 accurul ation tinme is set .to

©.200 nsec. In step (102), simlarly, constant "200" is set as a variable .
MAXI NTI' representing the |ateral maxi4furii accunul ation tine. - A7 - 1 {
Constant "20" is set as a variable BCNT in step (103). The variable B s

defines the tine TBTIME and is expressed in units of nsec. Cbntact " 20"
nmeans 20 nsec. Therefore, the tinme TBTIME is set 20 nsec after t he

tart of I I 1 t bl
INTONT | sﬁﬁfggﬁeﬁ‘“’ﬁ%fi [ VRER o ey A TR Yol s

represents a- ipxadeghraphin e)ra'tio%%']t sueH e S rdiduygriver SDR - The
hexadeci nmal "E " corresponds to binary "11100000". The upper three bits of

"1" represent opaeativhat @oBhatakl’ curdediy @ive) cpeaiBie j of node”, and
"AGC accunul ation node", respectively. Upon reception of the transmtted
data, the senmdrrdrkdewnlﬁpe%ﬁﬁmsharmmdtheﬁaamtmwndﬂng%ﬂpératibﬁﬁgreSA
More specifically, the sensor unit is reset (i.e t he charges of the
photoeleéirlcchEﬁsﬁéderthﬁeﬁénmsr&t@r@ﬁeapeGheam@ shagthr aperafeion

accunul ation is started in the "AGC node'
1n step (000) In step (001), the state of the switch

SW2 is detected. In this case, if'the sWitch SW2 is
ON, a state immediately after the re1ease operation} \/
i.e., a state of continuous photographing is
10 discriminated. _
A state in which the switch SW2 is OFF will be -
described below. |
A subroutine "accumulation start mode 1" is
executed in step (002). This'éubroutinezis-illustrated
15 in detail in the flow chart bf-Fig;.loA.- In other
words, this foutine is a sensor aécumulation start
- routine with normal sehsor_resetting;-3' o ' Q;J'
The subroutine "accumulation start mode 1" will be |
described with reference to thé flow chart in
20 Fig. 10A. When this_subroutine'isucalledi.constant
"200" is set as a variable MAXINTO representing the
longitudinal maximum accumulation time in step (101)
after step (100). This value is detérmined in units of
msec. More specifically, the longitudinal maximum
25 accumulation time is set to 200 msec. In step (102),
similarly, constant "200" is set as a variable MAXINTI

representing the lateral maximum accumulation time.




20 - In step (106), an interruption function is allowed so that the
gonputer PRS can execute an "accumul ation end interruption” by the

accunul ation end signals /TINTEO and /TINTEI fromthe driver SDR In step
(107), the subroutine retuirns to the main routine. The 25 accunul ation end
i nterruptions are executed at the end of _accunul ation of the | ongitudinal
and .|l ateral sensor arrays. -48- RefefiYing back to Fig. 9A, the conputer
PR& waits for the end of accunul ation of the | ongi tudi nal and | ateral

sensor arrays in steps (003) and (004). The conputer PRS waits until the
end of accunul ation of 5 | ongi tudi nal or |ateral sensor array. As

d i bed , th d tim f, |l ati f.the_l i.t udi nal d
ot oral sendor arraysCORTEHEL degRc LA BETIRE. £y RF AR EaBeloin REH gnal s
[TINTEO and / I NIfg3) | eSREe bl yo1 IN6ERT 1o h882knd" £:5RNABGHEE La 4 N°
termnal with an "1 nput/output, swtching enable, Input Intérruptio

control functionis MSNeddiea e Uipd 85 egs chacge o&oaggcgopgbhuggaggl§%nsor

array becones optinal and the signal /TINTEO from the driver rises, the

conputer 15 PRygled eCtthétsrdLadi fi5e eiife BBEIMBEisNEEE! UPt QB ORGHRL ONS
fromstep (050) are perfornmed. Simlarly, when the signal /TINTEl falls,

t he conput eb PRI hWetetatthast tdedumbPationul ated charge of the |ateral
sensor array is optimal, and then perforns the
In step (104), an accumulation time count variable
INTCNT is cleared to 0.
J - In step (105), 8-bit serial data "$E0" (symbol $
represents a hexadegimal.number) is sent'to'the'sensor

10 driver SDR. The hexadecimal "EO" corresponds to binary
"11100000"L The upper three bits of "1" represent
"accumulation sfart“, *destruction accumulation mode",
and "AGC:abcumulation mode", respectively. Upon

'reception of the transmitted data, the sensor driver

15 SDR starts the contiol operation. in Fig. SA. More
specifically, the sensor unit is reset (i.e., the
charges of the photoelectric transducer elements are
cleared) and sensor charge accumulation is started in
the "AGC mode". .

20 In step (106), an interruption function is allowed
so thatzthe'computer PRS can execute an “accumulation
end interruption" by the accumulation end signals
/TINTEO and /TINTEI from the driver SDR. 1In Step
(107), the subroutine returns to the main routine. The

25 accumulation end .interruptions are éxecuted.at the end

of accumulation of the longitudinal and lateral sensor

arrays.



20 interruption operation fromstep (060). The accunulation tine is
noni tored by interruption processing as "tinmer interruption” fromstep
£070) in the flowof Fig. 9C. An interruption is generated, e.g.,. every
i nmsec. Timer interruption processing will 25 be described with reference to
‘Fig. 9C -49- 1 When a tinmer interruption is generated, an :
accunul ation tinme counter |INTCNT is +néBerented by one in step (071) g /
t hrough step (070) and connector In step (072), the count of the counter ™
I NTCNT is 5 conpared with a value in a RAM area BCNT. . If a
noncoi nci dence is detected, the flowis branched to step (074). However, if

a coincidence is det c#ed,,the signal BTIME is set at "H' level in step
(073) . BCI\# is ati rée FEAAY PIFR nkRcFL8r dfvi A§et FRBPPBEEMBRS10
Wien the count of..the.counter .| does not .coincide with the val ue of
the RAM area I\/K?ﬁ’l\ﬁst) "l'zonrogtfr}}eep ?%@?ﬁ%@?g#?gnbf’gnﬁhﬁd1Pﬁﬂét§@é}§‘a(1076) .
"O herwi se, the sj NEQ i S S8 "L vel i, ep (,07%).. .MAXI NTO
represents the aﬁ‘lﬁg’]ﬁ%ﬁnal %gérna%ﬂﬁr? ai(;%u%rg?g?i (Sﬁ‘ﬁ? ngngin (3 s of nmsec.
When t he count AR Il {4 NLE, sNciedes Wit h
| ongi t udi nal rra'lgii(erruér?‘accurrm art?éi' cﬁﬁ'iﬁ“?ﬁg {':sll%ngﬁh/ %l\ﬁég%gigtg% %é‘t °'fL"
| evel , theﬁebyﬂbﬁgﬂdﬁdﬁﬁamwaﬂumaﬂgkgimgéﬁgégngg§59n of the | ongitudina

sensor 20 array. In steps (076) and (077), the pouht of the counter

As described above, the end timings of
accumulations of the longitudinal}ahd 1étefai sensor
afrays«can be detected by the.trailing edges of the

~ signals /TINTEO and /TINTEI, respectively. These
10 signal are cdnnected to the terminal with_an
“"input/output switching eﬁable, input inﬁé:rubtion_
control function". When the_accﬁmuléted charge of the
longitudinal sensor array becémes;0ptimai'and'the
signal /TINTEO from the driver SDR rises, the'éomputer
15 PRS detects its leading edge, énd the ihﬁerruption
operations from step (050) are-peffdrmed;" Similérly,
when the signal /TINTEI'fallé; the ¢ompu£er PRS . \;) .
determines that the accumulated-éharge of the lateral
.sensor array is optimal, and then performs the
20 interruption operation from stép (060) .

