MODULAR DIGITAL CAMERA CROSS-REFERENCE TO RELATED APPLICATIONS 100011This
application is a continuation-in-part of U.S. Patent Application Serial No. 12/345,437, filed on
December 29W8388/Hfdlaims the benefit of priority from U.S. Provisigﬁyuﬁﬁ%ﬁfc{:’ﬂ%ﬁ No.
61/265,693, filed on December 1, 2009. The entire contents of both applications are hereby
incorporated by reference herein. BACKGROUND 100021Digital cameras include a series of
functional components such as lengegyopreabiitteTsOMAMERA e electronic image sensor arrays,
electronic circuits to capture, process and store images from the image sensor array, internal or

external memory devices e:gioterandiragsterinagefites power sepplies and a display system to

preview the captured imagﬂgs, These components are typically integrated and interdependent, from
each of an optical®¥bktrordids #RYFHYSIER FEFEpaieRE I InSEit deplstbtfaletises and power
supplies may he/amehedila andpemmed fiamoteponess. Bebihediemating gampoments are

typically permanently integrated int in fr wark or housi ithout any practical ability to be
removed aeré{jo ‘r’é%‘ia%e%?P lgag%}(%ge%h%%g(%, hg]%gcr’ gfrsrﬁ(éerrflcé:rafmg %g\glnc i%?‘uearﬁ rgo‘%ﬂ%%%%o ameras are
limited by thelleaptadvaneedcerm pongntoardhe fifstoonpenent to malfunction. In addition, these
cameras are not upgradeable with updated technology and must instead be replaced in their entirety in
order to obtain the benefit of technological i%ovements in only a single component part. Additionally,

due to the limited configurability associate&¥ith@AVeRtional cameras, they are typically suitable for a

limited range of ajppligations AR EARISES IR LRI FSHCRIGANSEAMBHE deneialisyited for either
still or motion ‘pé)%ﬁ:?graphy, but not both. As a result, users who want to shoot in a variety of contexts

and for a vahi&t BpIRStENE GRS RERItTHEFSTRSY ATt & CHAR S B i eS8 B sired results.
100031 Thusproetwithstandingdhiovarieusdigtakscameyaioptiahsr ayaitad e dmbhedaricdhere remains a

need for a camerd, Sustoln DAL 5 Y. SUSOIBIARPISPY 5 H5STRAAYDIERQ BICORGR fhe imitations

discussed above. SUMMAR
images. These components are typically integrated and interdependent, from each of an
optical, electronics and physical perspective. In many instances, external lenses and power
supplies may be atiached 1o and removed from the camera. But the remaining components are
typically permanently imtegrated into a main {ramework or housing without any practical
ability to be removed and replaced. As a consequence, the performance and functionality of
these cameras are limiled bythe least advanced component or the first component to
malfunction. In addition, these cameras are not upgradeable with updated technology and
must mstead be replaced in their enfirety in order to obtamn the benefit of technological
improvements in only a single component part. Additionally, due to the limjted
configurability associated with conventional cameras, they are typically suitable for a limited
range of applications and contexts. For example, such cameras are generally suited for either
st1i] or motion photography, but not both. As a result, users who want to shoot in a variety of
coniexts and for a variety of applications often need to purchase multiple cameras to achjeve
desired results.

10003] Thus, notwithstanding the various digital camera options available in the

art, there remains a need for a camera system that is fully customizable by the user, and

which overcomes the limitations discussed above.

-1-



100041The present disclosure provides a fully modular digital camera system. In certain
embodiments, for example, the digital camera system can advantageously be a digital still and motion
camera (DSMEP W EEH be optionally configured for both still and mdtfdn*SAYBHIG n various
embodiments, the camera system can be either a still, motion, or still/motion combination digital
camera. Each module may be removed from the system and replaced, for example, by an upgraded
technology module, while preserving the fungtidfiditR vf the remainder of the system. This
interchangeable of the modular design allows a era.owner.to replace various components
as they are upgrgﬁ%gnd %%Fg\alsgﬁ rjastgﬂ?esr%]gﬁ)‘ﬁ\gﬁnag%%&:& datcl:%vrtﬁg %ntﬁ?e can es?gnsl;/lsgtem. 100051In
addition, thefisuendsdmespbelel seanpleclediigia reasge misled by tieanseetostapidyduhiahge the

physical copfigaiationaf dhsesyaiemcT g vAdRU: SlRrHANCS Modulas oy BecaRnRsiSs to each other
or stacked in any sequence and in a wide variety of geometries, to enable reconfiguration of the

system to SURTBULR P jsPateTaRREments,| BEoR e BREHpTa" the AU s EhnTRedcs8ytem may be
assembledsiiliab&iRambiatauckigel femise Bith abandlasueh-ascacbattomigripdandla The system
may be disgssembled and reassembled.in an.electronics news.gathering (ENG) mode. (e.g., for use
with a shoﬁﬁe?c%%é% ﬁtﬁ?{%r?lfrl?t%}? 3 %sntﬁa%ag%én%é}m@ﬁgﬁ ,msol%}%’a\g%(% }?Jrgseergh%‘é%?po ?Ei%ﬁ?}fg'or crane.
Reconfigurefithe camirdeacdshaptisived Toimovechaescentarasirg ity fordviaidesi aekwrerd along the

