ar tqus for Underwat er I'mage-Recording as by Sonar-Tr i'gger'edg‘ qgeg
} Strobe Photography and the Like" FIELD OF THE | NVENTI.ON ‘T%e'
present \zifivention relates "to appar atug‘ for i njge; recording. "as by

el apsed-tine phot ography o %Ss&?,c,_etﬁ,&y\ga{éaqﬁé” ar ,
particul arly adapted for u: WPLRY s Rbred sl 81 renot e
circunstances, -and preferably egpl O\ ol .%EE-ngusly oper at ed

el ectron strobe light flashing "’“-“’“' tret+on, . 10 and preferably
under the triggering control of sonar apparatus all self-contained

wi thin the apparatus, and dgsiLQf J rtability. BACKGROUND OF
THE | NVENTION While it wll ggﬁgg:ageﬁbg tlh’gg%c@ﬂni ques herein described may
al so 15 - BeqneSegredent Oimaintiipnesrelfatesngto r cappattetgs forh iregeetecdrsiiog.
camera recording, the inventiqn will ‘hereinafter_be described in -

connecti on @St BY Fi@? fdPe PNOLAERARIY, o CERE | BSRE IV%p%aF‘EaPWSP“Y'
underwat er phaetoaiaRly. addpted! | fat swske dndervdted &or inx esgpleshat plsipdlas
in connection with portable use, . as, b¥> VEhi' les, su:'? e si"g1 %0 gg&mf
or divers, RECHS CHERECTTTERY t Pt oFEF %’Eiacbslé'na?’? cﬁ'&éer- g Y0 rNG sy
the sonar apperates, electrapor stmdbeaslighti nflaghdhgpart similahe id}emimation, .

I ndi cat es,t hat, desised r o] are.:hej e | Qet 're&;jagg

t he Camai‘g Iaé’ﬁs B rgﬁ a%g'}%rt% tﬁ%lgggﬁ%ﬁ %&_ﬁ}ti%s ere ;8;
i mage-r ecor dildg self-fontaisied withdncHti®s appacatusont mpfl idesdgued | fer irgady
eartier Unit gtﬁgﬁkﬁs, Letters Patent No. 4,105,990, issued to RGbert

H R nes and ane Shall and assigned to the Acadeny of Applied Science,
and is generally referred to in an article by said Rines and Howard S. .

Curtis appearing in the MI gl-da&Re! @9YmBeYk@ebyJune/ July 1979, pages
14-16, entitled 30 "Special Report: Un%grwater Irragthng". Such earlier

sonar - cont r Had ist B2 beasyddent nthatanteqinigyes chereiny esexifed; gy also

separat e15sqQar witHTBEhe2d Vb IR Lo NEmBREkaa8aidat ke 40t téfflision
t henmsel ves to ready portability or automation. The prdbl em of . ]

i ncor por-at i rRgmesR o ¥SEPEIINGs arfdfuctIvENtdan MBddi Miggeinafter- 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 li.mitat:ions vwhere 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 Alcadsny' 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 systews

have required separate sonar and camera equipment and packages

" that have not lent themselves to ready portability or automation.

The problem of incorporaf;ing acoustic transducers near housings
35 having internal cavities that can resonate, and the -




. 35 having internal cavities that can resonate; and the -2- di fficul‘@

I n uni fying stoructures enbodyi-ng | enses "and transducer arrays with

compar abl e zones of. coverage that enable a single housing to point in a
parficular diréction with assurance that the sonar is not detecting targets
materlally outside the field of viewof the 5 ° lens optics, have been
conS| derable. Such and ot her considerati®ms, including providing for

l'e aut Onﬁﬂfﬁc&&dengSﬁﬂﬁﬂg idtghealred r@nb‘dbﬁhgt Dénhsde saride dramsdhesr of
S'nét W th | nPBEYP OH BT CTBPTRGe BTA5oth P HERSa B B L8 F SHBED SR and
attendant batd @bynuvaﬁte,paibmculaarcﬁ.ratmnamw abduragcd \thdt et $mnarnvent i on,
il ar cancrh aaiarer e atlafh ackfy i ahaREs ke BRe BIRB AP BEENY F1
the present lengepptiss, W@o‘??ﬁ“n@?%ﬁld?%abtle priYeh FRdseitsr18ensidenadragd
i mproved Sonﬂicihair@%&ﬁd&hé qlarce?amna amlaﬂéﬁbusnélaw-mssmhnameaimmd
i nproved features, 1nclud m\gv’reag% gétabl I|t A furt e I‘aect is to
provi de nore RS, Ebe, [degines P PLEBELT NS R 'PFg &oparfafus, and,

