
- 1 - "Apparatus for Underwater Image-Recording as by Sonar-Triggered
Elapsed Time Strobe Photography and the Like" FIELD OF THE INVENTION 5 The
present  invention  relates  to  apparatus for image-recording. as by
elapsed-time photography or other successive frame photography,
particularly adapted for use underwater or in somewhat similar remote
circumstances, -and preferably employed with synchronously operated
electron strobe light flashing or similar illumination,. 10 and  preferably
under the   triggering  control of sonar  apparatus all self-contained
within the apparatus,  and designed for ready portability. BACKGROUND OF
THE INVENTION While it will be evident that techniques herein described may
also 15  be. used with other types of image-recording, such as television
camera recording, the invention will hereinafter be described in -
connection with  its preferred,  though not exclusive,  application to
underwater photography.  It will also be described  for exemplary purposes
in connection with portable use, as by vehicles, suspensions, 20 dolphins
or divers, and in connection with preferred sonar trigger- ing so long as
the sonar apparatus, incorporated as an integral part of -the system,
indicates that desired targets only are being detected in the direction of
the camera lens axis and are within the  range  limitations  where
image-recording  is feasible.    Such 25  sonar control is described in
earlier United States Letters Patent No. 4,105,990, issued to Robert
H.Rines and Duane Marshall and assigned to the Academy of Applied Science,
and is generally referred to in an article by said Rines and Howard S.
Curtis appearing in the  M.I.T.Technology Review of June/July 1979, pages
14-16, entitled 30 "Special Report: Underwater Imaging". Such  earlier
sonar-controlled  strobe-elapsed time camera  systems have  required
separate  sonar  and  camera equipment and packages that have not lent
themselves to ready portability or automation. The problem of
incorporating  acoustic  transducers near housings 



35  having internal cavities that can resonate; and the    -2- difficulties
in unifying structures embodying lenses and transducer arrays with
comparable zones of coverage that enable a single housing to point in a
particular direction with assurance that the sonar is not detecting targets
materially outside the field of view of the 5    lens optics, have been
considerable.  Such and other considerations, including providing for
simple automatic end-of-mission indications when the desired number of
pictures has been taken (important for notifying users of this condition),
and with inhibition of further elapsed time camera or strobe operation and
attendant battery waste, 10    are also admirably solved by the invention,
such being more generically useful in elapsed time remote photography, and
similar camera apparatus, as well. SUMMARY OF THE INVENTION An object of
the present invention, accordingly, is to provide such 15   a new and
improved sonar-triggered strob-camera apparatus having such novel and
improved features, including ready portability. A further object is to
provide more generally improved successive image-recording apparatus, and,
in particular, improved elapsed time camera apparatus. 20   An additional
object is to automate such apparatus so that a carrier, (such as a vehicle
or suspension or a diver or dolphin) need merely point at a desired target
within desired range limits, and the successive flash photographing of the
target will automatically proceed so long as the sonar continues to
identify the desired target and to 25   indicate such is within said range
limits;  and automatically cease when the desired target is lost, or the
target or apparatus carrier withdraws from the desired range limits, or the
desired number of pictures has been taken. According to the present
invention there is provided camera apparatus 30   comprising means for
producing successive electricalimpulses in response 