viewing axig,And ARYPhaSRIEY-RbAURRYSRAANATS, SHER AS.BLPS DAS QL dTames nay be readily

connected to the modular system, as may be appropriate for the assernbled configuration. 100071The

modular cafAERE &SRR CBREELREe RS T odule or "brain” in certain embodiments, and the terms
sensor module anebbsain mestdeiaransashinéershapgaakiylearaiondhafrai-modulepeeferably
additionally comprises digital signal processing electronics and may. further comprise an interface for
removably tr%é@@hg%@&%éﬁ%%@ﬁﬁﬁ%cfﬁ?? aie}%ﬁr?gtllo%s THodulE ﬁéﬁuéogﬁﬁiﬁggcgﬂog}ﬁ ®or more of a
recording redule, eopowed rodule cdiennfoutanied ule 2ayu sepimterfaceimodulés lems:tmadint, or some

other type gt funchional egUie.1R9AHN, 3iFRtHSRAGL ALINGAIEFSRHIRYGREON, there is provided a

modular motion camera, comprising: a sensor module configured to capture video image data, having
a first interface; al Pfbkr moriuTs ARG R S9dEBR GaPRR RITFAtEITACE s BiFé cordirghodule, having

a fourth angh§ifth énderiace; whetain theafits! inkerface infinctionalhnreegageablewith.any of the second
and fourth ﬁ]terfac%ﬁ?.dln this manner, jtrtlgnpgwer module, recordln%é&%gg?%,gand other optional modules

may be stalkad i any BrHEFSTRE SEhEbFRESHE M ceraTEH © e 1Tl fiterface is

fu_nctiona_llyuiﬁgfagwbia withrtfieofouitla mé'rrﬁamfxgndtthe svezkmd"d_ntetfane isi;ﬁum_:mhﬁnaldyy engageable
with the fifth, interface, [9993HEhe.p el BadIe A dHdEs 2 irearding fug extsnalinghetween the

second and third )
backward along the viewing axis, and any of a variety of support hardware such as grips,

bars, or frames may be readily connected to the modular system, as may be appropriate for
the assembled configuration. _

[0007] The modular camera system comprises a sensor module or “brain”™ in
certain embodiments, and fhe terms sensor module and  bramn module are used
interchangeably herein. The brain module preferably additionally comprises digital signal
processing electronics and may further comprise an interface for removably receiving a
functional module. The functional module may comprise any one or more of a recording,
module, a power module, an in/out module, a user inferface module, lens mount, or some

other type of functional module.



interface, for transmitting motion picture image data through the power module. The recording module
includes a power bus extending between the fourth and fifth interface, for transmitting power through

the recordinggpgule. 10 R RIslarab femedviarsemese adilieralamanaesandyuen module

having a six sevent |nter ace. The sixth interface is en(%%eeable with at least the first interface,
and themspEngh Imerface s dngapiasrd WittaitTeasien daseorifinternee. TRtineHsind PINE power

modULgoa@@OEﬁmggm@@wﬁﬁad invaut@iedeannaydersiackadir, &mm@gdﬁfoﬁﬂﬂlaﬂdseﬂ’flsﬁﬁmmﬁ,ﬂe

[001115 referaply, a user interface module is ad tlon I ed. Th u'ﬁ may
includ hﬁﬁﬁ &i etfflhi?lttglrt Ace, wWhic cmoanj engn% a%ea‘%%wgéfh a% 7 other in eretf;ce int reaéﬁ'fblstenm T one

implementettior obthe fdfshﬁ@smf@rm asénhht@rﬁaééeﬁmgwb@ﬂd}aﬁgwhhe@@w Haraseieiaieh is
engaggablewith a0 of the thirdandififith.intecface: fheresas K@E%[f&?ﬁlﬁb%&%@%ﬁ@&ﬁﬂ){%ﬂﬂhse a

transceiver for wireless communication with other devices, sug%gf the s nsor module. The user

interfARETRSS tHEIBFSRSIE HiRHAGHEIR SLaRY REERIP SO Bh 8?1 ed from the modular
camera syst¢mog] [Ommmanmmpkemmatmmcmélmdmm@m@aimﬁaatfwmeilc@mmeesiahlkéast a

Seconl%t@%% fmodule, he Secend powerm u&stbam%@te%w@mﬁ@ inferiacstesaernd

power mod preferably comprises a recording bus exténd Fﬁg between the ninth and tenth interface,
for tra%mﬁﬁmegwmwa@%aawa@%m»aaéﬁ%é%é& oSSR Se st b ERfer

modulgJereferalialso comprises a control bus extendlng between the ninth and tenth interface, for

transmitting jé)@tﬁﬁl S|gti5al§t r %1 tpn% g?gogad 0) {t?c%dﬂle %?Ol%LThelg)od[urlgoiaimgg%g stem
preferably additionally comp DISEs A 1ens moun{nmo ule, rele ‘cohnectable to the sensor module.
A digi@*@ignél%m@@s%ﬁfﬂ@y Tdsiditin ither f@@%%?ﬁ@ﬁﬁa\?@ Wﬂh [BOea] Tivefgehstfresddis gy be

d'rectlye%nmd&t%xeem@fgﬁgﬁﬁmmae @ggﬁfhmg&%lﬁﬁui%afaeéamm@s ineasaimepiedimeants, the first

interface is indirect lﬂy functionally engageable wit e se ond and four efh interfaces via a

releasER/ PRI Apeat HRIWS MAsdindasts r“é Eﬁ8 t?‘leélﬁ‘?rrslfl? Ftace is indirectly
functionally e{ﬂgla?geablé’wfeh‘ahkyy ofttre secdnd anclifdurith :udtmmés vi ol ofl heorecd unterigemodules.

