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DEDICATED PHOTOGRAPHIC FLASH SYSTEM
FOR YARYING FLASH SPREAD BASED UPON
CAMERA-TO-SUBJECT DISTANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to cameras with elec-
tronic flash capability and, in particular, to a system for
improving the quality of direct flash illumination, by
automatically coupling flash spread to subject distance.

2. Description of the Prior Art

In the field of photography, there are numerous types
of cameras available that have dedicated flash systems.
Many of these cameras include a built-in flash unit that
is an integral part of the camera. The field of illumina-
tion of such flash units is often designed to be less than
the angle-of-view of the objective lens of the camera in
order to maximize the flash range, that is, to obtain
maximum subject distance for an acceptable flash expo-
sure. However, when the angle-of-illumination is less
than the angle-of-view of the objective lens, the center
of the image field receives a disproportionately high
percentage of the total illumination. As a result, the
flash illumination, especially at short camera-to-subject
distances, is harsh and displeasing, and the resulting
lighting contrast between the principal subject and the
surrounding objects is often quite high. This often
causes printer-classification failures. These failures,
brought about by non-uniform illumination and over-
exposure of the principal subject, induce a printer algo-
rithm used in an photographic printer at a photofinisher
to calculate improper printing conditions. As a result,
the yield of acceptable prints is reduced and the photo-
finisher is compelled to reprint many negatives thereby
adding time and cost to a photofinishing process.

In some cameras, the effects of such illumination
problems are mitigated by providing means for selec-
tively varying the flash illumination. For example,
bounce flash, that is, directing or aiming the flash tube
at a ceiling, white card or other light scattering source,
is one solution that can provide a more uniform, diffuse
illumination at short camera-to-subject distances that
direct flash illumination can. However, power and size
constraints have prevented its use in compact cameras.
Flash units that permit bounce flash normally require
increased capacitor size and, therefore, larger power
sources. Also, such units usually have relatively long
recycle times.

Another solution to the illumination problems en-
countered in compact cameras involves the use of a
flash unit in which the direction of the light beam emit-
ted from the flash can be varied relative to the optical
axis of the objective lens of the camera. Redirecting the
light beam from a flash unit can improve the picture
quality by reducing the illumination of a close-up sub-
ject. U.S. Pat. No. 3,882,514 (issued to T. Graham on
May 6, 1975 and hereinafter referred to as the 514
patent) describes a camera with a self-contained adjust-
able flash that varies the light beam direction from the
flash as the objective lens is manually focused.

A further flash-illumination solution involves the use
of a wide-angle flash reflector/diffuser. Wide-angle
direct flash coverage usually provides improved scene
illumination, particularly at short camera-to-subject
distances, when compared to units that vary the direc-
tion of the flash beam as in the ’514 patent. However,
although wide-angle direct flash units have served the
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purpose, these units have not proved entirely satisfac-
tory because they reduce flash range. As such, cameras
have been developed with a moveable diffuser that
provides wide-angle illumination only when manually
engaged. Wide-angle illumination at short camera-to-
subject distances is achieved, usually at short camera-
to-subject distances, by manually moving the diffuser to
a position in front of the flash. Narrow, more specular
illumination at longer distances is achieved by retract-
ing the diffuser away from the flash.

U.S. Pat. No. 4,176,930 (issued to T. Imura on Dec. 4,
1979) describes a camera with a self-contained flash
systemn having a moveable diffuser for varying the il-
lumination angle. The camera comprises two objective
lenses; namely, a telephoto lens and a wide-angle lens,
that may be manually selected by the operator. The
wide-angle lens is selected by manually moving a
bracket that moves the diffuser into the optical path of
the flash for wide-angle illumination. When the tele-
photo lens is selected, the bracket movement retracts
the diffuser away from the optical path of the flash to
increase flash range and provide narrow, specular il-
lumination.

A method for automatically varying the illumination
angle in response to the selection of the focal length of
the objective lens is shown in U.S. Pat. No. 4,851,868
(issued to N. Faniguchi et al on Jul. 25, 1989). Here, a
flash unit is coupled to a microcomputer that receives
digital data that represents the focal length of the lens.
The focal length data is transmitted by the microcom-
puter to a control mechanism that alters the angle-of-
illumination of the flash unit: such that this angle coin-
cides with the angle-of-view of the objective lens.

