US005761560A

United States Patent [ (111 Patent Number: 5,761,560
Miyazawa et al. 451 Date of Patent: Jun. 2, 1998
[54] INTERCHANGEABLE LENS HAVING A [56] References Cited
DATA OUTPUTTING FUNCTION U.S. PATENT DOCUMENTS
[75] Inventors: Masayuki Miyazawa, Sakai; Masayuki 4,560267 12/1985 Nakai et al. ...ooovevercernsrenns 396/532
Ueyama. Takarazuka; Yasuaki Serita, 4,896,181  1/1990 SAEEUSA ...covrmrremrsserseersrenrne 354/286
Sakai; Yoshihiro Hara, Kishiwada, all 4945376  7/1990 Kawasaki et al. ...cccoerremrercenne. 354/400
of Japan 5,003,399  3/1991 Ishimamu et al. .....o.oooreoreveonne 358/209
5,060,005 10/1991 Itoh et al. ....coomvcrerenrcncresernnes 354/412
: . % 5,117,246 5/1992 Takahashi et al. .. 3541202
[73] Assignee: Minolta Co., Ltd.. Osaka. Japan 5157431 10/1992 Mabuchi et al. ..o 3541286
5,166,717 11/1992 Kawasaki et al. .. 354/195.11
[21] Appl. No.: 708,903 5214464 5/1993 Karasaki et al. ..ccoccervemrvieenrenes 354/286
[22} Filed: Sep. 5, 1996 Primary Examiner—Safet Metjahic
Assistant Examiner—Nicholas J. Tuccillo
Related U.S. Application Data Attorney, Agent, or Firm—Burns, Doane, Swecker &
Mathis, LLP
[63] Continuation of Ser. No. 263,959, Jun. 16, 1994, abandoned,
which is a continuation of Ser. No. 889,116, May 27, 1992, 1571 ABSTRACT
abandoned. A camera system includes a camera body and an inter-
. e . changeable lens. A microcomputer for operation control is
1301 Foreign Application Priority Data provided on each of the camera body and the interchange-
May 28,1991 [JP] Japan able lens. Data communication is performed between the
May 28,1991 [JP] Japan ... microcomputers. The camera body transmits a signal rep-
th f th bo):i hg b
6 resenting the type of the camera body to the interchangeable
(511 Int. CL GO3B 17/00 lens, and based on the signal, the interchangeable lens
[52] US. ClL 396/532 chooses a data to be communicated.
[58] Field of Search 396/529, 531,

396/532; 348/360. 361

19 Claims, 45 Drawing Sheets

ZOOM RING |4
OPERATION [~ .
DETECTING 8 :
MEANS / {
7 _& [BoovY pata BODY DATA
i [ = W i B
EOO?\IBTARL(_)ELN%ODRRTII\SE\J CONTROL PORTION
PORTION LENS DATA LENS DATA
f OUTPUT INPUT
PORTION PORTION
ZOOM LENS -
ABSOLUTE 74 9 5
POSITION
DETECTOR
2
———=| M3 H:ﬁ p
j FOCUS
DETEC&ION
PORSION
ZOOM FOCUSING
LENS AF LENS DRIVE
‘ (AE LENS) r:gc e |
( { P~—"_| porTiON )
LA LF ~3
LENS =— | —> BODY




3,761,560

Sheet 1 of 45

Jun. 2, 1998

U.S. Patent

AQO8 <— | —= SN31
£ n_N'_ <v._
NOILYOd (< L
] 0YINOD | .
3nwa s gv [ W = azﬂm m_% NI
NOISHOJ 9NISND04 W00z
NOLL3LAd -
SN
N\ q"m_ EW
N
90103130
B
m ]
S A Y1 sN31 W00z
NOILIOd NOILHOd
= o O v S
NOILHOd viva SN v SR OHNRS L[ Norod 1081N0D
J04H1INOD AQOH NOILHOd NOLIHOJ SN3T 3ANIHA SN3T WOOZ
LNAINO LNdNI
vivQ AQOH viva aqod| 9 | ]
/ / SNVIW
y 8 9N112313Q
| ST
L 'B1d



U.S. Patent Jun. 2, 1998 Sheet 2 of 45 5,761,560




U.S. Patent Jun. 2, 1998

| Sheet 3 of 45 5,761,560
Fig.3
VfCO "
r VCQ
D1~-D3
L Vee
0Chc —_visls! _ |
R
L S EeE s >OSLM ™
- VCCZ PWO SOUT VDD
PW1 SR T
@i PW2 |
VOO CSDX g%%l(r 10X
5 1 12 | DISPC
L—{INT1 '
PG »CSDISP
N ~ISiN
] ' ¢ SCK —
N @ SCK__=>{DISP ]
Lo IP3

<’ % Sou
o IP4

Veco |
el |

—I MD2 | M2

BC! BC

voo | =% ij ez
APZ SW VDD veez

LECT

b oo [P T
VDD PG2 e
<3 % LEINT SISk
Lo IPS @—WSCK
colE | —»oen CSLE
GOUT)—=>—=SIN
(A— GND1
CNT —ENCH  (B)eiONDZ

V_cco

a 1 L M1

e MD



U.S. Patent

5,761,560

Jun. 2, 1998 Sheet 4 of 45
Fig. 4
N
VCC2 —°—
J2 R
VDD
R2
RSIC 1 - RE?2 [" -
LEY | (
S \i 7_GN01 M3 MD3
CSLE <-—->°<'J3’ CSLE ENC3
ok —od- ——>{SCK ‘
Jb
SOUT EJOG SIN
. O— SOUT

SPZ %
o7 P10

VDD

SPF %
L o7 P
77 oNo! pC2
JVEN |—_JZINT P2 <— ZENC ,
37 ‘__T‘_J

GND1 ———

J8

GND2 —°—



U.S. Patent Jun. 2, 1998 Sheet 5 of 45 5,761,560

Fig. 5

FOCUSING LENS MOVING-OUT AMOUT x
///////:::::::> |
1]
3

FOCAL LENGTH f



U.S. Patent Jun, 2, 1998 Sheet 6 of 45 5,761,560

Fig. 6A  AF LOCK
VF DRIVING

BODY |10 |ALG VF DRIVING 2TOPPED

#a f#b /ﬂ#d #d4%dMed #df#d
ki 1777

/ / D? [
LENS |AFD ZOOMING

s\h

VFc\vr-‘c IVFC[VFC [VFC|VFC Z0OMING STOPPED

Fig. 6B  CONTINUOUS AF

VE DRIVING | VF DRIING _|VF DRIVING'
BODY |1.DALG (1" DTALG [I'D"]ALG] 150"

#a #c #d ﬂa f{#b #C /l#d #a/z\tkb" #cC #dﬁta
ﬂ/ ¢ g 7 4%

VFC [VEC [AFU[VFC [VEC[VFCTAFDIVFCIVFCIVFC] AFD’
LENS (AR ZOOMING

Fig. 7
TELEPHQTO WIDE
LIMIT LIMIT

| )
77 77 //é GO(P20)
- ,I/ i i pAiA /:G1 (P21)
| — % —sG2(P23)
A GND

\.

. s Sleerelm wl

ZONE VO VI|VI| Y ||| T | L]

e ] T T e —t T - P B g

ENCODER r b i : ‘
VALUE 'OH%]H 3H | 2H | 6H |7H | 5H | 4H

ZOOM PULSE
POSITION 800 700 600 500 400 300 200 100 O



U.S. Patent Jun. 2, 1998 Sheet 7 of 45 5,761,560

Fig. 8
A
| REFERENCE_ » =
PORTION ==
< — d ]
COMPORISON
v PORTION (b)REAR FOCUS
(a)IN-FOCUS (c)ERONT
HENS SUFFyf:‘XCE Ss%%%%@e CONDITION FOCUS

Fig. S
TIME
PASSAGE COMPOUNDED
—_ INTEGRATION RESULT
CCD INTEGRATION \ ,’|‘. \ "‘ :
5 DA A
e HS

_I_H_! _ t! : jg\ j?\ p’\ﬂlL @+l@+@'



35,761,560

Sheet 8 of 45

Jun. 2, 1998

U.S. Patent

(T T T

Il 11

[LXX XX A K

Boggun!

TTHads? W JdAIY 913z a1 Lo
\ (VAR (A S
§0 300W D0 3A0W ‘64Ol
| L
L 1 111
AXXRXNE X LX) %wam1t;zmuxwyrnnx||u |||||

10dSzZ’ up upAgY ‘9197 S

A

g0 300W~

1d01 | 1d2l
WO
2dIIl

50 300W  \gdJl

—
N

L

AHIS

(AQOQ)
NIS

(AQO4)
1N0S

3750

g0l b

MOS

(AQO9)
NIS

(AQO4)
1N0S

378D

volL b14



5,761,560

Sheet 9 of 45

Jun. 2, 1998

U.S. Patent

INNOWY
NOILVHO31NI
viiyvd
NOILVY3dO dd

INNOWV
NOIWVYHO3INI
v yvd
NOILvHd3dO
3d

INNOWYV
NOILVH93INI
viigvd
NOILVY3d0O
3d

INNOWV
NOILVHO3INI
viiyvd
NOILVY3d0 Jd

ot

[

ONIAIYA

SNJ04 Y3MOJd

ONIAINA

SNJ04
H3IMOd

ONIAIYNA
SNJ0d ¥Y3IMOd

ONIAIEA

SNJ04 Y3IMOd

1} b1

SN31

AQOd



5,761,560

Sheet 10 of 45

Jun. 2, 1998

U.S. Patent

1204V 21PD]vzv

NOILVINDIV) Viva
NO112313d SNa0d

€2V
ouév@q
L % I , L
1Yo dz Zun | zdots | | zav ZdW Z1353 |
oo=1_12v__co=f oev oo} 6tv  go=f 8iv e0=] siv 90=f oiv

S1dNUY3INT H3WIL ANV 315D LIWY3Ad

INJLINQD Wvd JZITVILINI

i )
__MM_OQ 0/1 3ZITVILINI

i

S1dNYY3INT Tv LIGTHNI

iV
ELv
v

LIV

IR AR
13534

Zl b1y

oLy




U.S. Patent Jun. 2, 1998 Sheet 11 of 45 5,761,560
Fig. 13

ZOOM RESET
DRIVING

< RETURN;

NO A4

‘ma}n Flw =0 l

TELEPHOTO
REQUEST AST NO REQUEST

A53

A515
ZOOM Gﬂ ZOOM
TELEPHOTO DRIVING WIDE DRIVIN BR}AKING

ABB
VFCalc | mainFlw=0
- —7

RETURN



U.S. Patent Jun. 2, 1998 Sheet 12 of 45 5,761,560
Fig. 15

Ab62

ZOOM
WIDE DRI

AB8

VF Calc 1 VFCalc?2 mainFlw=0
| T

( RETURN )

ZOOM BRAKING || mainFlw=0

1
AT2 VFCalct

( RETURN )




U.S. Patent Jun. 2, 1998 Sheet 13 of 45 5,761,560

Fig. 17

ft=fconst

A82

!
|ZSPDBL =MAX

A84

%‘?I%'\é DRIVING AB5

ZOOM
TELEPHOTO DRIVIN

A87

M
?

NO Fmain Flw=0|
( RETURN)




U.S. Patent Jun. 2, 1998 Sheet 14 of 45 5,761,560

Fig. 18

{ Zp chk )

ZENC= P2

AS0

A9

ZONE
SEARCH

ZpNow

<ZpTBL[Zone] -a
?

Zp Now =
ZpTBL{Zone) A98

Zp Now =
ZpT BL[Zone+1]

D
ASS

ILLpos =1

({ RETURN )




U.S. Patent

Jun. 2, 1998 Sheet 15 of 45

Fig. 19

(TIMER INTERRUPT )

A100

INHIBIT TIMER INTERRUPT

A101

Lat Delay

A102

LswRead

A103 1
PERMIT TIMER ]NTERRUP‘T}

( RETURN )

Zplat=ZpNow

AN3

LatEn =1

( RETURN )

5,761,560



3,761,560

Sheet 16 of 45

Jun. 2, 1998

U.S. Patent

asp

:

NYN 134

JPUY MG

I

4\

| [ Buims pue (gd JoxBuyms)iou)

[ MONMS puP (0d Jox mE_Bm:

10

0 = 1ud} =MON MS 0d
g=1 szlv Z7] AT _
A\
[+1U51 =3u3]
ocly
av3d ms
1z by




U.S. Patent Jun. 2, 1998 Sheet 17 of 45 5,761,560

Fig. 22
(SwAnal )
A130
sw Now=P0
e
A131
@ OFF Al4)
A132 ON PZEn =0
e A
ILLpos =1
A133
A137
ReqZT= 1 ReqZT=0 ReqZT=0
A138 A140 Al45
ReqZw=0 ReqZw=1 RegZw=0
Wide (Inf)
Al1457 A1467 Tele{Near) |A1487
RegPF| =0 Req PFL=0 ReqPFl:D| |ReqPFl-
A1458 A1468 Al478 A1488
REQPFN =0 ReqPFN =1 Req PFN=1 ReqPFN:O
A1459 A1479
REVPF
aREVPP=0 PARTIAL INTERATION
I

(RETURN )



U.S. Patent Jun. 2, 1998 Sheet 18 of 45

Fig. 23

CSLE
INTERRUPT

A150
Al5] A155
CHANGE S-1/0 | [CHANGE S-1/0
70 1/0 MODE TO PORT MODE
A152
S10~—FFH
A153 ‘
10CNT=0
< - A156

A154 [PERMIT

INHIBIT
S10 INTERRUPT] {SIO INTERRUPT

]
( RETURN )

5,761,560



5,761,560

Sheet 19 of 45

Jun. 2, 1998

U.S. Patent

Y6L1Y NgN13Y
| | _
j003PON) { [80POI] | [E0SPOW | [Z0SPOW]
o a=190v| 6=10IV £ = [V
30300N]|[50°POW [63P5W] |50 5POW] | [Z09PowW]
— ¥ P | e | & | ) I
umw‘mh& %22 ,m; LN (SN RV U 6
] i =¥ [ [0l gy
[01S=3PoWoT) [HOO-015] [OIS~ad)])
asP £=fGoly  Z=1%alv =} zav
INOOT
oty
[T*INJOEINDOY]
09l
(LdNYY3LNT OFS)
y/ANSE



U.S. Patent Jun. 2, 1998 Sheet 20 of 45 5,761,560
Fig. 25

A180

RESET
START

A201 (=3  A202 y=4 A203 4 else
SI0—0 | [chkMode-sio| [BERMDIchkMode)

A204 1}
chkMode=

chkl\ﬁodml
K ]

A205S10—~—
0 LEnMD [chkModel

——




5,761,560

Sheet 21 of 45

Jun. 2, 1998

U.S. Patent

NYNL3y

LZev

A
Z=INDOI %
0=>0IS
TAAL
co $40>0IS
XA
Xew J > QIS
gLlzv §
ww > oIS
JAWAY)
45 puss
SIEY § oy puss
StY F oy puse
CIVAY)
™M Puds
€1zv |
XewAY>=0IS
v
OAV-+0IS
a=|_ 1=l o=| e6=| 8= L=| 9= S=| 7=l_€=% v
éo_i
gz "Bi4



U.S. Patent Jun. 2, 1998

Fig. 29

Sheet 22 of 45

ZEC=P2

SIO
KLTRL (ZEC)

RETURN

¥ V=2 ~Y =3
SI0 = SI0 = SIO -
SBTBL1(ZEC) ||SBTBL2(ZEC)|SBTBL3(ZEC)
| ] |

RETURN

5,761,560



U.S. Patent

A 230

A231

A232

A?233

A234

A235

Jun. 2, 1998 Sheet 23 of 45
Fig. 31
=4
A238
LatEn = O S10 =—0 LatEn= 0
v y
lay CNT
Defay CNT=0 A239 Deis!o
'] W
CALe AFD=0 A20 CALCAFD =0
¥ ¥
S10 <0 AZ4T S10 =0
¥ '
10CNT=2 A24Z) 16eNT = 2
B \

\
( RETURN )

5,761,560




U.S. Patent Jun. 2, 1998

Fig. 32

A250

Sheet 24 of 45

A251 |3
SI0=-CalcAFD
1

T2

y A252

510K

tlat

A253

S10=¥n

y A254

SI0<5B1at

| A255

SI0«0OFS «lat

\

SI0O - 00

1

10CNT= 2
I

Zpl0=7pat

-

35,761,560

A?256

A257
A258

( RETURN )



U.S. Patent Jun. 2, 1998 Sheet 25 of 45 5,761,560

Fig. 33

( Mode 06 )

A 260 \
S10 =00

v
JI0CNT=2

]
mainFAiw =06

{ RETURN )

Fig. 34

( Mode Q07 )

A270

S10 < Q0
¥

IOCNT =2
]

main FAw =07

{ RETURN )

A 261

A262

A271

A272




U.S. Patent

Mode 08

Jun. 2, 1998

Sheet 26 of 45

Fig.35

5,761,560

A28 \:3 =4 =5 =6 =7
S10 =0
A282
ft «SIO 283
REVAF<SIO
VA284
ZSPDBLSIO
CalcTyp«S10 A285
ihi
mainFElw=08| A286
¥
7p0=zpl0 | A287
e
IOCNT=2 | A289
\ \ ~
( RETURN )
Fig. 36
1:5A293
ZSBDeL<SIO
Mode 09 e
mainFaw =09 (294
[
200=2p10 A295
— ¥
JOCNT=2 |A296

A292

REVAF<SIO

!

