M335 -1- "Apparatus for Underwater |nmage-Recording as by Sonar-Triggered
Ekg sed Tinme Strobe Photography and the Like" FIELD OF Tof4 QENTI ON The
p ent invention relates to apparatus for image-recording. as by
el psed ti me phot ography or other succei5| ve frane photography,
partlcul arly adapted for use underwater~or in somewhat simlar renote

circunstances, and pref opahl e REPERHRlaNhdt ety IidliedRadsIdingper at ed el ectron

strobe |ight f1 ashi ng ora§|5§1 |seﬁaflﬁi%aféd ¥ apsel dife efteopl! y under thr
triggering control of sonar | dnd @hk-c@ai ned within the .

apparatus, and designed for GROUND COF THE INVEI\EG\I
VWile it vm' |1 be evident that techniques herei n descri bed may al so be: Used

with other types of inmagepfseOpsi i IRVENTION t el evi sion canmera recording,
the invention will. hereinafter te _described in.connection W|th its

pr ef er r ed ThehcBRBERbt NENEAPT o TABEPF c Qo PPPEF AriFer e MBRRTRSGPRAHNE -
will alsofe bﬁeésagsé&dtﬁ@rpr@t@gﬁ Y XU CRREE SsucteBSTE Eirame phdtogpaptysbl e

use, as by vehicles, suspensions dolphln or dlvers and i n connectl
W|th pr ef FRFECHEARAY 393pF 33 £ ngegaf' Fnat? o TP s, S i far
i ncor por atxeﬁkoeé aﬁrbmx&ésparénd)f ptéﬁexsamyenurpmedatmm hayncdusnoany

targets onl are bei?‘gﬁ_det ecﬁﬁg’Fa'[hr"(?E’% \%13%%% nogf é:ﬂ?l&?‘”ﬁi i ?_&)l(l S

and are wi ere mage-recor di ng easi bl e.
Such sonaraﬂonpreﬂenablyiesmdebedthm daipgeringni Femlat@% [SONAE APPArakisS No.

4,105, 990, _+hSS EE,“ t estrg.;nda%y@ rs I | d he
Acad gny of }p #Eligf Cl en%tEa1 ‘H@llﬂs gener P%/‘faerrggg t‘%gl n an %lfl glééhl;b
sai d '‘Ri neMdbl—b\Mr-d S. Curtis appearing in the MI.T. Technol ogy Revi ew
of June/July 1979, pages 14-16, entitled "Special Report: Underwater

| magi ng". Such earlier sonar-controlled strobe-elapsed time canera systens
have required separate m@%%rm%nt and packages that

have not Iwrﬂtlet H@.Wﬁﬁhlebet @vigeasty ﬂQaiﬁ atbsidrh&ma maﬂaaemrmemyomm
oS B e BT LR SnRREE" AR | A
camera recordmg, the invention mll _heremafter be described in -
connection 'with its preferred, i:hough not exclusive, application
- to underwater photography. It will also be described for exemplary
‘purposes in connection with portable use, as by vehicles, suspensions,
dolphins or divers, and in connection with preferred sonar trigger-
ing so 1on§ as. the sonar apparatue, 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 l:imitati'ons. where image-recording is feasible. Such
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 Acadény 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
"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
having internal cavities that can,K resonate, and - the



difficulties jin unityine structures enbndying [err] and trans- ducer arra@f

wi t h conparabl e zones of coverage that [err] siinple housing to point in a
particular direction wth, [err] that the sonar is not. detecting targets
material outside the field of viewof the 3 lens optic , have been

-consi derable. - Such and ot her considerations, including providing for

si.mple automati ¢ end-of -m ssion indications when the desired nunber of

piss¥ures -hadrg been taken, (inportant for-notifying users of this

" condition);and with inhibition of further elapsed tinme canera or strobe
operatj-on and attendant battery waste, are also admirably solved by the
in-yen-t)-‘gﬁ, such being _[err] useful in elapsed tinme renote photography, and
simlar .canera appratus as well. SUMMARY Z2F THE | NVENTI ON. An obj ect of the
present ;i nvention, accordingly-,. is to pro- wide such a. new and i nproved
aonar-triggered strobe-canmera apparatus having such novel_and inproved-
features, . .i ndifdipgltbesiyi pomidlyifhigt §Trvc funush&pLoghi bgt) ‘I’g"’lﬁoaggoﬁ‘ﬂ’b“

nore generallyy, JgPr Q¥ £l s SHOAF (conpl.Y¥8b] Bihdsc @dT dbnerappanatiucr:ablk, i n. -
particular, | bl oved, el dpeed §10851CAAPL &, AARALALYS o s Ac At s ARakr ob6RL

is to autonat &33dE UPPEIHE UL 8 P hat "a” At rier, (such. as,” a vehicl O

sspensi on or tadi tbe Benap|ghinot Aedychbie| YRTES ma%%’ﬂgé‘. _r"é’&”?ér &

wi-t hi n_desiredsiange vieitel andlihe sptiessived bash porotideraphieng diclt he