to automatic detection of an object to be recorded by said apparatus and
corresponding to successive frames of film;  film-drive motor means
connected to respond to said impulses and correspondingly to advance the
-3- film successive frames;  a shutter operable in response to each frame
advancement;  counter means having means for presetting a predetermined
number of counts corresponding to a selected number of shutter opera- tions
and frames; means for actuating said counter means in response 5   to each
impulse until the selected number of counts which having been achieved
provides And               output signal representative thereof;  and means
responsive to said output signal for thereupon inhibiting the film-drive
motor means and shutter operation. BRIEF DESCRIPTION OF THE DRAWINGS 10
The invention will now be described with reference to the accompanying
drawing, Figure 1 of which is an isometric view of the apparatus of the
invention, packaged for ready portability; Figures 2A and 2B are a circuit
diagram of the preferred apparatus;  and Figure 3 is a view showing the
equipment of the invention preferably 15   carried by a dolphin. BEST MODES
OF CARRYING OUT THE INVENTION The general preferred, though exemplary,
lay-out of the apparatus is shown in Figure 1, with a sonar transducer
array T (shown as four piezoelectric slabs) positioned as the four sides of
a square circum- 20   scribing the camera lens L, cemented or otherwise
acoustically connected to the inside surface of a plexiglass or similar
acoustic and light- transparent end wall window W of the elapsed time
camera housing tube H, as of aluminium. The sonar beam generated (and
received) by the array T at the window W in the water surrounding the
apparatus, in view of 25   this shaping of the array T, is thus of beam
axis substantially co- directional with the camera lens axis, and the
transducer elements are mounted to be just outside the optical field of
view of the proximal 



lens L.  For a frequency of about 200 KBZ, piezoelectric slabs about 6 cm.
long and 1.8 cm. wide forming substantially a 6 cm-sided square about a 30
Nikon 50 mm-fl.4 lens (35 mm film) of underwater optical angle about [err],
has been found satisfactory in fresh water.  The sealing of the window W to
the end of the housing tube H, as by bolting at B with an interposed
peripheral ring seal RS, as is well known, will provide water- tight
protection for the transducer array T and its connections, as well 35   as
the elapsed time camera components (motor drive M;  film supply FS,    - 3a
- take-up FT, gate FG and shutter CS and associated circuits described in
connection with the    -4- setting the desired target characterirtics,
range limitations, etc. for operation of the camera (Z1, Z2, etc., also
full described in connection with Pig. 2) are also disposed rearwardly
within the water-tight housing, with acoustic resonance inhibited by
adjust- 5 ment of location and by housing damping as by adhesive tape
sections AT on the housing. As hereinafter described, more particularly in
connection with Fig. 2L,if a pressure switch (labelled "PRESS SW" therein)
is to be used to prevent actuation above a certain water depth, the 10
water pressure inlet conduit may be sealed in the window W as at PSW in
Fig. 1. The similar strobe light housing E' is also shown in Fig. 1, as of
the types described in said Letters Patent and/or of the E G & G Geodyne
Type 206, and/or described in an article entitled 15 "Loch Ness and
Underwater Photography" by Charles W. Wyckoff appear- ing at p. 8-9 of the
MIT Technology Review, December, 1976,  Sonar Serendipity in Loch Ness",
The strobe lamp STR is shown exposed 



through a parabolic reflector R behind the end window W'. A shaped cushion
C as of rubber or the like is shown mounted.upon the 20 housing E', and may
also. be used upon the housing E to assist in harnessing the equipment
around a dolphin, for example, with a harness strap E'  shown attached
aroundthe body and housings in Pig. 3, such that the housings B and B' are
on either side thereof, rearward of the eyes, and pointingin the direction
of travel of 25 the dolphin. The interconnecting synchronizing
cable-between the housings is shown at C'in Pig. 1. It is now in order to
describe the details of the apparatus of the invention in a best mode
embodiment. Referring to the exemplary circuit diagram of Pigs. 2A and B,
30 the piezoelectric transducer array is illustrated at the upper left at T
in Fig. 2A, connected across a tuned circuit T1 driven from a class C
amplifier section of a sonar transceiver integrated cir- cuit Z6 (pins 4-6
thereof, labelled "Tx") cooperative with tank circuit Ll (pin 1) to
generate the transmitted sonar pulse under 35 the pulsing control of a
free-running multivibrator section of a "quad-latch" integrated circuit
Z2(A). The stages Z6 may, as an example, be of the Rational
Semiconductortype LM1812.  The integrated circuit Z2 may, for example, be
of the RCA type CD4044-AB, generating in the quarter section Z2(A) a pulse
of the order of a 40 millisecond, as an illustration, to drive the
before-mentioned    -5- class C driven section Of Z6.  When Z2(A) shuts
off, the sonar echoes received at T are applied at pin 4 of Z6 and, using
the came tank circuit L1 that generated the transmitted pulses, are
amplified in the stages of Z6, with inter-stage networks S8, etc.
selectable to 5 set the sensitivity of the receiver portion of the sonar
transceiver, as is well known. As explained in said prior Letters Patent of
Rines and Marshall, it is desired that only sonar target signals having
predetermined 