As the preceding summary illustrates, none of the
illustrative prior art embodiments set forth above varies
flash illumination in a simple, inexpensive and automatic
manner to prevent a subject, particularly at relatively
short camera-to-subject distances, from becoming ex-
cessively illuminated during a flash exposure. Conse-
quently, these embodiments which vary illumination
angle will require a secondary means for regulating
exposure, such as electronically quenching the flash
emission or changing the size of the objective lens aper-
ture. Use of such systems or associated mechanisms to
provide this type of exposure control adds cost and
complexity to the camera; as such, they are not suitable
for use in inexpensive camera products.

Thus, for quite some time, a need has existed in the art
for a simple, inexpensive and automatic system for vary-
ing flash illumination in a manner that effectively pre-
vents a principal subject, particularly when located at
relatively close camera-to-subject distances, from be-
coming over-exposed by the flash. Such a system, if it
were to exist, would be well suited for use in inexpen-
sive camera products, including fixed-focus, fixed-aper-
ture cameras that do not include secondary exposure
control systems or mechanisms.

SUMMARY OF THE INVENTION

We have advantageously developed an electronic
flash system that overcomes the deficiencies known in
the art.

Through our invention, we provide a camera with an
electronic flash system in which the flash angle-of-
illumination (i.e. flash spread or beam width) is based on
subject distance, as automatically determined by a
rangefinding system in the camera. To attain this, the
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present invention contemplates a unique electronic flash
system having an actuator coupled to the camera range-
finding system for automatically varying the angle-of-
illumination of the flash. Our inventive camera also uses
exposure information, specifically ambient light level,
to determine whether flash illumination should be used
at all, i.e. whether flash illumination is expected to actu-
ally improve the lighting contrast levels in the scene
being photographed or not.

Specifically, the present invention is a dedicated flash
system having moveable light-directing elements that
may be controlled in response to electrical outputs from
the rangefinding control system. The moveable light-
directing elements include moveable lenses, diffusers
and/or reflectors that can be automatically moved to
different positions, thereby varying the illumination
angle and providing a plurality of different levels of
light output.

By varying the angle-of-illumination of the flash in
response to subject-distance information, the present
invention improves lighting uniformity, provides inex-
pensive exposure control and improves photofinishing
yield in one simple operation. At short camera-to-sub-
ject distances, the flash angle-of-illumination extends
beyond the angle-of-view of the objective lens of the
camera, thereby producing uniform, diffuse lighting
and eliminating over-exposure of the principal subject.
As the camera-to-subject distance increases, the flash
angle-of-illumination is reduced. The reduced angle-of-
illumination provides extended flash range and proper
exposure of the principal subject.

In accordance with specific teachings of our inven-
tion, our inventive electronic flash includes a light
source having a flash tube mounted adjacent a reflector.
An actuator comprises an electric stepper motor for
controlling the movement of a pair of opposed diffusion
plates. The actuator includes a pair of armatures that are
controlled by the microprocessor control circuit of the
camera. This control circuit selects the appropriate
diffusion plate in response to the outputs of the range-
finding control system. Flash illumination is triggered
by the microprocessor control circuit if the exposure
control system in the camera determines that the ambi-
ent light level is sufficiently low such that flash illumi-
nation is expected to improve the lighting contrast level
in the scene. In particular and assuming that the ambient
light level is sufficiently low to support flash photogra-
phy, when a photograph is to be taken, the diffusion
plates are pivoted by the actuator to one of three differ-
ent positions based upon subject-distance. In one posi-
tion, the neutral position, the diffusion plates are posi-
tioned on opposite sides of the reflector. In a second
position, the actuator pivots the diffusion plates such
that one of the plates covers the light output of the
reflector to create wide-angle illumination of the sub-
ject. In the third position, the actuator pivots the other
diffusion plate into position to cover the reflector out-
put to create super wide-angle illumination. In another
embodiment of our invention, the light output passes
through a circular cylindrical lens-diffuser that has
three sections. One section of this lens-diffuser is clear
for normal illumination; another section has a diffuser
surface for wide-angle illumination; and a third section
is a lens for long range illumination. A further embodi-
ment of our invention utilizes a single diffuser plate that
is moved towards or away from the light source to
create different flash angles of illumination. An addi-
tional embodiment of our invention relies on varying
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the shape of the surface of a flash reflector to create
different angles of illumination.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention will be readily
understood by considering the following detailed de-
scription in conjunction with the accompanying draw-
ings, in which:

FIG. 1is a front elevation view of a first embodiment
of our invention shown in a first operating position;

FIG. 2is a left side elevation view of the first embodi-
ment shown in FIG. 1;

FIG. 3 is a view similar to FIG. 2 but showing the
first embodiment in a second operating position;

FIG. 4 is a view similar to FIG. 2 but showing the
first embodiment in a third operating position;

FIGS. 5-7 collectively depict a second embodiment
of our invention similar to that shown in FIGS. 2-4 but
with only one single armature and situated in the same
respective positions as shown therein;

FIG. 8 is a pictorial view of a third embodiment of
our invention;

FIG. 9 is a sectionalized side view of a fourth embodi-
ment of our invention;

FIG. 10 is a sectionalized side view of fifth embodi-
ment of our invention; and

FIG. 11 is a side view of a sixth embodiment of our
invention.