4 N parti cul afotifpixigh veer=cbapigdad ¢ond&timier@dappﬁr anwltzon of Afurddidir t i onal

object is to_paut S a ( Sea8tyehicle
_or suspensi onfl%sggqél 3e¢§n@r§3’q‘l Lﬁto‘é,ﬁ ﬁ&eégmere ét/%rgg%ﬁc{angt@&fgré%l f“gﬁ t ar get
Zei t hi n desi rexk eisgy@dmirgbly, Soéfﬁad tblﬂet%%ééé%@ll%- fSugk (PeIAS MSG R BATEAL DY t he

target will gadrQiedd chdakdPEMRePshote prtggiiphly) Gand0 i 166 NiainBi® pbaratus,
identify the desired target and to 25 I ndicate such is within said range
limts; and®fedhmtical l y cease when the desired target is lost, or the
target or apparatus carrier withdraws fromthe desired range Ilmts or the

desired nunber of pictures has QWM§%E%&ﬁw to the present

I nvention there is provided canera apparatus 30 conprising nmeans for
produci ng sube@bdecie of| et PTesenf npfYPSEM: n2qes Py, 1s 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 imﬁroved successive
image-recording apparatus, and, in particular, improved elapsed time

camera apparatus.

20 An additional object is to automate such apparatus so that a carfier,
(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 fiash 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 ﬁarget or apparatus carrier
;qifhdraws from the desired range limlts, or the desired number of
pictures has been taken.

.
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Accordlng to the present invention there is provided camera apparatus

30
f;l‘ to-automatlc detection of an obJect to be recorded by said apparatus and

4

compr1s1ng means for producing successive electrical impulses in response

2

correspondlng to successive frames of film; film-drive motor means

-connec¢ted to respond to said impulses and correspondingly to advance the



§ fil msuccessive franes;

automatic detection of an object to be recorded by said appar atus and
orrespondi ng to successive franes of film filmdrive notor neans
nRected to respond to said i mpul ses and correspondi ngly to .advance the

a shutter operable in response to each frame

.advancenent; counter neans having neans for presetting a predeterm ned
nunber of counts corresponding to a sel®cted number of shutter opera- tion

and f ranesﬁlmeai&‘ceégiveaﬁu@tsl NGa saufke@ow&eblmnsespanﬁescpom Bramet 0 eac
I mpul se u

provi des

d
F eot § means

nt the selected nunber, of counts whi ayi n. hi eV
A#d'ancemen%;_ counter m?%'\ust hgl nﬁaTxearngp}rL\ers gn?s% | \1/%8 tahgged %%rmi%

r esponsi venumbes aifd courttgutorsiegperidihgrta hesedigpted inphbdy of rafuther fOPPJm-dr ive
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not or

drawi ny,

I nventi on,

di f th ed
o aterpnEive £4 fhig AP i

Fiygren fmarlsmpriil sheyPeleaifct FREeyi v BF %
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carrile

SPaﬁ‘iS‘%e‘b the
fanthndBmein® a circuit
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OF CARRYI Ni» QU TmeRHE 4rdVERIHEN q'magmral preferred, though exenplary,
| ay-out of the apparatus is shown in Figure 1, with a-sonar transducer

array T (shown as four piezoelectric sla

ositi oned as the four

bs
a square circum 20  scriBRRY QEﬁER%Pé‘F@NePF) DRAWENGRent ed or ot herwi se
acoustocal 'héé lciﬁmh bedvil® Adieve na“alsgﬁm‘elulr ‘f;m:egefen\'?\'vnaé %Lg&a&acmpaa&mg ar
acoustic and |ight- transparent. end wa ow W0 e ela
caner a hougﬁ'ar‘i‘d“gugégﬁe gsgtgf"’%é?tbrhsn%rhs"%v%qgon ?)é t:‘h g%‘ﬂ’@f' & %a%e
recei ved) ixwehhborgr pagkagediforheeadynpovbabilitythe wat er surrounding the -

appar at us,

In view of 25 this shaping of the array T, is thus of beam

axi s substanti al | co- directional with the canera | ens axis, and the
t r ansducer Figugae riAs apd @Bnﬁrtﬁ“rtaeﬁlntct‘)‘lbéi’ja%%"‘ Gﬁt E"}edér %#fgrefbﬁpeara%m cf“éf
vi ew of the proxinal '
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Figure 3 is a view showing the equipment of the invention preferably

carried by a dolphin. . .

BEST MODES OF CARRYING OUT THE INVENTION

The general preferred, though exemplary, lay-out of

shown in Figure 1, with a sonar transducer array T (

the apparatus is

shown as four

piezoelectric slabs) positioned as the four sides of a square circum-

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 wihdow-w in the water surrounding the apparatus, in view of

this shaping of the afray T, i8 thus of beam axis substantially co-

,‘d{?ﬁctional.withmthe caﬁera lens axis, and the trans

P
e

ducer elements are-

: .mounted to be. just outside the optical field of view of the proximal

1ens L. For a frequency of about 200 KBZ, plezoelectrlc slabs about 6 cm.

1ong and 1.8 cm. wide forming substantially a 6 cm-s

ided square about a

leon SO mm- ‘f1.4 lens (35 mm film) of underwater optical angle about

34, 5°, has ‘been found satisfactory in fresh water.