‘The accumulation time is monitored by.interruption
processing as "timer interruption"?ffom'stép (070) in
the flow of Fig. 9C. An interruption is generateéd,
e.g., every msec. Timer interruption pfoéeééing will

25 be described with reference to Fig. 9C. "~



| NTCNT is conmpared with the |ateral maximum accunul ation tinme MAXINTI. |f
the count coincides with the lateral maxi mum accunulation time MAXINTI, the
25 accunul ati on of the |ateral sensor array is forcibly ended. - 50-

, Whil e the conputer PRS waits for .the end of accunulation, a tiner
‘interruption is generated every nsec, and the accunulation time is

monj tored. A predeternned oper ati on~i 43p&rformed between the time 5

TR ME and the maxi mum accunul ation time TMAXI NT of both the | ongitudinal
and |l ateral sensor arrays. Referring back to Fig. 9A, while the conputer
PRS waits for determ nations in steps (003) and (004), when the accunul at ed

h f the | i tydi .1 . s.optimal, the fl [
brancned i Ao step (SEO) BySERES: HerProEEsatgaRoPStet SUsSH 0 11 ng of the

[ | / TI NTEQ. ). th | at i ' t
?;ggﬁored I n anaégxﬁgfggigﬁﬂ%ﬁﬁ%'%f“?%ggsgﬁgb§? ?%ﬁgﬁggaﬁéﬁgﬁta ue NEE

of a self-runnigg §£8BT (078) JEnEBRgROBRELCH OB apaskemns@dtdbrd ([AM area
ENDTMO. In step (052), an imge signal fromthe |ongitudinal semnsor array

SNSO is input. This ppesgépoQoT2)| BRedesthtbed ikheNebandehaizrNraNTh 20
reference to Fig. 5C. Fig. 5C shows a relationship between the signals,
cl ock pul ses, asompareed naiyehsagraluafinrat RaMeadeal Bgm@unulIs iaon as a
function of tine.
noncoincidence is detected, the flow is branched to
step (074). However, if a coincidence is detected, the
k_j | signal BTIME is set at "H" level in step (073). BCNT
is a time in units of msec for giving time TBTIME.

10 When the count of the counter INTCNT does not
coincide with the value of the RAM area MAXINTO in step
(074) , the flow is branched into step (076).

OtherWise, the;signal./TINTEO is set at "L" level in
step (075).__MAXINTO-represents the longitudinal

15 maximum accumulatidn time in-uﬁits-of msec. When the
count of the accumulation time counter coincides with
the longitudinal maximum accumulation time, the signal
/TINTEO is set at "L" level, thereby forcibly
terminating the accumulation of the longitudinal sensor

20 array.

"In steps (076) and (077), the count of the counter
INTCNT is compared with the lateral maximum
accumulation time MAXINTI. If the count coincides with
the lateral maximum accumulation time MAXINTI, the

25 accumulation of the lateral sensor array is forcibly

ended.



When an image signal is read fromthe |ongitudinal sensor array, the signal
SEL is set"at "H' level (t12) 25 to select the longitudinal sensor array.
The sensor drive clock signals [err]SH and [err] HRS are generated on the
; basis of the clock signal CK2 fromthe conputer PRS. - 51-1 | mage
information appears in the sensor imge signal Vout during the "H' period -

of the signal [err]SH Since the first3®ixel is a shielded pixel, its % g
signal potential is held. The signal DSH is set at "H' 5 | evel during the
"H'" period of the signal [err]SH of the first pixel. In response to the
signal DSH, the sensor drive SDR causes the capacitor DHC to hold the

shielded p xel pote her eaf t er itud'na se signal s
[err] he | ongi t'l ruﬂéﬁuﬂﬁﬁwpﬁfﬁr yw%} % ﬂﬁ?a??§a§%p|lfied and
out put every ¢l Qedantid QﬂﬂH% o) onversion of
t he i mage si gnal at t| m ngs 2% 'ﬁ[g sigha % ou pu% %%’grg%gegaﬁﬁ “tHe o
digital data i sl @thd NtHd % RAMA SBior Stime is era% sensor

i mage signal is read, the signal SEL is set at "L" leve to select the

| ateral sensor p&*é&%)terﬂl@xeﬁlbsw-ﬂﬂfﬂorppﬂ PfSrid® BdiwSaNBLRe thRae
descri bed above. A description will be made again with reference to 20 the

flow chartsof EBFIMEAandhahe mestinadn e ot dn ttimeé ormxmlrnat sensor
array is conpleted in step (052), the subroutine is
both the lqngltudlnal and lateral sensor arrays.
Referring back to Fig. 9A, while the computer o
PRS waits for determinations in steps (003) and (004), hnd
when the accumulated charge of the}longitudinal'sensor :
10 array becomes optimal, the flowﬁis-branChed into step
(050) by the interruption generated‘upbn falling of the .
signal /TINTEO. |
In step (051), the value of the accumulation time
counter is stored in an RAM area INTTMO. At the same
15 time, a timer value TIMER of a self-running timer
‘inside the computer PRS is.storéd in a RAM.area ENDTMO.
In step (052), an image signal from'the' \;J
longitudinal sensor array SNSO is input. This “
operation will be described in more detail with
20 reference to Fig. 5C. Fig. 5C showsea relationship
betweén:the signals, clock pulses, and the image signal
after the end of accumulation as a function of time.
When an image signal is read fiom the longitudinal
sensor array, the signal SEL is set at "H" level (tl2)
25 to select the longitudinal sehsoriarray. The sensor

drive clock signals #SH and #HRS are generated on the

basis of the clock signal CK2 from the computer PRS.



'returned to the main routine in step (053). The return destination is step

(003) or (004) in the main routine. 25 When the read operation of the
| ongi tudi nal sensor array SNSO is conpl eted, the.flow advances from step
- (003) to step (006). -52- In step (006), a defocus amount detection

"~cal cul ation of the photographing lens is perforned on the basis of the
image signal fromthe longitudinal sen®dr-array. A detailed calculation
method is 5 disclosed in Japanese Patent Application No. 61-160824 filed
by the present applicant, and a detail ed description thereof wll be
omtted. An interruption is allowed during execution of step (006). When

the accunulati of cha f the 10 _|ater b sensor array SNSI is
conpl et ed, tfn;i#%ﬁflénggﬁﬂ%ﬁéanlﬁPBegfgplﬁog ¥ PRMERE %&ﬁgenémﬁﬁa%w in
he | t ud w il f t
ar oy SSi 1 romQTETGLRS" Ple nATCPLETSar ﬁ'f’r ?é' (Bi§hal Kol ot on i e

counter INTONT is 1%380' €flei £125EAM 2681 bNITH: s o780al BE28) 1 314NN ng

timer value is stored in an area EN ﬁe |nterrup 'S Keturned from

step (063) to tdwghei %é@é‘ﬁtﬂ&l YYeRe 28, i NERET HREHAN b§n9§%e§%tte%tdwﬁm9
execution of step (00 the interruption is retdrned to the main

~routine, afd tleevgerdirdigithet ep* (P8BiodSoEethar 6egnaYheBnt bE fpeus

detection calculation in the longitudinal direction is conpleted, the image

si gnal first pixel. In response to the signal DSH, the sensor
drive SDR causes the capacitor DHC to hold the shielded

Q_) pixel potential. Thereafter, 1ohgitudinal sensér image
signals.ol,..., Onél' On of the longitudinal sensor

10 array are sequentially amplified and output every clock
signal CK2. - The computer PRS pérforms A/D conversion
of the image signal at timings of the signal CK2 output
thereby, and the digital data is stored in the RAM .
area.

15 When a lateral sensor image signal is read, the
signal SEL is set at "L" level to select the lateral
sensor array. The subsequent operations are the same
as those described above.

A description will be made again with reference to

20 the flow chart of Fig. 9A.

When the read operation of the longitudinal sensor
array is completed in step (052), the subroutine is
returned to the main routine in step (053). The return
destination is step (003) or (004) in the main routine.

