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(57) An exposure control system for a photographic camera employing a scanning type shutter that includes a pair of
cooperating shutter blade elements automatically compensates for exposure altering variations in shutter blade element
speed that may occur from one exposure interval to another. The exposure control system includes an encoder to
provide information on the actual position of the shutter blade elements as a function of time during an exposure cycle.
The encoder generates a series of pulses representative of relative blade element position as the blades are moved
during the exposure cycle. The time between these pulses 1s measured and directly converted into a signal
representative of shutter blade element speed or velocity. This shutter blade speed signal 1s then employed to alter the
duration of an exposure interval to compensate for any shutter blade element speed variations.
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ABSTRACT OF THE DISCLOSURIE

An exposure control system for a photographic camera

employing a scanning type shutter that includes a pair of cooperating
shutter blade elements automatically compensates for exposure altering
variations in shutter blade element speed that may occur from one
exposure interval to another. The exposure control system includes an
encoder to provide information on the actual position of the shutter
blade elements as a function of time during an exposure cycle., The
encoder generates a series of pulses representative of relative blade
element position as the blades are moved during the exposure cycle.
The time between these pulses is measured and directly converted into
a signal representative of shutter blade element speed or velocity. This
shutter blade speed signal is then employed to alter the duration of an
exposure interval to compensate for any shutter blade elerrient speed
variations.
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TITLE: METHOD AND APPARATUS FOR COMPENSATING FOR
SHUTTER SPEED VARIATIONS

BACKGROUND OF THE INVENTION
1. Field of the Invention :
The present invention relates to an exposure control system for

photographic apparatus, in general, and to a method and apparatus for
compensating an exposure for variations in the response time of a
shutter blade mechanism in such apparatus, in particular.

pA Description of the Prior Art

One well-known exposure control mechanism for a photographic

camera 1s a so-called scanning blade shutter comprising two
cooperatively moving shutter blade elements connected for opposed
reciprocating movement with respect to each other. The shutter blade
elements are formed with selectively shaped aperture openings which,
depending upon the positions of the blades, symmetrically overlap over a
light entry exposure opening within the camera housing. The blade ‘
elements are connected to define a progression of apertures over the
light entry opening in the camera as a result of their connection with a
so-called "walking beam” which is rotatably mounted with respect to the
camera housing. When the "walking beam” is actuated by a combination
spring and electrical solenoid coupled thereto, the shutter blade
elements move simultanecously and in correspondence with each other to
define a symmetrically configured and variable aperture opening over

the camera light entry exposure opening,

2028640
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Means are provided for automatically controlling the shutter
blade elements to produce an exposure interval. They include the
above-mentioned electrical solenoid and spring combination for actuating
the shutter blade elements and, more particularly, the apertures formed
ther‘ein, between opened and closed positions. In addition, means are
provided for detecting and integrating scene light in correspon_dence with
scene light admitted by the apertures in the blade elements to the film

'plane durrng an exposure interval.

‘Ina scannmg blade exposure control system of the type

o _descnbed above, force generated by the spring activates the shutter
blade elements to produce a partrcular scene ltght adnnttmg aperture
| srze as determmed in part, by the above-mentloned scene hght detecting
= and mtegraung means. When the required amount of scene light has
| "been detected and integrated, a signal responswe thereto causes the
N electncal solenoid, which IS coupled to each shutter blade element, to
reverse shutter blade movement and reduce the particular light
‘_admitting aperture mentioned above, to zero. In order to produce the
- _correc_t:exposure, the light admitting aperture should theoretically reduce
- the particular aperture to zero as soon as it is commanded to do S0.

For any number of reasons this type of response will not occur wrthout

One reason that a parttcular exposure aperture nught grow

- larger than commanded by the exposure control system may be due to

25
- .'between their opened and closed positions. Due to manufacturing

130

the unpredlctable variations in the forces provided by the electrical
solenoid and/or the spring that actuates the shutter blade elements

- tolerances, it is difficult to consistently produce a spring that will impart

the same opening force to a pair of shutter blade elements. The force

B gencrated by one spring may be substantially greater or less than that

generated by another such spring thereby causing the shutter blade
elements to open at a faster or slower rate than another similarly

actuated set of shutter blade clements. This variation in the speed of



10

15

20

25

30

shutter blade elements movement can produce a substantially over or
under exposed photographic image.

The same sort of shutter blade element speed variation can
result from manufacturing tolerances between different electrical

solenoids employed to actuate a pair of shutter blade elements to their
fully closed positions. In the manufacturing process it is difficult to

consistently wind a large number of solenoid coils having the same
force-generating characteristics. Also, these solenoid coils are normally
powered by a conventional battery whose output power is progressively
reduced over its useful life. This reduction in power will reduce the
force imparted to the shutter blade elements which will also produce an
exposure affecting change in shutter blade element speed.

Factors such as friction between adjacent shutter btade elements
and other movable members coupled thereto can also procfuce a
variation in shutter blade element speed. Means for compensating for
these factors have been disclosed in several forms such as the
anticipation built into the photometer apertures found in some shutter
blade elements through which the photometer senses scene light for the
control of shutter blade elements movement. A problem with this and
many other such solutions is that they are all incorrectly based on the '
assumption that the speed of the shutter blade elements remains
constant from one exposure interval to the next. This assumption
breaks down in practice due to the above-noted manufacturing
tolerances in the shutter components and variations in friction due to
changes in the orientation of the camera by a camera operator during a
normal series of picture taking operations.

SUMMARY OF THE INVENTION

It is a primary object of the present invention, therefore, to
provide an exposure control system for a photographic camera that will
compensate for variations in the response time of a shutter mechanism

that may occur from one exposure interval to another.
It 1s another object of the present invention to provide an
exposure control system for a photographic camera that will compensate

2028640
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for any changes in the speed of the shutter blade elements
forming a portion of the exposure control system caused by

changes in mechanical friction.

It is a further object of the present invention to
provide an exposure control system for a photographic camera
that will compensate for any changes 1n the speed of the
shutter blade elements forming a portion of the exposure
control system caused by a progressive reduction 1in the
magnitude of the battery power supplied to the control system
by a conventional battery that may occur during extended

battery usage.

