2199%14 " PROGRAM SHUTTER' The present i.nvention relates to program shutters
for use in canmeras. A program shutter conprising a shutter nechani sm
operabl e by a stepper notor gdgiven by pulges froma pulse- 5

generating circuit operates as follows. en a shutter-rezz?g?ézgéqqgnis
S per

depressed, pulses of a certain frequency are applied to t

to rotate it forward, gradually to open the sectors. Wen the notor has
rotated through an angle corresponding to a predeterm ned |ight exposure
val ue, t he phase 10 of the pulses is reversed. The notor is then

rotated backward tspgglcRER %ﬁﬁctors, t hus obtai ning an appropriate

exposure.

A shutt

particul ar, when
the sectors are held in their home 15 positions by spring neans to

prevent the occurrenceTré preB@hi UnvehOion TREAEIORS prdpRlm! Sutt8EE Kot ar €

bei ng opened,

descri bed above has sone drawbacks. In

the shutter is at rest, the nenbers that open and cl ose

the notor is | oaded by the spring neans. Al so, during the

openi ng of the seais¥ 4n édwerapeni ng does not change uniformy with tine

because of either the inertia of novenent of novable 20

- fit tolerances of vari duprograpostertiter dimpsibbng mndbutteri npcssiibine
~accurately to control the exposure. 2 In view of the foregoing problens,
it is a main obj experable by a stepper motor driven by pulses from a pulse-

k/.

5

10

15

‘generating circuit operates as follows. When a shutter-release

button is depressed, pulses of a certain freduency are applied to

the stepper motor to rotate it forward, gradually to open the
sectors. When the motor has rotated through an angle
corresponding to a predeterminedllight exposure value, the phase
of the pulses is reversed. The mofor is then rotated backward
to close the sectors, thus obtaining an appropriate exposure.

A shutter constructed as described above has some

‘drawbacks. In particular, when the shutter is at rest, the

mexbers that.open and closg the sectors are held in their home
positions by spring means to pre§ent the occurrence of |

a malfunction. Therefore, wheﬁ.the sectors are being opened,
the motor is loaded by the spring means. Also, during the

opéning of the sectors, the opening does not change uniformly

" with time bécause of either the inertia of movement of movable

20

components or fit tolerances of various components. This has

made it impossible accurately to control the exposure.

tor

«

conponents or



of the present invention to provide a program shutter, the novenent of
whose §ectors can be varied, while the shutter is bei ng opened, to vary the
tate of opening, in particular, 5° to achieve a substantially

uni formvariation of shutter opening withetime. According to the invention,
therefore, a programshutter for use in a canera conprises a shutter

mechani sm operabl e by a stepper notor driven by pulses froma

pul sg-generating 10 circuit, the pulse widths being individually
variable to-control the rate of variation of the shutter opening.
Preferably, the pulse width variation is such as to achieve a substantially
uni form vari ati on of shiimtwdewopktihegfaveghing problemsontt disbadnatmnobisictt he

i nvention, a program shutter 15 i ncl udes a shutter nechani sm
conprising sector °f &h#i prpsgnt dinvepplon g preNide; aspregrem shutder; ke can
rotate forward or backward to open or cl.ose the sectors, the pul se width of
each pul se appl i ed HayepfRt [Af; Bhosey sgetars can bej Yyarigds orhiilactheasbefterng t o

t he operating charact gri stic of the shutter 2 nmechardihsm i n order

0
that the opening cHh§8ing PPERSdy FoYany theFate of,oneRinger 1 p3zticulage
I nvention ipcludes a program shutter for. use_ in a capera, C rising a
shutter necfani sm h%ﬂ/gﬁgg%vgctﬁr%“tqsgfnﬁiﬁﬁ'ﬁ? Hﬁ‘i§°%ﬂ§r%n§%Fw gﬁe“i“g
exposure operation rlﬂ gyl €pper mot or that i's stepped forward or backward
3 to open or close the sectors; and a control portion having

: According to the invention, therefore, a program shutter
for use in a camefa compriseé'a shutter mechanism opéfable
by a stepper motor driven by pulées from a pulse-generating
10 circuit, the pulse widths being individually variable to
control the rate of variatidn of the shutter opening.
Preferably, the pulse width variation is such as to achieve
# substantially uniform variation of shutter opening with time.
In one embodiment of the invention, a program shutter
15 includes a shutter mechanism comprising sectors forming
a lens aﬁerture and a stepper motor that can rotate forward
or backward to open or close the sectors, thé pdlse width of
each pulse applied to the motor to drive it being determined
_according to the operating characteristic of the shutter
20 mechanism, in order that the opening changes uniformly with time.
. From another aspect, ﬁhe invention includes a program
shutter forluse in a camera, comprising a shutter mechanism
having sectors for forming a lens opening during an exposure

operation and a stepper motor that is stepped forward or backward



arighnmetic neans for cal culating the exposure corresponding to the

| unRnance of a subject, counter neans for delivering the nunber of steps

t hrough which the notor should be 5 rotated according to the

cal cul ated exposure, pul se-generating ®eans for producing pul ses having

I ndi vi dual pul se widths conformng to the operating characteristic of the
shutter nechani sm according to the nunber of steps delivered fromthe-
counter neans, and driver neans for rotating the notor 10 . foryﬁwd
or backward accor ditRgoR&R PReclogRsthe BRBHATSH AR s eontFedcPanting hAvARS How
the invention can be carried into_effect |s her ei naf t er particularly
described with ref @Fdthnetig %saﬁ%ﬁﬁg ating the; exposure cogresponding
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illustrating the operation of the apparatus shown I n
conforming to the operating characteristic of the shutter

mechanisq aqqprding'to_the gumber of étéps delivered from
_the'counter means, and'drivef.means for rotating the motor
10 forward or.backward_according to the pulses from the pulse-
_,generatinglmeans.' .
How the invent;on_cgp bq_gartied into effect is
:.hgreinafter particularly described with reference to the
agcompanying;drawings, in whigh:-_g
15 _Figure 1A is a front elevation of a shutter mechanism
for use in a program shutter accofding to the invention,
Figure 1B is a cross-sectional view of the mechanism
shown in Eigure 1a;