25 When the read ope:ation.of the longitudinal sensor
array SNSO is compieted, the flow advances from step

(003) to step (006).



of the lateral sensor array has alréady been read. The flow advances to

step (010) through step (009). 25 Wien an interruption is generated
after the conputer PRS waits for the end of accumul ation of the |ateral
; sensor array in step_(009) upon conpletion of - 53-1 step (006), the

iinterruption is returned to the main routine, and the flow i medi ately
advances to step (010) A focus detecti bR eal culation i.s perforned on theggug
basis. of the image signal fromthe lateral sensor array in step (010). At ™
the end of calculation, the flow advances to step (011). The flow in which
the end of accunulation of the longitudinal sensor array is earlier than
that of the 10 lateral sensor array has been described. \WWen the end of
accunul ati &n of the FateteP (2P8br &rdgforuscamppat dgiftion of the

000 1Ol SSHpropheRly SPoALOHSRINERRLS, $158, (8 B g ol cpS

| cul ati I n_.bot,h | ' 1 -al -di | ons_ar, l,et ed,
Gap o ons | gl o0 hoalaal LALRLA edbhC RO BRERRRIST o0, 0
oLty on CalUaar dscapi |R1gt40: o8l 0l oskiosy gaippatgiocys amun

gglt gg't ?E) in09 N dicided aln Gdpanésd Paténet £ppl DddtioNakbdi 1-akoha | 00US__
filed by the present applicant, and a detailed '
description thereof will be omitte&.“" L
An interruption is allowed during execution of _‘“
step.(OOG).  Whén the acqumulation-of Eharges of the
10 latefal sensor array SNSI is cdmpléted; the flow is
branched into sfep (060) in the samé manner as in the
IOngitudinél sensor array. The read operation of the'.
lateral sensor array SNSI from step (060) is performed. -
The value of the accumulatioh time counter INTCNT is
15 stored in a RAM area INTTMI, and the self-running timer
value is stored in an area ENDTMI. The inteﬁruption is
~ returned from step (063) to the main routine. . W
When an interruption is generated during execution
of step (006), the interruption is returned to the main
20 routine, and the operation-in.step.(OOG)Iis restarted.
When Ehe focus detection calculation in.the
longitudinal direction is-completed;'the image signal
of the 1atéral sensor array has already been read. The
flow advances to step (010). through step (009).
25 ‘When an interruption is-genéfated after the
computer PRS waits for the end pfmaccumulation of the

lateral sensor array in step (009) upon completion of



calcul ations is checked. That is, since the focus detection results and the
I mage signal contrast anounts 25 have been obtained in steps (005) and
(008) or steps (006) and (010) prior to step (011). In step (011), the
-contrast ampunts of the inmage signals in the -54- 1 vertical and
‘l.ateral directions are checked. |If both contact levels are low, the focal
detection results are determ ned not toSBe-valid. In this case, the flow
awrances to step (016). If one of the contrast amounts 5 of the

| ongi tudi nal and | ateral sensor arrays is sufficient, the flow advances to
step (012). A subroutine "discrinination" is executed in step (012) The

fl ow chart qQf the subrout "discrimnation" 10 is shown in Fig. I n

thi s subroutli ne, SbAR 5?0§Le ?%%u%nﬁ%¥EEPFbﬂnré§uF?§“E?egh§°lGﬁﬁlﬂﬁdmnal and
| at eral sensor |n39€ qg n the E f H %udes of the
contrast |evels Bf +QF s ?%elm%ﬁgt? G gﬁﬁc gt &Paft&Bnsor
arrays. In this é& ase, the contrast val ues are wei ghted, and the

wei ght ed val ues are cbnpared with each other. In the focus detection

optical systemof thig cti@% @?-éhié fdﬁeggtg LB gdlg gif,udi na
direction is. dlfferent rom-t é%ﬁg t ater € 2 réction o tﬁ &%
contrast |egel igakEPtosNEh@NtRtye asﬂﬁtéfrff&ﬁuaaéletseéfaﬂ ééﬁHbE b$ray
obtained in the | ongitudinal direction.
in step (010). At the end of calculation,'the_flow
advances to step (011). -
i,) * " The flow in which the end of accumulation of the
longiiudinal sensor array is earlier than that of the
10 lateral sensor array has been described. When the end

of accumulation of the lateral sensor array is earlier

than that of the longitudinal sensor array, the flow

- ' - advances to step (011l) through steps (005), (007), and
(008) .
15 Up to step- (011), the focus detection calculations

in both longitudinal and lateral directions are
completed, a defocus amount DEFO and a contrast amount
ZDO are obtained in. the "focus detection calculation in
the longitudinal.direction, and a defocus amount DEFI
20 and a contrast amount ZDI are.obtained in the "focus
detection calculation in the lateral direction".

In step (011), validity of the focus detection_
calculations is checked. That is, since the focus
detection results and the image signal contrast amounts

25 have been obtained in steps (005) and (008) or steps
(006) and (010) prior to-step (0ll). 1In sﬁep {011),

the contrast amounts of the image signals in the



Wi ghting coefficients CO and ClI (wherein CO> Cl) are nultiplied with t he
contrast anmounts ZDO and ZDI 25 obtai ned based on the | ongitudinal and
i mges, and the products are conpared with each other. If

| ateral sensor

-

condition ZDQerr]CO [err] ZDi[er]Cl is established, the flow - 55 -
advances to step (403). However, if condition ZDQerr]CO < ZDI[err]C

established, the flow advances to step §#4062). In step (403), the
| ongi tudi nal focus detection result DEFO is defined as the final

anount DEF. In step (402), the lateral focus detection result DEFI is
final defocus anount DEF. The "discrimnation" subroutine is
returned to the main routine in step (404). Referring back to the flow
chart in Fily. oveytirpliendhdasepadyfdresttdons arsuheped s shilbetht han a
predetermi ned anount, an in:focus state is determned in step (013), and

the flow advancESntactt dgvedsaprecdpyrwitie focgds datectian nesulktsragacd,

S .

defined as the

and the flow ad

detected, the i
(014). However

. 015). 15 Wien the in-f tate i
EPRERLnARChPR, tPoBhorAY ity dn thasureseny B APt op

1

i's

v

def ocus”

basi s of the de?%g%ggg%ggﬁfs?%8238%%8oi;?&t%gﬁeggf$&%P%Ph&ﬁ§&#¥%&é§¥%%g1)

agai n, andghe 29 tﬂg;(j_‘,{,?%{.l_lg?g

driving the lens in step I'sS di scl ose

apanese

-No. 61-160824 fihedibyehP§ the flow advances ‘to step (012).

10

A subroutine “"discrimination" is executed in step

(012) .

The flow chart of the subroutine "discrimination" .

is shown in Fig.. 11l. . In this subroutine, one of the

focus detection results by the longitudinal and lateral

'sensor images is employed on the basis of the

15

20

25

magnitudes oflthe contrast léveIS'of the images from
the longitudinal and lateral sensor arrays. In this
case, the contrast values are weighted, and the
weighted values are compared with each other. In the
focuS'detectidn optical system of this embodimeht, the
base line length in the longitudinal direction is
different from that in the lateral direction. When the
contrast level is kept unchanged, a better focus
detection result is obtained in the longitudinal
direction. |

Weighting coefficients CO and CI (whereih CO > CI)
are multiplied with the contrast amounts 2DO and 2ZDI
obtained based on the longitudinal and lateral sensor
images, and the products are compared with each other.

I1f condition 2ZDO-CO 2 2DI-CI is established, the flow

REECLLAN12RREA QRnEB CYRUAd 3 o A Bt hod of

ent?AppIication



present applicant, and a detail ed description thereof will be omtted. 25
Wen both the longitudinal and |ateral imge signals are determ-nned to have
low contrast levels in step. (011), the flow advances to step (016).

-56- Accunul ati on node detection is performed in step (016). If node 1 is
‘det-ermi ned, the flow advances to step (018). Ctherwi se, the flow advances
to step (017). Since the flow in whi eh56he accunul ation node 1 5 execut ed
i RSt ep (002) has been described, the operations fromstep (018) will be
descri bed below. In step (018), the peak values of the inage signals in the
| ongi t udi nal and Iateral directions whi ch were read in steps (052) and
(062) are detected. peak values 10 are sufficiently large (i.

| ar ger thaH-theaﬁV%BEFErﬁPn§839aﬁ6@§) tﬁ@WPVSW'a&¢aﬁ&@§Hﬁ§Qﬂex)(017)

G h th d t 9 wh t k |
oroCsut i o ent 1 S0P SEBC BRESch a6 €PeabtThnedr ntnes fllﬁa’te advidasoee ™ 1
[ 15 b t trol |
P Cuee aa abeBIRho F, PRt EdROYab R SRR BRI 0L e
driving is Contagteéeiohnfés@fengswelgoamﬁad' sgelthgurf' 104 g, Of the

| ens when an object contrast 1Is ter ens s riven by
a predeter &l nedagRyPtpERhe fhONLEST PIS) L OtRLCPatBRAY: fBEutsh%eftleQ:‘Qflo%turns

to step (001) while the lens is driven. en the contrast
result DEFI is defined as the final defocus amount DEF.
" The "“discrimination® subroutine is returned to the main
\J ) routine in step (404).
Referring back to the flow chart in Fig. 9(a), if

10 the employed defocus amount DEF is smaller than a
predete;mined amount, an in-focus state is determined
in step (013), and the flow advances to step (014).
Otherwise, a defocus state is determined, and the flow
advances to.step (015).