Other objects, features and/or advantages of the
present invention will be readily apparent from the following
detailed description of a preferred embodiment thereof when

taken in conjunction with the accompanying drawings.

In accordance with a preferred embodiment of the
present invention an exposure control system for a photographic
camera employing a scanning type shutter that includes a pair
of cooperating shutter blade elements is provided with means
for compensating form exposure altering variations in the
response time of a shutter blade mechanism that may occur from
one exposure interval to another. The compensating means
includes a blade position encoder that generates a series of
pulses representative of relative blade element positions as
the blade elements are moved during an exposure cycle. The
time between these pulses is measured and directly converted
into a signal representative of shutter blade speed. This
shutter blade elements speed signal 1is then employed to alter
the duration of a subsequent exposure interval and thereby
compensate for any variations in the response time of the

shutter blade mechanism.
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In accordance with the present invention, there 1is
provided a control system that compensates for variations 1in
the response time of a blade mechanism in a photographic camera
comprising: a blade mechanism comprising a pair of overlapping
shutter blade elements with each shutter blade element having
an aperture therein that cooperatively define an exposure
aperture, said blade mechanism being mounted for movement
between a blocking arrangement in which said blade mechanism 1is
in light blocking relation with respect to an optical path so
as to preclude scene light from being transmitted along the
optical path to a film plane and an unblocking arrangement 1in
which said blade mechanism is in light unblocking relation with
respect to the optical path so as to allow the passage of scene
light to the film plane through said exposure aperture when
said blade mechanism is actuated between its said light
blocking and unblocking arrangements to produce an exposure
interval; means for sensing the relative speed of said shutter
blade elements with respect to one another and for generating a
signal representative thereof; means responsive to said shutter
blade elements relative speed signal for establishing a
percentage of exposure aperture size reference signal
representative of a predetermined percentage of the exposure
aperture required to produce a particular photographic
exposure; means for sensing ambient scene light during an
exposure interval and for generating a signal representative
thereof; means for integrating said ambient scene light signal
and for generating a signal representative of the magnitude of
the sensed ambient scene light at any particular time during
said exposure interval; means for comparing said percentage of
exposure aperture size reference signal with the integrated
magnitude of said ambient scene light signal and for generating
an end of exposure signal when said percentage of exposure
aperture size reference signal and the instantaneous magnitude

of the integrated ambient scene light signal are equal; and
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drive means connected to said blade mechanism for actuating
said blade mechanism to initiate an exposure 1nterval and
responsive to said end of exposure signal for terminating said

exposure 1interval.

In accordance with the present invention, there 1s
further provided a single lens reflex camera comprising: means
for defining a film plane; an optical system for directing
image-carrying light rays along an optical path from a scene
onto photosensitive material located in said film plane; a
blade mechanism mounted for movement between a blocking
arrangement in which said blade mechanism is in light blocking
relation with respect to the optical path so as to preclude
scene light from being transmitted along the optical path to
said film plane and an unblocking arrangement in which said
blade mechanism is in light unblocking relation with respect to
the optical path so as to allow the passage of scene light to
said film plane through an exposure aperture, said blade
mechanism including a pair of overlapping shutter blade
elements with each said shutter blade element having an
aperture therein that cooperatively define an exposure aperture
when said blade mechanism is actuated between its said light
blocking and unblocking arrangements to produce an exposure
interval; means for sensing the relative speed of said shutter
blade elements with respect to one another and for generating a
signal representative thereof; means responsive to said shutter
blade element relative speed signal for establishing a
percentage of exposure aperture size reference signal
representative of a predetermined percentage of the exposure
aperture required to produce a particular photographic
exposure; means for sensing ambient scene light during an
exposure interval and for generating a signal representative
thereof; means for integrating said ambient scene light signal

and for generating a signal representative of the magnitude of

4b
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the sensed ambient scene light at any particular time during
said exposure interval; means for comparing said percentage of
exposure aperture reference signal with the integrated
magnitude of said ambient scene light signal and for generating
an end of exposure signal when said percentage of exposure
aperture size reference signal and the instantaneous magnitude
of the integrated ambient scene light signal are equal; and
drive means for actuating said blade mechanism to initiate an
exposure interval and responsive to said end of exposure signal

for terminating said exposure interval.

In accordance with the present i1nvention, there 1s
further provided a method of compensating for wvariations 1in the
response time of a blade mechanism in a photographic camera
comprising the steps of: providing a blade mechanism having a
pair of overlapping shutter blade elements with each shutter
blade element having an aperture therein that cooperatively
define an exposure aperture, the blade mechanism being mounted
for movement between a blocking arrangement in which the blade
mechanism is in light blocking relation with respect to an
optical path so as to preclude scene light from being
transmitted along the optical path to a film plane and an
unblocking arrangement in which the blade mechanism 1s in light
unblocking relation with respect to the optical path so as to
allow the passage of scene light to the film plane through the
exposure aperture when the blade mechanism 1s actuated between
its light blocking and unblocking arrangements to produce an
exposure interval; sensing the relative speed of the shutter
blade elements with respect to one another and generating a
signal representative thereof; using the shutter blade element
relative speed signal to establish a percentage of exposure
aperture size reference signal representative of a
predetermined percentage of the exposure aperture required to

produce a particular desired exposure; sensing the ambient
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scene light during an exposure interval and generating a signal
representative thereof; integrating the ambient scene light
signal and generating a signal representative of the magnitude
thereof for any particular time during the exposure interval;
comparing the percentage of exposure aperture size reference
signal with the integrated magnitude of the ambient scene light
signal and generating an end of exposure signal when the
percentage of exposure aperture size reference signal and the
instantaneous magnitude of the integrated ambient scene light
signal are equal; and actuating the blade mechanism to initiate
an exposure interval, and to subsequently terminate the

exposure interval in response to the end of exposure signal.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a photographic
camera which incorporates a preferred embodiment of the
exposure control system of the present invention that
compensates for variations in the response time of a shutter

blade mechanism;
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Fig. 2 is a schematic diagram of a portion of the exposure
control system of Fig. 1 showing the shutter blade element speed sensing
and compensating means ot the present invention in greater detail;

Fig. 3A 1s an exploded perspective view of the scanning type

shutter mechanism shown in Fig. 2;
Fig. 3B is an unexploded top view, partly in sections, of the

shutter blade mechanism of Fig. 3A; and
Fig. 4 1s a graph showing primary and secondary blade aperture

size variations as a function of time, during an exposure cycle.