[00151in.& RegopshaTResh Al iE ArGPALIANENHAD Hhars R AR VIR d A BIRAUIAL QAT system.
In one implementation of the disclosure, the user interface module comprises an eighth interface which is
engageable with any of the third and fifth interface. The user interface may additionally comprise a
transceiver for wireless communication with other devices, such as the sensor module. The user interface
may therefore be functionally associated with but physically detached from the modular camera system.

10012) In one implementation, the modular camera further comprises at least a second power
module, the second power module having a ninth and tenth interface. The second power module
preferably comprises a recording bus extending between the ninth and tenth interface, for transmitting
motion picture image data through the second power module. The second power module preferably also
comprises a control bus extending between the ninth and tenth interface, for transmitting control signals

through the second power module.



camera, comprising a sensor module configured to capture video image data having a first bus
segment, a recording module having a second bus segment, and a power module having a third bus
segment; each of the modules releasably connectable to any other of the modules; wherein every
assembled coffduratidhempiinsunres PreaowarHiy aldicanty O RBRUNIERHBRMRSEh other in
a manaeedidy penmitstivnctionahete otoibdt chripiahicatid prasasnyreachsaidhetmodslesn{do6] The
modular Canlséilﬁystemhgr&&%@%aﬁl@iHi@p@@ﬂgmnpﬂﬁﬁﬁm&i@/@ﬁ@é@agw@mme@@&%H&w@gs

segment, that i |recrq con% gta ci eeolgr}er ?e% n%ent Theasg&rﬂﬁ n';hdulepf
certai Oéﬁf%ﬁ) ents’can be |r1en% br In |rec1% cleasab y connecta er of the modules.
For exbpnprendtakensbrinrstians Yfﬁﬁ Baciafbeéth m@a%%&%%%@%@t%f%m@nﬂﬁnfﬁé%odules
via ongranmefe ofdnkteshbiynatiachigtie agaptewpladey diitsycnodule farthatik@ces via[601%] In a
third alﬁgz%%%@%(ﬁ;&nt invention, there is provided a modular, convertible motion camera,

comprising: a sepsor né?fdule co%ﬂ ured t apture V|deonlp1ag data a rec%%jln?nnaoptlgl% z‘la(power

module; and 189336 int&HACE TR Whereln AR I VIR recﬂy Brin recty releasa
connegtable tornesenssrinsditduls @pﬁf@wﬁ@tﬁaﬂ% Yrsaises MBI BamEFH h‘a%ﬁﬁ@ré‘ﬁtme

configueati@ng andweashvinedutedanayubeediscannecigdeanthiehssembled ihitd Buseegnehcanstrott having
a DSLR. configuray Qa{ga&? %o%%@aa@mxnwﬁ&r peludean v/ utradile, 0018l faurhaspect of

the present invention, there is provided a modular, COI’]VGI"[Ib| molﬁlonheamera complilsz;% atsensor
U

moduf Bh YR Bf%ﬁf)tﬁveel\%Q%Wﬁﬂéé’b&?gl%upéca&od’ing méaule? & pbwer Mo a user
interfabeciodUscwkereimussitatotulons eirdatiyhsmditestly releasably connectable to the sensor
module in a fjggt eonstrust tepredicankMaioBeaReratiavingi N Gegnfigurationcanchemth module

may bﬁm'%gg? 2908 R%%% 20 [eAsHemRIgd Into c%rﬁl%gﬁgfg msmcgmy'&gc@ @wg@&g{gﬂwa@@% [0019]in

a fifth aspect of the present invention, there is provided a a modular, convertible motio %
ower

compaABIe PEEFEER STRIGIERHAGD #éeddeae&%ﬁarmfag&. AR el R ERAFIR GRS
modubepdwicsafisseximipidate msoshleoiiderein eastlimodu F@I@»@h@c@ﬁfl@?%@‘i@é@tﬁwﬁﬁa}tﬁl@e

Conne&@m%stoﬁ%esgnﬁ@fempm&es%@ finsticonsindsicto produees melion eamerachaving a Studio
coniguration, g eachMoRME AR ﬂlég QoeFiRAL ARG raRseatIRAING H3RARNT SRNRIHEN having

a DSLR configuration aspect o resent invention, there is provided a a modular,
convekiplan camera, compnsmo a sensor moduie conﬁgure to capture video image data; a recordmg module;

a power module; and a user interface module; wherein each module is directly or indirectly releasably
connectable to the sensor module in a first construct to produce a motion camera having an ENG
configuration, and each module may be disconnected and reassembled into a second construct having a
DSLR configuration. The camera may further include an in/out module.