Figure 2A is a front elevation of a stepper motor
.20 for use in the shutter mechanism shown in Figures 1A and 1B;

Figure 2B is a cross-sectional view of the motor shown
in Figure 2A;

Figure 3 is a block diagram of an apparatus for
controlling the shutter mechanism shown in Figures 1A and
25 1B; and

Figure 4 is a diagram illustrating the operation

of the apparatus shown in Figure 3.
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4 A shytter mechani smaccording to the present invention (Figures 1A and
1B) has a nmount 1 on which a base plate 2 is nounted, the plate 2 acting to
Rold a lens in position. A sector chanber 3 is forned between the nount 1
and the base 5 plate 2. Two sector4 4 for defining the aperture of
the lens are pivotally nmounted on pins 5, so as to be rotatable
symmetrically within the chanber 3. A-lever 6 is pivotally nounted on a
shaft. 7 that extends fromthe nmount 1. A sector pin 10 on one end of the
| ever 16 engages with theAsthutses meghanism acgordipg (o, the)ipresent ABVeRRdAR of
the | ever rotates thge sectors in o%sosite directions, The |lever 6 is -

a

bifurcated at its ot {EhSUERR) 1Aoand) 1B) Jhag gopeuns,l on yhich agbase platg ) y
ted about th haft 7 in 9 i ch i ¢ hi h

5a of the Tever 6. - THb MERfcFGF alsfnce aREife §9 11°0 Yol b nged £ond, 0V

bet ween two angul ar Et'scc)agtlgg rc%nkgf'esr 1y btteotr‘:ﬁ@cfgﬁg pl&h tt%es nlogggtledang &e“b%%% ?n

the nmount 1. The wheel I'ased “countérc WLSe Dby a spring 8 so

the pin 11 engages ng| ett Ik O ' uﬁ@ I tei

portion of ?he peri %%rt?/ gTﬁ?ﬁeé%gg?%_ftﬁgsﬁég%wgge | cﬁ&% o' e _lg?se
connected via a gearade fidded Ve 84 rulnomﬂsﬁsgns@asheé belpGedeabidlr i vi ngbby

a stepper notor 12. "The pin ltmts clockw se rotation of the wheel 9 by

engagement W th the gjphetrAaal¢ wittiih dié PRidbep 3 - 1 8f ¥ PI0HEd1aped
stepper. notor 12 (Figures 2A and 2B) 25 , i ncludes a rotor 13 having
four poles, the rot ciovated®nB0shaft 7 that extends from the mount 1. A sector
U - pin 10 on one end of the lever 6 engages with the sect6r§
10 . 4, so that pivotal movement of the lever rotates the sectors
in opposite directions. The lever 6 is bifurcated at its
other end.to form a grdove 6a. A wheel 9-1s rotatably
.mounted about the shaft 7 and has a pin 92 which engages within
thé groove leof the lever 6. The periphery of the wheel 9
15 has a recess between two angular stop portions 9b, between
which is lﬁcated a pin 11 on the mount 1. The wheel 9 is
biased counterclockwise by a spring 8 so that the pin 11
engages one angle-setting portion 9b in a home position. A
— | portion pf the periphery of the wheel 9 has teeth 9¢ which
20 are comnected via a gear train 16a with'pinion 16 on a shaft 13a |
.-for driving by a steppér motor 12. The pin 11 limits clockwise
rotation of the wheel 9 by engagement with the other angle-
. setting portion 9b.
| The aforementioned stepper motor 12 (Figures 2A andQZB)

25 includes a rotor 13 having four. poles, the rotor being made

of a permanent magnet. The shaft 13a is rotatably mounted in



of per manent magnet. The shaft 13a'is rotatably nmounted in 5 an upper
pl at®e 14 and a | ower plate 15 and one end of the shaft 13a of the rotor
protrudes. The pinion 16 nounted on thesshaft 13a drives the sector-driving
wheel 9 of the shutter mechanism Munted between the upper and | ower
plates .14 5 and 15 on guide pins 19 are two U shaped stators 17 and
18, each having two | egs, and nade of a magnetic material. An exciting coi
[err] is wound arowndupper phageoflétdmsl st Mwer pYatendSaoambihe endaoHithd one peg
of -the stator 18 respectively. The |legs of the stators 17 and 18 have pol es
17a, 17b and 18a, »Bbft I3a of the retnreprotrudes. Fhet pisitonf 1® mounteis on

pol es 17a and 17b are angul arly di splaced fromeach other by an angle [err]
preferably [err], ®beft l3gcdrivesrtheegtor-dniving wheels9 ofithegshunterhe sanme
angle. The stators 17 and 18 are held in position by guide pins 19 in such
a way that an angl mefhanismg Mounted betwpen itbe ppper,and %P!!e? dligges Jét ween t he
pol es 17b and 18b about the rotor 13. -The rotor 13 can be rotated either
forward orS backwar #&nfnlsegpguidle ping 19 #x {tpp Unshaped statorsd7and Ayt pl es

apparat Us (Figur e SAeOATEnn R0 et ARbAAZE 0 Ao PRFAELS BARREEMbe Aoy (h o

O oo ot B RCHERE R, S e o 1L U Lo e
a _°°ﬂ 1,.2 around one lgg of the stator 18 respectively. The
legs of the stators 17 gnd_lslhavg.poies 17a, 17b and 18a, 18b,