( RETURN )



U.S. Patent

Jun. 2, 1998

Sheet 27 of 45

5,761,560

Fig.37

Mode OA

A300

10CNT

A301

=3 =4

S1I0 <0

A302

fLimT<S10

A303
A304

fLimW=<SI0
¥

IOCNT=2
\

\
( RETURN )

Fig.38

Mode 03

A310

A3

OCNT
=3

SI0<REVVF y A313

Send fn

yA3lé
S1I0 <=ZSPDLB

S10 < O A315

A316

10CNT=2

\ Y

( RETURN )




U.S. Patent

Jun. 2, 1998

Fig.39

Sheet 28 of 45

SI0C=00 |A322

IOCNT=2

A323

5

Fig.40

main FAw=00

RETURN

A332

=4

A322

SIO<«AREVPF

—¥
AREVPF=0

A323

=5

\

510<—0

T

I0CNT=2

i

RETURN

( RETURN )

A324
A325

5,761,560



U.S. Patent Jun. 2, 1998

Fig.42

C10 [NRIBIT ALL
INTERRUPTS
¥

C11 RESET PORTS &

REGISTERS

SMINT ) 12 [(RSTF=T

Sheet 29 of 45 5,761,560

CI13 S OND NO
Cls YES

PERMIT ALL
INTERRUPTS

C15 |RSTF=0

C18 {1r1,Tr2 ON|

C17 |IBL COMMU. 02
¥

C18 || AF_LENS
MO\{FING ~IN

C19 || ZOOM LENS
INITIALIZATION

0 C40
RSTF

"
(&)

C34 ||AF. LENS
MOVJNG-IN

C35 [[ZOOM MINIMUM
POSITION
DRIVING

2
C38 [1r1,7r2 OFF

C37 l DD OFF I

\
(_HALF )




U.S. Patent Jun. 2, 1998 Sheet 30 of 45 5,761,560

[LENS DRIVE]
| —

Fig. 44

Z0OOM MINIMUM

ZOOM LENS
INITIALIZATION PO SITION DRIVING

C121
CM BL COMMU BL COMMU
C122
cnz FoEn 0 o
C123
C13 gL COMMU BL COMMU
TN [
CMé ,‘
IWAIT 20msec |
C115
BL COMMU

e ZOOM
STOPPED 2

cn? yNO
BL COMMU.
o]¢

1(2118
PzEn?
0

RETURN




U.S. Patent Jun. 2, 1998 Sheet 31 of 45 5,761,560

Fig.45A

S1 ON

C13C 151 ONF=1 l

C131 [INHIBIT S1 INT
¥,

C132 [1r1, Tr2 ON
. 4

€133 |BL COMMU. QC

34
C13% < onn>N0

YES
C135| Focus DETECTION

Z00OM LENS
INITIALIZATION
C153 F
ZOOM LENS [BLCOMMU. 08
INITIALIZATION C1ea

€158,
BE
CONTROL

]
C155

VE
COMPENSATION

MPZ APZ AF
CONTROL || { CONTROL || | CONTROL

< Y 1

(_CONTINUED IN Fig 458 )




U.S. Patent Jun. 2, 1998 Sheet 32 of 45 5,761,560

Fig. 45B

(CONTINUED FROM Fig.45A )
C140

INPUT SV

v

INPUT BVo
¥

C142 [ExpOSURE
CALCULATION

C1425 !
DISPLAY AE

C141

C143
$ o0

YES

C144 [EXPOSURE
CONTROL

C145 [ADVANCE FILM
BY ONE FRAME

C146 [STONFOQ |

C147 [PERMIT
S1INT

RESET & STAR
T2




U.S. Patent Jun. 2, 1998

Sheet 33 of 45 5,761,560

Fig.46

FOCUS
DETECTION

C160 [[BL COMMU
Q4

K]

61 |CCD
¢ II\CI:TEGRATION

C162 [DATA DUMP |
y

C163 |[BL COMMU.
05

\
c163 [[Focus ( )
DETECTION RETURN

CALCULATION

Fig. 47

FOLUS
DETECTION
CALCURATION
¥
C180|CORRELATION
CALCULATION

OF INTEGRATION
DATA
—¥

c181[CALCULATE
DEFOCUS
AMOUNT

C185
) AFEF=1 AFEF=0
C182 [N1=DFxKL |

- ]

(RETURN )




U.S. Patent Jun. 2, 1998 Sheet 34 of 45 5,761,560

Fig.48

MPZ
CONTROL

( APZ )
CONTROL

.
C210 [CALCULATE
DISTANCE

y

c2n
C19] REVAF —Ne +N11| REVAF=NF CALCULATE

7t
—] 1
C212 -
C193[BL COMMU R A
']

C2131BL COMMU.
?6

@MPENSATI@

C200|WAIT 20msec

I
C201||BL COMMU.
0B

C202

COMPENSATION
CALCULATIO
COMPLETED!

YES
N1= REVVF

c204[LENS DRIVE ||

RETURN




U.S. Patent

Jun. 2, 1998 Sheet 35 of 45

Fig. 49

EXPOSURE
CALCUL ATION

C220 |iBL COMMU.
O\I,'B

C221 | Ev=
BVo+Avo +SV

v

C222 [CALCULATE
TV & AV

Fig.50

DISPLAY
AE

DISPLAY
SWITCH
CONDITIONS

5,761,560



U.S. Patent

Jun. 2, 1998

Sheet 36 of 45

C242 1

COMPENSATION

y C244

C243

WAIT 20msec|| 55285

APERTURE

|

C246

C247 y

MIRROR DOWN
C248 vy

C245
MIRROR UP

SHUTTER
CONTROL

OPEN

APERTURE

RETURN

5,761,560



U.S. Patent Jun. 2, 1998 Sheet 37 of 45 5,761,560

F'g 52 BL g(z)MMU.

SET COMMU.
¢20 02 DATA

¥
CSLE Low

¥
C252 [17-BYTE
SI0 COMMU.

C251

C233 | csLE High

C254

DETERMINE AVAILABILITY/

UNAVAILABILITY OF EACH
BL COMMU.

RETURN

Fig. 53

BL COMMU.
03

y
C260 |SET COMMU.
03 DATA

Y

CSLE Low

¥
C262 [12-BYTE
SIO _COMMU.

C261

C263

CSLE High

RETURN




U.S. Patent Jun. 2, 1998 Sheet 38 of 45 5,761,560

Fig.54

( BL COMMU.)
04

SET COMMU.
MODE 04 DATA
v

CSLE Low

C274
C273 4-BYTE SI0
COMMU. COMMLL

275 ¢
CSLE High

y
( RETURN )

Fig.55

( BL COMMU.)
Q5

C280 [SET COMMU.
MODE\PDATA 05

CSLE Low

¥
C282 | 8 -BYTE

SIO _COMMU

y
CSLE High

RE TURN

ca8

C283




U.S. Patent Jun. 2, 1998

Fig.56

€290

C291

C292

€263

Fig. 57

Sheet 39 of 45

( 8L COMMU.)
06

SET COMMU.

MODE 06 DATA

]

CSLE Low

¥
3-BYTE
SIO _COMMU.

‘

CSLE High

RETURN

( BL COMMU.)
07

C300

SET COMMU.

MODEWO'I DATA

C301

CSLE Low

¥

C302

3-BYTE
SI0 COMMU.

y

C303

CSLE High

3,761,560



U.S. Patent Jun. 2, 1998

Fig.58

Sheet 40 of 45

( BL COMMU.)
08

C310

SET COMMU.
MODE 08 DATA

¥

c3n

CSLE (ow

¥

C312

7-BYTE
SIO _COMMU.

C313

CSLE High

( RETURN

Fig.59

BL COMMU.
0A

C320 |5
‘ 0

ET BL_COMMU.
A DATA

¥

€321

CSLE Low

¥

€322 |5

SI0_COMMU.

-BYTE

\

C323

CSLE High

RETURN

5,761,560



U.S. Patent Jun. 2, 1998 Sheet 41 of 45
Fig.6e0

BL COMMU
0B

€330 [SET BL COMMU.
0B DATA
¥
C331 | CSLE Low
¥
C332 [ 7-BYTE
SI0 COMMU.
C333) csLE High

RETURN

Fig. 61

BL COMMU.
0C

\
C340 [SET BL COMMU.
0cC DAEA

(,: 341 CSLE Low
¥

C342 | 4-BYTE
SI0 COMMU.

C343|cs LE High

RETURN

5,761,560



U.S. Patent

Fig.62

€350

C 351

C352

C353

Fig.63

C360

C361

C382

C363

Jun. 2, 1998

( BL COMMU.>
0D

Sheet 42 of 45

0D DATA

SET BL COMMU.

(]

CSLE Low

S

3 -BYTE
SI0 COMMU.

y

CSLE High

RETURN

BL COMMU.

OE DATA

SET BL COMMU.

v

CSLE Low

¥

5-BYTE
SI0 COMMU.

Y

CSLE High

RETURN

5,761,560



U.S. Patent Jun. 2, 1998 Sheet 43 of 45 5,761,560

Fig. 64

AF
CONTROL

y

C371 {BL COMMU.QE
K]

C372 |\ N1=AREVRE

y
LENS
C373 | BRIVE

( RETURN )




5,761,560

Sheet 44 of 45

Jun. 2, 1998

U.S. Patent

(ZhX
LNNOWY LNO—-9NIAOW 4A

NOTL¥NO3 NOLLYINIT¥O NOILYSNIJWOD 4|

¢4 NO d3svdg
SNIT NI A3LVINDIVY JYY
(?4)S40 ANV (24)D*(2)D

L

NOILISOd WOOZ IN3IYYND NO g3svd

SNJTTNI Q31vINd v A1031v3day
(1 37V 4A)
NOILVINOTIVI SNONNILNOD NI}

AQ0Y A8 4314103dS 4 LI9YY] ZdV
(€ I7IVI 4A)

NOILYINDTIVO LOHS—3INO NID--2)

‘4 NO Q3svd
SNITNI A31VIN21VO 3YVY

(1S40 ANV (11)D* (1))

dNIL LVYHL 1V
J3INIV180 INTVA IYOLS 0L
ONIWIL NOILO3L3Q SMo4

40 SNIT SIWHOINI AQ0g--4

NOILVIJINNIWNOD 19 HONOYHL
NOILIONOD SNO04-N|

99" bi 4

40NN G3INIV 180 LNNOWY
1NO-9ONIAOW SNIT INISND0 4

SNIT OL SLINSNVYL AQOg--(11)X




U.S. Patent Jun. 2, 1998 Sheet 45 of 45 5,761,560

Fig.67A

ONE—-SHOT CALCULATION

501 CALCULATION RESULT

500
IDEAL MOVING-0UT AMOUNT

. T TT T T

502
ACTUAL MOVING-0OUT AMOUNT

FOCUSING LENS MOVING—-0OUT AMOUNT

Fig.e7B
CONTINUOUS CALCULATION

o
>

FOCUSING LENS MOVING—0UT AMOUNT

—+¥Y



5.761.560

1

INTERCHANGEABLE LENS HAVING A
DATA OUTPUTTING FUNCTION

This application is a continuation of application Ser. No.
08/263.959. filed Jun. 16, 1994, which is a continuation of
application Ser. No. 07/889.116., filed May 27, 1992 both
now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a camera system. a
camera body and an interchangeable lens where data com-
munication can be performed between a camera body and an
interchangeable lens.

2. Description of the Related Art

Conventionally, an interchangeable lens has been pro-
posed which includes a ROM (read only memory) storing a
data showing a characteristic of the lens and which can
output the data to a camera body. Further. an interchangeable
lens system has been proposed where the lens is provided
with a microcomputer therein which performs data commu-
nication with a microcomputer provided in a camera body,
where the microcomputer provided in the camera body
controls an operation of the camera body based on a plurality
of kinds of data supplied from the lens and where the
microcomputer provided in the lens controls a predeter-
mined operation of the interchangeable lens based on a
plurality of kinds of data supplied from the camera body.

For the camera body of the interchangeable lens. assume
that there are two types: a type which can perform commu-
nication with respect to all of the plurality of kinds of data
(this type will hereinafter be referred to as a first type) and
a type where communication functions with respect to a part
of the above data are omitted for the purpose of reducing the
cost (this type will hereinafter be referred to as a second
type). The interchangeable lens is attachable to either type.
When the interchangeable lens is attached to the second type
camera body and the microcomputer provided in the lens
tries to perform communication of the data that the second-
type camera cannot communicate. the time required for the
communication is completely wasted. Moreover, unneces-
sary data may be inputted into the second type camera body
which may cause a misoperation.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a camera
system. a camera body and an interchangeable lens where
the above-described problem does not occur.

The present invention is characterized in that a signal
representing a type of the camera body is transmitted from
the camera body to the interchangeable lens and that the
interchangeable lens chooses communication data based on
the signal. According to the present invention, no unneces-
sary communication is performed. Moreover, no unneces-
sary data is inputted into the camera body.

The features of the present invention which are believed
to be novel are set forth with particularity in the appended
claims. The present invention, both as to its organization and
manner of operation, together with further objects and
advantages thereof, may best be understood by reference to
the following description, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a camera system which is an
embodiment of the present invention.
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FIG. 2A shows an appearance of a camera body of the
camera system of FIG. 1.

FIG. 2B shows an appearance of a lens of the camera
system of FIG. 1.

FIG. 3 is a circuit diagram of the camera body of the
camera system of FIG. 1.

FIG. 4 is a circuit diagram of the lens of the camera
system of FIG. 1.

FIG. 5 shows focal length—lens moving-out amount
characteristics of a varifocal lens.

FIGS. 6A and 6B show room drive sequences.

FIG. 7 shows an arrangement of an absolute zoom
encoder.

FIG. 8 shows a principle of focus detection.

FIG. 9 shows a principle of focus detection.

FIGS. 10A and 10B are time charts of data communica-
tion.

FIG. 11 shows a sequence of focus driving.

FIG. 12 is a flow chart of a reset operation of an intra-lens
microcomputer.

FIG. 13 is a flow chart of a reset subroutine of the
intra-lens microcomputer.

FIG. 14 is a flow chart of an MPZ operation of the
intra-lens microcomputer.

FIG. 15 is a flow chart of an APZ operation of the
intra-lens microcomputer.

FIG. 16 is a flow chart of a STOPZ-operation of the
intra-lens microcomputer.

FIG. 17 is a flow chart of a MinZ operation of the
intra-lens microcomputer.

FIG. 18 is a flow chart of a Zpchk operation of the
intra-lens microcomputer.

FIG. 19 is a flow chart of a timer interrupt of the intra-lens
microcomputer.

FIG. 20 is a flow chart of a LatDelay operation of the
intra-lens microcomputer.

FIG. 21 is a flow chart of a LawRead operation of the
intra-lens microcomputer.

FIG. 22 is a flow chart of a SwAnal operation of the
intra-lens microcomputer.

FIG. 23 is a flow chart of a CSLE interrupt operation of
the intra-lens microcomputer.

FIG. 24 is a flow chart of an SIO interrupt operation of the
intra-lens microcomputer.

FIG. 25 is a flow chart of a communication mode 00
operation of the intra-lens microcomputer.

FIG. 26 is a flow chart of a communication mode 01
operation of the intra-lens microcomputer.

FIG. 27 is a flow chart of a communication mode 02
operation of the intra-lens microcomputer.

FIG. 28 is a flow chart of a communication mode 03
operation of the intra-lens microcomputer.

FIG. 29 is a flow chart of a SendKL operation of the
intra-lens microcomputer.

FIG. 30 is a flow chart of a SendSB operation of the
intra-lens microcomputer.

FIG. 31 is a flow chart of a communication mode 04
operation of the intra-lens microcomputer.

FIG. 32 is a flow chart of a communication mode 05
operation of the intra-lens microcomputer.

FIG. 33 is a flow chart of a communication mode 06
operation of the intra-lens microcomputer.
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FIG. M is a flow chart of a communication mode 07
operation of the intra-lens microcomputer.

FIG. 35 is a flow chart of a communication mode 08
operation of the intra-lens microcomputer.