Detailed Description of the Preferred Embodiment

Referring now to the drawings, and specifically to Fig. 1, there
s shown a single lens reflex (SLR) photographic camera 10 of the self-
developing type which incorporétes a preferred embodiment of an
exposure control system that compensates for exposure altering shutter
blade speed variations during each exposure cycle. The camera 10
includes an objective or taking lens 12, of the fixed focus type, that may
include one or more elements (only one shown) for focusing image-
carrying light rays of, for example, an object 14 on a film plane 16
through an aperture formed in a shutter blade mechanism or assembly

18.
With additional reference to Figs. 2, 3A and 3B of the drawings,

the shutter blade mechanism 18, positioned intermediate of the lens 12
and the film plane 16, includes a pair of overlapping shutter blade

elements 20A and 20B of the "scanning" type. Scene light admitting

primary apertures 22A and 22B arc respectively provided in the blade
elements 20A and 20B to cooperatively define a progressive and
predictable variation of effective aperture openings in accordance with
simultaneous longitudinal and lateral displacement of one blade element
with respect to the other blade element in a manner more tully

described in commonly assigned U.S. Patent No. 3,942,183 to Whiteside,

The blade element
apertures 2Z2A and 22B are selectively shaped so as to overlap the
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central optical axis 24 of the lens 12 thereby defining a gradually
varying effective aperture size as a function of the position of the blade

elements 20A and 20B of the blade mechanism 18. A shutter drive 26
is provided for displacing the blade elements 20A and 20B of the blade
mechanism 18 in the above-described manner. The shutter drive 26
includes a tractive electromagnetic device in the form of a plunger-type
solenoid 28 and a control system therefor for displacing the above-
mentioned shutter blade elements. The solenoid 28 and its associated
control system will be described below in detail.

Each of the blade elements 20A and 20B of the blade
mechanism 18 includes two secondary apertures 30A, 32A and 30B, 32B,
respectively. The aperture 30A in the blade 20A cooperates with the
aperture 30B in the blade 20B to form an opening 34 and‘the aperture
32A in blade 20A cooperates with the aperture 32B in the' blade 20B to
form an opening 36 through the shutter assembly 18. These cooperating
secondary apertures may be configured to track in a predetermined
corresponding relationship with respect to the scene light admitting
primary apertures 22A and 22B. With the primary and secondary
apertures being formed in the same blade element and therefore being
mechanically coupled to one anot'her, it is readily apparent that the
secondary apertures can move in the same manner as the primary
apertures when the blade elements 20A and 20B are displaced, in the
above-described manncr, with respect to one another. The amount of '
artificial light admitted to the film plane 16 through the primary
apertures 1s controlled by a signal generated by a combination infrared
photosensitive element 38 and integrator (not shown) within an infrared
sensor 40 that senses and integrates a corresponding amount of infrared
scene light through the opening 34. The amount of visible light
admitted to the film plane 16 through these primary apertures is
controlled by a signal generated by a combination visible light
photodiode 42 and an integrator 44 within a visible light sensor 46 that
senses and integrates a corresponding amount of ambient light, through

the opening 36. An example of scanning blade elements having primary
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and secondary apertures that cooperate to control the amount of scene
light admitted to a film plane is shown in U.S. Patent No. 3,942,183,

supra.
The camera 10 is provided with a blade position sensor/encoder

48. The sensor/encoder 48 senses the position of the blade elements
20A and 20B with respect to one another and generates a signal
representative of the reslative blade element positionn. As shown in Figs.
3A and 3B, the sensor/encoder 48 comprises a light emitting diode 50
and a photosensor 52 spaced therefrom formed as a single assembly 54
(Fig. 2), an encoder drive and detection circ’ujtﬁé connected thereto
and a plurality of slots or openings S8 and 60 formed in the blade
elements 20A and 20B, respectively. The slots 58 and 60 are
rectangular in shape, are of uniform size and are equally spaced in a
linear direction in their respective blade elements. The slots 58 and 60
are collectively interposed between the light emitting diode 50 and the
photosensor 52 such that they alternately block and unblock the
transmission of light between these two components to thereby cause the
encoder drive and detection circuit 56 connected thereto to generate one
or more pulses 62 representative of the relative position of the blade
elements 20A and 20B. The position of the blade element 20A with
respect to the blade element 20B defines the size of the effective or
taking aperture formed by the primary apertures 22A and 22B in the
blade mechanism 18. Therefore, the relative position of the blade
elements 20A and 20B represented by the pulse or pulses 62 is also a
measure of the size of the effective or taking aperture formed by the
primary apertures 22A and 22B. The size of the blade encoder slots 58
and 60 in respective blade elements 20A and 20B is kept to a
minimum, in the direction of blade element movement, in order to
minimize any shutter blade position errors between their actual pdsition
and the signal or pulses 62 representative of such position.

Fig. 2 shows the plunger-type solenoid 28 with its movable
plunger 64 mechanically coupled to the blade elements 20A and 20B
through a walking beam 66. Projecting from a camera support member
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or casting (not shown) at a location laterally spaced from the opening
formed by the primary apertures 22A and 22B is a pivot pin or stud 63
which pivotally and translatively engages elongated slots 70 and 72
formed in shutter blade elements 20A and 20B, respectively. The
opposite ends of the blade clements 20A and 20B respectively include
extended portions which pivotally connect to the walking beam 66.% The
walking beam 66, in turn, is disposed for rotation about a pivot pin or

2028640

stud 74 that is supported by a camera support member (not shown) at a

location that is also laterally displaced form the opening formed by the
primary apertures 22A and 22B. The walking beam 66 is pivotally
connectcd'at its distal ends to the shutter blade elements 20A and 20B..
by respective pin members 76 and 78 which extend from the walking
beam 66. Pin members 76 and 78 are preferably circular in cross
section and extend through réspectivc circular openings 80 ‘and 82 m
respective blade members 20A and 20B so as to slidably engage .
respective arcuate slots or tracks 84 and 86 formed in a housing support
member (not shown). The arcuate tracks operate to prohibit '
disengagement of the blade members 20A and 20B from their respective
pin members 76 and 78 during an exposure cycle. .