10 reépectively, at their ffonf énds._fhe go;gs 17a and 17b &*)

are angpiarly diéélacea frqm_each otﬁgr by an angle ¢

pr;fer;slf 90°, about the rotor 13 and the poles 18a and

18b by the same angle. The stators 17 and 18 aze held in

positionlby'gnidé pins 19.in such a way that an angle g8

preférably 45°. is formed bétween thé poles 17b and 18b

15 _
about the rotor 13. The rotor 13 can be rotated either forward
_ _ _ _ S e
or backward in steps of 90 » multiples of 90 and sub-multiples
_ . _ o _
of 90 - _
The op;ration Qf the shutter mechanism is controlled by - g_)
20 apparatus (Figure 3) which has a_glo;k_pulsg'génerator 21

equipped with a crystal osgil_lator. A f_r‘eque_ncy‘ divider circuit
.22 receiﬁés the clock éulsea ffon the pulse generator 21 and
produces clock pulses cxl, CK,, cx3._cx4.“o£ frequencies which |
are integral _snbmlt:l.plé_s of t!_ne input ;Eteqﬁency. The clock

25 pulses CKI are used to convert data dbta;ned by photometry

L4



producgs cl ock pul ses [err], of frequencies which are integral
subrul tT pl es of the input frequency. The clock 25 . pul ses [err] are
used to convert data obtained by photonetry 6 value into digital form
The cl ock spul ses [err] and [err] are enplof%d to step the notor. The clock
pul ses [efr] are used for interpolating purposes. A |lum nance detector
circuit 23 conprises a transistor 23a, a capacitor 23b, a 5

di odg_23c, a conparator 24d and an AND gate 24e. The transistor 23a is
turned. on or off by a switch 24 that interlocks with the shutter-rel ease

butt t sh . T | t | ith a cqpstant current
flrJomO'? ht(an'? raﬁs?\é\?ér 23’3}8%%2%%0%%3 o'é'r&EZd r‘gﬁg%&eg‘”ﬁfe‘ g%ldtagaec@ﬂar;
d | d th ' i d ' t

G ode D36 that is conndpioyel cd Brel b mifor'rhe UoBL IREEE RCT SRS 0

e i o 1o Like, Ty R e RS s R

on.
When the switch 24 is closed, D ga permt 15
the cl ock pul ses [err] ¢ife | b4 CYl t _
out put si gﬁal f'roLn t h]eccorerigr g%??hgﬁguitsga?tn{/agru?ge?rt ?136'{ ggt Iéa%%étyge{a#ﬁir%i ted
so that thesclock pul sagode28¢, P ¥olifaraebs24d0end d AND gh€e 2QUNtRe Circuit
26. Thus, the lum nance detector 23 is designed to digitize data 20 '
regardi ng 't he | unmi nancersisisber 23k £ tturiéd ont b offi Bytla svidch 2k agad, the
counter circuit '

interlocks with the shutter-releasé button (not shown). The
capacitor 23b is charged with a constant current from the
transistor 23a. The comparator 24d compares the voltage
10 developed across the capacitor 23b with the voltage produced
across the diode 23c that is connected in series with
a luminance detector 25 made from CdS or the like. The
diode 23c is used for logarithmic compression. When the
sﬁitch 24 is closed, the AND gate 24e is enabled to permit
15 ' the clock pulses CK1 to be supplied to a counter circuit
26. When the output signal from the comparator 24d is
inverted the gate 24e is inhibited so that the ciock pulses
o - CK1 may no longer be fed to the counter circuit 26. Thus,
"the luminance detector 23 is designed to digitize data
20 fegarding the luminance of the subject.
When the switch 24 is closed, the counter circuit
26 is cleared and, at the same time, begins to count the
output signal from the luminance detector circuit 23.

~ The total count of the counter circuit 26 is fed to a



L3¢

26 id cleared and, at the sane tine, begins to count the output signal from,’
the | um nance detector circuit 23. The total count of the:counter circuit

26 is fed to a 7 menory 27 in which d?ta correspondi ng to various val ues
of |um pgance of the subject is stored to' drive the stepper notor 12. Data

on the nunber of steps through which the stepper notor is to be rotated and

I nterpolation data used to correct the error of the exposure caused by this
step nunber 5 can be accessed, depending on the total count . in '
counter circuit 26. The nenory 27 also stores data used to determ ne the-

pul'se i dih of eacimidryerpnil WRkH QatdottelRGAID 8 varkBhud Jl10g, Of data

is read out inmediately before the stepper kes the ne s?ep

novenent, accordi Ngof Qulithdifle bhethkOsubject is SUbidd tb’ &R {hd Sltepper
presettabl e down counter 3la or the output froma second presettabl e down