FIG. 36 is a flow chart of a communication mode 09
operation of the intra-lens microcomputer.

FIG. 37 is a flow chart of a communication mode 0A
operation of the intra-lens microcomputer.

FIG. 38 is a flow chart of a communication mode 0B
operation of the intra-lens microcomputer.

FIG. 39 is a flow chart of a communication mode 0C
operation of the intra-lens microcomputer.

FIG. 40 is a flow chart of a communication mode 0D
operation of the intra-lens microcomputer.

FIG. 41 is a flow chart of a communication mode OE
operation of the intra-lens microcomputer.

FIG. 42 is a flow chart of a reset operation of an
intra-body microcomputer.

FIG. 43 is a flow chart of an AP lens moving-in operation
of the intra-body microcomputer.

FIG. 44 is a flow chart of an AP lens moving-in operation
of the intra-body microcomputer.

FIG. 45A is a flow chart of an SION operation of the
intra-body microcomputer.

FIG. 45B is a flow chart of an SION operation of the
intra-body microcomputer.

FIG. 46 is a flow chart of a focus detection operation of
the intra-body microcomputer.

FIG. 47 is a flow chart of a distance calculation operation
of the intra-body microcomputer.

FIG. 48 is a flow chart of an WPZ control operation of the
intra-body microcomputer.

FIG. 49 is a flow chart of an exposure calculation opera-
tion of the intra-body microcomputer.

FIG. 50 is a flow chart of a display AE operation of the
intra-body microcomputer.

FIG. 51 is a flow chart of an exposure control operation
of the intra-body microcomputer.

FIG. 52 is a flow chart of a BL communication 02
operation of the intra-body microcomputer.

FIG. 53 is a flow chart of a BL communication 03
operation of the intra-body microcomputer.

FIG. 54 is a flow chart of a BL communication 04
operation of the intra-body microcomputer.

FIG. 55 is a flow chart of a BL communication 05
operation of the intra-body microcomputer.

FIG. 56 is a flow chart of a BL. communication 06
operation of the intra-body microcomputer.

FIG. 57 is a flow chart of a BL. communication 07
operation of the intra-body microcomputer.

FIG. 58 is a flow chart of a BL communication 08
operation of the intra-body microcomputer.

FIG. 89 is a flow chart of a BL communication
operation of the intra-body microcomputer.

FIG. 60 is a flow chart of a BL. communication
operation of the intra-body microcomputer.

FIG. 61 is a flow chart of a BL communication
operation of the intra-body microcomputer.

FIG. 62 is a flow chart of a BL communication
operation of the intra-body microcomputer.

FIG. 63 is a flow chart of a BL communication
operation of the intra-body microcomputer.
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FIG. 64 is a flow chart of an AP control operation of the
intra-body microcomputer.

FIG. 65 is a flow chart of a PF control operation of the
intra-body microcomputer.

FIG. 66 is a view for explaining a varifocal compensation
calculation.

FIGS. 67A and 67B graphically show manners of pursuit
of in-focus condition in a one-shot calculation and in a
continuous calculation, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A single-lens reflex camera system provided with an
interchangeable lens where a focal length can be changed by
a motor will hereinafter be described as an embodiment of
the present invention. FIG. 1 is a block diagram of the
camera system. A camera body is provided with a function
of calculating a focusing lens drive amount based on a data
inputted to a control portion 1 by a focus detection portion
2 to automatically perform focusing by moving a focusing
lens system (hereinafter referred to as AF lens) by activating
a motor M1 through an AF lens drive control portion 3 and
a function of causing a lens to operate under control of the
camera body through communication between a body data
output portion 4 and a lens data input portion 5.

The lens is provided with a function of moving a zoom
lens LA to perform zooming by activating a motor M3
through a zoom lens drive control portion 7 when an
operation of a zoom ring is detected by zoom ring operation
detecting means 10 and the direction thereby is detected by
a lens control portion 6 (this function will hereinafter be
referred to as power zoom). a function of outputting a lens
data through communication between a body data output
portion 8 and a lens data input portion 9 and a function of
operating according to a data transmitted from the camera
body. During zooming. a detection signal from a zoom lens
absolute position detector 7a is inputted to the lens control
portion 6.

Subsequently, appearances of the camera body and the
lens will be described. FIG. 2A shows an appearance of a
camera body BD embodying the present invention. FIG. 2B
shows an appearance of an interchangeable lens LE which is
interchangeably attached to the camera body BD. A desig-
nation and function of each portion will hereinafter be
described. The numeral 11 is a slider for turning on and off
a main switch SM and an auto program zoom switch
APZSW. When the slider 11 is placed at its OFF position. the
camera body BD is under inoperable condition. When the
slider 11 is placed at its ON position. the camera body BD
is under operable condition and a condition where auto
program is inhibited. When the slider 11 is placed at its
APZON position. the camera body is under a condition
where auto program zoom is possible. Auto program zoom
is an operation where zooming is automatically performed
so that the camera automatically obtains a suitable magni-
fication according to a subject distance.

The numeral 12 is a release button. By depressing it
halfway, a subsequently-described photographing prepara-
tion switch S1 is murned ON to start a photometry, an
exposure calculation and an AF (antomatic focusing) opera-
tions. By depressing the release button 12 all the way down,
a subsequently-described release switch S2 is turned on to
start an exposure control operation. The numeral 14 is a
body display portion for displaying a shutter speed, an
aperture value, information on switches and battery condi-
tion. A finder display portion (not shown) displays a shutter
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speed and a photographing frame. The numeral 15 is a
mount lock pin for locking the interchangeable lens LE
mounted on the camera body BD. When the interchangeable
lens LE attached to the camera body BD is set to a mount
lock condition, a subsequently-described lens attachment
switch SLE is turned off. Otherwise, the lens attachment
switch SLE is ON. The numeral 16 is an AF coupler which
is rotated based on a rotation of an AF motor provided in the
camera body BD. The numeral 17 is a stop-down lever for
closing the aperture of the interchangeable lens LE by
stop-down steps obtained by the camera body BD.

Subsequently, a designation and function of each portion
of the interchangeable lens LE will be described.

The numeral 25 is a mount lock groove. The numeral 26
is an AF coupler. The numeral 27 is a stop-down lever. When
the interchangeable lens LE is attached to the camera body
BD. the mount lock pin 15 of the camera body BD engages
with the mount lock groove 25, and a convex portion of the
AF coupler 16 of the camera body BD engages with a
concave portion of the AF coupler 26 of the lens LE, so that
a rotation of the AF motor of the camera body BD is
transmitted to the lens LE through the AF couplers 16 and
26 to move the AF lens to perform focusing. Further,
terminals J1 to J8 of the lens LE are connected to terminals
J11 to J18 of the camera body BD. Moreover, the stop-down
lever 17 of the camera body BD engages with the stop-down
lever 27 of the lens LE, so that the stop-down lever 27 of the
lens LE moves by a movement amount of the stop-down
lever 17 of the camera body BD in synchronization with the
movement of the stop-down lever 17 to control an aperture
so as to be a value corresponding to the movement amount
of the stop-down levers 17 and 27.

The numeral 28 is a slider for turning on and off a power
zoom/manual zoom selection switch SPZ and for coupling
and uncoupling a zoom drive system clutch provided in the
lens LE. When it is slid toward a power zoom side, a clutch
is coupled to enable a motor-operated power zoom. When it
is slid toward a manual zoom side, the clutch is uncoupled
to enable manual zoom. At this time, power zoom is dis-
abled.

The numeral 80 is a zoom ring (operation member). By
operating it along the optical axis. power zoom or power
focus is specified. By operating it about the optical axis, a
direction and amount of power zoom or power focus are
specified.

Subsequently, a circuit arrangement of the camera system
will be described.

FIG. 3 is a circuit diagram of an intra-body circuit
provided in the camera body BD. puCl is an intra-body
microcomputer which controls the entire camera system and
performs various calculations. AFCT is a focus detection
light receiving circuit, which is connected to the intra-body
microcomputer pCl through a data bus, provided with a
CCD (charge coupled device) which serves as an
integration-type focus detection optical sensor for accumu-
lating an optical charge for a predetermined period of time,
a CCD drive circuit and a circuit for processing and A/D
(analog to digital)-converting an output of the CCD to
supply it to the intra-body microcomputer pC1 (this process
will hereinafter be referred to as data dump or dump).
Through the focus detection light receiving circuit AFCT,
information on a focus deviation amount (defocus amount)
of a subject located in a focus detection area is obtained. LM
is a photometry circuit, which is provided on a finder optical
path, for A/D converting a photometry value thereof to
provided it to the intra-body microcomputer pC1 as lumi-
nance information of a subject.
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DX is a film sensitivity reading circuit for reading a data
which is provided on a film holder on film sensitivity to
serially output it to the intra-body microcomputer pCl.
DISPC is a display circuit for receiving a display data and
a display control signal from the intra-body microcomputer
HC1 to cause a camera body display portion DISP1 (the
display portion 14 of FIG. 2) and a finder display portion
DISPI1 (not shown) to provide a predetermined display.
LECT is an intra-lens circuit, which is provided in the
interchangeable lens (hereinafter referred to as lens) LE, for
supplying to the intra-body microcomputer pC1 information
particular to the lens LE. The intra-lens circuit LECT will be
described in detail later. M1 is an AF motor for driving
through the AF couplers 16 and 26 the AF lens provided in
the lens LE. MD1 is a motor drive circuit for driving the AF
motor M1 based on focus detection information. A rotation
direction and stopping of the motor MD1 are controlled by
an instruction from the intra-body microcomputer pC1.

ENC is an encoder for monitoring a rotation of the AF
motor M1. It outputs a pulse to a counter input terminal CNT
of the intra-body microcomputer uC1 every predetermined
rotation angle. The intra-body microcomputer pC1 counts
the pulse to control the moving speed of the AF lens. TVCT
is a shutter control circuit for controlling the shutter based on
a control signal from the intra-body microcomputer puCl.
AVCT is an aperture control circuit for controlling an
aperture based on a control signal from the intra-body
microcomputer pC1. M2 is a motor for winding up and
rewinding film and charging an exposure control mecha-
nism. MD2 is a motor drive circuit for driving the motor M2
based on an instruction from the intra-body microcomputer
pC1.

Subsequently, members relating to power source will be
described.

El is a battery which is the power source of the camera
body BD. Tr1 is a first power supply transistor for supplying
power to a part of the above-described circuit. Tr2 is a
second power supply transistor, which is of MOS (metal
oxide semiconductor) structure. for supplying power for
driving a zoom motor of the lens LE. DD is a DC/DC (direct
current to direct current) converter for stabilizing a voltage
VDD supplied to the intra-body microcomputer pCl1. It
operates when the level of a power control terminal PW is
high. VDD is an operation power voltage for the intra-body
microcomputer pCl, the intra-lens circuit LECT, the film
sensitivity reading circuit DX and the display control circuit
DISPC. It is supplied through the power supply transistor
Trl from the battery E1 under control of a signal outputted
from a power control terminal PW1. VCC2 is an operation
power voltage for the zoom motor of the lens LE. It is
supplied through the power supply transistor Tr2 from the
battery E1 under control of a signal outputted from a power
control terminal PW2. VCCO is an operation power voltage
for the motor drive circuit MD1. the shutter control circuit
TVCT, the aperture control circuit AVCT and the motor
drive circuit MD2. It is supplied directly from the battery E1.

D1 to D3 are diodes for. in order to reduce power
consumption, supplying a voltage lower than the voltage
VDD to the intra-body microcomputer pCl when the
DC/DC converter halts its operation. The lower voltage is
set to a minimum voltage at which the intra-body micro-
computer pC1 can operate. When the DC/DC converter DD
halts its operation, only the intra-body microcomputer pC1
can be operated. BC1 is a battery check circuit for detecting
the voltage VCCO of the battery E1 to transmit a result of the
detection to the intra-body microcomputer pCl. GND1 of
the intra-lens circuit LECT is a ground line for a low power
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consumption portion. It connects the lens LE and the camera
body BD through the terminals J17 and J7. Although it is
necessary to provide different grounds line in the camera
body BD and the lens LE. the ground lines are indicated by
a single line in the figure for convenience. GND2 is a ground
line for a large power consumption portion. It connects the
lens LE and the camera body BD through the terminals J18
and J8.

Subsequently. switches will be described. S1 is a photo-
graphing preparation switch which is turned on by the
halfway depression of the release button 12. When the
switch S1 is turned on, an interrupt signal is inputted to an
interrupt terminal INT1 of the intra-body microcomputer
uC1 to start preparation operations, required for
photographing. such as photometry, focus detection and
driving of the AF lens. SM is a main switch which is ON
when the slider for enabling the operation of the camera is
placed at its ON position and which is OFF when the slider
11 is placed at its OFF position. PG1 is a pulse generator for
outputting a pulse of low level every time the switch SM is
turned from on to off or from off to on. An output of the pulse
generator PG1 is inputted to an interrupt terminal INT2 of
the intra-body microcomputer pC1 as an interrupt signal.
APZSW is a switch for enabling auto program zoom. When
the slider 11 placed is at its APZON position, auto program
zoom is ON, When the slider is placed at its ON or OFF
position, auto program zoom is OFF.

82 is a release switch which is turned ON by the all-the-
way-down depression of the release button 12. When the
switch S2 is turned on, photographing is performed. 83 is a
mirror up switch which is turned on when mirror up is
completed and which is turned off when a shutter mecha-
nism is charged to perform mirror down. SREL1 is a battery
attachment detection switch which is turned off when the
battery E1 is attached to the camera body BD. When the
battery E1 is attached to turn off the battery attachment
detection switch. a capacitor C1 is charged through a resistor
R1 to change the level of a reset terminal RE1 of the
intra-body microcomputer pC1 from low to high. Then. the
intra-body microcomputer pC1l executes a subsequently-
described reset routine.

Subsequently. an arrangement for serial data communi-
cation will be described. The photometry circuit LM, the
film sensitivity reading circuit DX and the display control
circuit DISPC serially perform data communication with the
intra-body microcomputer pC1 through signal lines of a
serial input SIN, a serial output SOUT and a serial clock
SCK. A communication partner of the intra-body microcom-
puter pCl is selected based on the level of chip select
terminals CSLM, CSDX and CSDISP. When the level of the
terminal CSLM is low, the photometry circuit LM is
selected. When the level of the terminal CSDX is low, the
film sensitivity reading circuit DX is selected. When the
level of the terminal CSDISP is low, the display control
circuit DISPC is selected. Further, the three serial commu-
nication signal lines SIN, SOUT and SCK are connected to
the intra-lens circuit LECT through the terminals J11 and J§,
J14 and J4. and J16 and J6, respectively. When the intra-lens
circuit LECT is selected as the communication partner, the
level of the terminal CSLE is required to be changed to low.
A signal representative of this level down of the CSLE is
transmitted to the intra-lens circuit LECT through the ter-
minals J3 and J13.

Subsequently. the intra-lens circuit LECT provided in the
interchangeable lens LE will be described with reference to
FIG. 4. pC2 is an intra-lens microcomputer, which is pro-
vided in the lens LE, for controlling the zoom motor, data
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communication with the camera body BD and mode setting.
Now, the terminals J1 to J8 through which the lens LE is
coupled to the camera body BD will be described. J1 is a
power terminal for supplying the power voltage VCC2, for
driving the zoom motor, from the camera body up to the lens
LE. J2 is a power terminal for supplying the voltage VDD.
used for purposes other than the driving of the zoom motor,
from the camera body BD is the lens LE. J3 is a terminal
where a signal representative of a data communication
request is inputted and outputted. J4 is a clock terminal
where a clock for data communication is inputted from the
camera body BD. J5 is a serial input terminal where a data
is inputted from the camera body BD. J6 is a serial terminal
where a data is outputted to the camera body BD. J7 is a
ground terminal for circuits other than the motor drive
circuit. J8 is a ground terminal for the motor drive circuit.

A signal line, relating to the terminal CSLE. which runs
through terminals J3 and J13 provided between the lens LE
and the camera body BD is bidirectional. When a signal is
transmitted through this line from the intra-body microcom-
puter uC1 to the intra-lens microcomputer pC2. an interrupt
is applied to the intra-lens microcomputer pC2. Thereby, the
intra-lens microcomputer pC2 is activated and the inter-
changeable lens LE is selected as the communication partner
of the camera body BD. On the other hand, when a signal is
transmitted through this line from the intra-lens microcom-
puter pC2 to the intra-body microcomputer uC1, an interrupt
signal is inputted to a lens interrupt terminal LEINT of the
intra-body microcomputer uC1 from the pulse generator
PG2 (FIG. 3) to activate the intra-body microcomputer uC1.
When a data is transmitted form the intra-body microcom-
puter pC1 to the intra-lens microcomputer pC2, the intra-
body microcomputer pC1 does not accept the interrupt
LEINT. RSIC is a reset IC (integrated circuit) for resetting
the intra-lens microcomputer pC2 when the voltage VDD
supplied from the camera body BD becomes lower than a
normal operation voltage of the intra-lens microcomputer.
nC2, R2 and C2 are a reset resistor and a reset capacitor,
respectively, for resetting the intra-lines microcomputer
pnC2.