- characteristics (as from the right size or width target, for exam- 10
ple) and within certain ranges (such as those within strobe-camera
photographic effectiveness), cause the activation of the image- recording
system. In searching for underwater animals of certain size, and in water
with photographic range limitations, for example, as in researches at Loch
Ness, Scotland (where the equipment may be 15 suspended from the surface to
monitor Underwater animal life, or it may be carried by dolphins or other
carriers as in Fig. 3 to seek out such life), or in other applications such
as inspecting parti- cular man-made or other objects, including rigs and
pipelines under the sea, and/or archaeological objects, it is desirable to
20 conserve the energy of. the strobe or other lighting or illumination
system and/or the recording film, tape or other medium, for use only when
the sonar has detected the desired object(s) and the apparatus is within
appropriate ranges and orientations with respect to the same. Stages Z1(A)
through(D) in Fig. 2 enable these results in the 25same manner described in
said Letters Patent, Z1 comprising a quad "nor" gate asof the RCA type
4001, for example. Section Z1(A), pins 8-9-10, fed from the output "OU" of
Z6 (pin 14), gates the maximum range signal to prohibit target signals
greater than the predetermined maximum effective range, as presently
explained. Sec- 30 tion Z1(B) at pins 4, 5 and 6 is an inverter to obtain
proper polarity for the later-described target width control at Z2(C),
determining what minimal width dimension characteristic of the target is
desired in the search. Pins 1, 2 and 3 of section Z1 (c), Fig. 2B, are the
terminals of the target width gate output (pin 10) of Z2(C); and 35Zl(D) of
Fig. 2A at pins 11, 12 and 13, serves to. mix the sonar pulse width
generated in Z2(A) and the maximum range one-shot from pin 9 of section
Z2(B) for both maximum and minimum range control. Switches S2 ("MIN.
RANGE") enable selection of an appropriate RC delay recovery of the output
of Zl(D), pins 11-12-13, to control    the minimum range time allowable.
Switches Sl ("MAX RANGE") simi- 



larly enable appropriate time-constant selection for Z2(B) to cor- trol the
maximum range.  And in like manner, switches S3 ("TARGET WIDTH") enable
selection of the predetermined desired target echo 5 minimum width
for-activation of the gate Z1(C), Fig. 23. Various sections of a
hex-inverter 23 (Z3(A) through (F)), such as of the RCA type 4049, are used
for inversion purposes, including Z3(C) pins 6 and 7, between the output
pin 13 ofZ2(A) and the input pin 12 of Zl(D); and Z3(D), pins 9 and 10,
between the 10 output pin 11 of Zl(D) and the input pin 8 of Z1(A).  Two
other sections of Z3, namely Z3(E) at pins 11 and 12, and Z3(7) at pins 14
and 15 (upper right.of Fig. 2B), are shown connected to operate as a
Schmidt trigger circuit with delayed turn-off and turn-on rise time in
response to the output fed from pin 3 of the gate 15 Zl(C) through a diode,
that aids in decreasing of false signal triggering and prolongs the
later-described camera. motor. turn-off after the last 'shot" of the
trigger circuit when the target is no longer at the desired range. This is
effected by applying the out- put at Z3(F) pin 15 through a diode to pin 14
of section Z2(D) that 20 operates as. a free-running multivibrator (pins
14, 15 and 1) when permitted by the Schmidt trigger citcuit, so that one
phase or mod.e of its timing cycle determines the camera shutter time and.
the other complementary phase establishes the film frame rate. The elapsed
time camera controls may be of the type described and re- 25 ferenced in
said Letters Patent, as of the Geodyne Types 204, 204B of E G & G,
Wellesley, Massachusetts, ..or the 35 mm underwater cameras of Benthos Inc.
of Falmouth, Massachusetts, described in said Wyckoff article, or any other
well-known conventional type. The further inverter section Z3(A), pins 2-3,
aids the free- 30 running characteristics by artificially re-creating the
complementary mode.. When a qualified target has been detected, therefore,
two. outputs result from Z2(D).  The "Q" output at pin 1 of.Z2(D),. Fig.
23, is used to control thecamera shutter drive and comprises transistor Q
(fed via conductor labelled "SHUTTER" from pin 1 of output rises, Q4
conducts and its collector passes current "Q"through the "SHUTTER
SOLENOID".  The complementary "Q" output at pin 2 