counter 31b of a rohatdronpl Diithesd ithe-futbef N gtepy thesugh WhitH tBd- A
forward pul se generator- circuit 28 receives the clock pulses [err] and
produces pul ses. [ erstiepper .mdterris tot be otated ahé ibterpolation SdatBPEdedT®b Or
forward against the action of the spring 8 (Figure 1) of the shutter
mechani sm A backweserrgat sthegereoriofrthe egposuré causedi bye shisastepominberl ses
[err] and produces pulses [err],....,[err] to rotate the stepper notor
backwar d. _glj'he pul seeampbgrprcesgeds depending on sbpctataletquntt in tthe coymxes of -

two AND 20 ates 30a and 30b of a pul se selection circuit 30. The
out put s circuit 26, The memory 27 also stores data used to determine

the pulsé width of each“pulse applied to the stepper motor. I
This kind of data is read out immediately before the stepper ™
motor makes the next step movement, according'té either the

10 output'from a first presettable dowm couhte? 3la or the output
from a second presettable down counter 31b of a rotational
direction-switching counter circuit 31.

A forward pulse generator circuit 28 receives the clock
puléés CK, and produces pulses PlseeseP  to rotate the

15 étepper motor forward against the action of the spring 8

. (Figure 1) of the_shuttet mechanism. A backward pulse generator

girquit 29 receives the clock pulses CK3 and produces pulses /
Ql""”Qn to rotate the stepper motor baékward. The pulses
P and Q are supplied, respectivel&._to.the inputs of two AND

20 : gates 30a and_3Q§ of a pulse selection circuit 30. The outputs

of the AND gates 30a and 30b are supplied to an OR gate 30c.
A pulse switching circuit 32 receives the output of

the counter circuit 31, latches it'and controls the pulse .

selection circuit 30 accordingly by an output signal which



of thekAND gates 30a and 30b are supplied to an OR gate 30c. A pul se
swtchi'ng circuit 32 receives the output of the counter circuit 31, |atches
kt and controls the pul se selection circuig 30 accordingly by an out put

si gnal which 8 is applied directly to a second input to the AND gate 30a
and via an inverter to a second input to the AND gate 30b. When the notor
is tg turn forward, the pulse selection circuit 30 delivers pulses P. Wen
the fqotor is to rotate 5 backward, the circuit 30 delivers pul ses
Q The first presettable down counter 3la of the rotational

di rection-sw tching deusppliedidirectlystoCa G¥cohi®Anbht Ned kROAND gdt® Boa
connected together in cascade, and the second dowmn 1 - 3 counter 3Ib
~conprises flip-flopsahpérvia en {merter abse seonednpdt 16> the AND gitegsbbher in
cascade. \Wen the stepper notor is to be started forward or backward, the
nunber of steps to b¥hawwheé mstdrodslad tatw folbeard,r she palisé aelddeicn’ om t he
menory 27. Qutputs fromthe flip-flops [err] and [err] are taken to an OR
gate [err] whose oucpntuiits30 aleddvers pnlgedDPgWten| the monbr clis ts rotate 15
enabl ed whenever a count exists in the circuit 3la, other than zero. The
out put of OR gate G2bpekwarde the,eireuits3@ dedhversapulses Rpput to an AND gate
[err] and to an NAND gate [err]. Then, the counter is decrenented whenever
one pulse P or Qis appli®®8 ti¥st; presstteble dovn sounter 3la gf; ghe trogetignedugh

h _
the direction-switching counter circuit 31 comprises flip-flops

Fl to F3 connected'together in cascade, and the second down

counter 31b comprises flip-flops F, to F¢, also connected
10 together in caséade. When the stepper motor is to be started
forward or backward, the number of steps to be moved is
-loaded into the first counter 3la from the memory 27. Outputs
' '.froh the flip-flops Fl’ Fz and F3.are'taken to an OR gate
G, whose output. is taken to an AND gate Gi which is thus
15 ' enabled whenever a count exists in the circuit 3la, other than
zero. The outpuf of OR gate G2 is also inverted and taken
as one input to an AND gate G3 and to an NAND gate GS' Then,
U the counter is decremented whenever one pulée P or Q is
applied to it from the ouﬁput of the circuit 30 througﬁ the
20 AND gate G, until the total coqnt'reaches zero. Then, no output
signal is pfoduced from the OR gate GZ’ but an output signal
When the

is produced for the AND gate G, and NAND gate G

3 5°
motor commences rotating forwardly, data concerning the amount
of interpolation is loaded into the second counter 31b from

25 the memory 27. Outputs from the flip4flop§ F,» Fg and F, are

taken to an NOR gate GA whose output is taken to the pulse-



20 ; AND gate [err] until the total count reaches zero. Then, no '
output signal is produced fromthe OR gate [err], but an output signal is

produced for the AND gate [err] and NAND gate [err]. When the notor |
commences rotating forwardly, data concerning the anmount of interpolation
Is | oaded into the second counter 31b from 25 t he menory 27.

whobe output 15t fg%%‘h%?p%gc%ﬁ#?k B, §Bikdn Him g TEp, 2 RS el
fromcircuit 22 akﬁ? oglﬁgp ut h§1QthKN REd Gof %r%q:gg%[‘fr rl f Af Fer

the total count o coun a reac s -Z€eRo, err]

opened and the cougl Souily 53 CRALRUE 28, heo D gpthcs q%aa,sa,qacwggu'se-

5 [err] unt|I e total -count 1 n counter es zero

whi ch an out put sw&a!erl 1519k a@&eﬁeﬁemy fﬁcm%g?eda o] clobiCpRtieP Ut

fromthe circuit 32 1s taken also to the other ND gate [err].