';é w1ndow W to the end. of the housing tube H, .as by bol

35

The sealing of the
ting at B with an

. ;ptgrposed peripheral rlng seal RS, as is well known, will provide water-

tight protection fcr'the transducer array T and its

as the elapsed time camera compoﬁents {motor drive M;

connections, as well

film supply FS,

sides of %



lens L. For a frequency of about 200 KBZ, "pi ezoel ectric slabs about 6 cn@
long and 1.°8 cm wi de form ng substantial'ly a 6 cmsided square about a 30 .
Ni kon.50 mmfl >4 lens. (35 nmfiln of underwater optical angle about [err],

has veen found satisfactory in fresh water. The sealing of the wi ndow Wto

the end of the housing tube H as by bolting at B with an interposed
peri-pheral ring seal RS, as is well known3awt || provide water- tight
protection fofakbhg PEaNLUORS 4Ad 'MhcderPBY drlaSaSRDLEId ON%ui S dBtaa 23
. the elapsed tinme canera conponents (notor drive M filmsupply , .- 3a
- take-up FT,mgﬁ?'E'eﬁ@%nglﬁl}P?er CSang—assoc ared crreur TS aeserogd in
connection with the -4- setting the desired target characterirtigs,
range linmtations, etc. for operation of the canera (Z1, Z2, etc.,/also
full described in connection with Pig. 2) are al so disposed rearwardly
within the water-tight housing, with acoustic resonance i nhibit by

adj ust- 5 nent of location and by housing danping as by adhesi ye tape
sections AT on the housing. As hereinafter described, nore payticularly in
connection with Fig. 2L,if a pressure switch (labelled "PRESE SW therein)
i*s to be used to prevent actuation above a certain water depth, the 10

wat er pressure inlet conduit may be sealed in the wi ndow \fWas at PSWin
Fig. 1. The .simlar strobe |ight housing E is also sho in Fig. 1, as of"
T"he types described in said Letters Patent and/or of the/ E G & G Geodyne
Type 206, and/or described in an-article entitled 15 "J/och Ness and

Under wat er Phot ography" by Charles W Wckoff appear-/ing at p. 8-9 of the
M T Technol ogy Revi ew, Decenber, 1976, Sonar Serendypity in Loch Ness",
The strobe lanp STR is shown exposed ' o




ough ‘a parabolic reflector R behliind the end wi ndow W. A shaped cushi,on
36 pf rubber or the like is shown nounted.upon the 20 housing E, and may
/. be used upon -t he housing E to assi st in harnessing.the, equi pment
/Md a dol phin, for exanple, wrfh a harness strap E “shown attached’
ar6undt he body and housings in Pig. 3, such that the housings B and B are
on either side thereof, rearward of the eyes, and pointingi,n the direct IG&"

of “aVeLeQ{m?ﬁ‘; tsbeaéeipxu nnarE@q baaﬁam&e&%ag §¥£F$"ﬂ?dﬁh@99ns

bl e- b
ggscfl bgt ?ﬁg 8% grrgai# '?he’l %ag%ﬁgg &Jt’h i n%ﬁt?oﬁlQ% Igfqg,eéfs & a 1
embodi mehn . cmﬁ#mg"i‘%ﬁtm-e)?énﬁrarylu dd@iposed apearwardly; yithon thed B,

30 the pwstaalﬁcghm Roustmgdwdeth acoaytic rddomancet tohiitede bypaesudtel t at T
in Fig ﬂ%@k?goﬁcmsbyahto‘dgngcééﬂintg &L 9&'%&%&%@;»%@%&1%; 46

anpl i f?er sect h transcefver ‘I ntegrated cir- cui
_ thereof, Fa‘b‘blﬁhéd O4R}:BErooperative with tank circuit LI (pin 1) to
generate the Ax dererinattesclmacridede noTe PR ichdaply shngonprction ofi th

fz r2 ?2) ru _T_Diﬂgtﬂﬂitf' ¥l presdirs ahliiten Qiaﬁeimaaeifkmsshsw- nmgreah@dwwccw t

es a
Sem cond Et%ﬁadget% E%ﬁgg%t a"ﬂ‘%%,?;lj_% gg aé)ece cw? ?J;?ﬂ. CHL%T 'é}):(ea | e, be
 of théOR!AtQSIriEeeBHUQ@W*- ROTEUAL] Hayl?ﬁt%@lﬁéat’-{’ew%é@ﬂd@ﬂ ZZQ%\)afa pul se
. of the opseriwfPig.4®.nillisecond, as an illustration, to drive-the

_before-nent i Oﬁf‘edsimilér &cho‘?ée §i§ kVEBusad BN 16f a¥Be sntiRD 182873, SNULS

'he’ camcafah e dypee | Seseibetone, arbh FhEberi REkeRt crrd /e a2 %2 usine

t he cane®@a 'Iaer YPES | e?‘?ﬁft
anpl i fi e® &rktth&eodzpesTyve Z&G.WBPN prtdescnided dvtaprazticde en‘eitleﬂ