-taroet will aul e cons fRlddt REACCSHe Bl M BravsBhAL SGAIc 1640k BuD:- g

cidentify e desired target and to . ndicate such i | sai G e Yone
Jinits; and avtn-ofamEafen tdicaNieRs fﬁ%”'d‘éﬁ :a&i'.% r}téﬂgr_méfb%g oﬁ-()i,? ?-9\?:(-);- the o
target- or .- appasat uaken; r (Bmporiant Horangtifying tmergesf r i ér?@’é’["i‘ﬂ’i’f"s B

the desired nymhsr iQhiBi €foh6sr B theeNel 868 time caderz Anx oyidiobg  bDPC LS on

aspect of tne i'nvention there Js provided appayal UanhRrbul fEgsrveaceyding by
sonar control_%&rﬁtitgf‘ﬁﬁngk?%?e}{ﬁ gﬁt‘sﬁ‘Sﬂsfﬁg '%J(r)'ﬁgt zf?r'{'i]%'bjm eACRyEng |

invention, such beiug more generically user}g] in elapsed time .
rewoie photography, and =imil ar camera aum::rraius‘. 2s well.
' SUMMARY OF THE - INVENTION
_ An object of the preéent invention, accordingly, is to. pro-
vide rnch: a new and .imyro've& sonar-—tr:':gge-red" strobe-cazmera apparziuvs

' haeving such novel amd improved features, including ready portability.
_ | £ further of:je.c-.t is to provide more pgenerally improved svccec-:
tive icage-recording apperzius.and, in particvlzr, icproved elapsed
time canera appa'ra‘tus..-_ _ . . o - o -

| in gdditional object is to automate such spparatus so that
2 carrier, (such a2s =2 vehicle or _suspensioii- or a diver or dolphin)

o need. merely point at a2 éesire&-térgef; witbhin desired range limits,
o and the successive flash photographing of the target will automati- -
cally proceed s0 long as'the sonzr continuves to identify the desired
target and to indicate such is within said r.ange-.limiis;. and auvto- -
‘maticezlly cease when the :d_es':i:red.- target is lost, or the target or -

. -apparatus carrier. withdra)_és_.:i?f:i*.bq-_.;tl_ie-. desired range limits, or the: -
desired number of pictuTres. has ‘been; taken. A '




“~the sonar and i mage-recordi ng apparatus, an acoustic and |ight “transparent
i ndow provided as a wall of the housing; a |lens connected with the inmage-
ecor di ng apparatus mounted withintpg dhousing in the proximty of said
yi ‘ndow, a transducer connected with the sonar apparatus and “di sposed to
transmt and receive soupd waves at said w ndow, being nounted outside the .
f i AFEOTAING] MAODE AFRECEHS THE ANVERBLEN (heTelA PrAVides BPPasBSHF £OFs subst anil
ti anhye-Gecidieh! bp tnani dohtkbE doppfisifigSwatidteghtt hobsiRABsnaANRAY! € vvhen
't‘he transduces .neans has..echoed sound waves fr.om derwat er obj ect .
G PR L, PR REOR S9 =Pt A AR RIFR LD SPPRPRRRRE v n

pr gﬂﬁw gsraemeaamea ham.tﬁ the $wuging ;ndokens bbmecmﬂc\gammne -irege+ di Mg
under td Vv i recordi.n aratus to -
onaprePegonirt ol ot el nRhs) Bhe s e I e RERBRI R L 00 e
ar evihdmei aaihtmsdmasennmwﬂ with- €he BRNBE ﬁ@@ﬁt@ﬂa@m (ﬂ%pw DRAW NGS The
in f i f B o ﬁﬁ e drawi ng,
- Fi é’gnﬁ}% énﬁ %‘%’(&éﬁgl %gﬁn’eﬁt%s%{ev%% bpar a#us 0 he 1 nventl on, .
' pa@hﬁg@@lﬂdﬂ"ﬁ@u@f et tayis| ang sheped tozha'emrthzasm bean gL tsubsbapram of

the iR R SbL&teRPAMHA! WSth 288 Tdng aRid;S afd drs ] Qeang éﬂé%aﬁ%’ pment of the _
i nventr on portably carried bv a dol ph| n. BEST MODES OF I NG QUT THE
| NVERT | W] E?HT;‘SFB??J] TBARS e%PhOFﬁo%FQH"-’{ WRYSS [£a5m A upderaser Ob3asn i n Fi 9

. iW £idht3oBaneasaid WiAAM BAG oA pFEAetErADRA] Shifadter ke asa f our

pr ezoel ectric slabs) positioned as the four rider of a souare
ci righir mrepate &9 Jimies of saidhwipday yitlimhehichyi se acourtically

conixaebefbdopailtf uhasidatstinkagsrall , aedy 8XtHaR$8g YheSind fec%ﬁ—asasél ¢ and
: Irght trans arent end wal| w ndow W of the el a%ied tjrre%‘grrera ﬁ sing tube