Wien the sontent gk, GR¢R1 She36td1s c48HtO 18NebunReF 631bS rédeHaE! Peko,f AHFELCI I CUi t
32, the output -of NAND gate [err] :10. goes down and cl oses the AND

gate 30b to stop- hfchanSaiput§sipuhtets delveded Cffomithe [NOR' gatelG, Ot her
times AND gate 30b is . enabled and thus controll'ed by the invertefl out put of
circuit 32. The dZhea ouspelt tfromecther nirmirhs2 sl saker dléo do the qnuéselmpherr]
to [err] and [err] to [err] is supplied to the pul se generator 15

circuit 28 or 29 bfdlﬂ!lhsemeﬁgs When the costrntsef taounher Adat tstzerofandhe

counter 3la or 31b i medi atel'y before the generation of each pul se wi dth.
there is an output from circu t 32, the output of NAND gate G5

10 goes dawn and closes the AND gate 3qg to stop the passage of_ \-)
| pulses thtough_eircuit 3p- dt other times AND gate 30b is |
. enabled and thus controlled by the inverted output of circuit
32. The data used to determine_the pulSepwidth of the pulses
rl to P and Q1 to Qn is supplied to the pulse generator
15 circuit 28 or 29 from the memory 27 in reSponse to the contents
of the counter 3la or 31b immediately befote_the generation
of eaeh puise width;
When the desired number of pulses P and the desired number
| of pulses CK4 have occurred, the pulse-switching circuit 32 U
20 _ latches the output signal from the counter circuit 31 and
operates the pulse selection circuit 30 80 that the output from
it may he suitched frqm the pulses P to.the pulses Q. At the
same time,'the switching circuit 32 chsuges:the“directiqu in which
pulses are uoved_iupa motor driver circuit 33 consisting of a -
25 ting counter. Whenever one pulse is applied to the ring counter,
| | the terminal at which an output signal appears shifts to the |
neighbeuting terminal. The pulses irom the switching circuit 30

are supplied to the driver circuit 33, which switches the direction



Waen ‘'t he .desired nunber of pulses P and the desired nunber of pulses [err]
have octurred, the pulse-switching circuit 32 20 | at ches t he out put
signal fromthe counter circuit 31 and operates the pul se selection circuit
30 so that the output fromit* may be swi t dled from the pul ses P to the

pul ses Q' At the sane tinme, the switching circuit 32 changes the direction
in which pulses are noved in a notor driver circuit 33 consisting of a 25
ri ng;gpuntér. Whenever one pulse is applied to the ring counter, the
termnal at which an output signal appears shifts to the nei ghbouring

terminal. The pul seg f%‘ﬁmg&ﬁfCﬁ\é\%&f%igngcgrrﬁg%;t@thl(r)oq%?yp;yi' g8h ok ne

driver circuit 33, whi I rectl novenment of pul ses

according to the Outtgufﬁﬁgggﬁam% frcgpéu\ﬁ]:hww L6040 thit dedphers Mot or Rk t he

st epper notor forwar en the release button is depressed, a
second switch 5 or baxrkwagdCl 0sed to reset the flip-flops of the counters
of the rotational direction-switching circuit 31 and the pul se- sw tching

circuit 32. Also, when tifiRnSthd #elekbel Butodsesl depressed, &idptohd garecht or
circuit 35 produces an output signal for setting the pul se generator

circuits 28 snd 29 i3at fs losed to pestatheflipfivpssofiheacdungens dfhtheut put
termnals [err] to [err] of the notor driver circuit 33 are anplified by
driver circuits 36, roespionalvéirectimi-switchipgi clxicudt 3loandcthexpukderrg coil s
[err] and [err] of the stepper notor. _
switching circuit 32. Also, when the switch 34 is closed, a
start signal generator circuit 35 produces an output signal
o
for setting the pulse generator circuits 28 and 29 into
10 ‘operation. Signals appearing at the output terminals R1 to R&
of the motor driver circuit 33 are amplified by driver
circuits 36, respectively, before application to the exciting

coils L., and L2 of the stepper motor.

1
The operation of the apparatus constructed as described
15 above is next described by referring to the timing diagram
of Figure 4. First, the power switch (not shown) is turmed
oﬁ. Then, the release buttop on.the body of the camera is
\;/ | depressed tqla first position to close the first switch
| 24. This operates the luminance detector circuit 23 to pass
20 _ " a number of clock pulses CKI, which corresponds to the
| - luminance of the subject. Thus, data about tﬁe iuminaﬁce

is loaded into the counter 26. The number of steps determined

so as to accommodate the exposuie according to the luminance



The Qperation of the apparatus constructed as described 15 above is
-next described by referring to the timng diagramof Figure 4. First, the
power switch (not shown) is turned on. Then, the rel ease button on the body
‘of the camera is depressed to a first pddition to close the first switch