- . sel ectyabreod® Nessehnd henmﬁewwhmagrimw dgeCHerl O] WycRbrt l@p%@&ar
“transce é%a@ﬁp X Hﬂbk Jéﬂ@wfn Qié%ﬁ%ﬁ%w chQnEtS Spggger drdeent of

Ri-nes an I S SI re onar fs aV| n
predeter ipity in Loch ess", e strobe lamp S ﬂ'fL showh exposed g

through a parabdolic reflector R behind the end window W', A shaped
cushion C as of rubdber or the like is shown mounted upon the

20 housing B', and may aleo be used ‘upon the housing E to assist in

' harnessing fthe equipment arouvnd a dolphin, for example, with a _
harness strap H''' shown attached aroundthe body and housings in
Fig. 3, such that the housings B and H' &re 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 ip order to describe the details of the apparatus

of the invention in a best mode embodiment.

_ Referring to the exemplary circuit déagram of rigs. 24 and B,
30 the piezoelectric transducer array is illustrated at the upper left
at T in Fig. 2A, connected across a tuned circuit Tl driven from

a class C amplifier section of a sonar transceiver integrated cir- -

cuit 26 (pins 4-6 theteof, labelled "Tx") cooperative with tank
circuit Il (pin 1) tefgenerate the transmitted sonar pulse under

35 the pulsing control of & free-running multivibrator section of
a "“quad-latch" integrated circuit 22(4). The stages Z6 may, as
an example, be of the'National Semiconductor type IM1812. The
integrated circuit'zz may, for example, be of the RCA type CD4044-AB,
generating_ig the quarter section 22(4) a pulse of the order of a

40 millisecond, as an illustration, to drive the before-mentioned

-

B i



- characteristics (as fromthe right size or width target, for exam 10 -
plef and wi‘'thir certain ranges (such as those within strobe-canera
phot ographl c effectiveness), cause the activation of the inmage- recordin
system I n searching for underwater am.nmals of certain size, and in water

wi th photographic range limtations, for exanple, as in researches at Loch
Ness, Scotl and (Wnere t he equi pment may be 15 suspended from.the surface to

moniLt or U er nlmal Li.f e, rLedb hins or other
carriers °§'§ é’ i d"?é’éﬁ“o?rf %{J‘ch?l;‘%f' ?ng ehp iR }‘?é‘g ﬁ’ iBORET ot agsch
as i nspeatelqeg’ipdrat T ;aneaappafiedraic RID 4t REr 26bprdi Nnslingctheligaper tgsk and

pi pel i negiyadenr Lietlen geneshtid o)X a2aneal ¢8ba OP) EsS, akb éxﬁplqle&ba apje to
20 conserye gqsﬁgge‘;pyzé)f wittF f:?{é{%eta%r %@ﬁ&rﬂé%{?' rl%oraeiee‘{mbﬂ?t{o“

system an
t he sonﬁrs%§h8eﬁ%§%ﬂl‘tm Gﬁsﬂ%cﬂd’(ﬁié@?( Bpridep t9fe *&'}Spﬁ%%{lstrlags%%‘fﬁrn
appropri alse isawgk} Jamshror i entations with respect to the same. Stages Z1(A)

ts Qrguggg tD) | N AB 9x¥£afmblée slhgfﬁpfiwlt};g%teestiagtﬁ%renmeénadﬁammd in
3001, 1 ort e Bpairag Fhal, oty Apouks” 1¥gSs §8knatly avdhe, risfurecminddyy o
Z6 (pi n r@)aragaeesstm s Foemrthey é‘iﬂ*ﬁnaﬂ-zﬁooprmm targetetfogi grams

gr e?t ey, er) ahe ﬁiﬂdﬁi eremaeﬂ fanges (satheasi msan@amas:mﬂﬁeahwﬁ

xpl ai ne ]4]‘:@ n V. obt ai n
prgper o %ra?g t%} er géessp' e§ tné gc@iﬂ%li’: b? ﬁ?é &g(

det er m nlrr?§°m&f’5n?¥ﬂ1'rfd‘? witdt Besr Hggﬁﬁ‘f%??%ﬁn “B}Bt‘ﬁrecﬁﬂ

desired isizieheasdaimiwatRimwith ﬂ’ltam#npbﬁcwenz@rimf(a@)-pnﬂ g’orZBxawhe.t he

tF erm gaAl %tsOEnt Bestardifds \uflbcsam@ssa,utseuuéaa N(WKBrOftné26&l { prtind 35;'&&3) of

geger allé(}ui ezaf%«)ﬁé%m %e a#g%a%%o?}ogﬁtog‘ éné]%%st%l}a nﬂﬂg %9‘ ée%fl on

Z2(B) foldthoen Rextsinhethdynfaling é'l?gétéeﬁtﬁ’%l'ri%\ﬁ fehin Bz

'RANCGE') aeehl eutesesh iXife), ar pprther applRtatidms/ mboasrmaﬁectm Qudrtat

of ZI (D) m;ﬁ.aa?ael%r lotnePnbb Mets, 4HEITAMFUWRSARAR bifd 13kkovabl e.