“gppaprtug tRisNFhle ATrLNTaPt HdgnPYher BE array T

at erbbﬂnmdodte[ ﬁéréu'rlaﬁtém?remdsurroundr ng the apparatus, in view of
~this shaping of the array , 1's thus of beamaxis- substantl al | y ' '
co-drrectional wth - _

/.




the canera l'ens axi's, and the transducer elenents are nounted to be just
out si de t he opti cal fleld of view of the proximal lens L. For a frequency
- of about 200 EBZ, piezoelectric slabs about 6 cm long and 1.8 cm w de
form ng substantially a 6 cmsided square ATM about a Nikon[err] 50 nmfl. 4
lens (35 mmfilm of underwater optical angle about 34.5[err], has been
found satisfactory in fresh water. The sealing of the w ndow Wto the.end
of “he housing tube H as. by bolti ng at. B with an i nt erposed peripheral -
.ring seal [erf], as is well known, will provide water-tight protection for
t-he trgngduce'r array T and its connections as wel | as the el apsed tinme
camer a=géom ponents (notor drive M fllms-u;)ply PS, take-up PT, gate [err]
and shutter CS and associated circuits described in connectionwth the

detail ed diagramof Pig. 2), ) nventional in the
her ei naft er-- descri bed types \A@E%@ﬁﬁisﬂa%?%n&%‘ggonar transmtt:ing
and recei ving ol rcuis03aLdansbd e LohEL BLoecdARh SLA LEFINE 45260,

and the conput ation circuit

characterirtics®CGUMGEYIPE FE‘L‘Y‘{DW@ eﬁ“& Ropt d’ﬁé"‘r%'t |1(§n36f 1§W%Wéefﬂr
Z2, etc., also the lappesetibed| the dmveotti on, vwad dged. fay acadylpo1dbsppsed
rearvvardly within thggeat 8- bh@hdy hgysipn o | Gl

i nhibited by adjust:- tg nt_o l.ocation SnS’fo\f’#;u% %%da%l ﬁ};@ %”fi?"lem ve
t gpe sections APIEH3 K& hBl8i ng. As hereinafter described, nore
‘particularly in conAééti énlw 2 hvigwy shpripg ‘b)mr@gsismnsv\pfcﬁm( liztyeh:t £ein
"PRESS SW t hermirtabl4scaipi b8 vsed doappigyent actuation above a certain
wat er’ depth, the water pressure inlet conduit may be seal ed in the w ndow W
as at PSWin Fig. 1. The BEST|MODESt0®GaRRI NG ohmummgmmmmval so shown in
Fig. 1, as of the té‘ es described in said |etters Patent \d/ or of t e E G

& G Geodyne Type 206"€ahfF 8t HIdS I BEE nt Pt PEMR 8RY 1 19T ol
and. Undermter«s%@?ég?aphys"w Amaflies W Wiidkef BoapPehrenidugear apras- % of
the MT TEChI’lO|(Qg)bhﬂeﬁseﬂbuf)eﬁﬂm],ec1975 sieﬁm)aljms: iioned ar ihe four sidec

¢y & sguare cl ‘cumscridbing the czmera lens L, cemenied or other-

wise acouctically connectgd 10 the inside surface of a plexiplars
. or similar acoustic and light-tiraznspzrent end wall windov W of the
'elapsed'time camera housing tube H, as of 2luminum. ‘The sonar bear
generated (and receiveﬂ) by the array T at. the window ¥ in the |
waler surrounding the " apparatus, in view of this shaping of the
array T, is thus of beam axis substant;ally co-ditectional with
the camera lens axis, and the transducer elementis are_mounted to
be just outsije the optical field of view of the proximal lens L.
Yor a frequency of sbout 200 EBZ, piezoelettric slabs about 6 cm,
long and 1. 8’§p wide Iormlng suvbsiantially a2 6 cmrslded sguare
about 2 Kikon 50 mm f1.4 lens (35 mm film) of underwater optical

& angle about 34.5°, has been found satisfactory in fresh water.
'The sezling of ithe window W 1o the end of the housing tube B, s
e . by bolting at B'wiilh an inlerposed peripheral ring seal RS, as is

well known, will provide water-tight protection for the irznaducer
‘array T and ils connections, as well as the e]apeed tine camera coc-
'Zponents (motor drive M; f:lm supply FS, ta}e -vp FT, gatefG and
shutter CS and associated circuiils described in connection wiil ihe
detailed diagram of Fig. 2),_sh0hn dJSpObed .n-line as conventional
in ihe hereinafier-described types of vnéerwater éémeras. The
sonar transmitt:ng and receiving c1rcu1t boards {26, 1Ll, elc.,
- later detailed in Pig. 2A) and ihe computiation cireuit boards for



endipity in Loch Ness", The strobe lanp STR i's shown exposed through a
) oI ic reflector R behind the end wi ndow W. A shaped cushion C as of |