24. This operates the |um nance detector circuit 23 to pass 20 a
nunmber of clock pulses [err], which corresponds to the |um nance of the
subj ect . Thus, data about the lum nance is | oaded into the counter 267 %
The nunber of steps determined so as to accommbdate the exposure according
to the | um nance data fromthe counter 26 and the anount of -

i nterpol ati on for detd rironi the eowitex 26 amdTEhe MRBUnEIE fHeierpeTadioam St or age
in the menory 27 and placed into the first down counter 3la and the second
down counter 31b, forsrrettisigysuc. at bepc mpeenent3dre lderivids £¥6y stbbsgelat a
regardi ng the exposure corresponding to the |um nance of the subject is

| oaded into the déantheonemanys27 ndsplaced: Lyto tthe fixlseadmmbubimeri 31a
depressed to a second position to close the switch 34, resetting the 10
counters of the cPREfibe sacondddevwne cpuptex. 31l crBPRrtdveli Of3the circuit
Concurrently, the_pulse generator circuits. 28 and 29 are operated by the
start sighal f rom?’gi Ay Fhis yay,, the dita rpereddag pthe, gxppsursecqnrespondingct i on

S12 15 0 Sorthe e DinaRe cihebe =sBad e Lohded Tare sbe clover ver
. couﬁters. R - - |
‘Subsequently, the réleasg ﬁutton'ié depfeésed to a \‘)
.?eéond position to close the switch 34;'téséfting the
10 Eounter# 6f the circuit 31 and the pﬁlse-éwitching circuit
- 32. Concurrently%.the pulée genérﬁtor circuits'zs and 29 are
operated by the start éignal from circuit 35:t6 produce
pulses P and.Q;The pulse selection citcuiﬁ 30 selects the
pulses P as the Signal_suppliedzfd'fhé;fitSt counter 3la
15 of the switchihg counter 31 and also to the motor driver
circuit 33, because the output from circuit 32 is such as to
enable AND gate 3Qg'and disable AND gate BQE. The étepper
~ motor 12 rotates one step forward against.thq action of the -
spring 8 (Figure 1) whenever a'puiée“P'ié applied to it,

20 in order to open the ééctéts 4. Ai.tﬁis time, data about
'puise'width'for compensating for the inertia of the shutter
mechanism and for corrécting'the:piéy“attfibuted to fit
tolerances is'tréﬁshitted'f?om fhé memory 27 to the pulse

generator circuit 28. During this process, the first down



Ci.r cui tkd33 because the output fromcircuit 32 is such as to enable AND
gate 30a and di sabl e AND gate 30b. The stepper notor 12 rotates one step
fiorward agai nst the action of the spring 8 (Figure 1) whenever a pulse P is
applied to it, 20 in order to open tie sectors 4. At this tine, data
about pufse width for conpensating for the inertia of the shutter nmechani sm
and for correcting the play attributed to. fit tolerances is transmtted
from.,U1e menory 27 to the pul se generator circuit 28. During this process,
the first down 12 counter 3la is decrenmented with each input pulse. As

the sectors 4 are rmvg egngﬁpggl 2 %en?edgﬁ‘.'lﬁ? etaQﬁLﬁ‘\% el O define an

aperture for the camsP esira 0 ac n open| ng whi ch

varies 5 subst ant i,al L%e ‘é%hi&fsmayaﬂ gngv&?]ngn @pctniggvn 1rg¥§£h| gd |ines

in the upper part of Figlre € operating characteristics e shutter
mechani sm due to | ne'i:ﬁé?eb@?deéﬂ t:ot&Hﬁh@“&ne%pamﬂeféy%eaéad&apmﬁuce

non-uni form vari ati on opening wth tine, as illustrated in broken |ines

in the upper part 101t is defirdb18UéS athié¥iCln Gpeniifg GMA¥RNJraeal apparatus,
the stepper notor is driven by pulses P.of constant frequency as indicated

by the brokers | i nes pgbdtaacfaliyl GnPRirnlfiwiithoti ,4as Aboei dingolid danexanp| e
of .the present invention, the pulse wdth of each pulse P is set as

i ndi cated by t'he sol icHe luppes partl6f Figure téieThewpersgtimg cliaracgeristics of
according to the operating
the shutter mechanism due to inertia and fit tolerances
. may be such as to produce non-uniform variation of opening
~ . with time, as illustrated in broken lines in the upper part
10 of Figure 4, when, as in conventional apparatus, the stepper
motor is driven by pulses P of constant frequency as indicated
by the broken lines in the middle part of Figure 4. According
to an example of the present invention, the pulse width -
of each pulse P is set as indicated by the solid lines in
15 the lower part of Figure 4, according to the operating
characteristic of the shutter mechanism, in order to achieve
.a substantially uniform variation of opening with time.
&~/ o ‘Data about the pulses is stored in the memory 27.
| More specifically, in the example givén, the pulse P5
20 '1s shortened so that the pulse P is delivered earlier in order
that the oﬁening may change uniformly_wifh time as indicated by

 the solid line, instead of non-uniformly as indicated by the

broken line in the ufper part of Figure'b. The earlier



, {
char@acteristic of the shutter nmechanism in order to achieve a :
subg&antially uni formvariation of opening with tinme. Data about the pul ses
is stored in the nmenory 27. More speci gcally, in the exanple given, the *
pul sel[err] 20 Is shortened so that the pulse [err] is delivered
earlier in order that the opening may change uniformly with tine as
i ndicated by the solid line, instead of non-uniformy as indicated by the

broken line in the gemra:@astofoihfiﬁ%s ¥ ndlés t8E! ddttors al%nggw@; ati onof

the pulse [err] noves the sectors quicly so that .t he openin ri-ati-on

i s changed in the disagakophd REbafiETabladian £ Chdbghd CRNMRS ABkoceibiie PUl Se
Pis 7 lengthened to drive the sectors 4 slowy 'so that the opening 5