Sw .tches \aist e sea, ar)d/%r archaeological objects, it is &esiradble to

Z0 conserve the emergy of. the strobe or other lighting or illumination

: s}atem ‘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 %1(A) through(®) in Fig. 2 enable these results in the

25 same manner described in said Letters Patent, Z1 comprising a quad
®"nor" gate asof the RCA type 4001, for example. Section Z1(a)},
pine 8-9-10, fed from the output "OU" of 26 (pin 14), gate= the .1
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 21 (c), Fig. 2B, are the
terminals of the target width gate output '(pin 10) of 22(C); and -

3521(D) of Fig. 2A at pims 11, 12 and 13, serves to.mix the sonar
pulse width generated in 22(A) and the maximum range one-shot from
pin 9 of section 22(B) for both maximum and minimum range control.
Switches 52 ("MIN. RANGE") enable selection of an appropriate RC
delay Tecovery of the output of 21(D), pins 11-12-13, to control




f ycLe abl e approprlate ti me-constant selection for Z2(B) to cor- trol the
' range. And in |ike manner, switches S3 ("TARGET W DTH") enabl e
.selkeefiion of the predeterm ned ‘desi r ed target echo 5 m ni.mum wi dth

for- actlvatlon of the gate Z1(C), Fide- 23. Various sections of a .
hex-inverter 23 (zZ3(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

[ 13 Z| 3
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oper [ee- runnln
14, 15 aﬁﬂel}nW?er?lﬁell?n pfedl g th’é"%@l%@ét PR R e %?f”c one
phase 10r owggut mifn 1S off ZLHD)camd ethteﬂ.epmtnptnt&eotaﬁidmd sh%\w artherne and.
threre 0}: Qerafgegmeera&ntzer ynah.aiy £5 ﬁjol.-usasggts ?? Lhd M4y R zst?) amr?égkapﬁed
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sai d Le{“j'ér En‘gg’[g 3PPP§§yE$5Pﬁe yp8§°2 mﬁ(ﬂﬁ?ngf:tﬁgé%(
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~of Fal nogtige 'Bhﬁé&@:hlt%%bb&sedeﬁim:hé)ed\ﬂpn‘tSﬁed Yyek ofifn 3 bifctle gateany ot her

- wel | - O‘Q?r SZ"%’}?Nﬁ%“m d&%ﬁﬁérgﬁﬁ falsNgh EQX@EA?{:;E%‘? :fQﬂsZ3éf2n 1Pi NS 2-3,

aids t n rg stic & 1 Ci al eati ng the
conpl enerfFiBgeTiRke % 1gngs  Fhe | %&?ﬁﬁﬁ@grﬁg b‘é@?r&eﬁgﬁ’%d WITRLLf or e,
two. out pu‘tbsrr’e‘rwmasrtr drshzz('Dpf thharigeesucpoecuit vlien thef tmﬂ) is Bog.

23, is used E? s:@rmfeolaetsh%anﬁﬁgéhutM@ fEi ¥Er@dited VI pPEFidg ke sher Q

(fed via Q.” y '9("1?{ fiﬁ%' '1§dth§$'%€§ FaRdioﬁng% ?’h& 4 o‘l“%%%;é Ii))Q%ha*t

conduct s and Its C rren
SOLENGDoperates &R dresrIp ni@ tﬂﬂ brat BF n Qins ‘14, 15 and 1) when
permitted by the Schmidt trigger ecitcuit,; so that one phase or mode

. of its tzming cycle determines the camera shutter time and the
other complementary phase establishes the film frame rateé. The
elapsed time ¢amera controlsfmay be of the type described and re-

25 ferenced in said lLetters Patent, as of the Geodyne Types 204, 204B
of EG & G, Wellesley, Massachusetts, .or the 35 mm underwater'
cameras of Benthos AInc. of Falmouth, Massachusetts, described 1n
said Wyckoff article, or any other well-known conventional type. :

The further inverter section ZB(A), pins 2-3, aids the free-

30 running characteristics by artificially re-creating the complementary
mode. V¥When a qualified target has been detected therefore, two.
outputs result from 22(D). The "Q“ ocoutput at pin 1 of 22(D), Fig.
2B, is used to control thecamera shutter drive and comprises
transistor Q (fed via conductor labelled "SHUTTER" from pim 1 of

35 23(A)) end its associated diode-resistor network. :When the "Q"

' output rises, Q, conducts and its collector passes current through
the "SHUTTER SOLENOID". The: complementary nQn output at pin 2
feeds a dual flip-flop 24(A), pins 3 through 6 and 1. This section