[00618] In a fourth aspect of the present invention, there is provided a modular, convertible

motion camera, comprising: a sensor module configured to capture video image data; a recording module;



motion camera, comprising: a sensor module configured to capture video image data; a recording

module; a power module; and a user interface module; wherein each module is directly or indirectly
releasahly connectable tg the.sensor.m A irst r 0 _Pro i aving an
A0 COINBGAPIESQ %%’?me 189&1%‘%, 5&%1%:% &%ﬂ%&gﬁgé ;90&89&%90? MOHRRCAMELA T

ENG configuration, an each mo e may Isconnecte reassembled into a Second construct
having@ Bl configuration st e den2nibeiufensiayible drsbanmactaeliahdresssambledtd s third

constrygiiamiingh a.edudio eanfigiration: 1R02hina seventh-asnackef theprrsankinventiang there is

providgdd’;\ mod Iartrinotion camera subassembly, comprising: a sensor module, having a sensor
configutll%a(ﬂotg)rc1 %‘tlr eVideo image data, DSP electronics, and a back focal distance of no more than

about 16 mn{08i8] sensoraidthudepednfigiicadt denconnetiritiycan pxtaded|aecordig. modelttdnd an
externglpONEHBL dulanising Q0220 mai.eIghth Aspect QbR PressRLIveRiion.theig$BMYided a

modular motion camera system configured for operation with any of a plurality of lenses _having
differehPPSEaIMEABIH S oG A S RaGH I SHiTE S TRt fo R AHSHY Vol TRy ta Having an
interfagadessBlin ovaldyseaeeivingddansanfosntanodu ep apddatte ashatfirscanda sedond |Bngimount
modugiemauebiceanesiaRls silniRiAGR EaGRISIR MR ROSHIE AR ng: T e Jocal
length. Ea hiens mount module focal length is selected so that it can be mounted to the sensor
modul@Briticadidedaéthe back focal length of the modular camera system, to produce an overall focal
length of the pystem. The.qvatadkieeabiengiealiiiaeystemiaaydeanteha varialyrotdangtiinse
includingtl? mm, 35 mm, 46 mm, 48 mrg,152 mm, %[j?therggg%l ength. Indﬁg_e il[n&))lr riplerrgg iﬁg of the
disclodlre tREBaeK ggéﬁsf%%g%ﬁe%s%romr%&ee? arFabout 18 mm. 160 & Modliar camera system
preferalpyrad ditidwial lyréomysris ededigritainsitiell photassiey sledtiomcsirieosansorivodahsatihe
senssnem%&hﬁm@wﬁu rE@ﬂo?%@ﬁﬁ%eiﬁrh "?&E@{f@&?sﬁﬁétr%“&’éé{i)& L GdMIg c%rﬁé%ﬁﬁ%ﬁ!gf@ﬁ%_ The
functional. module may comprise any one or more of a recordlnq module, a power module, an in/out

modul® SSH Y GLet i AL THEGRIR. 102 A NP A iR S EFETR tHe RS St HVEIBH: thrass

providediR mediganhamerbsebmptisio gray terliscanhadyd havirgsssmiviaigetsensod gonfigerred g capture
video jnage data and.a first bus segment, a first module having a second bus segment, and a second
module havinﬁ a third bus segment; each of the camera body, the first module and the second module

releasably cdiffddtableltoreRIdtispefinréin BicRsasiBRatia8sEhRsdt RISHIGH Am BT HRM S Hules
places:ihebusIseGMBRI S imeamBURicAienWID Gachisinetdnsar amerdal pefmis functional
electrigal 9%&@@&?&%&”, among each of the modules, In some embodiments, gvery assemplpd
conflguréilflon of fie modules p?acest e bus segments in communication with each other in a manner
that pemig fehbticranesieatiicah ssisarmlinieador avdigpedeh oteralmodenesndiécording to some

embodimentgg§hg camera.bagynis relrasabiconnastabientecashofiihgdiratandibg.sgecapgbmodule
via a releasably connectable adapter plate. &0025]];I'he mﬁdulajr camera may j},}clude a \{a}rie% of
modul&esH géﬁﬁ:én é;ﬁ{gi&a{ﬁ%ieﬁ{so?ﬁ@tmn witlt any of a plurality of lenses naving “different focal lengths

comprising: a sensor module configured to capture video image data, having an interface for removably
receiving a lens mount module; and al least a first and a second lens mount module, removably
comnectable to the interface, each lens mount module having a different focal length. Each lens mount
module focal length is selected so that it can be mounted fo the sensor module and added to the back focal

length of the modular camera system, to produce



first module comprises a recording module and the second module comprises a power module. In one
embodiment, the modular camera further comprises a third module having a fourth bus segment.
[0026] In Cel‘tﬁli emlbo km%n’ts, e%ch ofthe firsh §ecppd ndtil ird bus segments can incluqe power
bus, fé? é’??a%pf]g%fé‘ﬁ?or?aﬁf e e R ??8 Bus segments comprises & SATA bus

in somaEhtbawirErd 7 ImBo Ao difemsnBadh Bmhe ftser Sedirargthdiing BoicsemiaEs
compiises aiRkLEXRReSaRUSA0RAANISHIas6d hrraikis andmage capturing apparatus including an

electronic im ensqr having a plurality of sensor elements and, in certain embodiments, the sensor
clements deREtbt aEFor B A BORBLCH BB o e B M LG praring
apparatosinoldestamdigiiizithg saodoladtiet cohyertstheabitisubre gregentativeief theideteetdd:light into