RE2 is a reset terminal of the intra-lens microcomputer
pC2. When the voltage VDD for activating the intra-lens
circuit is supplied from the camera body BD and the level of
a terminal RE2 is changed from low to high by the resistor
R2 and the capacitor C2. the intra-lens microcomputer, pC2
performs a reset operation.

SPZ is a switch which synchronizes with the slider 2S for
selecting between power zoom and manual zoom. It is ON
when power zoom is selected. Moreover. since the zoom
clutch (not shown) is coupled at this time, the zoom lens can
be moved by driving the zoom motor M3.

SPF is a switch, which is turned or and off in synchro-
nization with the previously-mentioned along-the-optical-
axis movement of the zoom ring 89, for specifying power
zoom or power focus. When the zoom ring 80 is operated
toward the rear along the optical axis, the switch SPF is
turned on to inform the intra-lens microcomputer pC2 that
power focus is selected. When the operation ring 80 is
operated toward the front along the optical axis
(automatically returns in actuality), the switch SPF is turned
off to inform that power zoom is selected. ZVEN is an
encoder, which synchronizes with the about-the-optical-axis
a rotation operation of the zoom ring, for setting a speed and
a direction of power zoom or power focus.

M3 is a zoom motor for driving the zoom lens. A focal
length can continuously be varied by driving the zoom lens
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through the zoom motor. MD3 is a motor drive circnit for
driving the zoom motor M3. It controls a rotation of the
zoom motor M3 in response to a control signal. represen-
tative of a motor drive direction and a motor drive speed.
provided by the intra-lens microcomputer pC2. Moreover, it
shorts both terminals of the zoom motor M3 and stop voltage
application in response to a motor stop signal and a motor
halt signal which are provided by the intra-lens microcom-
puter pC2, respectively. ENC3 is a pulse encoder for detect-
ing a rotation amount of the zoom motor M3. It is used for
detecting a zoom lens position and a zoom speed.

ZENC is an absolute encoder (FIG. 7) for detecting an
absolute position of the zoom lens. It makes a zone detection
of an entire zoom range which is divided late a plurality of
zones. SLE is a lens attachment detection switch which is
turned off when the lens LE is attached to the camera body
BD and mount-locked. That is. when the lens LE is detached
from the camera body BD, the switch SLE is turned on, so
that both terminals of the capacitor C2 is shorted. Thereby,
a charge accumulated in the capacitor C2 is discharged to
change the level of the terminal RE2 of the intra-fens
microcomputer pC2 to low. When the lens LE is attached to
the camera body BD thereafter, the switch SLE is turned off,
so that the capacitor C2 is charged through the power line
VDD. After a predetermined period of time which is deter-
mined based on the resistor R2 and the capacitor C2, the
level of the terminal RE2 is changed to high to cause the
intra-lens microcomputer pC2 to perform the reset operation
as previously described.

Finishing the description of hardware of this embodiment,
software will subsequently be described. First, an outline of
a zoom drive sequence, for a varifocal zoom lens, of this
embodiment will be described. The varifocal lens is a lens
where a focal plane moves when a local length is varied (this
varying of focal length will hereinafter be referred to as
zooming). It is necessary to compensate for the movement
of the focal plane by moving a focusing lens simultaneously
with zooming. FIG. 5§ shows focusing lens moving-out
amounts with respect to respective subject distances at
respective focal lengths. The following equations (1) and (2)
are obtained with respect to a relationship between a focal
length at an object distance D and a moving-out amount
required to obtain in-focus condition:

D=F(f, dx) (€8]

dx=F'(f D) 2)

where F( ) is a function, particular to an optical system,
which fulfills the relationship between the focal length and
the moving-out amount of an optical system, and F~'( ) is an
inverse function of F( ). Considering an arbitrary combina-
tion of (f1, dx1) and (f2, dx2) at an object distance D with
respect to the equations (1) and (2), the following equation
(3) is obtained:

dx2=F"!(f2, D)=F"'{f2, F(f1, dx1)} 3

In order to compensate for the focal plane movement during
zooming of the varifocal lens (this compensation will here-
inafter be referred to as varifocal compensation driving), the
focusing lens is moved according to the above equation (3).

FIGS. 6A and 6B show, along time passage, execution
relationships between a sequence of the intra-body micro-
computer pC1 and that of the intra-lens microcomputer pC2
and communication between the body BD and the lens LE
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(this communication will hereinafter be referred to as BL
communication) of this embodiment. FIG. 6A shows a
relationship obtained when AF lock (sequence for a station-
ary subject) is ON, while FIG. 6B shows a relationship
obtained when continuous AF (sequence for a moving
subject) is ON. First, a zoom drive sequence, executed when
AF lock is ON, of FIG. 6A will be described (the details of
BL communication in the sequence will be described later).

The intra-body microcomputer pC1 performs focus detec-
tion prior to the start of zooming. This is for obtaining the
moving-out amount dx1 shown in a varifocal compensation
calculation equation (the above-described equation (3)). At
the beginning of the focus detection sequence. a BL com-
munication #a (communication for transmitting a focus
detection timing) is performed. The BL communication #a is
performed in order to cause the intra-lens microcomputer
HC2 to calculate an optical data, particular to the lens,
required for a subsequently-described focus detection cal-
culation (AF focus detection data calculation (AFD)) and to
provide to the intra-lens microcomputer uC2 a focal length
f1 used for the above-mentioned varifocal compensation
calculation. After the BL. communication #a is completed.
the intra-body microcomputer pC1 performs the optical
charge accumulation (hereinafter referred to as CCD inte-
gration (I)) and taking-in of a CCD integration result (dump
(D)). Thereafter, a focus detection data calculated by the
intra-lens microcomputer pC2 is taken in by the intra-body
microcomputer pC1 through a BL communication #b to
perform an AF focus detection calculation (algorithm) based
on the focus detection data and the data taken in by the
intra-body microcomputer pCl through the dump (D).

Thereafter, in a BL communication #c, a zoom drive
command (zoom command where a focal length is specified
and/or a permission of manual power zoom) and the focus-
ing lens moving-out amount obtained through the AF focus
detection calculation are transferred from the intra-body
microcomputer uC1 to the intra-lens microcomputer pnC2.
Thereafter. the intra-lens microcomputer pC2 moves the
zoom lens according to the command provided through the
BL communication #c and performs varifocal compensation
calculation (VFC). The above-mentioned zoom command
where a focal length is specified is for moving the zoom lens
until a focal length specified by the intra-body microcom-
puter pC1 is reached. It is used for an automatic photograph-
ing mode, of a camera, where photographing of a moving
subject is performed at a fixed magnification. Moreover, the
above-mentioned permission of manual power zoom is a
command used when a zooming is performed in accordance
with an operation of the zoom ring 80 of the lens LE by a
user. After providing the BL communication #c, the intra-
body microcomputer uC1 periodically repeats a BL com-
munication #d to control, while monitoring a zooming
operation of the lens LE, the driving of the AF motor M1
based on a varifocal compensation drive amount taken in
from the intra-lens microcomputer pC2 through the BL
communication #c to drive the focusing lens (varifocal
compensation driving (VF driving) in order to obtain
in-focus condition. This is repeated until the zoom lens is
stopped. After the zoom lens is stopped. the process pro-
ceeds to another sequence (e.g. release).

Next, power zoom, performed when continuous AF is
ON. of FIG. 6B will be described. Continuous AF is an AF
method which is suitable for a moving subject and a mode
where focus detection is repeated to move the focusing lens
so that in-focus condition is always obtained with respect to
the subject. Different from the above-described case of AF
lock, focus detection is repeated even during zooming when
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continuous AF is ON. Power zoom will hereinafter be
described with reference to the sequence of FIG. 6B.

A sequence. from the first BL communication #a
(communication for transmitting a focus detection timing) to
the BL communication #d (communication for transmitting
a zoom relating data from the intra-lens microcomputer pC2
to the intra-body microcomputer pC1), where a varifocal
compensation drive amount is obtained and the focusing
lens is moved for the compensation is the same as that of the
above-described case of AF lock After the varifocal com-
pensation driving is started, the sequence from the BL
communication #a (communication #d (communication for
transmitting a zoom relating data) is repeated. In the
sequence of FIG. 6B, the repeated communications are
represented by #a to #d. #a' to #d'. #a" to #d" so that they are
distinguished from each other. Moreover, the operations of
the intra-body microcomputer pC1 and the intra-lens micro-
computer pC2 performed in the repeated communication are
also marked with ' or " or " for distinguishment. After
completing the repeated communications, the intra-body
microcomputer pC1 again performs the varifocal compen-
sation driving (V driving ') based on a new varifocal
compensation drive amount obtained in the BL communi-
cation #d'. In-focus condition with respect to a moving
subject is obtained by repeating the sequence.

Now, focus detection performed during zooming will be
described with reference to FIGS. 8 and 9. The focus
detection method employed for this embodiment is a method
called a phase difference method. In this method, determi-
nation of focus condition (front focus, rear focus or in-focus)
is made by measuring the distance between images formed
on a reference and a comparison portions provided on the
CCD sensor. In a case where an-optical-charge-
accumulation-type device such as a CCD is employed and
an image plane moves as shown in FIG. 9. a total amount of
instantaneous optical charge accumulation amounts
obtained as time passes is obtained as a final focus detection
value. Generally, an image plane movement speed is con-
sidered to be constant during the CCD integration, and the
image distance obtained at the midpoint of the CCD inte-
gration nearly coincides with the image distance obtained as
a compound integration result. The above-mentioned image
plane movement occurs while an AF operation is being
performed with respect to a moving subject and while a
zooming operation of the varifocal lens of this embodiment
is being performed. For this reason, if various optical data
used for distance calculation and data used for the above-
mentioned varifocal compensation calculation (equation (3))
do not coincide with the data obtained in the midpoint of the
CCD integration, the difference causes an error in focus
detection and varifocal compensation calculation results, so
that accuracy deteriorates. In this embodiment, the decrease
in accuracy is prevented by specifying a timing of sampling
of optical data used for focus detection and varifocal com-
pensation calculation in the BL communication #a
(communication for transmitting a focus detection timing
from the intra-body microcomputer pC1 to the intra-lens
microcomputer pC2) described with reference to the
sequence of FIG. 6A.

Subsequently, a BL communication method, and various
types of BL communication and roles thereof will be
described. Communication is performed by electrically cou-
pling the intra-body microcomputer pC1 and the intra-lens
microcomputer pC2 through the terminals J13 to J16 and J3
to J6 shown in FIG. 2. Communication sequences will
hereinafter be described with reference to FIGS. 10A and
10B. Communication is started when the intra-body micro-
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computer pC1 changes the level of a CSLE signal to low.
Receiving a signal representative of the level down of the
CSLE signal. the intra-lens microcomputer pC2 changes the
modes of the SIN and SOUT which are normally under
high-impedance (hereinafter referred to as HIZ) port condi-
tion to a serial communication mode (hereinafter referred to
as S§-I/O mode). The reason why the SIN and SOUT are
normally under the HIZ condition is that they are common
signal lines of the infra-body microcomputer pCl and the
circuits LM, DX and DISPC and prevent the intra-lens
microcomputer pC2. SIN and SOUT from influencing the
communication between the intra-body microcomputer pC1
and the circuits LM, DX and DISPC. Moreover. the S-I'O
mode is a condition where the intra-lens microcomputer pC2
is enabled to perform serial communication with the intra-
body microcomputer pC1 by use of S-I/O hardware (not
shown) provided in the intra-lens microcomputer pC2.

When the intra-body microcomputer pC1 repeats level
up/down of an SCK signal eight times under the low
condition of the CSLE signal, a one-byte data transfer is
performed between the microcomputers through the SIN/
SOUT by use of the S-I/0 hardware provided in the micro-
computer. After a predetermined-byte data transfer is
completed, the intra-body microcomputer uC1 changes the
level of the CSLE signal to high. Thereafter, the intra-lens
microcomputer pC2 detects the high condition of the CSLE
signal. and changes the mode of the SIN and SOUT to the
HIZ port mode to finish the BL communication. In FIG.
10A. subsequently-described communication mode 0CH (H
represents hexadecimal and in the figure. H is omitted) and
OBH are successively performed. For a first-byte data trans-
ferred immediately after the level of the CSLE signal is
changed to low. an identification data ICPB representative of
the kind of the body is transmitted from the intra-body
microcomputer pCl to the intra-lens microcomputer pC2.
When this happens. the intra-lens microcomputer pC2 trans-
mits a meaningless data FFH. For a second-byte data, an
identification data ICPL representative of the kind of the lens
is transmitted from intra-lens microcomputer pC2 to the
intra-body microcomputer pCl. When this happens. the
intra-body microcomputer pC1 transmits the meaningless
data FFH to the intra-lens microcomputer pC2. For a third-
byte data, the intra-body microcomputer nC1 outputs a data
representative of a command from the intra-body micro-
computer pC1 to the intra-lens microcomputer pC2 or a data
representative of the kind of a succeeding communication
(this data will hereinafter be referred to as BL. communica-
tion mode data or mode data). In the OCH mode, subse-
quently to the mode data, lens switch information is output-
ted from the intra-lens microcomputer pC2. Then.
communication is continued according to the mode data
value. Thereafter, the level of the CSLE signal is changed to
high to finish communication. When the BL communication
is performed again, the process from the level down of the
CSLE signal is executed in a similar manner.

Instead of the above-described embodiment, it is possible
to, after communication of one mode is completed. subse-
quently perform communication of another communication
meode without finishing the preceding communication. That
is, as shown in FIG. 10B. the process to the transmission of
a fourth-byte data is the same as that of FIG. 10A. and when
a fifth-byte data is subsequently transmitted, a mode data
OBN representative of a subsequent communication mode is
outputted. After transmission of data ZFLG to ZSPDL which
are defined in the OBH mode is completed, the level of the
CSLE signal is changed to high to finish this communica-
tion. While, in this embodiment, two communication modes
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are serially transferred, it may be possible to perform serial
communication by combining other modes or combining
three or more communication modes. In an embodiment
where data transfer of a plurality of communication modes
as subsequently performed at one time as FIG. 10B, less
time is required compared to a case where communication is
serially performed a plurality of times as FIG. 10A, since it
is possible to omit the two bytes (ICPB. ICPL) which are
transmitted immediately after the level of the CSLE signal
is changed to low and it is unnecessary to change the level
of the CSLE signal to high or low between each commu-
nication.

Moreover, the intra-body microcomputer pCl periodi-
cally takes in a power focus drive amount (driving operation
amount). FIG. 11 shows a communication manner thereof,
which will be described later.

Hereinafter, operations performed by the intra-lens micro-
computer pC2 will be described with reference to flow
charts.

FIG. 12 shows a reset start routine. In the routine, first, all
the interrupts are inhibited (step A10). Then, after an VO
port and a memory content are initialized (steps A1l and
Al2). conditions of the switches of the lens LE are read
(subroutine Swinit) (step A13). Then, after a CSLE signal
interrupt and a timer interrupt for periodical reading of lens
switch conditions are permitted so that the intra-lens micro-
computer pC2 can be ready for responding to a communi-
cation requirement from the intra-body microcomputer pC1
(step Ald4), the process enters a main loop of normal
condition (steps A15 to A24). At step A1S (main flow), a lens
control command transmitted from the intra-body micro-
computer pC1 is analyzed to execute each control command.
After the execution of each control command transmitted
from the intra-body microcomputer pCl1 is completed, data
required for a focus detection process executed by the
intra-body microcomputer pC1 calculated at steps A22 to
A2,

The following are the contents of the above-mentioned
control commands:

RESETZ (step A16): initialize a zoom control portion;

MPZ (step A17): manual power zoom, i.e. perform zoom-
ing according to an operation of a zoom operation
member (zoom ring 80) of the lens LE and perform
varifocal compensation calculation during the zoom-
ing;

APZ (step A18): auto power zoom., i.e. perform zooming
until a focal length specified by the intra-body micro-
computer pCl1 is obtained and perform varifocal com-
pensation calculation so that in-focus condition is
obtained with respect to the focal length;

STOPZ (step A19): stop zooming;

MinZ (step A20): move the lens to a position where the
lens length is minimum; and

Zpchk (step A21): monitor the zoom encoder ZENC, i.e.
monitor whether the zoom lens is moved by external
force or not.