feeds a dual flip-flop Z4(A), pins 3 through 6 and 1. This section    Z4(A)
is triggered as a one-shot, driving thecamera motor driver transistor stage
Q4 (such as, for example, a Motorola type MPSO45) to operate the camera
motor M to advance the film in conventional elapsed time camera fashion.
The one-shot operation allows suf- 5 ficient time for rotation of a cam
that activates the "FRAMING SWITCH so-labelled, (which can synchronously
control the strobe flash or other illumination, as explained in said
Letters Patent), to open up the motor circuit at the end of the frame. The
variable capacitive time-constant selections available by switches S4 and
10 S5 connected with multi-vibrator Z2(D) permit selection of shutter
timing and frame rate. A frame count may be desired to indicate the number
of pic- tures taken of the sonar-detected target of appropriate character-
istics and range. In applying the equipment of the present inven- 15 tion
to the mounting of the same upon dolphins or other carriers, the automatic
signalling that the required number of strobe-pictures has been taken to
order return to the surface, is desirable and will later be described; but
in other applications, also, such a frame counting may be required or
useful. 'A visual framecounter, 20 labelled "FRAME TOTAL COUNTER INDICATOR"
(lower right of Fig. 23) is shown driven by transistor Q3 either by Z4(A)
or by a switch- controlled free-running multi-vibrator section Z4(B), pins
8-13, to allow manual advancement or setting of the frame counter by
depressing a switch labelled COUNTER ADVANCE" connected with pins 8 and 12
25 of Z2(B) -- the multivibrator running to generate counter indicator
controlling impulses while the switch is depressed to advance the counter
until release of the switch. This is useful when re-setting the apparatus
after use or test. All of the shutter drive transistor Ql, the frame
totalizer 30 transistor Q3 and the motor pulser transistor Q4 are shown
returned to ground (or chassis potential) through a further transistor Q2 