A tractive electromagnetic device in the form of the solenQid 28
IS emplOyed to displaée the shutter blade elements 20A and 20B with
respect to each other to produce an exposure interval. The solenoid 28

is of conventional design having an internally disposed cylindrical

plunger 64 which retracts inwardly into the body of the solenoid upon
energization thereof. The solenoid plunger 64 is affixed to the walking
beam 66 by means of a pivot pin or stud 88 such that the longitudinal

‘displacement of the plunger 64 will operate to rotate the walking beam

66 around the pivot pin 74 so as to appropriately displace the blade
elements 20A and 20B.

The solenoid 28 is supported, in a fixed position, above a bias
tensioning spring 90, which operates to continuously urge the blade
elements 20A and 20B into positions collectively defining their largest
effective aperture, overlapping the central optical axis 24 of the lens 12,

\\\\\
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A movable end of the spring 90 is attached to the walking beam 66 by
a pin 92 projecting therefrom, while a stationary end is affixed to a pin
94 extending from a camera housing support member (not shown).
With this particular spring connection the blade members 20A and 20B
and the primary apertures 22A and 22B respectively formed therein are
biased to their normally open orientation. The blade elements 20A and
20B are actuated to their closed position only when the solenoid is
energized. Consequently, energization of the solenoid 28 prevents the
shutter blade elements 20A and 20B from moving toward their
maximum aperture opening under the urging of the bias spring 90
' - As mentioned above, the exposure control system of the present
“invention is provided with means for compensating for exposure altering

- xvanatlons in shutter blade element speed that may occur from one

exposure mterval to another. This compensating means will' now be
descrlbed in detail. With contmued reference to Figs. 1 and 2 of the
drawings, as eXplained above, the camera 10 is provided with a blade
position sensor/encoder 48 that senses the position of the blade
elements 20A and 20B with respect to one another and generates a
51gnal 62 representatwe of relative blade element position. The 31gnal
- 62 is in the form of a series of pulses that are routed to a
. mlcrocontroller and memory 96 through a path 98. The time between
adjacent pulses in the series of pulse is a measure of blade element
.speed or momentum. This time is preferably measured between the
leadmg edges of these adjacent pulses. |
Knowing the speed of the shutter blade elements and how the

-size_'of. the taking aperture collectively formed by the overlapping

primary apertures 22A and 22B and respectively formed in the shutter
- blade elements 20A and 20 B changes over time, the size of the taking
aperture at any time during an exposure interval can be readily
determined. In addition, and as previously explained, when energized,
the plunger-type solenoid actuates the shutter blade elements 20A and
20B and the taking aperture formed thereby to its fully closed position
against the bias of the spring 90. The exposure ‘control syStem sends a

LI
- » .
¢¢¢¢¢¢¢



10

15

20

25

30

2028640

signal or shutter blade close command to the solenoid 28 when exposure
Is complete, However, due to normal system inertia, there is an
inherent delay between the time that the solenoid 28 and the shutter
blade elements coupled thereto respond and actually start to close the

taking aperture at the end of an exposure. This phenomenon is
sometimes referred to as blade element overshoot. In addition, the time

it takes to close a taking aperture after it is commanded to do so is
also dependent upon shutter blade speed. The slower the response time
of the solenoid and shutter blade mechanism combination and/or the
faster the blade specd, the greater will be the degree of blade element
overshoot. If this blade element overshoot is not sufficiently |
compensated for, an overexposed photographic image may.result.

The microcontroller and memory 76 is coupled to an empirically
constructed look-up table 99 through a path 100 which is r?esponsive tO
a shutter blade speed signal derived by a conventional timing circuit
within the microcontroller and memory 96, from the shutter blade
relative position signal 62. The speed of shutter blade movement is
determined by the timing circuit by measuring the amount of time
consumed between the leading edge of adjacent blade element position
pulses 62. The look-up table 99 generates a shutter blade speed
dependent output reference signal representative of a percentage of the
total size of the exposure or taking aperture required to produce a
properly exposed photographic image. The magnitude of this percentage
of total aperture size signal generated by the look-up table 99 is
dependent, in part, upon a predetermined empirical assessment or
determination of how long it takes the exposure control system to close
the taking aperture formed by the shutter blade elements 20A and 20B
for any particular speed of shutter blade element movement, once a
command to do so is initiated. |

If, for example, it had been determined that twenty percent of
an exposure is produced during an exposure interval after a command is
initiated by the exposure control system to close the taking aperture, the
shutter blade speed dependent look-up table 99 would generate a

10
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shutter blade close command reference signal that is equal to eighty
percent of the required exposure, The remaining twenty percent of the
required exposure would result from the above-described initial delay in
shutter blade element movement and the speed at which the shutter
blades move when actuated to their closed positions,

The percentage of exposure reference signal is in a digital
format and is therefore applied to a digital-t‘o-analog converter 101
whose output is applied to one input of a comparator 102. During an
exposure interval the visible light photodiode 42 senses ambient scene
light through the secondary apertures 32A and 32B and generates an
electrical signal representative _of scene light intensity. This scene ;hght.\
intensity signal is then applied to and is integr'ated,- as a function of

‘-time; by the integrator 44. The output of the integrator 44 is, in turn,
- applied to another input of the comparator 102 through a path _104.

When the magnitude of the integrated ambient scene light signal equals

‘the percentage of exposure reference signal-'bein'g applied to the

comparator 102 by the digital-to-analog converter 101, the comparator
102 transmits an end of exposure signal to a solenoid drive 'circuiti 105

- within the shutter drive 26 thereby causing the solenoid 28 to actuate
“the shutter blade elements 20A and 20B to their fully closed positions.
',The end of the exposure interval is controlled by a combination of this
'  percentage of exposure reference signal and the above-described initial
- delay in shutter blade movement and the speed at which the shutter
o blade elements move when actuated to their closed positions.