Moreover, the following are the BL. communication mode

values (hexadecimal) and communication contents thereof:

00: start initialization of the intra-lens microcomputer
uC2 (Zpchk);

01: no operation;

02: check communication compatibility;

03: transmit all the lens data from the intra-lens micro-
computer pC2 to the intra-body microcomputer pC1;

04: transmit a focus detection timing from the intra-body
microcomputer pCl1 to the intra-lens microcomputer
nC2;
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05: transmit a data for focus detection from the intra-lens
microcomputer pC2 to the intra-body microcomputer
pCl;

06: initialize the zoom lens (RESETZ);

07: start to move the lens to a position where the lens
length is minimum (MinZ);

08: perform zooming until a specified focal length is
obtained (APZ);

09: permit manual power zoom (MPZ);

0A: limit manual power zoom range;

OB: transmit data relating to zooming from intra-lens
microcomputer pC2 to the intra-body microcomputer
uCL;

0C: transmit lens switch information from the intra-lens
microcomputer §C2 to the intra-body microcomputer
nCL;

0D: stop zooming (STOPZ); and

OE: transmit a power focus drive amount from the intra-
lens microcomputer pC2 to the intra-body microcom-
puter pC1.

Each control command will hereinafter be described.

First. a Zpchk routine (shown in FIG. 18) will be
described. This routine is normally executed when the
intra-lens microcomputer pC2 receives no command from
the intra-body microcomputer pCl. This routine is for
monitoring the zoom encoder ZENC in order to confirm
whether or not a pulse position counter ZpNow which is
based on a pulse from a zoom pulse encoder ENC3 holds a
correct value. A flow of this routine will be described with
reference to FIG. 18. First, a value of the absolute encoder
ZENC is read (step A90). The absolute zoom encoder
zone-divides the zoom range every 100 pulses as shown in
FIG. 7. Based on the encoder value which is read in the
above step. a zone search subroutine is executed to confirm
the current position of the zoom lens (step A91). Then,
whether the zoom clutch is coupled or not is determined
(step A92). When the zoom clutch is not coupled (PZEn=0,
details thereof will be described later), comparisons are
made at steps A93 and A94. When it is determined based on
the zoom encoder value that the zoom lens is currently
located in a zone Z (Z=1. 11, . . . VII), zooming pulse values
are normally within a range between Zpl and Zp1-1 (Zp1=0.
100, . . . 800), respectively. However. in a case where the
zoom lens is forcibly moved by external force. correspon-
dence breaks between the pulse value ZpNow held by the
intra-lens microcomputer yC2 and a zoom encoder value.
Therefore. when it is determined that a zoom pulse is outside
the above-mentioned detection zones at the comparison of
steps A93 or A94, the process branches to step A97 or A98
to set a value which is close to a correct pulse value as the
ZpNow. Then, a flag ILLpos showing that the zoom lens
does not recognize a correct pulse position is set to 1, and the
process returns.

Moreover, when the zoom lens is not moved by external
force, since an output of the zoom encoder ZENC and the
zoom pulse counter ZpNow correspond to each other, the
process directly returns without branching at the comparison
of steps A93 or A%94. When the zoom clutch is coupled
(PZEn=1), the conformation of the zoom encoder ZENC and
the zoom pulse counter is also monitored. In this case,
however, the zone is set to be between Zpl-A and Zp1-1-§,
which is wider by A pulse in both a telephoto (longer focal
length) and a wide (shorter focal length) directions than the
zone between Zpl to Zpl-1 which is set when the zoom
clutch is not coupled. When the zoom clutch is not coupled,
since the zoom lens is moved only by external force, a pulse
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value obtained when the zoom encoder is changed is
employed for the above zone in order to improve accuracy
as much as possible. On the other hand, when the zoom
clutch is coupled, the intra-lens microcomputer pC2 acti-
vates the motor M3 to start zooming. In this case, the content
of the pulse counter is re-set if the inconformity of the zoom
encoder ZENC and the pulse counter is detected. If the pulse
counter value becomes discontinuous due to the resetting,
zoom hunting may occur and values of various calculations
(to be described later) performed based on the pulse may
become discontinuous. which are not desirable. Moreover.
the above-mentioned phenomena may arise not only in a
case where the zoom lens is moved by external force but also
in a case where a deviation from a design value is caused due
to a manufacturing error and backlash of gears. To prevent
the above-mentioned phenomena, when the intra-lens
microcomputer pC2 is enabled to move the zoom lens, the
zone is increased by A pulse at the determinations of steps
A95 and A9%6 as described above in order to provide a
hysteresis characteristic.

Subsequently. a RESETZ routine (shown in FIG. 13) will
be described. This routine is activated in a case where the
intra-body microcomputer pC1 outputs a zoom initialization
operation command. When it is activated, first, the coupling
condition of the zoom clutch is determined (step A40).
When the zoom clutch is not coupled, the zoom lens is not
moved. Then. after a mainFLW (variable) is set so that the
process branches to Zpchk in the next main flow branching,
the process returns. When the zoom clutch is coupled,
whether a zoom reset operation has already been performed
or not is determined. Since resetting has not yet been started
immediately after the intra-body microcomputer pC1 trans-
mits the command, the process proceeds to step A42, where
zoom reset driving is activated. When zoom reset driving is
activated, the zoom motor M3 is activated to start zooming.
The zoom optical system. which is coupled to the motor M3,
moves in synchronization with the movement of the motor
M3. A pulse which is generated by the pulse encoder ENC3
synchronizing with the motor M3 is inputted to the intra-lens
microcomputer pC2 to apply a pulse interrupt. Moreover, in
synchronization with the activation of zooming, a timer
operation of a zoom speed monitoring timer (not shown) is
started to control the speed simultaneously with the above-
mentioned pulse interrupt. The pulse interrupt applied is
monitored by the intra-lens microcomputer pC2 and influ-
ences the zoom pulse position counter ZpNow. The zoom
lens is moved until it is sensed that the zoom lens has
reached the end limit or until a target value is reached. The
zoom motor M3 is deactivated at the time when any of the
above conditions is fulfilled. Simultaneously, the pulse inter-
rupt and the operation of the zoom speed controlling timer
are inhibited, Moreover, according to conditions obtained at
the time of stopping, flags, a telephoto and a wide end
position flags and a flag showing that zooming is being
performed are set or reset.

Returning to the RESETZ routine of FIG. 13, after zoom
reset driving is activated at step A42, the process temporarily
returns to the loop of the main flow (FIG. 12) from this
routine. However, this routine is again called at the next
branching of step A1S5. Since zooming has already been
started at that time, after step A4l is finished, whether the
zoom lens has reached the end limit or not is determined
(step A43). When the zoom lens has not reached the end
limit, the process directly returns to the main flow and waits
until the RESETZ routine is cailed again. When the zoom
lens has reached the end limit, the mainFI.W is set to O (step
Add) so that Zpchk (step A21) is called at the next branching
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of step A15. As described above. steps A15. A16 and A22 are
repeated until the zoom lens reaches the end limit. When the
zoom lens reaches the end limit, the process enters the
previously-described Zpchk routine (FIG. 18) for checking
the conformity of the zoom pulse counter and the encoder.

Subsequently, an MPZ routine of FIG. 14 will be
described. When the intra-body microcomputer pC1 detects
through the BL communication mode OC that the zoom
switch of the lens is operated, an MPZ permission is
provided through the communication mode 09. After receiv-
ing a command through communication, the intra-lens
microcomputer pC2 branches to the MPZ routine (FIG. 14)
according to the determination of step A15 of the main flow.
In the MPZ routine, first, the coupling conditions of the
zoom clutch is confirmed. When the zoom clutch is not
coupled, a process similar to that of the routine RESETZ
(FIG. 13) is executed. In subsequently-described APZ (FIG.
15) and MinZ (FIG. 17) routine, a similar clutch coupling
confirming process is executed. The intra-lens microcom-
puter pC2 which has received an MPZ activation command
starts zooming according to LEeq (to be described later in a
description of a timer interrupt routine) representative of an
operation condition of the zoom operation member. That is.
when the zoom operation member has not been operated.
zoom braking is started (step AS3); when the telephoto
direction is requested. zoom telephoto driving (step AS1S) is
started; and when the wide direction is requested, zoom wide
driving is started (step AS52). In the driving routines (steps
AS15 and AS2) of the zoom drivings, the zoom control
interrupt, the pulse interrupt and the zoom timer interrupt
routines which have been outlined in the description of the
RESETZ routine are activated and zooming is performed
according to the operation of the zoom operation member.
Moreover, in the zoom braking routine (step A53), a flag for
inhibiting zoom driving is set to deactivate the zoom motor.
After the process returns from the zoom driving/braking,
whether the zoom lens is moving or not is determined (step
AS54). When the zoom lens is moving, varifocal compensa-
tion calculation is performed (step ASS). Otherwise, main-
FLW is set to 0 (step A56) in order to stop the execution of
the MPZ routine so that the zoom lens moves without a
permission of the intra-body microcomputer pCl.

Subsequently, an APZ routine of FIG. 15 will be
described. When an APZ command is transferred from the
intra-body microcomputer pC1, the APZ routine is called at
the main flow branching of step A1S. In the APZ routine, a
current focal length fn and a target focal length ft which is
transferred from the intra-body microcomputer pCl are
compared. When they are the same. the zoom lens is not
moved. Then, the mainFLW is set to 0 so that the process
branches to Zpchk at the next and succeeding main flow
branching. The process returns immediately thereafter.
When the target focal length ft is larger than the current focal
length fn, the zoom lens is moved in the telephoto direction
(step A63). When it is shorter, the zoom lens is moved n the
wide direction (step A62). Since driving of the zoom lens is
performed through the pulse interrupt routine and the zoom
timer interrupt routine which have been outlined in the
description of the RESETZ routine, only the activation of
the interrupt routines is performed in this routine. After
zooming is activated, whether zooming is really activated or
not is determined (step A64). When zooming is stopped, the
mainFLW is set to O, and the process returns. This is for a
case where the zoom lens cannot be moved any more
because it has reached the end limit.

While the zoom lens is moving, varifocal compensation
calculation is performed (steps A66 and A67). Two types of
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varifocal compensation calculations are provided. One is
VFCcalcl (continuous calculation) for repeatedly
calculating. according to a variation of focal length during
zooming. a compensation value obtained at each point of
time and the other is VFCcalc2 (one-shot calculation) for
calculating a compensation value for a specified target focal
length. The selection of types of the calculations is con-
trolled from the intra-body microcomputer pC1 by use of
CalcTyp (calculation type specifying) which is one of the
data transferred through the LE communication mode (zoom
command). Generally. the continuous calculation is selected
when zooming is performed with respect to a moving
subject and the one-shot calculation is selected when zoom-
ing is quickly performed with respect to a stationary subject.

Subsequently, a STOPZ routine (shown in FIG. 16) will
be described. When the BL communication mode 0D is
outputted, this routine is activated until the zoom lens is
stopped. In this routine. first, whether the zoom lens has
been stopped or not is determined (step A70). When it has
been stopped, the mainFLW is set to O (step A73). and the
process returns. When the zoom lens is moving, the zoom
braking routine is called (step A71). and after zooming is
inhibited, varifocal compensation calculation is performed.
In this case, since a target focal length is not determined like
in the APZ routine, the continuous varifocal calculation is
performed (step A72). Thereafter, the process returns to the
main routine. The STOPZ routine is called once every time
the main loop process is executed once until it is determined
that the zoom lens has been stopped at step A70.
Consequently. varifocal compensation calculation is
repeated just before the zoom lens is stopped.

Returning to the main routine of FIG. 12, after the process
returns from each control routine. determination of a flag
LatEn is made (step A22). This flag is reset to 0 when the
intra-body microcomputer pC1 requests calculation of data
for focus detection through the BL communication mode 04.
Hereinafter, a flow from communication to focus detection
data calculation will be described. In starting
communication, the intra-body microcomputer pC1 charges
the level of the CSLE signal from high to low. The signal
CSLE is coupled to the intra-lens microcomputer pC2
through the body/lens mount portion terminal J3. The intra-
lens microcomputer pC2, where a CSLE interrupt is per-
mitted by the initialization process executed after the reset
start (step Al14 of FIG. 12), receives a signal representative
of the level down of the CSLE, so that an interrupt is applied
thereto.

‘When the CSLE interrupt is applied. a routine of FIG. 23
is activated. When communication is started, since the level
of the CSLE is changed from high to low, after determina-
tion of the CSLE (A150), the process from step A151 is
executed. In the process from step A151, the mode of the
S-I/O portion is changed from the port mode HIZ to the
§-I/O mode, FFH is written in an S-I/O input/output register
SIO, an inside S-I/O transfer number counter IOCNT is set
to 0, an S-I/O interrupt is permitted. and the process returns.
Concerning data transfer, a value outputted to the SIO is
transferred to the intra-body microcomputer pCl1 in synchro-
nization with the clock SCK which succeeds the transfer of
the signal representative of the level down of the CSLE.
Simultaneously, as input value from the intra-body micro-
computer uCl1 is inputted to the SIO. When the intra-body
microcomputer pC1 repeats level up/down of the SCK eight
times. transfer of one-byte data is completed, so that an SIO
interrupt is applied to the intra-lens microcomputer pC2.
Thereafter, an interrupt is applied in synchronization with
the eight-time level up/down of the SCK, and at each time,

10

15

20

25

30

35

40

45

50

55

65

18

one-byte communication is performed in synchronization
with the SCK. This is performed until the level of the CSLE
is increased an a high edge interrupt of the CSLE is applied.
When the interrupt is applied, the mode of the S-I/O portion
is changed to the port mode (HIZ condition) (step A165) and
the S-I/O interrupt is inhibited (step A156).

Subsequently. a manner will be described where the BL
communication mode 04 is executed through the SIO inter-
rupt applied by completion of data transfer of each byte.
When a first-byte data is transferred, an SIO interrupt routine
(shown in FIG. 24) is activated. At the beginning of the
interrupt process. the S-I/O transfer number counter IOCNT
is incremented by one. The counter IOCNT. which is a
counter (variable) for showing the byte number of
communication, is incremented every one byte of the SOUT
(FIG. 10) from the intra-body microcomputer uC1. Since the
value of the counter IOCNT is initialized to 0 by a low
interrupt of the CSLE when transfer of a first-byte data is
completed and becomes 1 by the increment, the process
from step A162 is executed. At the next and succeeding
times, the process proceeds successively to steps Al164,
A165 and A166 according to a value of the counter FOCNT.
For a third-byte data, a data representative of the kind of a
succeeding communication is transferred. For the third-byte
data, the intra-body microcomputer pC1 transfers 0411 as a
data representative of the communication kind in order to set
the communication mode 04 for teaching a timing of focus
detection integration. The intra-lens microcomputer pC2
receives the data, temporarily stores 11 in a variable IODMode
on a RAM (random access memory) (step A165), branches
according to a value of the IOMode at step A166, and
executes each routine. In this case. a subroutine Mode 04 is
executed (step A171).

Hereinafter, the subroutine Mode 04 will be described
with reference to FIG. 31. In this subroutine, first, whether
the communication style is old or new is determined at step
A230. A variable BEnMD[4] is a data obtained through the
communication mode 02 (to be described later). When the
BEnMD/[4] is 1, the communication style is old and no more
data are transferred in this communication. Accordingly. a
DelayCNT is set to 0. the IOCNT is set to 2. and the process
returns. When the IOCNT is set to 2, in the next SIO
interrupt the process proceeds to steps A161 and A165 of
FIG. 24 to move to another communication mode determi-
nation. When the BEnMDI[4] is other than 4. the commu-
nication style is new and another communication data suc-
ceeds. Accordingly, after O is outputted to the SIO as a
dummy, the process returns. After transfer of a fourth-byte
data is completed. the process proceeds to the flow from step
A238 to A242. That is, in the transfer process of the
fourth-byte data. first, the flat LatEn is reset to 0, the variable
DelayCNT is set to the value of the transferred data, a focus
detection data calculation completion flag CALCAFD is
reset to 0. 0 is outputted to SIO as a dummy, the IOCNT is
set to 2, and the process returns. The IOCNT is set to 2 for
the same reason as the above.

Hereinafter. the execution of a timer interrupt routine,
shown in FIG. 19, for data taking-in which is performed is
synchronization with a Delay (time lag of CCD integration
start) specified by the intra-body microcomputer pC1 will be
described. The timer interrupt routine is initialized at step
Al4 of the reset start routine of FIG. 12 and thereafter, as
interrupt is applied every 1 msec. Every time the timer
interrupt routine is executed, a subroutine LatDelay shown
in FIG. 20 is executed. The flag LatEn is ( immediately after
the communication mode 04 is completed, and accordingly.
the process proceeds directly to the next step Alll at
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determination of step A110 when this subroutine is called for
the first time. Then, with reference to the data DelayCNT
specified at a subsequently-described step A230 of FIG. 31
and obtained through communication, whether a specified
time has passed or not is determined. When the specified
time has not passed. the process directly returns. When the
LatDelay is called through the timer interrupt after the
specified time has passed. the process proceeds to step A113.
After a current zoom position ZpNow is copied to a variable
ZpLat (step A112), the flat LatEn is set to 1.