a digita} formaf. [J g image.caRiving.apRaTalf e I he R MAE S RIVGESIO rRMNigMred 4P,
communicate the digitized sensor output onto a digital bus. In addition, the image capturing apparatus
i

can inERAIERE BYEIRG PRETEIRARS R AECRoMEi A e SEiesH s MigiZing module, and the
processor. Tt[@lﬂusingncamiml@ﬁeat mfsmat@r@a& quediﬁ@eqtmﬁﬁaﬂlly eonhect theedigital bus
toa d%&%%’%%fﬂ% ol bkﬁﬁﬁé%&g %mg‘ag%@&ﬂ&%’c%%gﬁé‘ﬂﬁ% 't%?é@?éé‘od%?a%‘c)ﬁ&g&%%r@ﬁ&%us

mechanism configured to physically fastén the housing with the detachable module. In certain
emboaiEsits AtHBdRyifredaersareplibis tempressdd priordosinminvigioRishbiesessital bus.
[0028ix:R temib aspestolifhapraseRbinve pllohdbeisisHravid edeasmpaditasLamena, SOMRAHSNG; a

camerahbodr}/ cqm rising an {H‘ € Sensor co { ured.t caPture ideo image .data and a first module
. waergl aft east on %sse onitguration of tHe modules es t eg)us 8¢ e%%s m communicatio .
interface, the irst modufe interface cc%prlsmg a mating pgr 1oh and an etactrical couB}mg por?“lon, and
a pluralit) echotel ésaanoineetbaigmbiyitafct ftincticirsliycehgagesb kiwititire ceaviera thodydmes with
each gf tttﬁr&t@ﬁ{bgﬁiﬁﬂ&l&[ué@% Qﬁmwéoﬁ%@aﬁlﬁm‘é‘m %%é&&"}ﬁﬁ@@%@ ﬁhﬁ§téé’§§1@ﬁ§%

comprising a mating portion and an electrical coupli,ng%%or,tion, the mating portion of the first interface
i

releasyB HIEETARE A AR AR AP HRECH RS BERIOR BPIC FrETIFO AURHTSAER ARME 458 Blectrical
couplingtpnmimtmlei.thecﬁrémig}tertam_e eiﬂmpﬁmdiyscmqﬂahheavmwhereﬂ&sa’Mmbmthb@ pokioh of the first
modulg IHEITACEIS0 8340 SOMMVNIGL RN S REIWASN. G CAMgra body and the module; a second

interface, comprising a mating portion and an electrical coupling portion, the mating portion of the
second interfd¥#éeleasdisiyrietftasity PaxtRsiaddrr tHeeiimgPHstidR srReQdieHRdBof each
of the ftherfutbepipralityof-toadhiesand: thei elecidgalcaupline:papines of 1he gasenddiedace
configured to be electrically couplable with the electrical caupling. Qrti n of the first interface of each of
e ot e et Pt B R e B e e the et
interface and@A6secontl iateiarabod DRG] Redkertdhs Erbeclione sl thiedfiret sazariaiceaf valdeof the

D'Ufa|iy&&@%!%ﬂ%&%@i@ﬂ&m@&ﬂaﬁtﬁQ&Pfo@ﬂH@liﬁBﬂ,gs&f&ﬂ?a‘%@”&%@%ﬁ“&%ﬁéﬁ%@@mﬁ%s’sﬁcond
interface_of each of the &th:oglit%l{of modules can be located on a second side of the housing of the

correspohaiRg MR SRR BI i S EuBh A AR PEER O THE fiFsh SRISTTTOS O R fsgPonts
embodimeritss mPah Bigsembied configuration, a first module of the plurality

{0027] Disclosed herein is an image capturing apparatus including an electronic image



of modules is attached to the camera body, and the remaining modules of the plurality of modules are
arranged in a stack extending from the first module. In some embodiments, the a first module of the

plurality,of madkies comRISER ALPERIING Mady'e. Aiesandimaduis oL ARy staodules
comprises a pov&er odute in some embodiments. In certain embodiments, a second module of the
pluraleydopierddeies eopiprasesapsst iptdhadetensd dishtohfiR g crNEs sORERMH PRGSO with the
cameghoty: H-eeitainembediments al aastenginoduir.afdbe dalualithef mogdueseemprises a
cooling unit. 100311The camer%{%%?,cqn%prises a releasably %tttachable adtae})EE:r(Ple}:te including the
first mMOWEfC IR EP B E R MBOdiReRts _ﬁlﬁﬁ&f‘ﬁﬁﬁgﬂ@l‘fg S ghieRP e eliae s Tetording bus for
transmitting dmageligéith tvetreahiie fitist imarfacetamd tiwgeterdintehidee. IPheitpubatagnimnt can
also '@ﬁé%&%%ﬁ{?%é%ﬂ%m%%@%ﬁi@?%@%%ﬁ&{%@ﬁ@ﬁmﬂg the se6RRY ipterface.