‘The camera 10 is also provided with an electronic flash
apparatus 106 together with apparatus for controlling its energization in

order to determine subject reflectivity and to provide a portion of the

~ exposure value required to illuminate a scene to be photographed. The

electronic flash apparatus 106 comprises a main storage capacitor 103

which may be charged up to an operating voltage by any conventional
voltage converter circuit (not shown) which would be-included within a
DC-DC voltage converter 110. The DC-DC voltage converter 110

operates in a conventional matter to convert a DC voltage as may be

11
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derived from the battery 112, which can be in the order of 6 volts, to a
suitable operating voltage such as 280 volts. A flash tube 114 and a
thyristor 116 are connected in a series relation and they are, in turn,
collectively connected in a parallel relation with respect to the main

storage capacitor 108. The flash tube 114 may be energized by a
suitable trigger signal on a path 118 from a conventional trigger circuit

(not shown) within an exposure control electronics module 120. When

energized, the flash tube 114 illuminates the scene and subjects included

therein with both visible and infrared light. _
~ The look-up table 99 also generates additional empirically

derived exposure control signals. The primary purpose of these signals
is to control the amount of image-carrying scene light rays focused on

“the film pla‘ne 16 by the lens 12 through the effective or taking aperture

in the blade mechanism 18 formed by the primary apcrturés 22A and

22B, as a function of ambient scene light and of subject reflectivity.

As previously explained, the amount of artificial and ambient
scene light transmitted to the film plane 16 is indirectly measured by
sensing a portion of the artificial and ambient or visible scene light

~ through the openings 34 and 36 in the blade mechanism 18 with

phOtosensors 38 and 42 and their associated integrators located within
the infrared light sensor 40 and the visible light sensor 46, respectively.
A signal generated by the infrared sensor 40 and its associated

f integrator representative of reflected infrared scene light is routed to the
‘look-up table 99 through a path 124 and a signal generated by the

visible light sensor 46 and its associated integrator 44 representative of
ambient scene light is routed to the look-up table 99 through a path
126. The look-up table 99 generates a plurality of different signals in
response to these two )signals and in response to the above-mentioned
percentage of exposure aperture size reference signal, for controlling the
amount of image-carrying light rays transmitted to the film plane 16

through the primary apertures in the blade mechanism 18. These
plurality of different signals are derived for each exposure cycle, prior to
an exposure interval. As an alternative, these signals may also be

12
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derived in the early stages of an exposure interval.
The signals derived by the look-up table 99 are 1) an aperture

size signal that controls the size of the taking aperture formed by the
primary apertures 22A and 22B at which the flash tube 114 is fired, on
an output path 128; 2) a percentage of artificial light signal that controls
the amount of artificial light to be added to the scene to be
photographed by the flash tube 114, on an output path 130; 3) a
percentage of exposure aperturé size reference signal that controls the
amount of image-carrying light to be admitted to the film plane 16
through the primary apertures 22A and 22B in the blade mechanism 18,
on an output path 132; and 4) a signal to terminate the exposure
interval at a time dependent upon the magnitude of the artificial and
ambient light signals appearing on the input paths 124 and’ 126,
respectively, to the look-up table 99, if the exposure interval is not
sooner terminated, on an output path 134,

Prior to the genération of the above-noted look-up table output
signals on the paths 128, 130, 132 and 134, the ambient light signal
generated by the visible light sensor 46 is routed to the microcontroller
96, through the look-up table 99 and a path 136, for temporary storage.
Subsequent to the storage of this ambient light signal in the
microcontroller 96 and prior to the start of an exposure interval, the
artificial light reflected from a scene subject previously illuminated by a
wink or short duration flash of light from the flash tube 114 is sensed
by the infrared sensor 40 and a signal representative thereof is routed to
the look-up table 99 through the path 124, The ambient light signal
stored within the microcontroller 96 is then routed to the look-up table
99 through the path 100. The stored ambient light signal, the infrared
signal generated by the sensor 40 and the percentage of exposure
aperture size reference signal are collectively employed within the look-
up table 99 to generate the above-noted signals appearing on the output
paths 128, 130, 132 and 134 of the look-up table 99.

13
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The signals appearing at the output paths 128, 130, 132 and 134
of the look-up table 99 in response to the artificial and ambient scene

light signals respectively generated by the sensors 40 and 46 and the

percentage of exposure aperture size reference signal are empirically

determined. The look-up table 90 is constructed, in part, in accordance

with the subjective analysis of a multiplicity of photographic images of
subjects at various distances having a range of reflectivities that are
formed under a wide range of artificial and ambient scene hghtmg
condmons in order to produce these signals.

- In gcneral when forming a photograohlc image at the fllm
plane 16 of the camera 10, the smaller the taking aperture formed by
the primary apertures 22A and 22B, the gr'eater will be the depth of

field of the lens 12 and the darker will be the ambient scene exposure

level because of the reduction in image-carrying scene light’ caused by
the smaller taking aperture. The look-up table 99 is constructed such
that it performs a tradeoff between the sharpness of a subject within the
scene and the overall scene exposure. In performing this tradeoff, the
'look-up table 99 causes the flash tube 114 to fire at the smallest

- possible taking aperture, and therefore the greatest depth of field, that
~will provide the optimum sharpness of a subject within a scene and
~overall scene exposure. The look-up table 99 further improves th¢

overall scene exposure in response to the artificial and ambient scene

light level signals generated by the sensors 40 and 46 by controlling the

amount of artificial light generated by the scene-illuminating flash tube
114 and by controlling the maximum size of the taking aperture formed
by the primary apertures 22A and 22B.

As noted above, the camera 10 is of the SLR type and
therefore includes a conventional reflex mirror 140 that is actuatable by
the exposure control electronics module 120 through a path 142, The
mirror 140 is actuatable, in a conventional manner, between a viewing
position where it blocks the transmission of scene light to the film planc
16 and where a camera operator can view a scene to be photographed
through the lens'12, and a taking or unblocking position as shown in

14
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Fig. 1, where it reflects the scene light to the film plane 16 during an

exposure Interval.
The camera 10 is preferably designed for use with a self-

developing film unit (not shown) similar to those described in U.S.