which only turns on when the appropriate target is detected by the sonar,
because it is gated by the output of Pin 15 of Z3(F). Another feature of
the design of the invention, appropriate 35 far more broadly than in the
illustrative equipment uses before discussed, is automatically preventing
or inhibiting further camera motor operation and film advancement and
shutter operation when the desired number of pictures has been taken --
thus to prevent battery    or other energy source useless    run-down,
including the energy of the strobe or illumination system where used, as
well.  This is shown effected by the application of another "Q" output from
pin 3 of Z3(A) to pin 1 of an electronic counter Z5, as of the 5
presettable dual-decade down-count type, with the aid of switches S7, such
as RCA type 40102. Each clock pulse representing a shutter operation
applied at pin 1 of Z5, will increment the counter down- wards so that when
it reaches 0, its carry output at pin 14; drops in voltage. Inverter
section Z3(B), pins 4 and 5, will 10 invert this and provide an output to
disable the framing multi- vibrator Z2(D), via conductor DA, eliminating
further shutter pulses and film advancement and strobe or other
illumination flashing. For indicating purposes, such as alerting the
dolphin or other carrier, the output of Z3(B) may be fed to an alerting 15
indicator, shown as an audible buzzer, so labelled, to indicate that the
desired number of photographs has-been taken. It is useful to simulate the
detection and verification of suitable targets to test and calibrate the
apparatus.  This can also be useful to effect from outside the water-tight
housings of 20 the apparatus.  At the bottom left of Pig. 2A are shown
circuits for -  achieving these ends.  Transistors Q   and Q2' are shown
connected to function in a regenerative loop analogously to an SCR switch.
The pair of zener diodes Z connected to the base of Q2' provide regulated
output at its emitter. Power from apair of 9-volt 25 batteries provides
regulated 12 volts when [err] latch on.  By 



applying a magnet to the spot of the "ON" magnetic switch (M5 in Fig.1 from
outside an aluminum or other suitable housing),trickle cur- rent through
[err]will act as a simulated appropriate target received by the sonar Z6,
and will continue to simulate the target so long 30 as the magnet is
positioned near the "ON"  switch.  Applying  the cause current. to flow
through [err] and open up [err] To avoid spurious turn-on in operation as
from inadvertent sonar- triggering on the water surface or from the hull of
a vessel or 35 the like, the apparatus may be rendered incapable of
operation until a pressure switch, labelled "PRESS SW", connecting the +18
volts directly to the collector of [err] and making it unnecessary to use
the regenerative section of [err]   is actuated at a desired    minimum
depth. This is important in the before-mentioned dolphin or related
operations; and the required depth of arming of the apparatus can be set
outside the maximum range setting to avoid such undesired operation of the
apparatus. 5  Indicator lamps demonstrating that all circuits are operating
satisfactorily are also provided, the "ON-RED" indicator being driven by
[err], and a "GREEN" indicator (far right and bottom of Fig. 2B),
indicating when the camera motor is driven,a dimming of which is a sign of
a drop in motor voltage. 10 Clearly parts of the invention are useful more
generally in elapsed time and similar image recording, as where, for
example, the feature is desired of inhibiting further camera motor and
strobe operation after a predetermined number of frames has been advanced,
together apart from producing signal indications thereof. 15 Reference
should be had throughout to our co-pending application 8122284.    -10_ 



CLAIMS 1. Camera apparatus comprising means for producing successive
electrical impulses in response to automatic detection of an object to be
recorded by said apparatus and corresponding to successive frames of film;
film- 5   drive motor means connected to respond to said impulses and
correspond- ingly to advance the film successive frames; a shutter operable
in response to each frame advancement; counter means having means for pre-
setting a predetermined number of counts corresponding to a selected
provides number of counts which having been achieved provides an output
signal 10   representative thereof;  and means responsive to said output
signal for thereupon inhibiting the film-drive motor means and shutter
operation. 2'-. Apparatus as claimed in claim 1, including electronic
strobe means, and means actuated as successive shutter operations are
effected for triggering the strobe means to produce synchronously a flash
of light for 15   each frame, said inhibiting means also preventing a
further triggering of the strobe means. 3. Apparatus as claimed in claim
1,. including means responsive to sonar detection of said object for
enabling said film-drive and shutter operation. 20   4.  Apparatus as
claimed in claim 1, wherein said counter means comprises an electronic
..down-count counter having means for setting said pre- determined count
number and means responsive to each impulse represen- ting a shutter
operation to increment downwards, said disabling means being responsive
tocomplete downward incrementing of the counter said 25   predetermined
number. Apparatus *as claimed in claim 1, wherein means for generating
impulses similar to frame-advancing impulses is provided, and being
operable by switch actuation to provide for the setting of counter
indicator means.    