[0033]In some embodiments, the camera includes a lens mount module can be releasabl

; 1€ y .
conneBtgtEt A faREthdbnt ftErieorRRCAE L isdy. PFhd tdn At Bs hitude SHdRdle
modulentadifente|gashahlygonise tlahid-inarripietiace ekthentamendibody. (¥ Ipdycambrdbedyhturther
comprises.a second module,interface rel b functi by ' plurality
of mOUOICE by Al Boe fm%%%o%ef%ﬁ%%%‘ﬁ‘é‘@g#f%%?E%%a%%%ﬂ%%%%ﬁ%%ﬁ%@%ﬁ%% s
providetralarreameacraisted i cdaiEdtWith a modular image capturing apparatus, comprising: a
housing; a firglohgis interface:having.a: fstityps-atelastdeabcomarctionipsated onnafisstsidergf the
housir(llg and a second blt's?énterface,havinq a second %oe%.of eﬁl‘ietctricatl connection located on a side of
the ho ﬁﬁasélbgpgs%én fihe tirst STaBSH iR ROUS egs,e Whefen the” w&%%%r% electrica ct:eonnecrf%n is
operabiytcoepizbiganfitte electiisaodnindotivfascofdinerises ormayperof tale cirib al cbaniseliorurding a first
engagement interface.of afisidvpedeaated anitha divshside.0f e hessingianda.secandsngagement

interface of a second type located on the second side of the housing, wherein engagement.interfaces

of the it Fp Hrd e MGUTR TR HgaaLishifiBnyalEmedtir SHaRss ¥ the TEdBISH e and a
recordiaghlismextendinghetvrean the disstbsiscntglitaceraind the secmacdhusinié rhadesfanttrémsmitting

motioge%igst%g &%%%Ea?n%ﬁ? EHM%%*\JRE &O%Hl%g portion of the first module interface and the electrical
coupling portion of the first interface electrically couplable with the electrical coupling portion of the first
module interface so as to communicate signals between the camera body and the module; a second
interface, comprising a mating portion and an electrical coupling portion, the mating portion of the second
interface releasably mechanically matable with the mating portion of the first interface of each of the
other of the plurality of modules and the electrical coupling portion of the second interface configured to
be electrically couplable with the electrical coupling portion of the first interface of each of the other of
the plurality of modules; and a bus segment for communicating signals between the first interface and the

second interface.



[00351 In certain embodiments, the module can further include a repeater between the first bus
interface and the second bus interface. The module can also include an amplifier between the first bus
interface ang‘%Efy econd bur§ interf ce in erggin bodignent% In eritat'i{l erpbq iments, .the first bus

. t dizf

interface and the Eeco% %eusa%teexﬁg%emiaerne%er?af%%&l ceg'rar?ﬁaotlb%?ﬁoor exgr‘ﬁpl)]lrea.l?% some other

embotiienedten thdifitstibusiintbetetee el dith eosseppiilibasniedeldadbearecmsriplaiieC regsdrdrihe
IntercgpRagt BXpIRRRcemnRtibe.vaeriaia.frbediments.dhe fratdlusrinipriace Aod.iha:seeand bus

interface are compatible with at least two high bandwidth buses. For example, the at least two high

bandWhafiTBuSsia s BRI A AR %eripheral Component Interconnect Express buses. In some
em bodimen_ts)(tBﬁj first mmierémmwhérsecmdnk_ﬂﬂsiimﬁaceﬁwe corrpadible withegtlledst three
high bandwighh buses.10e ahleasidresighLardeidinbyseriate ersh sanalle afAlderst.about 1

GB/s of data throughput, for example. In certain embodiments, the at least three high bandwidth buses
compfigangetidl ATACPEHPHEREI ToahTBE ABH TASHCo Ah SRR SHIREMSHE: YhoUA Bifsdwdrisahibe
embogdimants otheditst-busiiniastace aockdhg secand usdntadasedare drthembantipatitlewdtita

plurality of support buses. For example, the plurality of suppart buses comprise two or more.of an
por e L R R R L R
RS-232upiisy iof cerdainseretbpdipaeniser intenfag3eednivecandguiieddan widlssecarrarmienfignbtidhekiending
betwegnthefiist busdnterfacs andtheseconshbusdotediase plarliansmitingimags datadhnaugh the
module. The module can also include a power bus extending between the first bus interface and the
secont'Bus interface, for transmitting power through the module. [0037]Disclosed herein is an adapter
module for ugsiith a rMbdutarcamdaceysiesas 7 hedcasdbtettabihiteadaricheletriigureatthcdnmect a
modulgr image.capiuring.arpaiatis.and a functional module having incompatible connections, for

example. The adapter module can include a housing, for example. The adapter module of certain

embodiment$®@lides BHrdtbEETsRE At B HEd e Trins e BF SrRMELrE SRR IR 18R d SN a first

side ofitheheatsingraint assecand:bisinErtase bayingt asesondnbips af gleetrinal tomaesationniocated

on a side of the ho%i PP ite the first side of the housing. The first type of electrical connection
Ower between the eriacean the sec?n mterrace. . .