15 When the in-focus state is detécted, the in-focus
display is performed on the display DSP in‘step (014).
However, the defocus state is detected, the 1en$'is
driven on the basis of the defocus amount in step
(015). The flow returns to step (001) again, and the

20 next focus_detection operation .is executed. A method
of driving the lens in step (015) is disclosed in
Japanese Patent Application No. 61-160824 filed by the
present applicant, and a detailed description thereof
will be omitted.

25 When both the longitudinal and lateral image
signals are determined to have low contrast levels in

step. (011), the flow advances to step (016) .



| evel is increased, the lens is stopped, and the fl ow advances to step
(012)). This control is disclosed in 25 detail in Japanese Patent :
‘Appli‘cation No. 61-160824. Wen the peak val ues of the imge signals are

- smaller than the predeterm ned values in step (018), - 57 -1 t he peak
‘.values may be increased with an increases in accunulation tine, so that the
contrast |evels can be highered accordi pgl ¥. For this purpose, «ﬁinj
accurrul ation control is perfornmed in steps (019), (020), and (021). 5 R
The conputer PRS determnes in step (019) whether the actual accunul ation
time reaches the predeterm ned naxinun1accunu|ation time. If YESin step
(019), the flow advances to_step (021) to set an "accunul ation start node
3". Ctherw 3e, t he f IQﬁF‘&E‘&b"ﬁEé@nt’6°§Fe§eE9°t€-920}st pexdormed dacwhemt i on

start node 2". | e p29£06| £|c transducer elenents of .t.his enbodi nent
of the present i JAPFRelt hE dehermingdn kheyfdom advamces the

| d ch | ed af d d b d
casin 1ot ocpii%i AT IRGIGS e R e B §é%‘c'e%2ﬁ?»?at%%ﬂ F.egre"_i -
5B). Wien the ac{l ) 96%{%@%&& hggrgﬂeagﬂeg" &ﬂacgcmﬁ[uag%% ed

tine t he subrou accunul at1 on exec £6 C O rol the
"not destrugti OnfEAG & CHFSstéP ?é@?)(ﬂgg)begﬁ) describ@ flgw chart of the

subroutine "accunulation start node 2" in step (020) is stiown in Fig.
10(b). The basi opaoeindfridd soep (Jexssrwnpnbéeaéscnbea below.. In -

step (018), the peak values of the ima§e'signa1s in the

longitudinal and lateral directions; which were read in nd
steps (052) and (062) are detected.. If the peak values
10 are sufficiently large (i.e., larger than the
predetermined values), the-fléw advances to stép {(017).
Otherwise, the flow advances to step (019). That is,
. when the peak values are sufficiently large, the
computer PRS determines that a further improvement
15 cannot be expected by the sensor accumulation control.
In £his case, search lens d:iving_is performed in step
(017). The search lens driving is control for ' &;}
increasing the contrast levél during'driﬁing of the
lens when an object contrast_is.10w (i.e., after the
20 lens is driven by a predetéfmined amount, the flow
returhs to step (001); or the.fiow returns to step
(001) while the lens is driven. When the contrast
level is inéreased, the lens is stopped, and the flow
~ advances to step (012)). This control is disclosed in
25 detail in Japanese Patent Application No. 61-160824.

When the peak values of the-image signals are

smaller than the predetermined values in step (018),



access” will be described bel ow. Wen the dynam c range of the sensor
output is not matched with the 25 range of the processing system the

i mhge signals are read again after a |apse of an accunulation time assuned
so-that the peaks of the inage signals becone -'58 -1 optimal, on the
basi s of the peak values of the image signals obtained in the normal read
operation and the correspondi ng accunul ati%h +inme. An accunul ation tine
EXIWFFM f or obt ai ning optimal 5 peak val ues is defined as- follows if an
opti mal peak. value is given as a.count "250" (if the resolution of the A/D
converter of the conputer PRS is given as 8 bits, the optiml peak value is
defined with respect to the 8-bit full-range): 10 . . EXINTTM = .
(250/ PK) [ er r ] INTTMWifeREAKK Yaluas Ban s Anfereasrf | Wit 88 {pereases in

lation time, Si t det er ni iod of tine h d
The end of read opdCauSH Al W p At S Hie Septrittolaecstiran be
t h b T taram { od_of tinge,i
Gor ned as RTM o dThsbeneAgorstind i or ot A dReRte peafenelRiifp i s
[ foll . = | - T . / ) .
BNTTM 1 s Used as (IO Eron o caan e (o SR €Lo) ¢ (048F0 LH8 (bIE) .
read in the no§ AGC nDderhe idumgiR@ds e QGdfediitnd B0 $tHH(016) whether

the actual accumulation time reaches the predetermined

maximum accumuiation time., If YES in step (019), the
W, y - flow advances to step (021) to set an "accumulation
start mode 3". Otherwise, the flow advances to step
10 (020) to set an "accumulation start mode 2%.
in the photoelectric transducer elements 6f this
embodiment of ﬁhe present invention, unlike the sensor
"such as a CCD sensor, the accumulated charge is not
clearedfafter.the read -operation and can be read again
15 to perfprm-the-“not destruction read access" (control
in fig. 5B). When the actual accumulation time does
not reach the predetermined time, the subroutine
“accumﬁlation start mode 2" is executed to control the
"not destruction read access" in step (020).
20 . The flow chart of the subroutine “accumulatién
start mode 2" in step (020) is shown in Figqg. 10(b).

. The basic concept of the "not destruction read
access" will be described below. When the dynamic
range of the sensor output is not matched with the

25 range of the processing system, thé'image signals are
read again after a lapse of an accumulation time

.assumed so that the peaks of the image signals become



f,.-n-.
.

expected as the A/D-converted digital value as a count "250" . 25
When the subroutine "accumul ation start node 2" is called, a peak val ue PKO
of the imge signal fromthe |longitudinal sensor array SNSO is detected in

“step - 59 -1 (201) of Fig. 10B through step (200). In step (202), a

variable ENDTMO i s subtracted fromthe self-running tinmer value TlIMER

i nsi de the computer PRS which represehBs-the present tinme. . A differencee ijs
stored as 5 the variable RTMO. Since the TIMER val ue at the end of =

| ongi tudi nal "accumul ation is already stored. The val ue RTMO obt ai ned by
subtracting ENDTMO from t he present time represents a IapSe of time from

the end og accunul atjon to resent tjnme. 10 In step (203), a.
period from tH ¥§tnt°ﬂn ﬁt gﬁthEfrEhﬁ Beak: Veilnesqyofs the dmaged on

t he b: f th t th Kk I Th | cul at ed

valeueaflsss?ore < {i\é’f g%#%%?e ﬁm&ﬁ I mﬂﬁe §§? ggPS\’é%ﬁ;fe’NT@qe%c ‘%;r ?agl e

for defining the g&&%& %88&8Hi§£%8€ Eiﬂg of the Iongrtudrnal sensor
perto 0.

array and represent require conpl ete the "not destructron

read access”. Sim |gg £adahthPdtoss eﬁﬁepﬁkiﬁﬁmdféer Bbslh%
arrays in steps (204) to (206). A remaining period opt | zrng e 20

peak val us of gduk iveDfes poadefinsatie Foleows senaﬁrogwﬁ:}év eyl as the
vari abl e MAXINTI. The variable BCNT is set to "1" in step (207?
value is given as a count "250" (if the resolution of
the A/D converter of the cempu;ef pks is given as 8 o
bits;;the_optimal peak value is defined-with respect to \*)
the 8-bit full-range): .

10 EXINTTM = (250/PK) <INTTM
where PK is the peak value, and INTTM is the
accumulation time.

'Since the predetermined period of time has elaésed :
from: the end of read operation up“ﬁo”the'preSent since.