&



feeds a dual fI|p flop Z4(A), pins 3'through 6 and 1. This section’
|S/tr|ggered as a one-shot, driving thecanmera notor driver transistor \sta
Q& (such as, for exanple, .a Mdtorola type MPSO45) to operate the canera
notar M to advance the fil'min conventjonal el apsed tinme canera fashion.
The one-shot operation allows suf- 5FiTcient time for rotation of a cam
that activates the "FRAM NG-SW TCH so-1| abell ed, (which can synchronously
c'ﬁ:jrol the strobe flash or other illum nation, as-‘explainéd in said

 Letters , U t he notor, cir the end of the frane. The

vertohr ERLED s - 2eBRRE eﬁm SRR Lt it D e ol ot e e T

10 S5 cohbnersiston etage| Q4 Suck gserfom (e@Epnpdeni 8 Metexaliotype MPRA4SOr
timng ate épexater ahe. cdméralifdtopUnt toTmAvancecsheerilm indosabrtidi@inunber

of pic- Léf ed a:'iﬂ@ elnd e ANGbrYCIAL o elah ?Qt gLrMnOQﬁ glé &lyaracter-

I stics_an t he equi pnent Lnven- “15 tign
to the3nb t&fnet ﬁ%’gs%%’e“gﬁé’n ofiof ngt thé?'a %ﬁr‘i%érswsalﬁ waaEHi ¢
si gnal | i ag-lakellede fehich armeybehraiousiyolbensirol utks ataobectindtaken to

or de{ hr ebisw?ﬁ& uusuﬁyﬁéeml a8 dﬁﬁléﬁ@de iangatél i.e*l:@éﬁ[) rmed‘éycrﬁcbed but
4 n other .catio S ch ra u ul
- useful. ﬁg |%$h fggﬁ%éoﬁ é‘?* 56 ’f}éemﬁq e%g." Ehﬂl\%ﬁ‘fﬁl‘AL ﬂﬁi{?eq I CATOR'
(I over rfgPRCiYivE] §inessonatantonslertinne Byadiahie by rswidchesndt ang z4( A)
wr byle S5V ¢minectedt whth ashfticaibrater E2(l)t pernbt adelectdoni 6N sii{tRexr pi NS
8-13, togahimw é?ﬁ”h %mﬁ T;ﬂ%errent or set }A\ang of the frame counter gy 4 io
depressing a tc t ed ns 8 an
25 of Z2(B) Y i del “t?r?at%ng ﬁfﬁﬁﬁ?} gE 8éﬁ8 at@"%dn%sr &l(ﬁ"‘d’&t or
control | *wes Makenesfvihe sarier-dutected dadgpte9f capprrrrivdncehatertesunt er
u][lti | reienses Gindt Pangei t czla: a'fﬁbn&;d@ mefeqhipheatr@{ Stel @ets&@e AaRfeaLat us
after,us £ e rane
totali ge‘rgi% 1% r:lt?llsel @{) andgpﬁ éﬂ? q{rﬁ% F ?ﬂ?#gn% £ gzé"trieerss'ﬁom

ret ur ned®™®® FAALEFL g ﬁBPBn‘f*f‘-’al‘FqPPrFSﬁgﬂu‘& ??JPtfhéFr?P%nﬁl%Fst

has: been taken to order return to the surface, is desirable and
will later be described; but in other appl*cations. also, such a
frame counting may be required or useful. ‘A visual framccounter,

20 labelled "FRAME TOTAL COUNTER INDICATOR" (lower right of Fig, 2B)
is shown driven by transistor Q3 either by 24(4) or by a switch-
controlled free-running multi-vibrator section Z4(B), pins 8-13, to
allow manual advancement or setting of the_ffame countéf'by depfessing
a switch labelled "COUNTER ADVANCE" connected with pins 8 2nd 12

25 of 22(B) -- the multiwidbrator running to generate counter indicator -
controlling impulses while the switch is depressed to advance the
counter until release of the switch. This is useful vhen re-setting
the apparatus after use or test. '

« , A11 of the shuiter drive transistor Ql, the frame totalizer’
30 transistor Q3 and the motor pulser transistor Q4 arée shown returned
A to ground (or chassis potential} through a further transistor Q2

whick only turns on when the appropriate target is detected by
'the sonar, because it i& gated by the output of Pin 15 of Z3(F).
Another feature of the design of the invention, approprzate'
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 whem the
desired number of pictures has been taken -- thus to prevent battery
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mch, only turns on when the appropriatée target is detected by the sonar,
aquse it is gated by the output of "Pin 15 of Z3(F). Another feature of

je ldesign of the invention, appropriate 35 far nore broadly.than i.n the

strative equi prent uses before digcussed, is automatically preventing
~inhibiting further camera notor opération and film advancenent and

shut ter operation when the deS| red number of p| ctures has ,been taken -- ™~
thus.to ent batt r r.-ene run- down,

i ncl udi § Rek RGP ¥°Pﬁ88 Sk Qg Sor | gr?%éffdge% e cReT8d, as

wel | : $he sa*srmmn ot #éévwwntnheyabgm i @mqarvw-aﬂet well:s QThdgt put from

pin 3 ofisZ8hdyn teXfuicted df the eppliicanion cofidrathér, "QY oitHie fTom

e Roa £ 1’633”" At c??é’“‘%f‘?e‘i‘ﬁe”%‘n‘?.“ﬁ’f’“”g v i
2ppl edP FSBF%]‘% Sagrafe dRmReREt, R to e teaad of R dshEa when

it reach@s euchtas @&rﬂrgtynatﬁ)@lo%rt ?ﬁﬁhlﬂlo‘e# aptl §en nepreagpting, e shutter