gr or the like is shown nounted upon the housing H, ‘and nay al so be
uded/upon the housing Hto assist in harnessing the eqw prent around a

dol phin, for exanple, -with a harness strap H' ' shown attached aroun__dt he
.-body 'and housings in Fig. 3, such that”the housi ngs ' Hand H are on either -
side thereof, rearward of the eyes, and pointi ngin the direction of travel o/
.of the dok hi'n. The i nter connecting synchroni zing cabl e between the:

housi ngs s . shBGhting dheidegingd target jchayentériides tangieddmi betddhe, e
details of -t heetppaioat upenétitdmeornvmtdmrhn(mp@t, gosle, %rmgdygpptdesm “hed
Referring to theg c@mmei@,; Yo $GcR" Qyét g, agleamy 9§ ﬁs%ﬁegpfeaarwarg}:( \ithin, the

pi ezoel ectric Lé@é(}s ggg{ }?Uu:ﬁ% St }!Iusétr%c at t]n 4 ol s |

Fig. 2A, connected ac oSs ﬁéd Aferetic fr9areanes h& ¢ tgd sbxcad Just-
anplifier sectPHht & *r?aﬂ"‘ ?Pén&l&éfq}’@ringnﬁemiangeas&y -adbertv&otapei Bec tidhs
t her eof , | abel 4Bcpm' Th“—')h@m;lpur ative with tank circuit. L1 (pin 1) to

gener ate the transmshheﬂleﬁﬁlmup&lééﬁ}ilb@ﬁerm&t@ p%%éé%ﬁ ?%flédp“cﬁﬁéﬁ?t"“h .
' runnin i tor n

2oy The st s ‘%ﬂi“’ prASELLe Wk (R, Kol o ey (e
" Semi conduct or t Yp&SE 5323/“"?% a°?‘fﬂ*é@Pa9E’él"Q:|8r certaizp wader démpth,ethepl e,

be of the RCA ¥aAer ppaganreABnlgbnemaiuitgnay Yd@egled thi theChisibw W & £
‘pul se of the ceskednofig. w1 llisecond, as an illustration, to drive.the "

'_before menti oned mgl 1G5 ARV fi f Zg i%fﬁzgzg é)m Egutﬁs fff
GOt W bk oy o m l s Eintle )

sane tank circth
i.n the stages %13 £6¢ Geadynenfrpe R06geandfawidescBibedtin anchrticllel entorisat

the sensitivitWioeh Néss. raae Ui @érRyelr %oﬂégréﬁﬂ?"sﬁlj\fi‘fha&-ﬁégsﬁely}ﬁﬁg flsaplpséar_

n | B¢S at ent _of nes
V\I\/ﬁlr!shglnﬁml tAi%' ng'?r)iet%i? b ﬁ‘:&l pﬁ? garh? q%t &%" Degs FPé8et Sovrred
characteristi cs ¥ a%O&fd%ls SsrzeTst SR {®rehowmnexpssep and
within certai r‘FW&H%? (P§E|'é'ﬁ°la%° tneddechpr R rbebtmé)bﬁle:anéraindow W!. A shaped
_ . cushion C as of Tubber or the like is shown mounted upon the
housing H*, and may also be used upon the hou81ng H to assist in
-harnessing the equipment around a dolphin, for example, with a
' harness strap H''' ghown ‘attached aroundthe body and housings in
’ Fig. 3, such that the housings H and 'H' are on either side thereof,
‘rearward of the eyes, and pointingin the direction of travel of
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 S
' of the invention in a best mode embodiment.
Referring to the: exemplary circuit deagram of Figs. 2A and B,
. the piezoelectric transducer array is illustrated at the upper left
at T in Fig. 24, connected across a tuned circuit T1 driven from
a class C amplifier section of a sonar transceiver integrated cir- Toe
- cuit Z6. (pins 4-6 thereof, labelled "Tx") cooperative with tank
circuit Il (pin 1) to. generate the transmitted sonar pulse under
. .the pulsing control of a free-running multivibrator section of
- a “quad-latch®™ integrated circuit. 22(A). The stages 26 may, ‘as
an example, be of the National Semiconductortype ‘IM1812. The
integrated circuit 22 may, 'for example, be of the RCA type CD4044- AB,
generating in.the. quarter section ZZ(A) a pulse of the order of a .
. millisecond, as an illustration. to drive the berore-mentioned



phot ographi c effectiveness), cause the activation of. the inmage- recording
system. In searching for. underwater animals of certain size, and in water
wi t h photographic range linmtations, for exanple, as in researches at Loch
Ness., Scotland (where the equi prent may be suspended fromthe surface to
nonitor underwater- animal life, or . i't may -bﬁ carri ed by dol phins-or
other.carriers as in Fig. 3 to seek out sucH life), I n other-
applications such as inspecting part i - «cul af -man- made or other objects,