-15 focus'detecfion:operations have been performed. if the
pre&etermined period of time is defined as RTM, a time
TINTTM froﬁ.the present moment to the read:timing is .‘; .
given as followé:. |

" RINTTM = EXINTTM - INTTM - RTM

20 . When the time RINTTM is used as. the makimum
agcumﬁlation-time,-and-the image signal is read in the
"not AGC mode", the peak value of-the:image signal is
expected as the A/D-converted digitEI value as a count
.“250“[

25 When the subroutine "accumulaﬁibn start mode 2" is
called, a peak value PKO of the image signal from the

longitudinal sensor array SNSO is detected in step



The variable BCNT is for giving the fihé TBTIME. Since the accumul ati on
control which is being described 25 herein is given as the "not

Jdestruction” control. The gain node has thus already been determ ned,

.the value of the MII ME may be any value. However, "1" is -60= stored
determne the gain imediately after Lﬁ% start of accumulation. In step

(208), the accunul ation tine counter |

ENT i s cleared. The gains in the

p i~ous accunul ation operation 5 are input fromthe driver SDR in step
A gain code GCD for the present "not destruction read access” is
generated in step (210). In.step (211), the gain code is added to a cont
command "$8Q" of (b0g)SeFs#igdr 10y tSRRuG'G e E268] S OvhPYEep0(bB2Yhe
driver SDR For éxan%le; ifggains i n bot théﬁfongitbdrngl §E§$|é?g?§r
directions are gaveardable ERDTIO HsCeddtoalRded "N  tlddsé De-£QAhEA
command sent to the driver SDR is "$80". Wen the hexadeci mal val ue "80"
i s.expressed as aibemravglwvel TEMEROGHRAGER" thellwnbutexpePrRS hwikechits " 100"
represent the "accumul ation start”, the "not destruction accunul ation
and t he "meprageniscdivgl priesentoddme .r edpabitifiestencdhis| sterefioas
bits represent that the gains of the |ongitudinal and |ateral directions
the "not AGE 20 sbeuNaripbds RIMO.sefingel thec TIMBR Vaueratibhe gadnofn-

(209).

node",

t he | ongi t udi nal

directiqQn i,s 2'and_that in the |ateral direction is 8,

gai n code GCD islapgéﬁuggngl accumulation is already stored. The value

:\-./\

10

15

20

25

RTMO obtained by subtracting ENDTMO from the present
time represents a lapse of time from the end of
accumulation to the present time.

In step (203), a period from the present moment to

and

to

r ol

in

t he

the read start timing is calculated on the basis of. the )

above equation'té optimize the peak value. The
calculated value is stored as the variable MAXI&TO;
The variable MAXINTO is a variable for defining the
maximum accumulation time of the longitudinal sensor
arréy and represents a period required to complete the
“not destruction_read access". Similaf calculations
are performed for the lateral sensor arrays in steps
(204) to (206). A remaining period for optimizing the
peak_value of the image signal from the lateral sensor
array is set as the variable MAXINTI.

- The variable BCNT is set to "1" in step (207).
The variable BCNT is for giving tﬁé time TBTIME. Since

the accumulation control which is being described

herein is given as the "not destruction" control. The

gain que has thus already been determined, and the

value of the MTIME may be any value. However, "1" is



bi nary value "00001011". In this case, the command sent to the driver SDR

is given as "$87". The driver 25 SDR receives these comands to start the
“accumnul ation operation w thout resetting the sensor and without using the
. ACGC function. In practice, the driver SDRis- -61- not operated for the
“~sensor unit SNS. Since the sensor unit of this enbodi nent of the present
i nvention continues accunul ati on witho@® being reset, the driver SDR itself
is set in the status as "during 5 accurrul ation”. In step (212), the PRS
interruption function by the accumul ati on end signals /TINTEO and I TINTE
Is allowed. The interruption subroutine is then returned to the main

' ' % ACC 1 | gt E th sensor driver
rS(IZ))llit hingalblneit epe (gzlj%anail" ‘7%‘? ﬁngh%'(lz'%%{lél e 4 aftas dhe and the
accunul ation eng Si@ngf Sa@é&m%f:'g{fgnl’ n meﬁﬁggpt&% Hloa\gzgver alsﬁnjg’ftfgles

"not AGC accumul at1 on nod e conput er tsel ’dl

[/ TI NTEO and ﬂSgiﬂg%ﬁﬂuﬁiéfwlﬁqéﬁﬁsgsoé theepredeterm ned period (MIXI NTO
and MAXINTI), thereby forcibly ending t%e accurmul ation. In this case, the

sane operations as iThéd hfaim®Sen Ofhé NEr&RXbUHMBeaHTY L
perfornmed. 20 Referring back tgﬁFlg 9A, in step %Slg)hbgﬁtahe nor ma

accunul ati of tiawee risgoitesfrdne trexidxivesCSDH! 8hi 8Repl MRo9YNe conputer PRS
determ nes that the _ o
A gain code GCD for the“present “not destruction
read accesé" is generated in'step (210); In step
(lef, the gain code is added to a control command _ &J'
"$80" of the sensor driver SDR, and the sum is output
10 to the driver SDR. For example, if gains in both the
longitudinal and lateral directions are given as 1, the
géin code GCD is "$00", and the control command sent to
thé driver SDR is "$80". When the hexadecimal. value
"80" is .expressed as a binary va;ue "10000000". The
15 upper three bits "100" represent the "accumulation
staft", the "not destruction accumulation mode", and
the "not AGC accumulation mode“,-reSpecﬁiVely._ The
lower four bits represent thét the §éins of the
lonéitudinal and lateral directions in the "not AGC
20 accumulation® are set to 1 each. If the previous gain
in the 1ongitudinai'direction is 2 and that in the
lateral direction is 8, the gain:code GCD is given as a
binary Qalue "00001011". 1In this case, the command
sent to the driver SDR is given as "$87". The driver
25 SDR receives these commands to start the accumulation

operation without resetting the sensor and without

using the AGC function. In practice, the driver SDR is



accunul ati on of the sensor is excessively perforned due to the processing
time for focus detection calculations 25 and the |ike and the peak val ue
of thé imge signal read at this nonment has a value |arger than the opti nal
;value. In this case, the flowis branched into step - 62 -1 (021),
“and_t he subroutine "accumul ation start node 3" is executed. The flow chart
of the subroutine "accunulation start nogg 3" is shown in Fig. 10c. This
n%ﬁﬁ-is set 5 when the actual accunul ation tinme:exceeds the maxi num
accurnul ation tinme to read the image signal in the "not destruction read
access Wien the subroutine " accunul ation start node 3" is called, the
accunul ation tinmes of the longitudinal and 10 |lateral sensor arrays are
calcul ated i b st apt FHordtedufpr stisp $ddr dhetasNsoul gihes thaesehsbNTTM
for obtaining optinmal peak values are calculated in the |ongitudinal and

| ateral directionmitamf ttlel < admhodineht abfiesharpresentdinsehhdonaxi num
accunmul ation tinme 15 variables MAXINTO and MAXINTI. In step (302),
constant "1" is santipues aceumuBItidgh cohthont vbeing BopFebectbsedrhiver
accunul ation operation is the "not AGC accunul ation node" and their gains
have al ready beerSRfetidisfilfedis Zpt in the, stapus393)  derdngccunul ation tine

count er INTqu '%éﬁéﬁﬂfg%iAJLFtEDS (304) and (305), the previous gains are

In step (212), the PRS interruption function by
the accumulation end signals /TINTEO and /TINTEI is
1% allowed. The interruption subroutine is then ré£urned
to the.main routine ip step (213). In the AGC’

10 accumulation mode, the sensor driver SDR disables. the

- signals /TINTEQ and /TINTEI by the AGC function, and
the accumulation end signals are stored in the computer
PRS. However, in the "not AGC accumulation mode", the
computer PRS itself disables the signals /TINTEO and

15 /TINTEI after a'lapse of the pfedetermined period
(MTXINTO and_MAXINTI), thereby forcibly ending the

k,/ ' accumulation. . In this case, the same opérations as in
the lapse of the maximum accumulation.time are
performed.