To facilitate understanding, identical reference nu-
merals have been used, where possible, to denote identi-
cal elements that are common to various figures.

DETAILED DESCRIPTION

Referring now to the drawings, FIGS. 1-4 show
electronic flash system 20 having flash tube 21 mounted
at the focus of parabolic reflector 22 that is fixed to
camera body 23 (FIGS. 1-2). Reflector 22 has a front
aperture covered with light-transmitting protective
plate 24.

Four-pole magnet 31, in the form of a relatively thin
circular plate, is fixed on shaft 35 which is rotatably
mounted on camera body 23 and biased by coil spring
36 into a neutral position shown in FIG. 2. Two poles of
one polarity, e.g. north, and two poles of the opposite
polarity, e.g. south, are alternately and symmetrically
spaced about the perimeter of circularly shaped magnet
31

A pair of C-shaped magnetic cores (armatures) 41 and
42 (not shown in FIG. 1 to expose underlying magnet
31), fixed to camera body 23, each have two pole faces
that are mounted adjacent to two neighboring poles of
magnet 31. Electrical winding (coil) 51 is mounted on
core 41. Winding (coil) 52 is mounted on core 42.

Bracket 53 is fixed, at one end thereof, to magnet 31
and carries, at its other end, diffusion plate 58. Second
bracket 54 is fixed, at one end thereof, to magnet 31 and
carries, at its other end, second diffusion plate 59. Diffu-
sion plates 58 and 59, fabricated from glass, plastic or
other suitable material, are each slightly larger in size
than plate 24 that covers the light aperture of reflector
22. Also, diffusion plates 58 and 59 are spaced from each
other by a distance slightly greater than the height of
plate 24. Diffusion plates 58 and 59 have different angles
of diffusion that will depend on the specific photo-
graphic system requirements. For example, diffusion
plate 58 may be designed to produce a wide-angle diffu-
sion, while diffusion plate 59 is designed to produce an
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even wider angle of diffusion, i.e. a so-called “‘super-
wide” angle.

Windings 51 and 52 are connected, through well
known drive circuit 120, to microprocessor control
circuit 110. Circuit 110 receives exposure information,
e.g. the ambient light level, from exposure control sys-
tem 61 and subject-distance information from range-
finding system 63. In response to the measured light
level obtained from system 61 and subject-distance in-

formation obtained from system 63, microprocessor-

control circuit 110, through drive circuits 120, imple-
ments appropriate logic to activate the firing circuitry
(not specifically shown) of the flash and energize either
winding 51 or winding 52 or neither winding. The expo-
sure control system includes a light-metering system,
which, in a simple implementation, consists of a photo-
conductive CdS cell which is used to detect the ambient
lighting level. This system produces a high level when
the ambient light level falls below a predetermined
threshold amount. Advanced light-metering systems
that measure the ambient illumination in a plurality of
areas within the field-of-view of an objective lens (not
shown) mounted to camera body 23 may also be used, if
desired. With such advanced systems, the lighting con-
trast in the scene may be measured and used as a basis
for triggering flash illumination for use as fill-flash il-
lumination for photographing daylight scenes or use as
full-flash illumination for photographing night scenes.
Rangefinding system 63 determines the camera-to-sub-
ject distance with an, for example, infrared triangula-
tion device, such as 3-Zone Rangefinder Circuit number
H2152 currently available from Hamamatsu Corpora-
tion of Japan. This rangefinding system can either be a
“stand-alone” system or one contained within an au-
tofocusing system that is used in the camera. For sim-
plicity and since autofocusing has no relevance to the
present invention, we will henceforth consider range-
finding system 63 as a “stand-alone” system. Micro-
processor control circuit 110 may utilize any one of
many well-known currently available microprocessors,
such as model 6805 produced by the Motorola Corpora-
tion, in conjunction with associated circuits (such as
illustratively input/output circuits and memories) or
even a single chip microcontroller. Inasmuch as the
detailed manner through which circuit 110 is imple-
mented, as well as that for exposure control system 61
and rangefinding system 63, is either well known in the
- art or readily apparent to anyone skilled in the art, then,
to simplify the following discussion, the specific imple-
mentation of circuit 110 and of systems 61 and 63 will
not be described in any detail hereinafter. Furthermore,
since the software embedded within and used to operate
microprocessor control circuit 110 to activate the flash
unit and vary its angle-of-illumination in accordance
with our inventive teachings would be readily apparent
to anyone skilled in the art, then, again for simplicity,
the following discussion will also omit any details
thereof.