variation i s changegnditaté i tReétdrdowi Ndicdatadely, ithe piIsRWPD. 3dt will be
appreci ated that the pulse widths.of the driving .pulses may bé varied in
ways ot her than thalewgthehed @vadpive ghecsectororidelowly 86 hitatetRe opening
substantially uniformrate of change of the opening. 10 ' If .
t he count 3of pul sesvaviatddniis changded $0 thentirection binddeamedy b thesarrow hen
~when the predetermned n-th pulse [err] is applied to the first down
counter 3la, the ANB. gt wilk be] appregiated] that thenpulsenwidthsl afithe cl ock

pul ses [err] to be supplied to the second counter 31b while the stepper 15
notor is onits vvayd{&iﬂﬁep.‘-f?i?ﬁﬁlm%gel ¥arisdsin mane ogher then that of the

example given in order to achieve Q's;bs;antialiy uniform
rate qf ghagge of the opening. o
IQ | . If thg count of pulses loaded in the first conter'3lg_ ™
by memory 27 is n, then when the predetermined n-th pulse
Pn is applied to tllte. first down counter 3la, the AND gate
G3 is opened to permit interpolating clock pulses_CK4
to be supplied to the second counter 31b while the stepper
15 motor is on its way to the final angular position. When the
number of the applied clock pulses:cxa reaches the number
loaded in the second counter 31b, the switching circuit 32
is switchetho_the other state..Under_this.conditibﬁ, the
switching'circﬁit 32 cﬁuses the pulég selection cifcuit 30 - \/
20 | to deliver the pulse Q. At ;hé_sgﬁe time, the direction of

movement of pulses in the motor driver circuit 33 is

swifched-to the other direc;ion for revefsé_rbtation. Then, the"



5

nunber of the applied clock pulses [err] ‘reaches the nunber |oaded in the
second ‘count er 31b, 'the switching circuit 32 is swtched to the other
state. Under this condition, the swtchi ng circuit 32 causes the pul se
selection circuit 30 20 to delivéf the pulse Q At the sane tineg,
the diréction of novenent of pulses in the notor driver circuit 33 is
swtched to the other direction for reverse rotation. Then, the 14. pul se
Qfromthe switching circuit 30 is applied to the driver circuit 33 to
reverse the notor. The notor rotates the sectors in a stepwi se fashion in
the reverse directionyjide Sy ¥eBhOtleS ' u with, t ajd of the
resilient 5 rbdflg'r"c% stor'('raucf gﬁ%@“égﬁ%ﬁ:&%%& g’P,Pg%ﬁ?ft? #ﬁee

sectors 4 are closed.qriber Ri4lraG1tMa8t Bo YevERld Bl S ol iﬁlesﬁgfc?rfcgg%gli[%g to

the operating characteristic in response to the output ‘signa

counter 31b in the s s&tRs 5 4 etémseaﬁa%h%nfﬂrwwgwé li3Pecedign the
total count of the first counter 3la becones again zero, the sectors are

returned 10 to their i@ bghdhitonP6s WitREhebpOLdelsNg it MY iaGd! oPFhB resilient
Thereafter, the output signal fromthe swtching circuit 32 and the

i nverted ou§ put si gn#lorée csvorad @R ghé esptdag B.SAPM rasult]y endlWdoresé & hes ']
to disable the AND gate 30b. This prevents the OR gate 30c fromdelivering
the pulses 15 closed. The pulse width of each pulse Q is set according '

- to the operating charécteristic in resﬁonse to the output
signal from the counter 31b in the same manner as in the case
of forward rotation. When the total count of the first

10 counter 31a becomes again zero, the sectors 4 are returned
to their original positions blocking the optical path.
Thereafter, the output signal from the switching
circuit 32 and the inverted output signal from an OR gate
, are supplied to a NAND gate'G5 to disable the AND gate
30b. _This prevents the OR gate 30c from deli#ering the pulses

G

15
for stepping the motor backward. In this state,the motor
12 does not operate. The release button is returned to its

o o .. . original position. Then, the switch 24 is opened. Thus,

preparations for the next photograph are madé.

20 In the above example, the pulse widths of some pulses
are altered in such a way that one pulse is produced earlier to

move the sectors in the direction indicated by the arrow A



for Q{epping the notor backward. [n this state,the notor 12 does not

opera

smﬁtch’24 i s opened. Thus, preparationi for the next. photograph are made.
In the "above exanple, the pulse w dths 3f sone pul ses are altered in such a
way that one pulse is produced earlier to nove the sectors in the direction
I ndi cated by the arrow A 15 and that another pulse is produced later to

shift the sectors ig4t %@iaaggﬁérﬁga#%?gga&gﬁa‘@é ﬁgfseaira%?\évpgfﬁpe' direct @'ﬁ

of correction, the pulses to Bh are -

stored in the MenDIgucedrd1f Fhe direct oneﬂlﬁrc.hnggﬂgﬁ! tie 4 E:gvrv B,NgR,  taking

the operating characteristic of the shutter sminto account. Wil st

simlar pulse w dt migggifgncagig};eg@bnbetw%mg& ttbeb@‘ﬂoﬁfﬁ Q, idq My not
be necessary to nake any conpensati on for the pul'ses Q 1 tha appar at us

operates stably. 1Qther factors whicK\ardes€dredeh lthdSndmbry 27 arBe Present
enbodi rent of the invention, the pulse widths of sone pulses are varied to