Patent No. 3,415,644 to Land, in common assignment herewith

The self-developing film
unit is packaged in a lighttight film cassette 144 shown in the condition

assumed just after the cassette 144 has been fully inserted into the
camera 10. The cassette 144 may enclose the 6 VDC battery 112.
Mounted within the camera 10 1s a film advancing apparatus
146 similar to that described in U.S. Patent No. 3,753,392 to Land that
includes a motor for operating a gear train (neither shown) which is
coupled with the film advancing apparatus 146 to provide for the
continuous movement of an exposed film unit from an exposure pcsition
within the camera 10 toward the exterior thereof. The film advancing
apparatus 146 additionally includes a film-engaging arm member (not
shown) driven by the above-mentioned motor and gear train. The arm
member 1s adapted to extend into a slot in the cassette 144, as shown in
the above-noted Land °392 patent, and engage the uppermost film unit
located therein at or near its trailing edge prior to moving it out of the
cassette 144 and into the bite of a pair of conventional processing
rollers (not shown) mounted adjacent the leading edge of the above-
mentioned uppermost tilm unit. The processing rollers, which are
rotated by the motor and gear train mentioned above, continue the
uninterrupted movement of the exposed film unit toward the exterior of
the camera 10 while simuitaneously rupturing a container of processing
liquid at the leading end of the exposed film unit. The processing
rollers spread the liquid contents of the ruptured container of processing

liquid at the leading end of the exposed film unit. The processing

rollers spread the liquid contents of the ruptured container between
elements of the film unit to initiate formation of a visible image within

the film unit in a manner that is well-known in the art.

15
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A typical exposure cycle will now be described in detail. For
the purpose of this description it is assumed that the taking aperture of
the blade mechanism 18 is in its full open position, that the openings 34
and 36 formed by the secondary apertures in the blade mechanism 13
are also fully opened, that the mirror 140 is in its viewing or light
blocking position, that the flash apparatus 106 has been energiz‘edi by
the prior closure of a switch 148 that coupled the battery 112 to the
DC-DC voltage converter 110 through the exposure control electronics
module 120 and a path 150 and that the main storage capacitor 108 1s
fully charged and is ready for the initiation of an exposure cycle. With
reference to Figs. 1, 2, 3A, 3B and 4 of the drawings, a switch 152 is
actuated to its closed position by a camera operator to initiate the
exposure cycle. The closure of the switch 152 couples the "'battery: 112
to the exposure control electronics module 120 through a path 154.
With the blade mechanism opening 36 formed by the secondary
apertures 32A and 32B adjacent the visible light sensor 46 in its fully
open position, the closure of the switch 152 causes the integrator 44
within the visible light sensor 46 to integrate ambient scene light for a
fixed period of time and then send the integrated value to the look-up
table 99 through the path 126 and then to the microcontroller 96
through the path 136 for temporary storage.

The exposure control electronics module 120 subsequently
energizes the shutter drive 26 to actuate the blade mechanism 18 and
therefore the taking aperture together with the opening 34 formed by
the secondary apertures 30A and 30B and the opening 36 formed by the
secondary apertures 32A and 32B to their fully closed positions. As the
shutter blade elements 20A and 20B of the shutter mechanism 18 are so
actuated to their fully closed position, the position sensor/encoder Senses
blade position and routes a signal representative of same to the
microcontroller and memory 96. As explained above, this blade position
signal 1s converted to a blade speed sig‘nal and this signal is then
converted to the above-mentioned percentage of exposure aperture size

16
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reference signal. This percentage of exposure aperture size reference
signal is, in turn, applied to an input of the comparator 102 within the
exposure control electronics module 120 through the digital-to-analog
connector 101. Subsequent to closing the opening 34 and prior to the
initiation of an exposure interval, the shutter drive 26 causes the
opening 34 to increase in size toward its fully opened position. While
the opening 34 is being actuated toward its fully opened position, the

exposure control electronics module 120 actuates means (not shown) for

moving the mirror 140 from its viewing or light blocking position, where
it precludes the transmission of image-carrying light rays to the film
plane 16, to its light unblocking position (as s'hown in Fig. 1), where it
facilitates the transmission of image-carrying light rays to the film plane
16 during an exposure interval. When the opening 34 adjacent the
infrared light sensor 40 is in its fully opened position, the exposure
control electronics module 120 triggers the flash tube 114 through the
path 118 and thereby illuminates the scene to be photographed with
visible and infrared light prior to the initiation of an exposure interval.
The exposure control electronics module 120 then triggers the thyristor
116 through a path 156 thirty-five microseconds after triggering the flash
tube 114 to thereby extinguish the light output of the flash tube 114.
This thirty-five microsecond actuation of the flash tube 114 to illuminate
the scene constitutes a first pulse of light directed toward the scene to
be photographed. .

In addition to the thirty-five microsecond actuation of the flash
tube 1,,14 to illuminate the scene prior to the initiations of an exposure
interval, the exposure control electronics module 120 enables the '
integrator within the infrared sensor 40 through a path 158 during this
same period of time and then causes the integrated value, which
constitutes a measure of subject reflectivity, to be sent to the look-up
table 99 through the path 124. Upon receipt of this subject reflectivity
signal, the look-up table 99 combines it with the ambient light or scene
brightness signal previously stored in the microcontroller 96. These
combined signals and the percentage of"exposur.e aperture. size reference

17

2028640



10

20

25

30

signal are then employed to generate the aperture size flash fire signal,
the percentage of artificial light signal, the percentage of exposure
aperture size reference signal and/or the end of exposure signal
subsequently appearing on the look-up table output paths 128, 130, 132

and 134, respectivcly, that are, in turn, applied to the exposure control
electronics module 120. Upon receipt of these look-up table generated

signals, the exposure control electronics module 120 activates the shutter
drive 26 and the blade mechanism 18 coupled thereto such that the

opening 34 formed by the secondary apertures 30A and 30B is placed in

its fully closed position and activates the shutter dnve 26 and the blade

mechanism 18 to initiate an exposure 1nterval
The exposure control electronics module 120 mcludes four

‘convent_londl comparators (not shown) to determine when the four

conditions represented by the look-up table output signals on the paths

128, 130, 132 and 134 and employed in the generation of an exposure
‘interval have been achieved. An exposure interval is defined herein as

the period of time thai the shutter mechanism 18 allows image-carrying
tight rays collected by the lens 12 to reach'the film plane 16.