3ect Ib Fnozsfaioxpldﬁﬂelandﬁpimi loﬂQSIZ NWELL ' irdtrfenvid {th@vtdﬁ:ﬁ:i- au&ﬁit-lt to

.di sabl e i 24V r qu& i m nating _
further E‘E ?ter pu sgée% élt i.g&}e Oﬁcg%n‘f %d l&geggr% hgr' . _ 4
i |1 uni n8FPBR 4M%°-FOP‘Y?ﬁ??aﬂeﬁ GLpRr&d Rifeh 42809 2r Widd t he

~ dol pio niavest hthisc amdi provide antoudpubf tciaiﬂ;abiwy the freming amlslhierting 15 4
i ndi cat g py n% z’:@: naudebﬁ@ua&zm apid;ﬁmaéixfgirmhwdsmt%ﬂ hat the

desired ny raphs has-Db t aken sinmul ate the
det ecti BT'I 37'\%1 a ﬂ‘&fﬁm%th gl 5"’?‘2’? r °the egii‘ég%’%t %Prate the
appar at §3ashipg s é’aw.é{pééce'ei%emwoae%fﬁm qs( (ﬁ?ﬂeé'ﬁﬁ-%d‘bhq elphinr-ti ght -
housi nger0btRér tderrdeR3r heSoutphit bifeZB(B) aay afd feld Rogan A eatenghown
Connoet SACF e TR ERORA B b BAUE s NG et SRR S o
The pai 6% ?é% =&F88e§“ ?ﬁgfﬁ"@&"gﬁ ?}?‘qufﬁfsg’e&% %?‘L Bt ovi de regul at ed
out put at i tEt ckd meefulptocsisylateather detestian tanBSVIgairmaﬁsnppﬁvu des

regul at ggi 42030 |dagehtentbetédt laiacleadibratyy the apparatus. This can
also be useful to effect from 'outside the water-tight housings of
20 the apparatus. At'the bottom left of Fig.5ZAare.shown'circuits for
- achieving these ends; Transistors Qi and Q2 are shown connected
to function in a2 regenerative loop analogously %o an SCR switch
The paitr of zener diodes Z connected to the dase of Qz provide
regulated output at its emitter. Power from a,;pair of 9-volt
25 batteries provides regulated 12 volts when Ql -Qz' latch on. By
applying a magnet to the spot of the “UN" magnetic switch (-EE 4n FPig.]
from outside an aluminum or other suitable housing H),trickle cur-
Trent through Q4 will act as a simulated appropriate target received
by the sonar 26, and will coptinue to simulate the target so long %
30 as the magnet is positioned near the "ON™ switch. Applying.the '
magnet to the region of the "OFP" magnetie switch, moreover, will
cause eur_rent. to. Ilow through Ql and open up Ql -Q2 .
To avoid spurious turn-on iih operation as from inadvertent sonar-
triggering om the water surface or from the hull of a vessel or |
35 the like, the apparatua'ma'y be rendeéred incapable of operation
until a pressure switch, labelled "PRESS Sw", . conhecting' the +18
volts directly to the collector of Q ' and mak;:ng it unnecessary
<o use 1he regenerative section of Q4 -Qz » is actuated at a desired



out si de an-al um num or ot her -sui tabl e housing),tri:ckl e cur- rent through
[err]vm Il act as a si mJI ated appropriate target received by the sonar Z6
and/Wi || continué to sinulate the target so long 30 ‘as the magnet is

—rrosmloned near the "ON' switch. Appl y| r? - the cause current. to flow

rough [err] .and n u err]. To_av ur,l QuUs tur ation as
QQmI nadve’?%‘éﬁ‘l’t““éiﬁﬁ M%éarm %thré t Ogﬁrrqenc%&{oér ?olg’p&{‘he hul | of
a vessel oror3Feldted| oper,atidns,aqzrphlthe: usqua;edbéeptélndérae'almqlgépmﬁ e of
operation % L@ r S%J:ﬁ&ti Ss Wong GONB&SIE Ng the +18
vol ts di rec%1 o t%%ﬁz%l ee@té%‘rr: ?F %&b an ngeiltn%nnecessary to use
t he regener%tmv‘éfldﬁééﬁd)ﬁpﬁlfaql@mqf the §Paéffa\1}&§ed at a desired m ni num
depth. This is inportant in the before-nmentioned dol phin or related