i ncludi ng rigs and. pi pel i nes under ‘the. sea,, and/ or-archaeol ogi cal objects,
it i s deskrabl eclasansariner lmecshen cyf @6.t hehet 12@if@) oshwtishel £} i Giet sngadrechoes

i |1 uni na&T on sysiemvaadhore the es?pwh P fpum 228 8ha Olfalhg nﬂ% umnef ©4nk
use only when tFﬁl Sq a&- h%,s det 8& e'ged ht%e ran ditt(tt%he(:tf st,hgge améaltif%%d tiﬁ‘e

apparatus i's w napporla
sane. Stages Zﬂ%)“WFBL!Qﬁ(z@ i“'ﬁﬂ"l ’g*tez-éﬁw aetyezks (S8 ete- |?F1tel‘féa'§7a?mt°
manner descri beslet rtheabendictivarty &t e reZémemmouSung af. fhadsbmagr "trgagaeiver, -
asof the RCA type fLOQ,Ln kggwrexanpl e.  Section ZI (A), pins 8-9-10, fed from

the -out put " QU" of ?fr;]anjnt%}]i 19%%‘3{ é;):m neiéé{%%r ?Q'ggx?‘f gnﬁilnésp apxﬁonalbéhall

target signal s reat er maxi num g
presently expl a desiyed (that ZE%B)S%rp pleet sienals @%‘&"énp??‘ﬁfé’ F’ét"etdo
obt ai n._proper polhmcttyris)ticq Keal Stem -thesrighb dsizar get widtdt katgeh,r doraexam-

Z2¢C), deterni nprg) \e{ﬁatwmmmleruﬁt hradig@BN6awdh GBALRSELNithiE e¥robBecamera
target I's desir q@g& i arrr%ﬁuvg’ﬂéh%g ’cgu%gdth% thf%'ané ;5 g

2B, are the ter out

and Z1(D) of- Fi ﬁecczrﬂ 13 ﬁf%?semrl ﬁzs%ﬁﬁfhég %‘é‘f\?é‘é
wi dt h. gener at edsize,za(:a\)iran@ttehrewm|mwraa@elmwens¢|ohnfiﬁem?ﬂm 9‘oef example.
section Z2(B) fas jbp&bsmmmaanﬁodn Ne#e SEPRANAO(Widre thei éigmeS? may be

"M N RANGE" S i r enyrel dhe
( ) ﬂ%@ﬁs § v t% Qb AL LRRT RBK QP wibe ARl QY RRGANCHYrO] diNC

“out.put of Zl(-D) mn| mran e

al | owabl e. RRNC@% r}‘si("m or | offer E %brlsiét'e3 to
ti me- const ant s%%t"i‘l@ns‘f‘m 12?:'6%) D imy @rthﬁheﬂmﬁ-ipﬁﬁ#mﬂaﬁg‘é ag\i@spacting parti-
manner, switcheenlad @adAR(del oW BEhéy cbjebls, shicacting wifgst bed pridgtinesi ned

desi r ed target m The'! SeU] Wndybr T erebh Y41 dAN oBled b, 43! € Adsirabil o
2B. ' . 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 Tesults in the
same manner described in said Letters Patent, Z1 comprising a quad
"nor® gate asof the RCA type 4001, for example. Section 21(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—
"-ption 21(B) at Pins 4, S and 6 is an inverter to obtain proper polarity
-for "the later—described target width control at 22(C), determining
what minimal width dimension characteristic of the target is desired
in the search. Pins 1, 2 and 3 of section Z1 ‘(¢), Fig. 2B, are the
~ terminals of the target width gate output (pin‘10) of x2(C); and - '
Zl(D) of Fig. 2A at pims 11, 12 and 13, serves t0 mix the sonar
pulse width generated in 42(A) and the'maximum range one-shot_from
pin 9 of section 22(B) for both'naximﬁn and minimum range control.
 Switches 52 ("MIN, RANGE") epable selection of an'appropriateinc
delay recovery of the output of 21(D), pins 11-12-13, to control



us sections of a hex-inverter Z3 (Z3(A) through '()), such as .of the
ype 4049, are used for inversion purposes, including Z3(C), pi ns 6 and
tween the output pin 13 of Z2(A) . and the input pin 12 of Z1(D)% and

), pins 9 and 10, between the output pin 11 of Z1(D) and the input pin
_ 8 of Z1(A). Two other sections of 23, mésely Z3(E) at pins 11 and 12, and
. Z3(F) at pins 14 and 15 (upper right of Fi g. 2B), are shown connected to

.operate as & Schmidt trigger circuit, W|th del ayed turn-off and turn-on- rls

time in pespyse, he .aut fed mpi N t he ga (C ough
‘di‘ode, t{:.:t % s ﬁ\) ecr5a§F %i ?w% 18- gn%‘?{? éﬁ kﬁmémnép g {'be
~later-descri ﬂéﬂ E5hatd enﬁ?B@RWon%ﬁQ"@Pt?hé ¢%Jsﬂct'19no¥'dr @f?(tBI)eto rergg‘@er
- Ci rcui't when trod the gexinsmneadgengeAnditin hakdenanmst M awgechesl I33S ( "BARGET. B
ef fected by &uwuvmhntalweouéxemfona&rzﬁ(ﬂprﬂaEtéﬁnitﬁvdouggiﬁedd'tQ‘ii?e{0c%' n-14