can b& operaebnj/ coupla e with an electrical connection of a modular image capturing apparatus. The

second type B8 ctricdh comseenbnlicamibetsperanly tolsRibidsnttinameraedar€bhhedtrsabdf an

expangigi-easiie pidhebodulaGREEr s Yatam: Jae. ataprisimedtle LanRlge incude adist
engagement i?terf ce located. on the first sidefo the housin%xali]}q a secorg:l en%a‘}%ement interface

locatetr DR HHE EEREN S W B hE RBGEHG TS st angage e nt intaHEce X3h B St SoMREIThS that is
configereadorfadten:treiad aptesariydult togatheltwdtigegaridd uldh rrdge Sappbvinigappardtues Mhe
secong.engagementinterface can be of a second type that is configured to fasten the adapter module
together with the expansion module. [0038] In certain embodiments, the first type of electrical
connection isYpfably EotibRBierhininie SLoREIFHe D RIGETREF SRS S R

embodinenrtsyitien firstitypaoiel ecprical drtgriacesjsnotrdperabhoecouplableswviith itterSecdaditype of
electrigal I Iacs. e Ushivhe. A endpaPIED! Jnfettage isnl aBdISA (B laslEn agaier i the

secon typ?trépo engagement interface in some configurations. In"certain embodiments, the first type of
engageRieA IR e iacabigareenty st b eIl He SRt i5d 6t sidg abRmbritinterface.
[0039 WRestivelth-aspect ofltbe: presantdnviention: dneris mrmided:romeaiulai convedilie digital still
and motion camera system, comprising: a sensor module configured to capture video image data; a
plurality of functional modules each directly or indirectly releasably connectable to the sensor module;
and wherein a first group of least one of the plurality of functional modules can be directly or indirectly
releasably connected to the sensor module in a first construct to produce a camera having a motion
configuration, and a second group of at least one of the plurality of functional modules can be directly
or indirectly releasably connected to the sensor module in a second construct having a still
configuration. 100401In certain embodiments, the sensor module is indirectly releasably connectable
to at



least one of the plurality of functional modules via a releasably attachable adapter module. 100411
A variety of module configurations are possible. In certain embodiments, at least one functional
module in the first group comprises a recording module. In some embaodiments, at least gne_ functional
e R e R T S NS A e
can cmﬁﬂpdﬁélahduﬂmgtmw@%m@aammm.imeoér:mdlﬁ zemtmadimﬂmtwﬁdeash@méumetibnéltmodule in
the seqand, grovRcAMBLseS ARARdierpadule hehandle MEJURHARINGHISRPOYSHSPUER, for

example. M. some embodiments the second construct is a DSLR configuration. The first construct can
be StUHHEBHUPSIERS AP E e b IRGURAT S TRVERB BY s bR &Rt o cho firchin dnterface
embodif enriseainteast arerakiie tunetional modwescurtienfigstigrotpisditfe remtuikom at least one of
the functiona ules jn the second.group. In.certain em iments, the first group comprises, at least
o functiondl Testles LA B L B B ciosed

hereinbiss anfadtho and i sasbudipes powerem B emaaiiiarceamer slisrem wphdgidedy TnéhnBtidgcan
include:detecting By atieashanenRFecessorslt SeRsmaduls ekasmadiancameramsysiemaihe

presence of one or more available. firsf power source sociated with one or more of a plurality of
RuncuaRST TG ot S b NI o iSRS tHE EAT e (oLt A ind By alldEhed to
the searsbedmegitde;hfonisk bm pie:r Age enethb uscentendsataeenctRersbarsd £ madulie antbsackedf the
pluralify gf.lungfignaspodules in, cariRicmRodinanisyHi GRElRINembedinentk the metard gan further

include receiving, at the sensor module and over the input power bus, a first input power signal from
one ofHRPEHIOY dte G aitib g SEpbiih Sonve dorrrEn by L siSsaihishde i Rs over
the poaveshii, AT Outid Reppie Signabie:thmpivalibeof furstionaisniadules fomosinsuimplierfiby
electronics ofdhe ply E%'té’ Shiragtionat %91%‘ 3SR AR etri‘e%%’t%@e%%sﬁt o MeHod somprises
communicating to each of the one or more functional modules associated with the one or more

availabiestiFstasover Berfrakh hateh F thetavanaibie dirat frevietbsstiic&Béh ot idetiethiardusnipower

bus. \Meh:#0d 0L0¢81ABRGBHSAAA693118-10044d Ini o embadimentsoiligians Slamaneavailable
first pgyer soyrees comptri ea Iurai!iLé of éaowerds%ﬁsbassoc'ated with s(jn le fur&tlzti(%natﬂ?odule. In
one emBadimen gﬁﬂ%n%ilng ecfﬁn%l}?gnaxg{o%laencompri es sgsquréos %%‘ftéar@ f)’a%: e Kvaabre First
powerisstrcested fipriseqpdwes Sulgrtes esnibehassovipatitiiovithila plipkakityvobfunption diusredbifes, for
examplg, | }E,%@'ﬁ‘l&ﬁi‘i%pgmﬁﬁt %@@J&gﬂs@msp&m@r@%ﬁ %%@QH&%%@HQW W @[@gnal from
one of the first input power sal(%nal and one or more second ms)ut power signals associated with a

correspOHTG BHEOMAERSORIEBIE 2cBHaAD B AN 82 1h Whnik SHBbaPheriaetfe one or more
available sec@édghowelTsouichdcampibeanrexiating bpowessinyg betecanéctablato inamarassystem

via 2 3 opu RYILaL IS, SenserMAdhl e! AIeL TSRS, tis SRS avallable second

power sources comprise a battery ouséd In"a handle assembdy releasab y connectable to the sensor
modulRoEaR fE oyersiing EErroN BT rpmisiiag e the second bus interface, for transmitting power