In operation, four-pole magnet 31, cores 41 and 42,
and windings 51 and 52 collectively form a simple
three-position stepper motor that acts as the system
actuator for pivoting diffusion plates 58 and 5§9 into one
of the three discrete -positions as illustrated in FIGS.
2-4. The neutral position, illustrated in FIG. 2, occurs
when there is no power applied to either winding 51 or
52. In this instance, coil spring 36 holds magnet 31 and,
therefore, diffusion plates 58 and 59 in the position
shown. In the neutral position, light from flash tube 21
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6
is transmitted through the open space between diffusion
plates 58 and 59. As such, diffusion plates 58 and 59 will
not interfere with this light. Accordingly, the full light .
output from reflector 22 will be available for telephoto
and/or high-illumination photography.

When rangefinding system 63 detects that the subject
is within a certain subject-distance range and that expo-
sure control system 61 determines that the ambient
lighting level is suitable for flash illumination, then
microprocessor control circuit 110, through drive cir-
cuit 120, energizes either winding 51 or 52. For exam-
ple, if the subject is within range for normal photogra-
phy, winding 51 may be energized to pivot magnet 31
clockwise into the position shown in FIG. 3. Diffusion
plate 58, which may produce a moderate wide-angle
diffusion, will now cover the aperture of reflector 22.

Likewise, if the subject is detected by the rangefind-
ing system 63 to be within the range for close-up pho-
tography, and flash illumination is appropriate as indi-
cated by exposure control system 61, winding 52 will be
energized to pivot magnet 31 counterclockwise into the
position shown in FIG. 4. Here, diffusion plate §9 cov-
ers the aperture of reflector 22, thereby producing the
maximum amount of wide-angle illumination.

The embodiment shown in FIGS. 2-4 can also be
constructed with a single armature as collectively de-
picted in FIGS. 5-7. Here, the embodiment is identical
with that shown in FIGS. 2-4 with the exception being
the omission of armature 42 and winding 52. In this
case, winding 51 would be energized through drive
circuit 120 by applying to it a drive current of appropri-
ate level and polarity to rotate magnet 31 in a desired
clockwise or counter-clockwise direction from its neu-
tral position shown in FIG. 5.

FIG. 8 illustrates a third embodiment showing elec-
tronic flash system 62 that is constructed in accordance
with the principles of our invention. System 62 includes
reflector 64 having light output aperture 65. Reflector
64 houses flash tube 66. A pair of diffusion plates 67 and
68 are mounted on either side of reflector 64 through
brackets 69 and 70, and shaft 71 and 72, respectively. A
pair of magnets 79 and 80 are fixed on shafts 71 and 72,
respectively. Magnets 79 and 80 are cylindrically
shaped two-pole magnets. These magnets are situated
between opposing pole faces 73 and 74 of C-shaped
armatures 75 and 76, respectively. The resulting mag-
netic circuits are bi-stable, thereby eliminating a need to
include coil springs to return the magnets to a starting
position. Normally, brackets 69 and 70 are positioned
such that diffusion plates 67 and 68 are pivoted to oppo-
site sides of reflector 64. Armatures 75 and 76 have
respective windings 77 and 78. )

Reflector 64 and armatures 75 and 76 are fixed to the
camera body (not shown). Shafts 71 and 72 are also
mounted for rotation on the camera body. Diffusion
plates 67 and 68 may each be pivoted individually from
the normal position at the sides of light output aperture
65, as illustrated by the position of plate 68, to an en-
gaged position in front of aperture 65, as illustrated by
the position of plate 67 by energizing winding 77 or 78
with a drive current of appropriate polarity. Windings
77 and 78 are connected to the outputs of drive circuit
120 in the same manner as shown in the embodiment
depicted in FIGS. 1-4.

Operation of the embodiment shown in FIG. § is
similar to that of the embodiment depicted in FIGS.
1—4. Diffusion plates 67 and 68, like plates 58 and 59,
possess different degrees of diffusion. Depending on the