- of sect I on Z?n(i%u& Qa%tgpeggt%e%i%é cﬁe!et uné;feqcﬁ{tgtd:’vb rat pI ns

15 and .1) whén permtted at one phase
or m)de of its t| Tiguey eeetinse ok ﬁe%“t'ﬁé"’éﬁ FE5HIB &) ?hmghnﬁ?lhe -
ot her conpl eserbaas ofhdbe REA diylpeshe49) koref ubed framunvareion Thepesepsed

}_ ; [r;aefgrrgg ?eﬁ.ﬁalrﬁcﬂﬂ.n‘g n:sxlcéw fne Beahd PE, %icé%iﬁaé\%@t gt f6f ‘iﬁcgg,lzléhf)al&b
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.3 t|1rough 6 éﬁcé%f a% gf é&ﬁﬁﬁ gnrange¢7 T is- effected by applying the out -
_put at Z3(F) pin 15 ‘through a diode. to pin 14 of section ZZ(D) that
' operates as' a free-running multivibrator (pins 14, 15 and 1) when -
permitted by. the Schmidt trigger citcuit, so that one phase or mode ‘
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 theé type described and re-
- ferenced in said Letters Patent, as of the Geodyne Types 204, 2043
_ of E6 &G, Wellesley, Massachusetts, or the 35 mm underwater
" . cameras-of Benthos Inc. of Falmouth Nassachnsetts, described in
-said Wyckoff article, or any other well-known conventional type.
The further inverter section Z3(A), pins 2—3, aids the free-
V,'running cheracteristics by artificially re-creating the complementary %
- mode. When a. qualified target has been detected therefore, “two
o outputs result from ZZ(D) ‘The "Q" output at pin 1 of ZZCD), Fig. e
- 2B, is used to .control thecamera shutter drive and comprises o
' tramsistor Q (fed via conductor labelled SHUTTER" from pin 1 of
Z3(A)) and its associated diode-reSistor network. When the "Q"
output rises, Q, conducts and its collector passes current through |
"the "SHUTTER SOLENQID". The complementary "Q" output at pin 2
feeds a duwal flip—flop Z4(A), .pins 3 through 6 and 1. This section
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ZA(A) is tri ﬂgered as a one-shot, driving thecanmera notor driver transistor
stage 4’ suc for exanple, a Mtorola type [err] to operate the canera %
motor Mto advance the filmin conventional el apsed time canera fashion.

The one-shot operation allows suf- * - ficient time for rotation . of a.
cam that activates the “FRAM NG SW TCH so- | abelled, (which can - _ .
synchronously control the strobe flash or other il I um-nation, as explai ned

‘i said Letters Patent), to open up the notor-circuit at the end of .the
~franme. The variable capacitive tine-constant 'sel'ectjons avail abl e by
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film advancerrent labeiled TTRAME, r'-"é:f‘l%‘%] (1°"ler right of Fig. 23)

is shown -driven by transistor Q3 either by Z4(A) or by a switch-
controlled free-running multi-vibrator section 24(B), pins 8-13, to
allow manual advancement or setting of the frame countér by depressing
a switch labelled “COUNTER ADVANCE" connected with pins 8 2nd 12
of 2Z2(B) -- the multivmbrator running to- generate counter indicator_

'controlling impulses while the switch is depressed to advance the

- counter until release of the switch. This is useful. wheh re-setting
the apparatus after use or test._ _ ' -

o~ - All of the shutter drive tramsistor Ql, the frame totalizer

- - . transistor Q3 and the motor pulser transistor Qy are shown returned
_ .. Yo ground (or chassis potentaal) through a further transistor Q
g'_ o which only turns on when the- appropriate target is detected by

the sonar, because it i gated by the output of Pin 15 of 2Z3(F).
Another feature of the_design of the_invention, appropriate.
~ far more broadljJthan'in the illusfrative equipment. uses before
discussed is automatically preventing oxr. inhibitlng further camera
" motor operation and film advancement and shutter operation when the
desired number of pictures has been taken 74 thus to prevent battery



~ desired nunber of pictures has been taken -- thus to prevent :battery or

her energy source usel ess run-domn,'including the energ -of the strobe.
i | lum nation system where used, as well. Thi is shown effected by the
lication of another "Q' output frompin 3 of Z3(A) to pin 1 of an :
ectronic counter Z5, as of the presettaple dual-decade down-count type, -

" with the aid of switches S7, such as RCAtype 40102. Each clock pul se _
‘representing a shutter operation appl i ed at pi.n. 1 of Z5, will increment the -
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us turn-on 1rn operaftl adver

.also be useful to effect from’ outside the water~tight housings of

the apparatus.