The first of the above-mentioned comparators compares the
reference or desired aperture size flash fire signal on look-up table
output path 128 with the actual blade position signal and therefore the

taking aperture size as represented by the pulses 62 from the blade
position sensor/encoder 48. When this first comparator determines that
 these two signals are equal, the exposure control electronics module 120

once again triggers the flash tube 114 through the path 118 and thereby
illuminates the scene being photographed with light containing both
visible and infrared light during the exposure interval.

The second of the above-mentioned comparators compares the
reference or desired percentage of artificial light signal on look-up table
output path 130 with the actual level of artificial light illuminati'ng the
scene as sensed by the infrared light sensor 40 during the-exposure
interval and routed to the exposure control electronics module 120
through a path 158. When this second comparator determines that

18
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these two signals are equal, the exposure control electronics module 120
triggers the thyristor 116 through the path 150 to thereby extinguish the
artificial light being generated by the flash tube 114. This illumination
of the scene with artificial light constitutes a second pulse of light that
is directed toward the scene to be photographed.

The third comparator is the comparator 102 that is also located
within the exposure control electronics module 120. This comparator
compares the above-mentioned shutter blade element, speed dependent,
percentage of exposure aperture size reference signal on look-up table
output path 132 with the amount of visible scene light that is sensed by
the photodiode 42 and integrated by the integrator 44 coupled thereto
within the visible light sensor 46 that is routed to the exposure control
electronics module 120 through a path 160. When the comparator 102
determines that these two signals are equal, the exposure E:ontrol
electronics module 120 actuates the shutter drive 26 and the solenoid 28
included therein, to close the taking aperture in the blade mechanism 18

and thereby terminate the exposure interval.
Under certain scene lighting and subject reflectivity conditions

there may be insufficient ambient and/or artificial scene light reflected
from the scene for sensor 40 and/or the visible light sensor 46 to
generate a signal that is capable of causing the exposure control
electronics module 120 to terminate an exposure interval in a reasonable
amount of time. A fourth comparator arrangement is provided to
overcome this problem. This fourth comparator compares a signal on
the look-up table output path 134 representative of the level of ambient
aﬁd/or artificial light reflected from the scene with a predetermined
reference signal stored within the exposure control electronics module -
120. If the signal on path 134 is greater than the reference signal, the:
exposure interval will be limited to a relatively short period of time such
as 40 milliseconds and if it is less than the reference signal, the |
exposure interval will be limited to a relatively long period of time such
as 400 milliseconds unless terminated sooner by the presence of greater
levels of ambient and/or artificial scene light.
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At the completion of the exposure interval, the exposure control
electronics module 120 actuates the mirror 140 towards its light-blocking
position, and actuates the film advancing apparatus 146 and the drive

motor (not shown) included therein, through a paih 162, to initiate the
transport and processing of an exposed, self-developing film unit. The
film advancing apparatus 146, in turn, moves the exposed film unit
located in the cassette 144, through a path 164, into the bite of the pair
of adjacent processing rollers (noi shown), in the manner described
above, to spread processing liquid between certain film layers and to
move the exposed film unit into an exit slot (not shown) in a housing
166 of the self-developing camera 10. After the mirror 140 has been
actuated to its light blocking position where it precludes the passage of
light to the film plane 16, the exposure control electronics :module 120
actuates the shutter drive 26 and the shutter mechanism 18 coupled
thereto such that the primary or taking aperture thereof is placed in its
fully opened position. After the film advancing apparatus 146 has
moved the exposed film unit through the above-mentioned pair of
rollers, a film movement completion signai is routed to the exposure
control electronics module 120 and the microcontroller 96 coupled
thereto through a path 168 and a path 170, respectively. Upon receipt

of this film movement completion signal, the exposure control
electronics module 120 initiates the charging of the electronic flash

apparatus 106 through the path 150. When the main storage cap’acitor"
108 of the electronic flash apparatus 106 is fully charged, as sensed
through the path 150, the exposure control electronic module 120 places
the exposure control system of the camera 10 in condition for the
initiation of the next exposure cycle.

In the exposure control system described above, a source of

artificial light generated by the flash tube 114 was employed to

illuminate the scene with both visible and infrared light. The flash tube

114 illuminates the scene twice during an exposure cycle, once before
and once during an exposure interval. Both the visible and infrared

light were employed for exposure control during an expoéhre.- interval.
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However, only the infrared light from the flash tube 114 was employed
for exposure control immediately prior to or at the early stages of the
exposure interval. By firing the flash tube 114 twice and utilizing the
infrared light portion of the illumination generated thereby in the
determination of subject reflectivity before an exposure interval, only a
single source of illumination is required. It should be noted, however,

that exposure interval and pre-exposure interval illumination could be
provided with two separate light sources. One source would be that
provided by the flash tube 114 to generate both visible and infrared
light and would be employed during the exposure interval. The other
source would only have to emit infrared light prior to an exposure
interval and therefore an infrared light emitting diode, for example,
could be employed for such purposes. ; '
From the foregoing description of the invention it will be