“conpensat® for the experiientglhdeteinined] itakohg (dhe Sputatesg Mechani sm so
that the opening of. the sectors changes uniformly with tinme. Thus, the
sectors operate snebahdcter2ftic of the shiterpnédianismittoadctouttl Wai16yver
t he exposure corresponding to the [um nance of the subject. Further, when a
phot ograph is takesinylgn pykee wddthmeghficatiions maytiss madertl ehsqulses
Q, it may not be necessary to make any compensation for the
pulses Q, if the apparatus operates stably.. s
10 - As described thus far, infthe-presenf embodiment of the ~
_iuvention,.the pulse widths_oflsome pﬁl#es are varied to
compensate for the operating characteristic of the shutter
mechanism, so that the opening of the sectors changes
uniforﬁlthith time. Thus; tﬁe sectors operate smoothly.’
20 This permits accurate control over the exposure corresponding
to the luminance of the subject;.Further, when a photograph
is_taken by flash photography, the shutter is released in
synchropisﬁ with the flash at an appropriate opening
corresponding to the distance, and accﬁr#te control is U
25 ailowed. Furthermore, the reliability with which exposure

operation is performed can be enhanced, because the

sectors move-smoothly.

e. The release button is returned to its original position. Then, the

t



g . . .
sy.nch'rogi smwith the flash at an appropriate opening corresponding to the
, and acecurdte control is 25 al l oned. Furthernore, the

di st an

reliability with which exposure operatio

s perfornmed_can be enhanced,

i
because the sectors nove snoot hl y. 16qé LAI MS 1 A program

shutter for use in a canera, conprising a shutter nechgpy a
st epper notor driven by pul ses froma pul se-generati ngTMﬂmmH"mm’f&m,se
wi dt®g. being individually variable to control the rate df Varlatyors

of ‘the shutter opening. 2. A program shutter as clainmed in claim1,

*

which the pulse width variation is guch ES%_!FQ achi eve a substantially

uni formvari ati on of shutter openin ' .3 A program shutter

as claimed in claiml1l or 2, in 10 whi ch the nunber of pul ses to .be
applied to the stepper notor is determ ned according to a | um nance

B pr ogr@rprsgfm QhufferC kat MRd i & bdhdPal: campistng | N Which

detector. 4.

the pulse wdth variation is

etermned in accordance wth the nunber of

pul ses to be appli£dhuetél mechailaar operable by a stepper motor d¥ivehOg am
shutter for use.in a canmera, substantially as hereinbefore particularly

descri bed and _s.hovpn]_islestMmaacmm;angémadmyvicng&it, the pulse widths

5
u.
_10'
15
—

being individually variable tb_control the rate of variation

of the shutter opening.

2. A program shutter as claimed in claim 1, in which the

pulse yidth variation is such as to achieve a substantially
uniform variation of shutter opening with time.

3. A program shutter as claimed in claim 1 or 2, in

which the number of pulses to be applied to the stepper motor

is determined according to a luminance detector.
4, A program shutter as claimed in claim 1, 2 or 3,
in which the pulse width variation is determined in accordance

with the number of pulses to be applied to the stepper motor.

5. A program shutter for use in a caméra, substantially

. as hereinbefore particularly described and shown in the

accompanying drawings.

in



17 6. A program shutter for use in a canmera, conprising a shutter

meclani sm havi ng sectors for formng a | ens opening during an exposure
operation and a stepper notor that is stepped forward or backward to open
or close the sectors: 5 and a cort/ror—portion having arithnetic means

for cal culating the exposure correspondi ng t ; ' f a subject,
counter neans for delivering the nunber of jﬂ’ggj‘l“'mamwph the notor.
shoul d be rotated according to the cal cul at OsUre, gPulsSe-generati ngm

- means for producing pul ses havi ng individual 10 pul se w dt hs
conformng to the operating characteristic of the shutter nechanism

accordi ng to thebnunibepregran: ghutter| farcpsel inr ancanesac nomprisimgads, and
driver means for rotating the nmptor forward or backward according to the
pusl es fromthe Pherer earhapish haping sectors for forming anleps,@pspinghut t er. as
clainmed in claim6, wherein the sectors are driven in such a way that the
openi ng varies ufiffiRenty eRPepuLS Qperation and\g, stRppPEF WMAfPEgthatoisstep, or

conbi nati on of integer,s_or steps rei.nbef ore .descri b and/ or shown in
the 20 accﬁfﬁé iﬁ‘bn’dfévé)%'gggﬁﬁ" sg%c"[pfve"rofﬁ%%t 8rS49F8 Pt esent
O a8 10 P oA ptigh hAER e PG 18 LGSt
' the exposure corresponding to the luminance of a subject,
counter means for delivering the fumber 6fISteps through wﬁich.
the motor should be rotated accérding”tb the calculated exposure, Q_)
pulse-generating means for proﬂuciﬁg pu1§es h#ving individual
- 10 pulse widths conforming to the'bperating characteristic of
the shutter mechanism'accoraing to the numbef of steps
‘delivered from the counter means, and driver means for rotating
the motor forward or backward accdrding'tb the pﬁ;ies from the
pulse-generating means. |
15 B P A program shutter as claimed in claim 6, wherein
the sectors are driven in such a way that the:opening varies
uniformly with time.
8. --Ahy nével integer or step, Or combination of integers J
or steps, hereinbefore described and/or shown 1in the
20 accompanying drawings irrespective qf'whether the p;esent

élaim is within the scope of, or relates to the same or

a different invention from that of, the preceding claims.