At the bottom lert of Fig. 2hare shown circuits for

: achieving ‘these ends.’ Transistors Ql and Q2 are shown connected

to function in: a regenerative loop analogously to. an SCR switch.

The paik of zener diodes % connected to ‘the base of Q2 provide
regulated output at its emitter._ Power from a;pair of 9-volt
batteries- provides regulated 12 volts when Ql -Qz' latch on. By'
applying a magnet to the spot of the "GN" magnetic. switch (MS in jag;1
from outside an aluminum or other suitable housing H),trickle cur-

rent through. Q4‘ will act as a simulated appropriate target received

-by the sonar 2

. -as the”magnetn

magnet to the
cause current
To- avoid

. triggering om
-the like, the
~until a pressu

volts directly

4o use ‘the reg

6, and will continue to simulate the target so long

is positioned near the "ON' switch. Applyingtthe
region of the "OFF® magnetic awitch moreover, will

to flow through Ql and open up Ql ‘QZ .

spurious turn-on in operation as from inadvertent sonar-
the water surface or from the hull of a vessel or
apparatus may be rendered incapable of operation
re switch, labelled "PRESS SV", connecting the +18

to the collector of Ql and making it unnecessary
enerative section of. Q4 -Qz ’ is actuated at a desired
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triggering on the water. surface or fromthe hull of a vessel or the [/
l'i ke, thé apparatus may be rendered incapable of operatr on until.a pressufe
switch, |abelled "PRESS SW, connecting the +18 * volts directly to t
col | ector of qerr] -and makr ng it unnecessary to use the regenerative
section of err]'-Qerr]', is actuated at a desired =~ mi ni nrum dept h.
This is inmportant in the before menti oned dol phir; or rel ated operations;
and/t he required depth of arming of the apparatus.can be set outside the
maxi num ran&-[e setting to avoid e -9 - such undesired operation. of
t he apparatus. Indicator |anps denmonstrating that all circuits are :
oper at, __Q sati sfactori |y are al so provi.ded; the "ON PED' indicator being
drivenby @', and a "GREEN' indicator (far right and bottom of Fig. 2B),
i ndi cating when the canera notor is driven, a dimring of which is a sign of
_-adroprnrmtor vol t age. softe n t | AGh;
‘general Iy in P eﬁéhanghé%mg ?mf"’”’ qréno)rtﬁrpni’m’% V\ﬁ&ﬁ?éb{'}d %1%} "
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of predeterm ned character| stics and Wit hin predeterm ned range limts

ai d ch i mage-recordi ng under- water is useful, for

[ atlmnﬁm,mugu“ Mrdl ng apparatus to enable recording of the same. _
/ Appar atus *fas™cl &ined in claim1 and in which s id transducer nmeans is _ .~
posed within said housing -and in acoustic Sont act with said wi ndow. 3.

;Apparatus as claimed in claiml and in whi ch Sai d image- recording :
apparatus is camera apparatus, and said Caliaz®s nNeans activates the shuttele

of the- caner€ apparat us. 4. Apparatus as clainmed in claim3 and i n which
a strbbe |ight!-s aprovéided: er|mt'edre@mhhunmmabreaxt-bawtu—egldm.pknsifr{ng §},f- -
sai d wi ndow and- conngkt ecbusiinlp toeraSak Alg cvat gsﬁamaaslmg pp@g

the S\malr deLeCt'OQ ﬁiraﬁﬁia? Qb gebud Al BE§“§% %'rmggﬁgpi,é%%&“gt?md .T.he
~ same while the cangta, s} -

4 and in which neafg §s gtrlo- tg'édﬁ‘?‘iﬂi"ﬁeﬁefl FEPeckad Vath rigesai d shutter

and -advan- ci ng fi FReFeT TEacOTAANEr 2PRETFANAL Bounted whgbas Umi doob)mgtinofthe .
predet er m.ned char peoxinisty o F&ideindowtet ectﬁﬂ:sh)dc&h&oﬁﬁé@fedaﬂpé\{ atus. 6.

Apparatus as cl ai rreﬂelerbxfalxauaasbér@ﬂ% 'aaa\ﬂfahspo&éai%' ) oAl J‘ fgﬂ 4419, means

I's provided for countld'n er oépﬁgtlvatlons 0 -and

produci ng an i ndi c&PY8h v&ﬁ SLé pF Rt EPRP e PSR BPUBE G, |‘E’t‘1§|1%§ %fﬂééﬁ o
" taken by the canerafaﬁp'a'r &ﬁ'u§he7len* Apfaphapd 4o bhaen‘teltb iaonerabennt 2and in . -
whi ch sai d i ndi cat boveishtaa1agou6td iretitybihl GNRMA LB éfd Bx3ak Jafid UShifo1
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carrying the two and of predetermined characteristics and within predetermined

o C s range limits of said: window within which 1mage-recording under-
waler is useful, for activating  the 1mage-recording apparatus h
to enable recording of the same.