' apparent to those skilled in the art that various improvements and

modifications can be made in it without departing from its true scope.
The embodiments described herein are merely illustrative and should
not be viewed as the only embodiments that might encompass the

invention.
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What is claimed is:
1. A control system that compensates for variations in the

response time of a blade mechanism in a photographic camera
comprising: '

a blade mechanism comprising a pair of overlapping shutter
blade elements with each shutter blade element having an aperture
therein that cooperatively define an exposure aperture, said blade
mechanism being mounted for movement between a blocking

arrangement in which said blade mechanism is in light blocking relation

with respect to an optical path so as to preclude scene light from being

transmitted along the optical path to a film plane and an unblocking
arrangement in which said blade mechanism is in light unblocking
relation with respect to the optical path so as to allow the:passage of
scene light to the film plane through said exposure aperture when said
blade mechanism is actuated between its said light blocking and
unblocking arrangements to produce an exposure' interval,

means for sensing the relative speed of said shutter blade
elements with respect to one another and for generating a signal
representative thereof; |

means responsive to said shutter blade elements relative speed

signal for establishing a percentage of exposure aperture size reference
signal representative of a predetermined percentage of the exposure

aperture required to produce a particular photographic exposure;
means for sensing ambient scene light during an exposure

interval and for generating a signal representative thereof;

means for integrating said ambient scene light signal and for
generating 4 signal representative of the magnitude of the sensed

ambient scene light at any particular time during said exposure interval;

means for comparing said percentage of exposure aperture size

reference signal with the integrated magnitude of said ambient scene

light signal and for generating an end of exposure signal when said
percentage of exposure aperture size reference signal and the

instantaneous magnitude of the integrated ambient scene light signal are

22
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equal; and

drive means connected to said blade mechanism for actuating
said blade mechanism to initiate an exposure interval and responsive to
said end of exposure signal for terminating said exposure interval,

2. The control system of claim 1 wherein said means for
generating a signal representative of the relative shutter blade element
speed comprises:

an encoder for generating a series of time related pulses
representative of the relative position of said shutter blade elements;
and

means responsive to the magnitude of the time interval
between said time related pulses for generating a signal representative
of the relative shutter blade element speed. y

3. The control system of claim 2 wherein the Iilagnitude of
the time interval between said time related pulses i1s measured between
the leading edges of adjacent pulses.

4, The control system of claim 2 wherein said encoder
comprises:

a light emitting device for providing a source of
illumination;

a light sensitive device for sensing the illumination
provided by said light emitting device and for generating an electrical
signal in response thereto;

a linear array of uniformly spaced slots in each of said

shutter blade elements in an opposed relation and interposed between

said light emitting and said light sensitive devices whereby the actuation

of said shutter blade elements between their opened and closed
positions causes said shutter blade elements slots to alternately block
and unblock the illumination sensed by said light sensitive device and

thereby cause said light sensitive device to generate said electrical signal

in the form of a series of pulses representative of relative shutter blade
element position.
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S. The control system of claim 2 wherein said means for
generating said relative shutter blade element speed signal includes an
electrical circuit for measuring the elapsed time between pulses in said
series of pulses representative of relative shutter blade element position

and for generating a signal responsive to the magnitude of said elapsed

time that is representative of said relative shutter blade element speed.
0. A single lens reflex camera comprising:

means for defining a film plane;

an optical system for directing image-carrying light rays
along an optical path from a scene onto photosensitive material located
in said film plane;

a blade mechanism mounted for movement between a
blocking arrangement in which said blade mechanism is in“light blocking
relation with respect to the optical path so as to preclude ‘scene light
from being transmitted along the optical path to said film plane and an
unblocking arrangement in which said blade mechanism is in light
unblocking relation with respect to the optical path so as to allow the
passage of scene light to said film plane through an exposure aperture,
said blade mechanism including a pair of overlapping shutter blade
elements with each said shutter blade element having an aperture

therein that cooperatively define an exposure aperture when said blade
mechanism is actuated between its said light blocking and unblocking

arrangements to produce an exposure interval;

means for sensing the relative speed of said shutter blade
elements with respect to one another and for g'enerating a signal
representative thereof;

means responsive to said shutter blade element relative
speed signal for establishing a percentage of exposure aperture size
reference signal representative of a predetermined percentage of the
exposure aperture required to produce a particular photographic
exposure;

means for sensing ambient scene light during an exposure

interval and for generating a signal representative thereof:
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means for integrating said ambient scene light signal and
for generating a signal representative of the magnitude of the sensed

~ ambient scene light at any particular time during said exposure interval;

means for comparing said percentage of exposure
aperture reference signal with the integrated magnitude of said ambient
scene light signal and for generating an end of exposure signal when
said percentage of exposure aperture size reference signal and the
instantaneous magnitude of the integrated ambient scene light signal are
equal; and

drive means for actuating said blade mechanism to
initiate an exposure interval and responsive to said end of exposure
signal for terminating said exposure interval.

7. A method of compensating for variations in“the response
time of a blade mechanism in a photographic camera com;)rising the
steps of:

providing a blade mechanism having a pair of overlapping
shutter blade elements with each shutter blade element having an
aperture therein that cooperatively define an exposure aperture, the
blade mechanism being mounted for movement between a blocking
arrangement in which the blade mechanism is in light blocking relation
with respect to an optical path so as to preclude scene light from being
transmitted along the optical path to a film plane and an unblocking
arrangement in which the blade mechanism is in light unblocking
relation with respect to the optical path so as to allow the passage of
scene light to the film plane through the exposure aperture when the
blade mechanism is actuated between its light blocking and unblocking
arrangements to produce an exposure interval;

sensing the relative speed of the shutter blade elements
with respect to one another and generating a signal representative
thereof;

using the shutter blade elemen:i relative speed signal to
establish a percentage of exposure aperture size reference signal

representative of a predetermined percentage of the exposure aperture
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required to produce a particular desired exposure;

sensing the ambient scene light during an exposure
interval and generating a signal representative thereof;

integrating the ambient scene light signal and generating
a signal representative of the magnitude thereof for any particular time
during the exposure interval;

comparing the percentage of exposure aperture size
reference signal with the integrated magnitude of the ambient scene
light signal and generating an end of exposure signal when the

percentage of exposure aperture size reference signal and the

instantaneous magnitude of the integrated ambient scene light signal are

equal; and
actuating the blade mechanism to initiate an exposure
interval, and to subsequently terminate the exposure intgrvhl in response
to the end of exposure signal. |
8. The method of claim 7 wherein the step of sensing the
relative speed of the shutter blade elements comprises:
providing an encoder for generating a series of time
related pulses representative of the relative position of the shutter blade
elements; and
| generating a signal representative of the relative shutter
blade element speed that is responsive to the magnitude of the time
interval between pulses in the series of time related pulses.
0. The method of claim 8 wherein the step of generating a
signal representative of relative shutter blade element speed includes the
step of generating a relative shutter blade element speed signal that is

responsive to the magnitude of the time interval between adjacent time

related pulses.
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