20 Referring back to Fig. 9A, in step (019), if the
normal accumulation time reaches the maximum
accumulatioﬂ time, the computer PRS determines that the
accumulation of the sensor is excessively performed due
to the processing time for focus detection calculations

25 and the like and the peak value of the image signal
read at this moment has a value larger than the optimal

value. In this case, the flow is bran¢hed into step



I nput fromthe sensor driver SDR, . and the gain code. GCD for the present
accumrul ati on operation on the basis of 25 the previ ous gains is generated.”
1n step (306), the gain code GCD is added to the control command "$CO' of

( the driver SDR, and the sumis - 63 -1 sent to the driver SDR In
-this case, the hexadecimal value "CO' is expressed as a binary val ue ,
"11000000". The upper three bits, "110", represent the "accumnul ation Gt
start”, the "not destruction accunul ali®% 5 node", and the "not AGC husad
accurul ati on node", respectively. Upon reception of this command, the
sensor driver SDR starts the accunul ation wi thout using the AGC functlon
upon resetting of the sensor unit. The conputer PRS alloms an accunulatlon

end 10 integrupt n p 0 €n Cﬁ%ﬂ”} {art
node 3" is ?eturggglt é g %%énz%gﬁ?PgéBPn %tep §§6§; hereafter, fﬁe

accunul ati on conj g ngesc g@éa[ t he conputer PRS sets the accumul ation end
signals /TINTEO and /TINTElI to "L" level. 15 Referring back to Fig.
9A, when the peak valpige of1édiechaBgeosi gRal su@Fdbudbiddie turi1AG@H I ation
is not an optimal value in step (020) or (021), the accumul ati on operation
I's perforned to stéat moéde z)'ptiaaéhqsenklnab‘ug byl 08GC @Wvitsr olodeAfitsersethe 20
accurmul ation is started in the "accunul ation start node 2" or the

"accunul ati bn stwhen nchie &tuahea¢tumuilations tl:!mestee@e(efﬁxs)t,h@mxﬂwm

conput er PRS waits for the end
accumulation time to read the 1mage signal in the "not

destructn.on read access™. . .o

When the subroutine ”accuﬁulation'start mode 3" is }\/
‘called, the accumulation tiﬁeSjof the longitudinal and
10 lateral sensor arrays are caiculatéd'in step (301)
through step (300). The accumulation times EXINTTM for
obtaining optimal peak'valhessare_calculated in the
longitudinal and lateral direcﬁions, and thé'célculated
' values are stored as the maxihum accumulation time
15 variables MAXINTO and MAXIN&I;: In step (302), constant
"}1* is set in the time TBTIME control value BCNT
because this accumulation operation is the "not AGC o/

accumulation mode" and théir géins”have already been
determined. |

20 In step (303), the accumulation time counter
INTCNT is cleared.

In steps (304) and (305),'thé previous gains are
inpﬁt from the sensor driver SDR; and the gain code GCDl
for the present accumulation operation on the basis of

25 the previous gains is generated.
In step (306), the gain code GCD is added to the

control command "$CO" of the driver SDR, and the sum is



of/ accunul ation in the "node 2" or the "node 3". Mre specifically, when
the accunulation is 25 started in the "node 2" or the "npde 3", the tine
MAXINT is counted in "timer interruption"” in step (070). After the |apse of
the tinme MAXINT, the signals -64- /TINTEO and /TI NTEl are set at "L" )
"tevel to termnate the accunulation. At the sanme tine, the imge signals
“are input in steps (050) and (060). Thereafter, the focus detection

cadPCul ations are 5 perfornmed in steps ?305) to (-010), and the fl ow
advances to steps (011) to (014) or (015). Wen the inage signal obtained
by the accunulation in the "node 2" or the "nbde 3" is discrimnated as a
| ow- contrast signal, the flow advances fromstep (016) to step 10 (017).
The search drivi ngent pertnenadiveihgbR.setin Mpilh@as@dahe’ Hexddwrin@re
3". The above operations are repeated during the ON state of the switch
SWL., and the | ensvaluenVed"t dst aeprastedusspasidinary ¥alue "“110000008Li on
of the AF control apparatus in the continuous phot ographi ng node accordi ng
to the present inTeatwppewi three Hateri ad 0Nt hepafesearicehteo Fig. 9B. In
the continuous phot ographi ng node, since the switch SW2 is ON upon the
second hal f depr esaFewmslabgon: fEarkl eatbep(inPdn depdrugition mecuwnd atfiqme

previ ous photographing operation, the flow is branched fromstep (001) of
Fig. 9A to st¥p ( OfggéthgB'FﬂFoﬁgﬁ accumulation mode",

respectively. Upon reception of this command, the
sensor driver SDR starts the accumulation withqut using
N the AGC function upon resetting of the sensor unit.
The computer PRS allows an accumulation end
iO interruption in step (307), and the subroutine
"accumulation start que 3" is returned to the main
routine in step (308). Thereafter, the accumulation
continues until the computer PRS sets the accumulation
end signals /TINTEO and /TINTEI to "L" level.
15 . Referring back to Fig. 9A, when the peak value
of the image signal read by the normal accumulation is
not an optimal value in step (020) or (021), the
accumulation operation is performed to obtain the
optimal peak value by AGC control.  After the
20 accumulation is started in the "accumulation start mode
2" or the "accumulation start mode 3", the flow returns
to step (003), and the computer PRS waits for the end
of accumulation in the “"mode 2" or the "mode 3".
More specifically, when the accumulation is
25 started in the "mode 2" or the "modé 3", the time
MAXINT is counted in “timer interruption" in step

(070). After the lapse of the time MAXINT, the signals



-~

connector In step (022), a subroutine "accunulation start 25 node 1P'4<: X

executed to cause the sensor unit to start normal accunulation. Gins in

‘this node are set to be slightly higher than_those in the "accunul ation w
start -65- 1 node 1". That is, the accunmulation tinme can be shortened *
“by increasing the gain even if the sane object is subjected to distance - Coh
nmeasurenents, thereby inproving the resggnse characteristics of the focqjﬁgg s

control operation. The flow of the subroutine "accunul ation start node IF
is showmn in Fig. 10A. Wen this subroutine is called, constant "200" is set
as each of maxi mum accunul ation tine variabl es MAXINTO and MAXI NTI of the
10 longitudinal and |ateral sensor arrays in steps (121) and (122) through
step (120). ISt ep/ TIWBHO| and h/ BINDBE oareéneetsati FEEr davelr 6m theminate
correspondi ng portion in the "accunul ation start node 1". Constant "5" is
set as the tine HBTIMCwpRiabionar i Ab| EhecRATe ChbiBe anthesimgyer sggaadsts 5
nsec. Al though the constani is set 80 in_the "node 1", the constant is
set to "5" in tHRFeRRYE D 3teRE ?ﬁ% i ARATEIPRE- earlier, so that the

Baner. 20 " The THHATARGERCoEE 0P BB BHCC AN TRECELAG ChA, Aee
operations as i 4 g, hwsle; "< 8L gs PR668) "BY- (Febf! LG PAGK£L8,F1 9 9B, the
accunul ati on _ S |
. advances to steps (011) to (014) or (015). When the
imaée signal obtained by the aCCumulation in the "mode )
2" or the "mode 3" is discriminateo as a low-contrast ~/
signal, the flow advances from'step (016) to step

iO {017). The search drivino is ﬁerformednwithont setting

the fmode_Z" or tho "mode 3". | -
| ‘The above operations'are';épeated during the ON
state of the sﬁitch SW1l, and the lens is moved to the
in—focus position.

15 _ An operation of the AF control apparaﬁus in the
continuous photographing modetéccording to the present
inventionjwill be described with reference to i‘) .
Fig. 9B. 1In the continuous_photog:aphing-mode,.since
the switch SW2 is ON upon the second half depression of |

20 the release button even after the end of the previous
photographing operation, the fiow is branched from step

(001) of Fig. 9A to step (022) of Fig. 9B through

connector .