Now. various communication modes will be described.

BL communication mode 00 is a communication for
resetting (initializing) the intra-lens microcomputer pC2ina
software manner. It is used for resetting the operations of
hardware where an error is caused due to noises.

BL communication mode 01 is actually a communication
where no data is transferred. It is provided as a dammy for
earning time required for determining a communication
content by use of the value of a data received through serial
communication.

BL communication mode 02 is a communication for
confirming compatibility of a camera body and a lens which
are combined. After a BL communication mode data is
outputted. the camera body and the lens output compatibility
data showing whether or not communication is possible with
respect to each of the communication modes 0@, 01, 02, . .
. . Receiving the data, the camera body and the lens
determine compatibility. Each BL communication mode
corresponds to each function (e.g. power zoom, power
focus). When a communication is determined to be
impossible. a function thereof can also be determined to be
inoperable.

BL communication mode 03 is a communication for
transmitting all the lens characteristics data to the intra-body
microcomputer pCl. The following data are transmitted
through this communication: AVo; AVmax; KL; fn; Kn;
ASB; fmin; fmax; and OFSeo. Avo is an open aperture value.
AVmax is a maximum aperture value. KL is a conversion
coefficient (drive amount conversion coefficient) for con-
verting a defocus amount to an AF coupler drive amount. fn
is a current focal length. Kn is a conversion coefficient
(distance conversion coefficient) for converting a moving-
out amount to a distance. ASB is a difference, between a file
surface and an AF sensor surface, which is used for correc-
tion of a focus detection output. fmin and fmax are minimum
and maximum focal lengths. respectively, which are used to
determine a zoom range for APZ (auto program zoom).
OFSe< is a moving-out amount, with respect to an infinity
subject distance, used as a comection data for distance
calculation.

BL communication mode 04 is a communication for
transmitting a timing of the CCD integration to the intra-lens
microcomputer pC2. The data transmitted as a one-byte data
through this communication is Delay which represents time
from the completion of the communication to the midpoint
of the CCD integration. Based on this data, the intra-lens
microcomputer pC2 calculates various data, such as a coef-
ficient for converting the defocus amount to a lens drive
amount. which data are obtained at the middle of the CCD
integration. In an old-type camera body, the Delay time
cannot be specified, so that the intra-lens microcomputer
HC2 starts optical data calculation on completion of com-
munication. In this embodiment, in order to enable employ-
ment of an old-type camera body (lens), whether the Delay
is to be used or not is determined after compatibility is
confirmed through the BL communication mode 02.

BL communication mode 05 transfers an output result of
the BL communication mode 04. Through this
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communication. data used for focus detection calculation
and distance calculation are transferred. The following are
the data transferred: CalcAFD; KL; Kn; ASB; and AFSe.
The data KL. Kn, ASB and OFS are of the same kind as
those transferred through the BL communication mode 03.
However. the data transferred through this communication
are data corresponding to the time specified through the BL
communication mode 4. That is, data which are obtained at
the middle of the CCD integration. CalcAFD is a focus
detection data calculation completion flag (1: completed, 0:
not completed) for showing whether the above four-byte
data has been calculated by the intra-lens microcomputer
pC2 or not.

BL communication mode 06 is a communication for
causing the intra-lens microcomputer pC2 to initialize the
zoom lens. The initialization of the zoom lens is to reset
various data provided in the intra-lens microcomputer pC2
and to move the zoom lens to a specified waiting position.
In this embodiment, after the zoom lens is moved to the wide
limit, zoom lens position information (ZpNow) is initialized.

BL communication mode 07 is a communication for
moving the zoom lens to a position where the zoom lens
length is minimum. This communication, which is per-
formed in response to the turning off of the main switch SW
of the camera body, is used to moving the zoom lens to a
position where it is compactest so that storage of the camera
is facilitated.

BL communication mode 08 is an auto power zoom
(APZ) communication for moving the zoom lens until a
specified focal length is obtained. Receiving this
communication, the intra-lens microcomputer pC2 moves
the zoom lens until a specified focal length is obtained and
starts varifocal compensation calculation. The following
data are transferred through this communication: ft; REVAF;
ZSPDBL; and CalcTyp. ft is a target focal length. REVAF is
a moving-out amount required for obtaining in-focus con-
dition. It corresponds to dx of the above-mentioned varifocal
compensation equation (3). ZSPDBL is a zoom drive speed
(upper limit). In APZ where a magnification of a moving
subject is maintained, it is used for performing zooming
according to a speed of a moving subject to realize a smooth
zooming. CalcTyp is a specification of calculation type (0:
continuous VF calculation, 1: one-shot VF calculation). The
continuous VF calculation is a calculation method where a
compensation calculation value is calculated with respect to
a focal length obtained at each point of time during Zzooming,.
An image plape is always located at an in-focus position. In
performing continuous AF for a moving subject. the moving
subject can always be maintained at an in-focus position if
the continuous VF calculation is used together therewith,
which produces an excellent result. The one-shot VF calcu-
lation is a calculation method where a compensation calcu-
lation value is obtained with respect to a specified focal
length. Since it is unnecessary to perform calculation with
respect to a focal length obtained in the middle of zooming,
a varifocal compensation calculation value with respect to a
final zoom position can be calculated at a high speed. For
this reason, this calculation is used when time lag reduction
is required, for example, when zooming is performed in a
motion at a high speed.

BL communication mode 09 is a communication for
permitting manual power zoom (MPZ). Receiving a manual
power zoom permission, the intra-lens microcomputer pC2
starts to move the zoom lens according to the user’s opera-
tion of the zoom ring and starts varifocal compensation
calculation. As vari-focal compensation calculation in this
communication, the above-described continuous VF calcu-
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lation is performed since a final focal length is unknown
(because zooming is carried out by the user’s operation of
the zoom ring in this case) and it is necessary to obtain
in-focus condition in the finder. The following data are
transferred: REVAF; and ZSPDBL. REVAF is a moving-out
amount required for obtaining in-focus condition. It is the
same as that of the BL communication mode 08. ZSPDBL
is a zoom drive speed (upper limit). It is the same as that of
the BL. communication mode 08.

BL communication mode 0A is a communication for
limiting a zooming possible range for manual power zoom.
The following data are transferred: fLimT; and fLimW,
fLimT is a telephoto side limit for manual power zoom.
fLimW is a wide side limit for manual power zoom. This
communication is used when a zoom range is limited for a
specific photographing scene (for example, the zoom lens is
prevented from unnecessarily being moved toward the wide
side when only a far subject is taken).

BL communication mode 0B is a mode where data
showing various zoom lens conditions are transferred. The
following data are transferred: MovingT; MovingW, EndZT;
EndZW; ILLops; CalcREV; ZFL.GEn; REVVF; fn; and
ZSPDLB. MovingT and MovingW are flags which are set to
1 according to a driving direction thereof, respectively.
EndZT and End2W are 1 when the zoom lens is at the
telephoto and the wide limits, respectively. ILLops is 1 when
the intra-lens microcomputer pC2 determines that the cur-
rent zoom position ZpNow is incorrect. This occurs when
the zoom lens is forcibly moved by external force. Referring
to this flag, the intra-body microcomputer uC1 returns the
zoom lens condition to a normal one by the initialization of
the zoom lens (BL mode 06). CalcREV is a flag showing
whether a subsequently-described varifocal compensation
calculation has beer completed or not (1: completed, 0: not
completed). ZFLGEn is a flag showing whether or not the
intra-lens microcomputer pC2 has completed an operation
which is to be performed in response to a zoom drive
command transmitted by the intra-body microcomputer uC1
(1: completed. ©: not completed). REVVF is a varifocal
compensation drive amount for the previously-transmitted
zoom drive command (BL mode 09). fn is a current focal
length used by the intra-body microcomputer pC1 for moni-
toring a zoom lens position during zooming. ZSPDLB is a
current moving speed of the zoom lens. It is used as a
feedback control data for realizing a smooth zooming when
AFZ is performed for a moving subject.

BL communication mode 0C is a communication for
informing the intra-body microcomputer pC1 of lens switch
information (relating to the user’s operation). The following
data are transferred: PZEn; ReqZT; ReqZW; Req2W;
ReqPFN; and ReqPFl. PZEn is a data showing whether
power zoom is possible or not (1: possible, 0: impossible).
It is @ when the zoom clutch (not shown) is uncoupled in
response to a manual operation. ReqZt and ReqZW are data
for informing that manual power zoom has been performed.
ReqPFN and ReqPFI are data for informing that manual
power focus has been performed.

BL communication mode 0D is a zoom stop command for
a power zoom lens.

BL communication mode OE is a communication for
transmitting from the intra-lens microcomputer pC2 to the
intra-body microcomputer uC1 an AF coupler drive amount
obtained during power focus. The following data are trans-
mitted: PFSPD; and AREVPF. PFSPD is a data for speci-
fying an upper limit of an AF coupler drive speed obtained
during power focus. AREVPF is a partial integration value
of the AF coupler drive amount obtained during power
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focus. The intra-body microcomputer pCl realizes power
focus by motor-driving the AF coupler by receiving the
above-mentioned two data.

Returning to the main routine of FIG. 12. at step A22,
whether a focus detection data is to be calculated or not is
determined with reference the LatEn. As described
previously, the LatEn is 0 when the time specified by the
intra-body microcomputer pC1 has not yet passed. At this
time, the process proceeds from step A22 to step AlS to
continue the loop. When the specified time has passed. since
the LatEn is 1, the process proceeds from step A22 to a focus
detection data calculation subroutine to start calculation of
data required by the intra-body microcomputer pC1 (step
A23). After the calculation is completed. the focus detection
data calculation completion flag Calc AFD which is reset to
0 through the communication mode 04 is set to 1 (step A24),
and thereafter, the main loop is continued.

Subsequently. the timer interrupt routine of FIG. 19 will
be described. As described above, after the reset start pro-
cess and the initialization process are completed, an interrupt
is applied every 1 msec. The subroutine LatDelay has
already been described with reference to FIG. 20. A sub-
routine LawRead which is called every time an interrupt is
applied every 1 msec will be described with reference to
FIG. 21. A variable Ten: is increased by one every time an
interrupt is applied. and cleared to 0 when it becomes 8. Its
initial value is 0.

Accordingly, (1) at first interrupt (1 msec), values of the
switches are read and stored in a variable swing (step A122).

(2) At a second interrupt (2 msec), values of the switches
are read. A result thereof is compared with the content of the
swing and a result swNow of the previous value reading, and
only a portion, of the current switch condition, which
coincides with swimg is renewed in swNow (step A123).
Thereafter. a switch information analyzing routine SwAnal
(step A124) is called. and the process returns.

(3) At a third, a fourth, a fifth. a sixth and a seventh
interrupts (3, 4, 5. 6. and 7 msec). the process directly
returns.

(4) At an ecighth interrupt (8 msec), Tent is set to O as
described above (step A125).

At the above steps (1) to (4). switch information is read
twice every 8 msec with an interval of 1 msec. Thereafter,
the switch information is analyzed. In order to prevent
chattering, the information is read twice with an interval of
1 msec to confirm the coincidence thereof. When the results
of the two information readings do not coincide with each
other. the difference portion is not renewed and an old value
is maintained in the swNow.

In the switch condition analyzing routine SwAnal shown
in FIG. 22. first. the condition of the zoom clutch is
confirmed by determining whether a clutch switch SWPZ is
ON or not (step A131). When the zoom clutch is coupled
(SWPZ is ON), the flag PZEn showing that power zoom is
possible is set to 1 (step A132). and each flag is set or reset
according to a condition of the zoom switch (steps from
A133). When the zoom clutch is not coupled, the flag PZEn
is set to 0 (setp A141), and the flag ILLpos is set to 1 (step
A142). Moreover, flags relating to the zoom requests are all
reset to 0 without any request (steps A144 and A145). When
SWPF (switch SPF of FIG. 4) for sensing that the power
focus operation member is being operated is OFF at step
A133, the condition of the zoom switch (switch SPF of FIG.
4) is read. When it is determined from a result thereof that
the power zoom operation member is being operated, the
power zoom requests ReqZT and ReqZW are set to 1 or reset
to 0 according to a direction (telephoto or wide direction)
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specified by the operation (steps A137 to A140). Thereafter,
since the power zoom is ON, the power focus request flags
ReqPF1 and ReqPFN are both reset to 0 in order to set no
power focus request condition (steps A1457 and A1458),
and the power focus partial integration amount is set to 0
(step A1459). Then, the process returns.

When it is determined that the zoom clutch switch is OFF
at step A131. the flag PZEn is set to 0 in order to show that
power zoom is impossible (A141). Then, the flag ILLpos
showing that zooming is under an uninitialized condition is
setto 1 (step A142). Thereafter, or when it is determined that
a power focus operation has been sclected at the above-
mentioned step A133 and when it is determined that a
zooming operation is not being performed at step A136, the
power zoom request flags ReqZT and ReqZW are reset to
in order to withdraw the power zoom request transmitted to
the intra-body microcomputer pCl (steps A144 and A145).
At a succeeding step A1456, whether the power focus
operation member is being operated or not is determined.
When it is determined that the power focus operation
member is not being operated. the above-described steps
Al457 0 A1459 are executed in order to withdraw the
power focus request transmitted to the intra-body micro-
computer pC1. When it is determined that the power focus
operation member is being operated. the condition of the
zoom switch is determined. When it is at OFF position.
determining that focus hold is requested, the power focus
request flags ReqPF1 and ReqPFN are both set to 1 (steps
A1467 and A146). and the power focus partial integration
amount AREVFF is set to 0 (A1459). Then, the process
returns. When it is determined at the zoom switch condition
determination of step A146 that the zoom ring is operated
toward an infinity or a near direction, the flag ReqPF1 is set
to 1 (or reset to 0) and the flag ReqPFN is reset to O (or set
to 1) in order to make a request of zooming toward infinity
or near side (steps Al477 to A1478. A1487 to A1488).
Thereafter, a power focus operation (drive) amount during
an activation period (8 msec) of this routine SwAnal is
integrated (added) as the power focus partial integration
amount AREVPFF (step A1479). Then, the process returns.

Subsequently. a power focus sequence executed in this
embodiment will be described. This embodiment employs a
power focus system suitable for a method, which is one of
conventional AF drive methods, where a focusing lens
provided in the lens is moved by a motor provided in the
camera body through an AF coupler of a mount portion (this
method will hereinafter be referred to as intra-body micro-
computer method). In this embodiment, power focus is
performed by transmitting from the intra-lens microcom-
puter pC2 to the intra-body microcomputer pC1 a power
focus drive amount obtained based on an operation of a
power focus operation member provided to the lens and by
driving a focus lens provided in the lens through an AF
motor provided in the camera body. Hereinafter, an outline
of the power focus sequence will be described with refer-
ence to FIG. 11. In FIG. 11, sc is a communication for
transmitting a power focus drive amount from the intra-lens
microcomputer pC2 to the intra-body microcomputer pCl1.
The transmission is periodically performed once every sev-
eral tens of msec. If this communication is performed with
a longer period, since an interval between data taking-in of
the body increases, operation responsibility deteriorates. As
a result, smooth operation cannot be realized. On the
contrary, when the period is too short, since time where the
intra-body microcomputer pC1 and the intra-lens microcom-
puter pC2 are engaged in sequences other than the power
focus sequence (e.g. focus detection, automatic exposure)
decreases, performance of functions other than power focus
deteriorates.
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In the above communication, the intra-lens microcom-
puter pC2 integrates the amount of the power focus opera-
tion made between communications (the integration amount
will hereinafter be referred to as power focus operation
partial integration amount). The integration amount is trans-
mitted to the intra-body microcomputer uC1 through com-
munication. Regarding the transmitted operation amount as
a drive amount, the intra-body microcomputer pC1 drives
the AF coupler. Power focus is performed by repeating the
above process. In this embodiment, a power focus speed is
also transferred from the intra-lens microcomputer pC2 to
the intra-body microcomputer pC1 in the communication
where the power focus operation partial integration amount
is transmitted. The reason why both the power focus opera-
tion partial integration amount and the power focus speed
are transmitted is: if only the drive amount (power focus
operation partial integration amount) is transmitied. since
the focusing lens is controlled so as to move only by a
specified drive amount while communication is halted, it is
stopped after moved by the specific drive amount, while if
only the speed is transmitted, the driving of the focusing lens
continues forever unless it is determined, while communi-
cation is halted, that only the speed is transmitted and unless
a special process is provided. The employment of the special
process makes the system more complicated. For example,
a problem arises that the capacity of a ROM is increased.