2. ~ Apparatus as claimed in claim I and in which s-iad. transducer

" means is disposed within sa2id housing and in acoustic
contact witb said window. _ '

3. Apparatus as claimed in ¢lzim 1 and in which sa2id image-
recording apparatus is camera apparatus, and said control
means activates the snutter of the camera apvparatus.

4. Apparatus as claimed in claim 3 and in which a strobe light
is provided. oriented to illuminate the region in
front of said window and- connected with thé said control

' means and operable upon the sonzr detection of said object
 for transmitting a flash of light to the same while the
camera shutter is open. . _
5. Apparatus-as claimed in claim 4 and in which means is pro-
vided for repetitively activating said ehutter and advan- r,
cing film in the camera apparatus so long as said dject .
of predetermined characteristics is being detected by the
_sonar apparatus.

6. Apparatus as claimed in claim 5 .and in which counting and o
1ndicating means is provided for counting the pumber of
activations of said shutter ang produc1ng an indication
when a predetermined number of Pictures has been taken by
the camera apparatus. : )

7. Apparatus as c]aimed in claim 6 and in which said 1nd1cation E
is an. acoustic szgnal emanating from said housing. ' '

-
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housi ngs underwater in spaced |ateral position. 9. )lc_
inclaim8 and ih which said carryi ng nmeans conprises haﬂmﬁ il!g @ .
attachment to means for propelling the laterally spaced _

camera system housing and strobe |ight means housing through the wat er .
Apparatus as claimed in claim3 and in which harnessing neans is provi ded
proportioned for attachment around an.ani mal ébch as a dol phin. 11.
Appetratus as claimed in claim6 and in which neans is pro- vided operabl e
upon the count |(n~g of . sai d predeterm ned nunber of pictures, for thereupon

| nhi bi-di ng Fur Cher Shyfler Getd.vablop.ang, | 'zthaavﬁgcgpem{ch Qe oA ATUS

as clau;ed in claim nmeans. 1S pro-
externally to said hdd&éPhg™s3p® i1 pPukIsh 4™ tae§‘f’u%1’d’tg| FAPHST P % g2thut t er
i ndependent |y of sonaondeteentnmiladdcémeranmyBhgn Suivblappandt 48 dch

subsequent senar- conheek! £d Fvivali edrBitngabdasdUiclrebardping tARPEAL US as
claimed in claims3 ar}l%uk?n Re PRARS kS s%QedViangai or, oQE.Qﬂ-H-P' ng

successi ve electrical |rrpu¥4;es corres-_ pond |n8 to succe55| ve frarres of f| I m
2

whi | e sai d obj ec?: i s ABERERER ad‘ycﬂﬁem%?)r?é’r c3pparSitand. ip; vedqly iepdd ATy ine
means within the housieagsceompised barressiogdneans dficd etpatlventand means

cdé respondingly to aduangfopdi ifig ALEUTSRSSNYG £pATERS sohdtteotiivbl Bed hRinkSa

provi ded .with control rable to activate the shutter for each
franme advancenent; coa'%tggﬂshrr‘)euasnig&hg?/gns rﬁ&%n?‘?ﬁg meArs. BMEPEg a

predeterm ned number FoBBHe é’@l"FESpondl ng to a selected nunber of :
shutter- oper ati pos amppehatuslag rdeisedcxedlbianksndnianshicr hachesd ingy means

said couriter neans eggh i-HPiHe%‘iqud bPfiddta $oPastERIMReat Usrslplacahi SR ph
sai d object until the s Iecte Q[iﬁ er of counts has been achi eved; and

means. for thereu on i*¥ b‘??l hg Primdrive notor means_and shutter
operation. Apparatus as claimed in claim 6 and in whick means is pro-

vided operable upon the counting of said predetermined
number of plctures, for thereupon inhibiting further shutter

_ actlvatlon and film advancement ' .

12. Apparatus as claimed in claim 3 2nd in which means is pro-
vided, activable externally to said housingfor initiating
a test activation of said shutter independently of sonar
detection and for'arming;aaid'abparatus for subsequent sonar-'

" controlled activation of said shutter.

13. Appaiatus as claimed in claim-3 and in which means is pro-
vided for producing successive electrical impulses corres-
ponding to successive frames of film while said
object is detected by the sonar apparatus; film-drive motor .
means within tbe housing connected to respond to said-
impulses and correspondingly to advance the film successive _

9 _ frames; s2id shutter being provided with control meams r .
'operable to activate the shutter for each frame advancement-
counter means having means for pre-setting a predetermined

" number of counts corresponding to a selected number of
shutte:’operations and thus shutter-exposed frames; means
for actuating said counter means each impulse during the '
sonar apparatus detection of said obpject until the selected
number of counts has been achieved; and means for thereuvpon
inhibiting the film-drive motor means and sbutter operation.
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