In step {(022), a subroutine-

"accumulation start

25 mode 1F" is executed to cause. the sensor unit to start
" normal accumulation. Gains in this mode are set to be

slightly higher than those in the "accumulation start



start node 1F" is returned to the main routine. In step (023), the conputer
PRS checks which one of the 25 inmage signals fromthe | ongitudi nal and

|'at eral sensor arrays is enployed as the final result. If the |ongitudinal
-focus déetection result is enployed, the -66- 1 fl ow advances to step
‘(:024). If the lateral sensor is enployed, the flow advances to step (026).
If no focus detection operation is perfogrped because both sensors show | ow
cOMtact, the flow advances.to step (028).75 Since a quick focus
adjustnent is strongly needed in the continuous photographing, in the
enbodi nents of - the present invention, if the |ongitudinal sensor is

enpl oyed in the preceding focus detection, the same |ongitudinal sensor is
used for the ff ol Imdend'f OCUsha® islpt e6éi 88cumlliaeibh thael 2har ale sensor is
enpl oyed in the preceding focus detection, the |ateral sensor is
successi vel y usedsHartensd rextimpesasing. th8egatiiaceorhy idneheesame | S used,
conparing wwth a case in which two sensors are used for a focus detection
operation, the 1®bigsh dts gnhjerted shodishadcenmeaadicepentis,otheebynage
signal and in focus detection calculation. However, when the two sensors
are both in the I'prmasthetzgsponse e¢hpraehssistirs afethes fegus nor nal

focus detection since there is ho sensor to be selected. 20 25
5 control operation.

The flow of the subroutine "acéumulation’start
mode 1F" is shown in Fig; 10A. When this subroutine
(. is called, constant "200" is set as each of maximum
accumulation time variables MAXINTO and MAXINTI of the
10 longitudinal and lateral sensor arrays in steps (121)
and (122) throqgh step (120). Step (123) in this
subroutine is different from the corréspoﬁding pdrtion
iﬁ the "accumulation start mode 1". Constant "s" is
set as the time TBTIME control variable BCNT. Constant
15 “5"-represents 5 msec. Althoﬁgh the constant is set as
20 in the "mode 1", the constant is set to "5" in fhe
"mode 1lF" to set the time TBTIME.earlier, so.that the
gains determined by the driver SDR during accumulation
are set to be higher.
20 The flow advances to step(104), and the.same_
control operations as in the "mode 1" are performed.
Referring back to Fig. 9B, the "accumulation
start mode 1F" is returned to the main routine. In
step (023), the computer PRS checks which one of the
25 image signals from the longitudinal and lateral sensor
arrays is employed as the final result. If the

longitudinal focus detection result is employed, the



-67- 1 When the flow is branched fromstep (023) to step (024), fhe
conputer PRS waits for the end of the read operation of the inmage signals =~ *°
fromthe | ongitudinal sensor arrays in the node 1F. 5 When the read
operation of the |ongitudinal sensor inmage signals is conpleted as in the
“interruption processing showmn in steps (050) and (070), the flowis shifted
to step (025), and focus detection cal culggions using the | ongitudinal A /
sensor imge signals are 10 performed. When the | ateral sensor inmage R
signal is used in the previous focus detection, the conputer PRS waits for
the end of read operation of the |lateral sensor inage signal in step (026).

Subsequent{y ffbétéﬁVgﬁhe (937Qte 554 ete%& So?ﬁ%g %@%l§¥rmgthe

| ateral sensor 1mage S|gna s are p ongltudlnal and

| ateral Sensorexﬁﬂ‘?&ﬁf' opRe Sff@w)leaéQX\hEQEt EasEtleEV‘?b§6 df ocys def agld,an

cal cul ations usin h the Tongitudinal and lateral 2 sensor i mge

signals are peiéwcm?ﬂbm Mo £REi6M283 borfO3hga bBcalgR 6bB3IP) s EOMput er
PRS det ermi nes which one of the sensor image signals is selected as in the

normal focus diection opetadt pnthdheiewsaapanaee tbeszape (@a2sgt.eps (003)
to (010), and a detailed 25 description thereof wll be omtted. After the
f ocus detebtlthUp%r@uquwpkszQM@l@ded$tmhetcmatsasbnbéyehee@edbnected in

step (037). If the
the continuous photographlng, in the embodlments of the

present 1nventlon, if the longitudinal sensor is
employed in the preceding focus_dgtection, the same NG
1ongitudinal_sensor is used fér the follpwing_focus
10 - detéction. Also 1f the lateral sensor is employed in
the preceding focus detectlon, the lateral sensor is
succe531vely used for the next operatlon. Because only
one sensor is used, compaglng with a case in which two
sensors are used for a focus detectiph operation, the
15 6pération time is shortened iﬁ feading—out of the image
signéi énd in focus detection.cal¢hlation.: However,
when the two sensbrs are both'in the low-contrast
state; the two.sensors are used as in a normal focus

detection since there is no sensor to be selected.

20

25 -




-68-- 1 resultant contrast value is smaller than a predeterm ned .val ue,
i.,.,e., if alowcontrast is detected, the flowis not branched, and no |ens
driving is performed. However, if the contrast value is larger 5 t han
.the predeterm ned value, the flow advances to step (038), and the lens is
“driven on the basis of the detected defocus anmount. Wen lens driving in

he--cont i nuous phot ographi ng node is conpleted, the conputer PRS waits for
am=~10 interruption fromthe,switch SW2. €71 the switch SW is kept ON at
this nonent, the rel ease operation is executed by the interruption
function. Wen the rel ease operation is conpleted, the SW2 interruption is
I nhi bited. 15 After the rel ease operation is conpleted, the flow

returns to step (001) ,wm @hgeﬁj,gcys ggg%%glﬁﬁg%e(r?at :53:33 L:‘U}:@{ E)tg)(rjéspt%ﬁn%;he

above enbodi'ment, the 'gains are Thcrease

node. However, t W & ,ZOtlg% ecc%lg'@{ef Opgkt &Qﬁ%ﬁwﬂﬁh £hied léinrdte gtafeéﬂl% L.L;[%aéi

response tinme in AF contr I n ‘accordance wth operating s

canera.  AS in " GGG AN Nfiab® 518RNQT kol thiel 10 s esent

invention is also effective for focus control during lens driving. 25
I n this enbodi nerdengonantiesid UDh | ¥ige rR8desersor is used as an accunul ation

type sensor. However, an - .

5 When the read operation of the longitudinal sensor
image signals is completed as in the interruption |
processing shown in steps (050) and (070), the flow is

N~ _ shifted to step (025), and focus detection calcﬁlations
using the longitudinal sensor image signals are

.16 -performed.

When the lateral sensor image signal is used in
the previous focus detection, the computef PRS waits
for the end of read operation of the lateral sensor
image signal in step (026). Subsequently, in step

15 (027), focus detection calculations using the lateral
sensor image signals are performed. .

ku) When both the longitudinal and 1§t¢ral sensor
image signals have low contrast levels, focus detection
calculations using both the longitudinal and lateral

20 sensor image signals are performed in steps (028) to
(035).  In stép (036), the computer PRS determines ' -
which one ofhthe sensor image signals is selected as in
the normal focus detection operation. These steps aré
the same as steps (003) to (010), and a detailed

25 description thereof will be omitted.

. After the focus detection operation is completed,

the contrast level is detected in step (037). If the



-

%
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- 69 - accumul ation type sensor. such as é CCD sensor may be enployed in the--

present invention. In the enbodi nent described above, the sensor used in

*the rontinuous photographing node is the sensor used 5 in the previous.

focus detection cycle. However, for exanple, the |ateral sensor array nay
be preferentially used. The sensor descri bed above conprises a
nondestructive read sensor as a photoeggctric 10 transducer el enent.
However, the present jnvention is also effective for a focus detection
sensor using, e.g., a CCD sensor. In the enbodi nent described above, focus
detection processing is perforned for two sensor .outputs, and 15 then

wei ghted contrast | evels of the inage signals are conpared with each other
to sel ect lone glestHdand: aanitgrastestalve isoovmableri bhgs signal s may be
selected prior to focus detectlon processin In this case, focus

det ection proc®¥EEeFeTH OFERE £ o - %n&ylghé leveeeonliragti #gge si gnal s.
In the above enpadi ne focus detection_nechani sns are _provided.:
However, the n§%5599§gﬁ(£Hﬁ;éﬁﬂ%xiﬁ(ﬂP FRed i andopo| LAPEeAriRanIbut
can be three or, nore. R ference I S5.made 1o the | i can

co- pendi ng - appllcéilgﬁééfd'GB Vg 1*E e E8ntablVaREe' $8 M akger

5 than the predetermined value, the flow advances to step

P

(038), and the lens is driven on the basis of the
detected defocus amount.