operations;_and_the.required t.h o n e . a ra can be set
out si de $het ???ﬂi’n?‘?’g%‘gg%\sgf% ﬂﬁoﬁf' gﬁlﬁ‘f’uu 3ﬁaar5e|0$ %%‘Z‘% ation of the
‘appar at us. $atibfistitoaily alrarqisoc@um@ed,athmg'ONM"amleﬁmbesnear e operating
atisfactor | 50 '-ﬁﬁ%wt hess' = F18h€ ahandebR®edr i ven by
s%rr] and aétél‘)(lél':%l\la& ngﬂ{ég‘%/or ar rig ga:i) omof Fig. 2B,
'ﬁd' cating anéhelﬁ@i@cﬁn Johef ths éjelirleifgﬂno%oﬂ'l@"fﬂfﬁfeﬁfavmhﬁihg s a sign of
& drop in notor volta e.

. early, parts of _the invention are useful nore
General |y i PF ehighdg ﬁ']’@naf?fda%ﬂﬂSEW JOLEB-di ng, as where, for

exanple, the feature is desired of inhi bltlng further canmera notor and

strobe o vanced,
"t oget herﬂgparetag?}(g’ pr(?gugklr‘%gﬁg%nJ I ndl cations tﬁereo%ﬂﬁl S%gnce
shoul d be htidet andggimblar imagsureeardprgdpphepp! |f@at¢>@mpéq:22t_ls£eature 10_

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. '

app'l'yl ng a magnet to the spot of the " ON'" magnetic switch (M6 in Fig.1 fr@
2

15 Reference should be' had throughout to our éo—pending épplication
8122284. '




cal i mpul ses in response to automatic detection of an object to be

Jed by said apparatus and corresponding to s MIN Ill“ilmm ﬂl f film

5 drive notor neans connected to respond t

correspond ingly to advance the film successive friamgs; “a shutter operabl e.

in response to each frane advancenent ¥bonter neans havr ng neans for prev
setting a predeterm ned nunber of couetmmsor responding to a sel ected -

provi des nurrbgr of countas whi ch _havin bee achi eved provi des an ogﬂ{o

si gnal 10 BRESe APRATRVES (REPRGSY 8 ! B I ph SPEEeTO Ve A G BUichlt

si gnal f oritguwdsesidanrésponse ttiongutdmetid ldeteriive gfotorobjeatiscoabel rebutdest

oper ation. y2'c.s g ARRALAS 235 cSLﬂééggﬁdi £ aéu@:és b@%ﬂéﬂé@%f‘sk?ﬁ&roﬁﬁn

strobe neans, an ans act uat SUCCessi ve shutter operations are

ef fect Bd f river rYgeT reRpSt ARANSEEb donesarsnd oppeitlder e insheersierendd ash

of light fodg1}5to aeasxlrbé RBEE11R i cbadivei hramesneensmmtep careeuem iAg a

further triggerin gstroge meanstr Aggratus as.clainmed in claim

1,. incl udfFy°Red %‘é‘p Fi¥1e, 8YRCsBely (RQUREET Ji72D¢ ’?é{r%ﬁ S6PR% EoF o‘f“e'

enabl i ng samd:lhglarmdeqlezbemircédshmueerobpemalts oqrre%aondmg tAppaekdcied as f\

clai med in,ghalme ool ahth HRL St seheal 1 oni ©
down- count count er hadrng neans s tting sai @ pre- t erm ned count }l,»

nurrberloandr?ﬁ?&ﬁsn'ﬁaéé]ﬁ%rﬁliewft'o %fb?cﬁe?ferHF%ﬂémﬁé‘fﬁ d9ectrid: pyput siameld cfor

operati on tKerielfsr TRALbIADHE Whk 01 1mSak TreUhSEY hékhsTRAD ShROLIJop SSROBS] VE

toconpl ete downward increnmenting of the counter said 25 pr edet er m ned

nunber. Apparatus *as clainmed in claimd1, wherein neans for generating

i npul ses s&wi |Appartagué ramelaichednin rdaimpul Sesuiing ededtedic atdolximagns,

operabl e by, sWelieh a@eltal A shifedle¥é Wubflr L&A WeOLr LU $hr

I ndi cat or neans.
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 electronlc down—count counter having means for settlng said pre- . /
determlned count number and means responsive to each impulse represen« !

ting a shutter operatlon to increment downwards, said dlsabllng means

be1ng respon51ve to complete downward 1ncrement1ng of the counter said . ﬁf
25 predetermlned number. S
fot S £ . - - ;
,.' _5\. . :‘; i. : . oo e .‘\:
§ Apparatus as clalmed in claim 1, whereln means for generatlng ’ _ '\

impulses 31milar to frame-advancing impulses is provided, and being

operable by switch actuation to provide for the settlng of counter
indicator means.
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