Moreover, a timing for performing communication is
determined with respect to each intra-body microcomputer
HCL. At this time, if only the speed is transmitted, it is very
difficult to control an absolute position of the focusing lens
through the intra-lens microcomputer pC2 since it is impos-
sible to control a communication interval. On the contrary,
if only the drive amount is transmitted, the absolute position
control can be realized with no special process. Moreover,
the speed is also transmitted for the following reason. If the
focusing lens is driven only with the drive amount, the
driving is completed in a short period of time if the driving
amount if small, that is. the focusing lens driving becomes
intermittent like driving, stopping. driving, stopping. . . . .
Thereby, operation smoothness deteriorates. In order to
prevent this, it is necessary to drive the focusing lens at alow
speed when the drive amount is small. When only the drive
amount is transmitted from the intra-lens microcomputer
HC2 to the intra-body microcomputer pCl, it is possible for
the intra-body microcomputer pCl to calculate the speed
based on the transmitted drive amount and a communication
interval controlled by the intra-body microcomputer pC1. In
this system. however, operations are allotted to the intra-
body microcomputer pC1 and the intra-lens microcomputer
HC2, and the speed calculation is performed by the intra-lens
microcomputer nC2 to increase the operation speed of the
entire system.

Subsequently, the process executed by the intra-body
microcomputer pC1 will be described. When the battery E1
is attached to the camera body BD shown in FIG. 3. in the
intra-body circuit, the battery attachment detection switch
SRE1 is turned off, the reset capacitor C1 is charged through
the resistor R1, and a reset signal whose level is changed
from low to high is inputted to the reset terminal RE1 of the
intra-body microcomputer pnC1. By the input of the reset
signal, the intra-body microcomputer yC1 starts to generate
a clock by use of hardware provided therein, activates the
DC/DC converter DD and is supplied with the voltage VDD
at which it can operate to execute a reset routine shown in
FIG. 42. Under a subsequently-described sleep condition,
the intra-body microcomputer pC1 halts to generate a clock
and the DC/DC converter DD halts its operation. In an
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operation which is started by an interrupt applied under
sleep condition. the clock generation and the operation of the
DC/DC converter DD are started by the hardware which is
provided in the intra-body microcomptter pC1 similarly to
the above-described battery attachment case.

In the reset routine of FIG. 42, first, all the interrupts are
inhibited, various ports and registers are reset, and a flag
RSTF showing that the process has passed the reset routine
is set (steps C10 to C12). Then. at step C13, whether the
main switch SM is ON or not is determined. Moreover,
when the main switch SM is turned from on to off or from
off to on, an interrupt SMINT is applied through the opera-
tion of the main switch SM so that the process from step C13
is executed. When the main switch SM is ON at step C13,
all the interrupts are permitted, the flag RSTF showing that
the process has passed the reset routine is reset, and the
levels of the output ports PW1 and PW2 which are power
control terminals are changed to high. respectively. in order
to enable the transistors Trl and Tr2 (steps C14 to C16).

Then. at setp C17, a BL communication 02 subroutine
(FIG. 52) is executed. In the BL communication 02
subroutine, the previously-mentioned compatibility confir-
matjon data for the communication of each mode is set at
step C250. the level of the CSLE is changed to low. 17-byte
data transfer is completed. the level of the CSLE is changed
to high, and the communication is completed (steps C251 to
253). Thereafter. availability/unavailability of each BL com-
munication is determined by use of a data received from the
intra-lens microcomputer uC2 (step C254). As described
above, since each BL communication mode represents a
function particular to each BL communication, a function
provided to the lens can be determined through this com-
munication. In this embodiment, whether power zoom is
possible or impossible is determined with reference to the
BL communication modes 06 to 0D.

Returning to FIG. 42. at step C18, the AF lens is moved
in. In an AF lens moving-in subroutine (shown in FIG. 43),
NLG (negative value with a high absolute value) is set as a
counter N indicating a drive amount of the AF lens, and after
a flag LEEDF showing that the AF lens has reached to an end
limit is reset to 0, a lens drive subroutine (not shown) is
called (steps C101 to C103). The lens drive subroutine is a
subroutine for driving the AF lens by a drive amount
indication by the counter N. When it is detected that the AF
lens has reached an end limit before the AF lens has been
moved by the indicated drive amount, power supply to the
AF motor is stopped and the end limit detection flag LEEDF
is set to 1. After the lens driving is started, the process walls
until the AF lens reaches an end limit (that is, until the flag
LEEDF is set to 1) at step C104. When the AF lens reaches
an end limit, an AF lens moving-in amount which is used
thereafter is reset to a reference value (setp C105) to finish
this routine.

Thereafter, initialization of the zoom lens is performed
(FIG. 42, step C19). In a zoom lens initialization routine
{shown in FIG. 44). first. whether the zoom lens is a power
zoom lens or not is determined based on a data supplied
from the intra-lens microcomputer pC2 in the previously-
performed BL. communication mode 02 (step C110). When
it is not a power zoom lens, since the initialization of the
zoom lens is unnecessary, the process directly returns. When
it is a power zoom lens, the BL communication 0C is
executed (step C111). In a BL communication 0C routine
(shown in FIG. 61), after a data to be transmitted from the
intra-body microcomputer pCl1 to the intra-lens microcom-
puter pC2 through this communication is set (step C340), the
level of the CSLE is changed to low (step C341), a four-byte
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communication is performed (step C342), and after the level
of the CSLE is changed to high (step C343), the process
returns,

Returning to FIG. 44, determination of the data PZEn
(zoom possible/impossible flag) obtained through the BL
communication 0C is made (step C112). When power zoom
is impossible (that is, PZEn-9). since zoom driving is
impossible, this routine is finished. When power zoom is
possible (that is, PZEn-1). the BL communication 06 is
performed (step C113). In the BL communication 06 whose
flow is the same as that of the BL communication mode 0C
except the content of transferred data as shown in FIG. 56.
a zoom initialization command is transmitted to the intra-
lens microcomputer pC2. Then, after the process waits 20
msec (step C114). a zoom condition of the lens is obtained
through the BL communication 0B (FIG. 61. details thereof
will be omitted) (step C115). Thereafter. when the zoom
driving has been completed., determining that the initializa-
tion of the zoom lens is completed. this routine is finished.
When the zoom driving has not been completed, the deter-
mination of the power zoom possible/impossible flag PZEN
is made again through the BL communication 0C of FIG. 62
(step C117). When power zoom is impossible, this routine is
finished. This is for promptly finishing operations of the
intra-body microcomputer pC1 when the zoom clutch is
uncoupled by the user’s operation during zooming. When
power zoom is possible, the process from step C114 is
repeated to wait until zooming is completed.

After the zoom lens initialization is completed (step C19
of FIG. 42). whether the photographing preparation switch
S1 if ON or not is determined (step C20). When it is OFF,
the levels of the power control terminals PW1 and PW2 are
changed to low, respectively. in order to disable the power
supply transistors Trl and Tr2 (step C23). Thereafter. the
intra- body microcomputer pCl1 enters sleep condition. On
the other hand, when it is determined that the photographing
preparation switch S1 is ON at step C20. a subsequently-
described subroutine SION is executed at step C21.
Thereafter, whether a flag SIONF has been set or not id
determined at step C22. When it has been set, the process
returns to step C20. When it has not been set, the process
proceeds to step C23. The SIONF is a flag which is set while
the photographing preparation switch S1 is ON or when five
seconds have pot passed since the switch S1 is turned off.

In an interrupt SIINT which is applied when the photo-
graphing preparation switch S1 is turned off and again
turned on, the process forms step C21 is executed.

A subroutine SION executed at step C21 will be described
with reference to FIG. 45A. When the subroutine is called.
a flag SIONF showing that this subroutine has been called is
set, the interrupt STINT is inhibited, and the levels of the
power control terminals PW1 and PW2 is changed to high
in order to enable the power supply transistors Trl and Tr2
(steps C130 to C132). Then, the BL communication 0C for
obtaining request conditions of various switches of the lens
is performed (step C133), and whether the photographing
preparation switch S1 is ON or not is determined. When it
is ON, a focus detection subroutine is executed (step C135).

Hereinafter, the focus detection subroutine will be
described with reference to FIG. 46. First, the BL. commu-
nication 04 is performed (step C160) to transmit a timing of
the CCD integration to the intra-lens microcomputer pC2. In
a BL communication 04 subroutine (shown in FIG. §5), first,
a data used for the BL communication 04 is set, and the level
of the CSLE is changed to low (steps C270 and C271). Then,
whether the currently-attached lens is of old type or of new
type is determined based on information obtained through
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the BL communication 0C (communication compatibility
confirming communication) performed at step C133 of the
SION routine of FIG. 45A. When it is determined to be of
old type. since the CCD integration time lag Delay is
unnecessary, a three-byte communication is performed (step
C273). When it is determined to be of new type, since the
Delay is necessary. a four-byte communication is performed
(step C274). Then, after the level of the CSLE is changed to
high (step C275). this routine is finished. After returning to
the focus detection subroutine of FIG. 45. CCD integration
is performed in the focus detection light receiving circuit
AFCT (step C161). After the CCD integration is completed.
optical charge accumulated in the CCD is digital-converted
and inputted (data dump) (step C162). Then. information.
particular to the lens. which is required for focus detection
calculation is obtained through the BL communication 05
(C163). and a focus detection calculation subroutine is
executed.

The focus detection calculation subroutine is shown in
FIG. 47. Correlation calculation is performed with respect to
a data obtained through the CCD data dump (step C180). A
description of the correlation calculation will be omitted
since it is not a main point of the present invention. Then. a
defocus amount is calculated based on a result of the
correlation calculation (step C181). and an AF lens drive
pulse count N1 is obtained by multiplying the defocus
amount by the drive amount conversion coefficient KL
obtained through the previously-preformed BL communica-
tion 05 (step C182). Then, whether the absolute value of the
defocus amount is within as in-focus range or not is deter-
mined (step C183). In this embodiment, if the absolute value
of the defocus amount is 200 pm or lower, it is determined
that in-focus condition has been obtained. and a flag AEFE
showing that in-focus condition has been obtained is set to
1. When the absolute value exceeds 200 pm, determining
that it is outside the in-focus range, the flag AFFF is reset to
0 (step C185). Returning to FIG. 45, at step C164, deter-
mination of the flag AFEF showing that in-focus condition
has been obtained is made. When it is 1, determining that
in-focus condition has been obtained, an in-focus display in
the finder is turned on (step C165), and this routine is
finished. When the flag AFEF has been reset to 0, determin-
ing that in-focus condition has not been obtained. the
in-focus display in the finder is turned off (step C166). and
this routine is finished.

Returning to the SION subroutine of FIG. 45A, after the
process returns from the focus detection subroutine, at step
C136. whether the user has operated the power focus opera-
tion member or not is determined based on the infinity and
near side power focus requests ReqPFI and RegPFN which
are included in the data transmitted through the BL com-
munication 0C previously performed at step C133. When
one or both of the ReqPFI and RegPFN are ON, a PF control
routine is called to execute a power focus process (step
C158). In the PF control routine (shown in FIG. 65), when
the ReqPFI and ReqPFN are both 1 at step C370, determin-
ing that the focus hold operation is requested, this routine is
finished without any process being executed. When only one
of them is 1, determining that it is necessary to actually drive
the AF coupler, the power focus drive amount AREVPF and
the power focus drive speed PFSPD are obtained through the
BL communication OE for obtaining a power focus drive
amount (step C371), the power focus drive amount AREVPF
is set as the AF lens drive amount N1 (step C372), and the
AF coupler is driven by the drive amount N1 specified by the
ARFFPF at a speed specified by the PFSPD through a lens
drive routine (not shown) (step C373). Then. this routine is
finished.
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Subsequently. a case where it is determined that power
focus has not been requested at step C136 of the SION
subroutine of FIG. 45A will be described. When this
happens. whether a power zoom lens is attached or not is
determined (step C137). When a power zoom lens is not
attached, or even if a power zoom lens is attached. when the
power zoom possible/impossible flag PZEN obtained at step
C133is determined to be 0 (power zoom is impossible) (step
C1375). an AF control routine is executed (step C1399). In
the AF control routine (shown in FIG. 64), first, determina-
tion of focusing condition is made (step C170). When the
flag AFEF showing that in-focus condition has been
obtained is 1. determining that in-focus condition has been
obtained, the process returns since it is unnecessary to drive
the AF lens. When the flag AFEF is 0, determining that
in-focus condition has not been obtained, the lens drive
routine (not shown) is called (step C171). Thereafter, this
routine is finished.

Returning to the description of the SION routine. after
power zoom is determined to be possible at step C1375, at
step C138, whether zoom inside condition of the power
zoom lens is uninitialized or not is determined by the flag
ILLpos obtained through the previously-performed BL com-
munication 0C (step C133). When it is uninitialized, the
zoom lens is initialized (step C1385). The ILLpos is a flag
which is set to 1 when the zoom lens is uninitialized (that is,
when the zoom position counter ZpNow provided in the lens
does not hold a correct value). It is also set to 1 when the
zoom position counter ZpNow does not hold a correct value
because the zoom lens has forcibly been moved by external
force or when the zoom clutch is uncoupled by the user’s
operation. Therefore. when the zoom lens is forcibly moved
by external force or when the zoom clutch which was
uncoupled is coupled again. the lens inside condition of the
zoom lens is returned to a correct condition through this
sequence. Thereafter, when it is determined that power zoom
has been requested by the power zoom request flags ReqZT
and ReqZW obtained through the previously-performed BL
communication 0C (step C133), an MPZ control of step
C1395 is performed. When there is no power zoom request,
whether the switch AFZSW is ON or not is determined (step
C1397). When it is ON, an APZ control of step C1398 is
performed. When it is OFF, the AF control of step C1399 is
performed.

An MPZ control routine and an APZ control routine will
be described with reference to FIG. 48. First. in the MPZ
control routine, whether the photographing preparation
switch S1 is ON or not is determined at step C190. When the
switch S1is ON, the data REVAF which is used for varifocal
compensation calculation is set to NF+N1 so that the focus
detection result influences the REVAF (step C191). When
the switch S1 is OFF, the REVAF is set to NF in order to hold
a current in-focus position (step C192). NF is a current AF
lens moving-out amount. N1 is an AF lens moving-out
amount previously obtained through focus detection calcu-
lation. Thereafter, a manual zoom permission is provided to
the intra-lens microcomputer pC2 through the BL commu-
nication 09 (step C193) so that the intra-lens microcomputer
pC2 starts varifocal compensation calculation. Then, after
the process waits 20 msec (step C200), a varifocal compen-
sation calculation result is obtained through the BL com-
munication 0B (step C201). In this case. determination of
the varifocal compensation calculation flag CalcREV
obtained through the BL communication 0B is made at step
C202. When it is determined that the calculation has not
been completed (that is, when CalcREV=0), the process
returns to step C200 to perform the BL communication 0B
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again. and waits until the calculation is completed. When the
calculation is completed, the varifocal compensation drive
amount REVVF obtained through the BL. communication
0B is set as the AF lens moving-out amount N1 (step C203),
and the lens drive routine for driving the AF routine is called
(step C204). Then. this routine is finished.

In the APZ routine, distance is calculated based on an AF
lens moving-out amount obtained through focus detection
and the current moving-out amount N1 (step C210). Based
on the distance. an appropriate focal length f1 is calculated
(step C211). Concerning a method of calculating the target
focal length f1, various methods are available according to
photographing scenes (such as a moving subject and a
person). However, a description thereof will be omitted
since it is not a subject matter of the present invention. Then,
a zoom command where a target focal length is specified is
transmitted to the intra-lens microcomputer pC2 through the
BL communication 08 (step C213) based on the calculated
target focal length f1 and the in-focus position moving-
amount REVAF obtained at step C212. The sequence
executed thereafter is the same as that of the MPZ control
routine.

Subsequently, a case will be described where the switch
S1 is determined to be OFF at step C134 of the SION
subroutine of FIG. 46A. First, whether power focus has been
requested or not is determined by the data ReqPFI and
ReqPFN obtained through the BL communication 0C per-
formed at step C133 (step C150). When it has been
requested, the PF control routine is called (step C158). When
it has not been requested. if a power zoom lens is not
attached. or even if a power zoom lens is attached. when
power zoom is impossible, this routine is finished (steps
C151 and C1515). When power zoom is possible, determi-
nation of the ILL pos flag obtained through the BL commu-
nication 0C is made. When it is 1, the zoom lens is initialized
(steps C152 and C1525). Whether the zoom lens is to be
initialized or not is determined by the flag I Lpos for the
same reason as that of step s C138 to C1385 executed when
the switch S1 is ON.