When lens driﬁing in the cootinuous photographing
modeiis completed, the coméuteglPRS waits for an

1 interruption from the switch SW2. If the switch SW2 is
kept bN at_this moﬁent;_the'release operation is
executed by the interruption funétion. Wﬁen the
release operation is completed, the SW2 interruption is
inhibited.

15 After the release operation is completed, the flow
returns to ste?.(OOI), and a new-foous_control
operation is stérted{

In the above embodiment, the gains are increased
‘in the'continuous photographing mode.__However, there

20 are other conditions which require a short response
time in AF control in accordance with operating states
of the camera. As in "search lens driving" in step
(017) of Fig. 9A, the present invention is also
effective for focus control during lens driving.

25 In this embodiment, a nondestructive read sensor

is used as an accumulation type sensor. However, an



CLAI M5 1. A focus .detection apparatuss:ior :an. aut.dmatic focusing
canmera having said focus detection apparatug 5¢¢* rcswhich:tras a plurality
of accunulation type sensor sections for detecting a brightness

di stribution of different object  areas and which perfornms focus
detection in the different object ared®, —conprising: (a) an accunul ati on

time control circuit for 10 i ndependently controlling the signal
\mqﬁunulation ti me of each said sensor section; and (b)- a processing

circuit for processing accunulated signal of the sensor section
whose accunulation tinme control has been conpleted, said 15

processi ng ci r2aFemBkaeien nkyRei senppoceyshngs roCCBheesspsomayséet i on
whose accunulation time control has been conpl eted even before the
accunul ati on tFRRIR¥EE b Hhe RFeFeREi 4n¥BREIPsecti ons has not yet been

conpl eted. 20 2. f‘ éocus d tect'o& ggggr tuE _or _an autonatic

f ocusi ng camera havthg %%j%ﬁ??)f@eﬁét GEf ﬁgpﬁ Q¥8s 5SBEOPEPEGTt ¥SE€Laim 1,
wherein said conty, i it i ndependen noni t or

accunul ati on s%éh%é? éé%é%%ﬁqd%fgééﬁggggﬁég?asggg?oﬁ?.%% geR&PAL BSefoni t or
signals and to; el at by QD L id seg¢lions on

t he basi sr}’gf tlrlxgo‘grﬁoe?]?%%ér‘r%ﬁal S. % dé’@e%{:ﬂgi.q’%cﬁé gg‘?%g%lréngggppar at us
or an autonedidmple, the lateral sensor array may be preferentially

-

used.

~' .

~ 'The sensor described above comprises a
~ nondestructive read sensor as a photoelectric
10 transducer element. However, the present invention is
also effective for a focus detection sensor using,
e.g., a CCD sensor.
In the embodiment described above, focus detection
processing is performed for two sensor outputs, and
15 then weighted contrast lévels of the image signals are
comparéd with each other to select one of the detection
results. However, image signals may be selected prior
Kv)' .to focus detection processing. In this case, focus
detection processing is performed for only the selected
20 image signals.

In the above embodiment, the two focus detection
mechanisms are provided. However, the number of focus
detection mechanisms is not limited two, but can be
three or more.

25 Reference is made to the Aﬁplicant's co-pending

application no. GB 8919652.1.



focusi ng canera having said focusédetectién:apharaﬁus3apCQrding to Caim

2, .wherein each -'sensor section conprises: a first sensqr, portion for
detecting the brightness distribution and a second sensor portion 10

for nonitdoring -an accumulation state of said first sensor portion to
out put the nonitor signal. 4. A focus detection apparatus or an
automatic focusing canera having said focus detection apparatus 15 N
according to Caim 2, wherein said tine mu Mllﬂu m' m}:onpar es
nmoni t or .si gnal’ of each sai d sensor _sggtion mnt n val ue and
stops the accunul ation operation of sensor secti’on ‘whi-ch® out puts t he

nonitor signal that reaches said predeterm ned 20 val ue. 5. A focus
detection apparatus or an automatic focusing canera having said focus
det ecti on appar@tafms conpri si ng: - 72 - a plurality of accunul ation-type

sensor sections tor respectively receiving light fromdifferent areas, each
sai d sensor section starting a signal accunulation operation in
response to a first 5 signal ;. a nmonitor circuit for

i ndependent |y nbnit cAi nfoausi gdeteacccmul apporadust e a3f @ch asiamastek or
section, said nonitor circuit outputting a second signal when the
accumul ati on st feeusingsaramerachaviegs §A1ds £oGusn dF-ection apparatus

predeterm ned state
5 whlcﬁ has-a plurality of accumulatlon. type . sensor

sections for detecting a brightness distribution of
different ‘object areas and Wthh performs focus \g}
detection in the different object areas, comprLSLng.
(a) an accumulatlon time coptrol circuit for
10 independently controlling.the signal accumulation time
of each said sensor section; and
(b) a - processing circuit fer.'processihg
accumulated signal of the sensor section whose
accumulation time control has been cempleted, said
15 processing circuit executing said processing to the_
sensor section whose accumulation time control has
been completed even before the accumulation time
control of other said sensor sections has no£ yet been
completed.
20
2. A focus detection apparatps- or an automatic
focusing camera having'said-foéus'detectiOn apparatus
accoxding to Claim 1, wherein said control circuit is

.~ arranged to independently monitor accumulation states



!

a reﬁhing circuit for supplying said second:signal,to ‘aisai*d sensor —
se;yion whi ch has reached said predeteridnd.5tate, the said senso
t

;
segtion to which said second signal is supplied outpuiﬂl Mu“ “H‘““ﬂ
agcunul ated signal before another said sensor section uﬁ A
cunmul at ed signal; and a‘si‘gnal processing circuit for Hbcéivfng said
accumul ated signal formthe said sensor section to which said reading
/Ciafuit outputs said second signal, 20 and for starting a focus
" cal’cul ation, whereby, if the accunul atjon state of the said sensor section
reaches the predeterm ned state, the~fbdtus calculation is perfornmed based
on the accunul ated signal of the said - 73 - sensor section even if the
accurrul ati on operation of other said sensor sections is still being

perforned. 6. %f\saigc% nS?g§%§8£gﬁﬁsaaoapggﬁékgﬁe aﬁonik@%??%%%ﬁ%ﬁs 'n

claim 1 arrange construc apt 0 operate su y as

her ei nbef or e descélil&edtw tEO{l'e.If.‘Sge‘Eﬁs SQCEHMIQEEOH.I: t“ﬂ%semfog.hqﬁms%nsor

illustrated in the acconpanyl hg draw ngs. -
sections on the basis of the monitor signals.

5 3. A focus detection apparatus or an automatic
focusing camera having said focus detection apparatus
according to Claim 2, wherein each 'sengor section
comprises a first sensor portion for detecting the
bfightneés distribution and a second sensor portion

10 for monitoring an accumulation state of said first

sensor portion to output the monitor signal.

4. A focus detection apparatus or an automatic

focusing camera having said focus detection apparatus

15 according té "Claim 2, wherein said time control.

circuit compares monitor signal of each said sensor

" section with a predetermined value and stops the
accumulation operatiqn of sensor section which outputs

the mqnitbr signal that reaches said predetermined

20 ~ value.

5. A focus detection apparatus or an automatic
focusing camera having said focus detection apparatus,

comprising:
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a pluéality of accumulatibn-type sensor sections
for respectively receiving light from different areas,
each said sensor section  starting a $ignal
accumulation 0perétion in response to a first
signal;

a monitor circuit for independéntly monitoring a
signal accumulation state of each.said'sensor section,

said monitor gcircuit outputting a second signal when

the accumulation state of said each sensor section

reaches a predetermined state;
a reading circuit for supplying .said second

signal to a said sensor section which has reached

said 'predetermind state, the said sensor Section_tb-
which said second signal-is supplied outputting the.

accumulated signal before another said sensor section.

outputs its accumulated signal; and

a signal processing circuit for receiving said
accumulated signal form the said sensor section to
which said reading circuit outputs said second signal,
and for starting a focus calculation, whereby, if the
accumulation state of the said sensor section reachés
the predetermined state, the focus calculation is

performed based on the accumulated signal of the said
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- 73 -

sensor section even if the accumulation operation of

other said sensor sections is still being performed.

6. A focus detection apparatus as claimed
in claim 1 arranged, constructed, and adapted to
operate substantially as hereinbefore described with
reference to any one of the embodiments illustrated in

the accompanying drawings.