Thereafter, determination of the flags MovingT and Mov-
ingW showing that the zoom lens is moving is made through
the BL communication 0B (step C153). When the zoom lens
is not moving, the above-described MPZ routine is called
(step C156). In this case, the BL communication 04
(communication for transmitting a focus detection timing to
the intra-lens microcomputer pC2) performed by the intra-
lens microcomputer pC2 is not performed. This is because
AF lock has been made based on a result of focus detection
performed under ON condition of the switch S1. Varifocal
compensation calculation is performed based on the focus
detection. When the zoom lens is moving, only varifocal
compensation driving is performed (step C156). Since the
VF compensation routine (shown in FIG. 49) is the same as
the latter part of the above-mentioned APZ control and MPZ
control routines, which has already been described, where a
varifocal compensation driving amount is obtained to drive
the AF lens according to the driving amount, it is not
described here.

A flow, of the SION routine, executed after the process
returns from the MPZ control, APZ control, AF control and
PF control routines will be described with reference to FIG.
45B. First, a film sensitivity SV and a subject luminance
BV0 obtained through exposure measurement at open aper-
ture are inputted (steps C140 and C141), and exposure
calculation is performed (step C142). In an exposure calcu-
lation routine (shown in FIG. 49), all the particular data used
for exposure calculation of the lens are obtained through the
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BL communication 03 (step C220). and an exposure value
EV is calculated by EV=BV0+AVO+SYV (step C221). AV is
a minimum F number (AV value). of the lens. obtained
through the BL communication 03 of step C220. Based on
the exposure value EV. a shutter speed TV and an aperture
value AV are calculated according to a predetermined AE
program (step C222). Then. the process returns. An AE
program chart thereof and a description thereof will be
omitted since they are irrelevant to the present invention.
After the exposure calculation is completed. the process
proceeds to step C1425, where a display AE subroutine
(shown in FIG. 50) is executed. In the display AE
subroutine, data showing the shutter speed TV and the
aperture value AV are serially outputted to the display
control circuit DISPC, and the display control circuit DISPC
provides a predetermined display on the body display por-
tion 14 and the finder display portion (steps C230 and
C231).

Returning to the STON routine of FIG. 45B. at step C143,
whether the release switch S2 is ON or not is determined.
When it is ON. an exposure control routine is executed (step
C144). The exposure control routine is shown in FIG. 51. In
this routine, first, whether the attached lens is a power zoom
lens or not is determined (step C240). When it is not a power
zoom lens, the process proceeds to the sequence from step
C244. When it is a power zoom lens. whether zooming is
being performed or not is determined (step C244). When
zooming is stopped. the process proceeds to the sequence
from step C244. When zooming is being performed, a stop
command is transmitted to the intra-lens microcomputer
pC2 through the BL communication 0D (step C2415). and
thereafter, the above-mentioned VF compensation routine is
called to perform varifocal compensation driving (step
C242). After waiting 20 msec, the process returns to step
C241. Thereafter, the process waits until zooming is stopped
while repeating the above-described sequence until zooming
is stopped. The process waits until zooming is stopped in
order to prevent focus deviation caused by a movement of
the image plane on the exposure plane due to zooming. The
sequence from step C244 will be described. The aperture is
closed to an aperture shown by the control aperture value AV
(step C244), and mirror up, shutter control and mirror down
are performed (steps C245 to C247). Then. the aperture is
returned to open aperture to finish a release operation (step
C248), and the process returns.

After the process returns from the exposure control
routine, film is advanced by one frame (step C145), the flag
SIONF is reset to 0 (step C146). an S1 interrupt is permitted
(step C147). and the SION routine is finished. Subsequently,
a case will be described where the switch S2 is determined
to be OFF at step C143 of the SION routine. When the
switch S2 is OFF, first, whether the switch S1 is ON or not
is determined (step C1433). When it is ON, after a timer T2
is reset and started (step C1437). the process returns. When
the switch S1 is OFF, whether or not five seconds have
passed since the timer T2 was started is determined (step
C1434). When five seconds have not passed yet, the process
returns and the SION routine is again called through the
determination of step C22 of FIG. 44. When five or more
seconds have passed. determining that the user does not
intend to perform photographing, the flag SIONF is reset to
0 so that the SION subroutine is not perform any more (step
C146). and the interrupt SIINT for enabling the activation by
the next turning on of the switch S1 is permitted (step C147).
Then, the process returns.

Subsequently, the sequence, of the main routine of FIG.
42, executed when the main switch SM is OFF will be
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described. After interrupts other than the main switch inter-
rupt SMINT is inhibited at step C30 so that interrupts such
as the photographing preparation switch interrupt SIINT are
not applied. BL. communication compatibility is confirmed
through the BL communication 02 (step C31). This is for
determining whether a power zoom lens is attached or not
also at the time of battery change which is made when the
main switch is OFF. Thereafter, at step C32. determination
of the flag RSTF showing that the process has passed the
reset routine (that is. the hardware is reset because of the
battery attachment) is made. When the flag RSTF is 1. It is
reset to O (step C40), and the levels of the power control
terminals PW1 and PW2 are changed to low in order to
disable the transistors Tr1 and Tr2 for supplying power to the
circuits provided in the camera and the zoom motor M3
provided in the lens (step C36). Then, the level of the
terminal PW® is changed to low in order to disable the
DC/DC converter DD (step C37). and the intra-body micro-
computer pC1 enters sleep condition. When the flag RSTF
is 0 at step C32, the AF lens is moved-in until the lens length
is minimum so that the camera body/lens are compact
enough for storage (step C34). and zoom minimum position
driving is performed (step C35). The process executed
thereafter is the same as that executed when the flag RSTF
is 1.

The zoom minimum position driving will be described
with reference to FIG. 44. The sequence from steps C120 to
C122. which is the same as the sequence of the zoom lens
initialization command, is a determination for performing
zooming only when the zoom lens is enabled to move. A
description of details thereof is omitted here since it has
already been described. Then, after a zoom command for
moving the zoom lens to a minimum lens length position is
provided. through the BL communication 07, to the intra-
lens microcomputer pC2 to start zooming, the process waits
until zooming is completed through the sequence, from steps
C114 to C118, which is the same as that of the zoom
initialization.

Subsequently, a description of the varifocal compensation
calculation performed in the flows of this embodiment will
be given. FIG. 66 is a view for explaining the varifocal
compensation calculation.

A focusing lens moving-out amount X is generally defined

by

x=F(D}) )]

Considering a case where the optical system is a varifocal
lens system. since F( ) is a function of a focal length f in this
case,

x(H=FD,f)

D=F'(x(f).f) &)

where F-(x(f).f) is an inverse function of F( ). When the
object distance D=const, the following equation (6) is
obtained with respect to arbitrary focal lengths f; and f, by
the equation (5):

x(HFFD, )
=FE(x(f):,)2) ®

The equation (6) shows that a moving-out amount x(f,)
obtained when the zoom lens is moved until the arbitrary
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focal length f, is obtained can be calculated if a focusing
lens moving-out amount x(f,) obtained at the focal length f,
is found.

With respect to a varifocal lens, a focusing lens moving-
out amount x(f) is approximated as follows:

WP= ﬁ%— + OFS(f) = F(Df)

where C. Q. OFS are constants dependent on a focal length
which is particular to the lens system. Based on the approxi-
mating equation (7), the varifocal compensation calculation
is performed by

o)

()
+ Q1) - Q)

®

x(h) = + OFS(f2)

o(f)

*(f1) ~ OFS(h)

where x(f,) is a focusing lens moving-out amount obtained
at the focal length £, and c(f), Q(f) and OFS (f) are constants
dependent on the focal length which is particular to the lens
system.

Letting f, and f, be a focal length obtained before
zooming and a focal length obtained after or during
zooming, respectively, the varifocal compensation calcula-
tion is performed by use of the equation (8). In FIGS. 67A
and 67B. the numeral 500 represents an ideal moving-out
amounts; the numeral 501 represents a calculation results;
and the numeral 502 represents actual moving-out amounts.

Table 1 shows kinds of the varifocal compensation cal-
culation. FIGS. 6§7A and 67B graphically show manners of
the pursuit of in-focus condition in the one-shot calculation
and in the continuous calculation, respectively.

(a) One-shot Calculation

The one-shot calculation is performed., while APZ is
being driven. with respect to a target focal length specified
by the camera body. In the one-shot calculation, although a
final compensation driving position is immediately
calculated, so compensation calculation is performed with
respect to positions before the target focal length is obtained.
The on-shot calculation is suitable for obtaining a large
magnification change for a short period of time.

{b) Continuous Calculation

In this embodiment, an estimating calculation is per-
formed as the continuous calculation during normal zoom-
ing.

In the continuous calculation, a zoom position to be
reached in the near future is estimated from a zoom drive
speed based on the current lens position. Based on the
estimation value, the varifocal compensation calculation is
repeated until the zoom lens is stopped. The continuous
calculation is suitable for a case where importance is
attached to a view looked through the finder (that is, a case
where only a few blurs are caused within the finder), sine
calculation is repeated so that in-focus condition can always
be pursued in the continuous calculation.

As described above, OFS(f). C(f) and Q(f) of the equation
(8) are values particular to an optical system, and vary
depending on each product (or each production set).

If the values are calculated with respect to each product
and are stored in an E*PROM (electrically erasable pro-
grammable read only memory) (the E'PROM may exter-
nally be attached or may be included by the microcomputer),
compensation can be made with an excellent accuracy.

Since the values vary as the focal length varies, new
values are continuously stored in the E'PROM according to
the variation.

In a case where the continuous variation is obtained by a
predetermined calculation expression, the expression is
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stored in a ROM, and an error with respect to each product
is stored in the E'PROM.

In a case where the continuous variation cannot be
obtained by a calculation expression. a discrete measure-
ment value is stored in the EPROM every time the focal
length varies by a predetermined value. and linear interpo-
lation of the measurement value is performed.

Of the above-mentioned three particular values, OFS(f)
varies according to the zoom direction. The variation is
caused by a backlash between gears and a play of a zoom
mechanism (the play is provided by providing a mechanical
looseness. If the play were reduced, the lens driving by the
motor could not smoothly be performed). In this case, a data
relating to the zoom direction (from the telephoto side to the
wide side or from the wide side to the telephoto side) is also
stored in the E'PROM every time the focal length varies by
the predetermined value.

That is, OFS is calculated from: OFS(f,) obtained every
time the focal length (f,) is obtained; and an adjustment
value of OFS which value is obtained every time the focal
length varies by the predetermined value (this variation
includes a variation in direction). In a case where the value
is discrete, interpolation is performed to make the value
continuous.

TABLE 1

VARIFOCAL COMPENSATION CALCULATION KIND

Calculation kind Usage
One-shot-type calculation One-shot calculation is specified
during APZ
150% finder
Continwous-type calculation  Continuous calculation is specified
(Estimating calculation) during APZ
Normal MPZ

Continuous-type calculation
(Not estimating calculation)

‘When room stop is requested
during MPZ (under SW OFF condition)

Obviously. many modifications and variations of the
present invention are possible in light of the above
teachings, it is therefore to be understood that within the
scope of the appended claims, the invention may be prac-
ticed other than as specifically described.

What is claimed is:

1. A camera system including a camera body and an
interchangeable lens, comprising:

a first controller which is provided in the camera body and

which controls an operation of the camera body;

a second controller which is provided in the interchange-
able lens and which controls an operation of the inter-
changeable lens;

a communication circuit which performs data communi-
cation between said first controller and said second
controller;

a type discriminator which determines that the camera
body is one of a plurality of types; and

a communication controller which changes the manner of
data communication between the interchangeable lens
and the camera body through said communication
circuit, in dependence upon the camera body type
determined by said type discriminator.

2. A camera system as claimed in claim 1, wherein said
type discriminator determines data that the camera body can
produce.

3. A camera system as claimed in claim 1, wherein said
communication controller changes the king of data to be
communicated.
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4. A camera system as claimed in claim 1, wherein said
communication controller changes the amount of data to be
communicated.

5. A camera system as claimed in claim 1. wherein said
interchangeable lens has a microcomputer comprising said
second controller and said communication controller.

6. A camera system as claimed in claim 5. wherein said
microcomputer also comprises said type discriminator.

7. An interchangeable lens attachable to a camera body,
comprising:

a controller which controls an operation of said inter-

changeable lens;

a communication circuit which performs data communi-
cation between a controller provided in a camera body
and said lens controller;

a receiving circuit which receives from a camera body a
signal representing the type of camera body to which
the interchangeable lens is attached; and

a communication controller which changes the manner of
data communication between the interchangeable lens
and the camera body through said communication
circuit, based on said signal representing the type of
camera body which is received by said receiving cir-
cuit.

8. An interchangeable lens as claimed in claim 7, wherein
said communication controller changes to the kind of data to
be communicated.

9. An interchangeable lens as claimed in claim 7, wherein
said communication controller changes the amount of data
to be communicated.

10. An interchangeable lens as claimed in claim 7.
wherein said interchangeable lens has a microcomputer
comprising said controller and said communication control-
ler.

11. A camera system including a camera body and an
interchangeable lens that can communicate data between
one another. comprising:

a controller which controls an operation of the camera

body;

a communication circuit which performs data communi-
cation between a controller provided in the inter-
changeable lens and said camera body controller;

an output circuit which outputs to the interchangeable lens
a signal which discriminates one type of camera body
from another type of camera body; and

a communication controller, responsive to said signal,
which controls the manner of data communication
between the interchangeable lens and the camera body,
wherein, based on the signal representing the type of
camera body, said interchangeable lens changes the
kind of data to be communicated.

12. A camera system including an interchangeable lens

and a camera body, comprising:

a manually operated operation member provided in the
interchangeable lens;

a first output circuit provided in the interchangeable lens,
which outputs a plurality of kinds of data to said camera
body, said plurality of kinds of data including first data
indicating whether said operation member has been
operated, and data related to an operation of said
operation member;

a second output circuit provided in the camera body,
which outputs to the interchangeable lens a request
signal for requesting said first data;

a communication controller provided in the interchange-
able lens, which controls said first output circuit so as
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to output only said first data to the camera body when
said request signal is outputted by said second output
circuit; and

a controller provided in the camera body. which controls
an operation of the camera body based on data output
by said first output circuit.

13. A camera system including an interchangeable lens

and a camera body, comprising:

a manually operated operation member provided in the

36

a controller provided in the camera body, which controls
an operation of the camera body based on data output
by said first output circuit.

16. A camera systemn including an interchangeable lens

5 and a camera body, comprising:

an operation member provided in the interchangeable
lens;

a first output circuit provided in the interchangeable lens
and operating in a plurality of modes, which outputs

interchangeable lens; 10 data to said camera body, said plurality of modes
a first output circuit provided in the interchangeable lens, including a first mode where only first data which
which outputs a plurality of kinds of data to said camera indicates whether said operation member has been
body, said plurality of kinds of data including first data operated is output and a second mode where second
which indicates whether said operation member has |, data which is a data other than said first data is output;
been operated; a second output circuit provided in the camera body.
a second output circuit provided in the camera body, which outputs to said interchangeable lens a request
which outputs to the interchangeable lens a request signal for requesting said first mode;
signal for requesting said first data; a communication control device provided in the inter-
a communication controller provided in the interchange- 20 changeable lens, which causes said first output circuit
able lens, which controls said first output circuit so as to operate in the first mode when said request signal is
to output only said first data to the camera body when output by said second output circuit; and
said request signal is output by said second output a control device provided in the camera body, which
circuit; and controls an operation of the camera body based on a
25

a controller provided in the camera body, which controls
an operation of the camera body based on data output

data output by said first output circuit.
17. A camera system as claimed in claim 16. wherein said

by said first output circuit. first output circuit outputs a plurality of said first data in the

14. A camera system as claimed in claim 13, wherein said first mode.
first output circuit outputs a plurality of said first data. 18. An interchangeable lens attachable to a camera body.
15. A camera system including an interchangeable lens 30 comprising:

and a camera body. comprising: a manually operated operation member;

a manually operated operation member provided in the
interchangeable lens;

a first output circuit provided in the interchangeabie lens
and operating in a plurality of modes, which outputs
data to said camera body. said plurality of modes
including a first mode where only first data indicating
whether said operation member has been operated. and
data related to an operation of said operation member
is output and a second mode where second data which
is a data other than said first data is output;

a second output circuit provided in the camera body,
which outputs to said interchangeable lens a request
signal for requesting said first mode of operation;

a communication controller provided in the interchange-
able lens, which causes said first output circuit to
operate in the first mode when said request signal is
outputted by said second output circuit; and
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an output circuit operating in a plurality of modes. which
outputs data to said camera body, said plurality of
modes including a first mode where only first data
indicating whether said operation member has been
operated is output and a second mode where second
data which is data other than said first data is output;

a receiving circuit which receives a request signal from a
camera body for requesting the first mode of operation;
and

a communication controller which causes said first output
circuit to operate in the first mode when said receiving
circuit receives said request signal.

19. An interchangeable lens as claimed in claim 18,

wherein said output circuit outputs a plurality of said first
data in the first mode.

* * * * *