through the module.
[GO37] Disclosed herein is an adapter moduie for use with a modular camera system. The
adapter module can be configured o connect a modular image capturing apparatus and a functional

module having incompatible



100451Figures 1A-B are perspective exploded views of one configuration of a modular camera system
in accordance with embodiments described herein. 100461Figure IC shows a lens, lens mount

moduSuRaG AR RedR ot he sRmAIRGEET IR RLIN 2 disasRsbled coRIgYRHAD o

gure ZIs a SC matlc representation of various modu%es M the modular camera system in

accordaie WitvEmpBtinsaies adstime dntrsieinhaooas finhiyrss BaleR#d pravasEetverikpitied views

of anathereeniighy alasnef Adnodulan Gamera BysterdR AceRrdanse withamhpdinesis:drsadbed

e OO L asch e onee ol o SOl Tl aecedaree i

riuecu?l%
OwWS a’rear VIeW raln mo he camera
systerpeafperably couplable with an electrical connection of a modular image capturmg apparatus. The second

type of electrical connection can be operably couplable with an electrical connection of an expansion
module of the modular camera system. The adapter module can also include a first engagement interface
located on the first side of the housing and a second engagement interface located on the second side of
the housing. The first engagement interface can be of a first type that is configured to fasten the adapter
module together with a modular image capturing apparatus. The second engagement interface can be of a
second type that is configured to fasten the adapter module together with the expansion module.

[0038] In certain embodiments, the first type of electrical connection is operably couplable
with the second type of electrical connection. In some other embodiments, the first type of electrical
interface is not operably couplable with the second type of electrical interface. The first type of
engagement interface is not configured to fasten together with the second type of engagement interface in
some configurations. In certain embodiments, the first type of engagement interface is configured to
fasten together with the second type of engagement interface.

108391 In a twelfth aspect of the present invention, there is provided a modular, convertible
digital still and motion camera system, comprising: a sensor module configured to capture video image
data; a plurality of functional modules each directly or indirectly releasably comnectable to the sensor
module; and wherein a first group of least one of the plurality of functional modules can be directly or
indirectly releasably connected to the sensor module in a first construct to produce a camera having a
motion configuration, and a second group of at least one of the plurality of functional modules can be
directly or indirectly releasably comnected to the sensor module in a second construct having a still

configuration.
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Figure 1. 10051]Figures 6A-B show front and rear views of the adapter module of the camera system
of Figure 1. 100521Figures 7A-B show front and rear views of an expansion module of the camera

system of Figyigy 1. pa‘itﬁcc%'x%!}{e%%%;?&%l&gtﬂ%%%%‘& 2910187 é@%%@é%%%%%&%@%&m

100531Figure 8 shows a rear view of the user interface module of theé camera 'system of Figure 1.
10054efiguec GriBusHBn ok BrcarrBadvRsWE srelrsidr efbBblrrdarst BA¥pansion module of a
camera systeg4{y accordanes, with ambesimenisisessebedibreinHAObMIHguIass] f 1dsatae

persp%ﬁ}é\{gn\gler\{lvgdg{eai%dtiﬂaoﬂglc %?3&9 gjagnnyejgggsoaf ge%@girn% module, In some embodiments, at least one
functional module in the first group comprises a power module. At least one functional module in the first
group can comprise an infout module, for example. In certain embodiments, at least one functional
module in the second group comprises a handie module. The handle module can include a power source,
for example. In some embodiments the second construct is a DSLR configuration. The first construct can
be Studio configuration or an ENG configuration in various embodiments.

[0642] In some embodiments, at least one of the functional modules in the first group is
different from at least one of the functional modules in the second group. In certain embodiments, the first
group comprises at least two functional modules daisy chained together when assembled in the first
construct,

10643] Disclosed herein is a method of distributing power in a modular camera system is
provided. The method can include detecting, by at least one processor of a sensor module of a modular
camera system, the presence of one or more available first power sources associated with one or more of a
plurality of functional modules. Each of the plurality of functional module can be directly or indirectly
attached to the sensor module, for example. A power bus extends between the sensor module and each of
the plurality of functional modules in certain embodiments. In certain embodiments, the method can
further include receiving, at the sensor module and over the input power bus, a first input power signal
from one of the one or more available first power sources. The method can also include transmitting over
the power bus, an output power signal to the plurality of functional modules for consumption by
electronics of the plurality of functional modules. In certain embodiments, the method comprises
communicating to each of the one or more functional modules associated with the one or more available

first power sources, which of the available first power sources should be placed on power bus.

11



system configurations in accordance with embodiments described herein. DETAILED DESCRIPTION
100561Various embodiments will be described hereinafter with reference to the accompanying
drawings. The¥8 Bl46titents are illustrated and described by exampl& OHEF 4R8G9 not intended to
be limiting. System Overview 10057]Referring to Figure 1, there is schematically illustrated a modular
camera system 1@gagccordanae: withdhienpisseint disClostree Althitudh fine pameraosystem will be
primarily descrbed Deiem 2 & mation camera systam s (.98 Wilersigaddhial the grincipals of the
present disCIOSITE dr appm:a 18’0 dlgﬁla stlﬁscameras, digitalvideo cameras as well as digital still
and motion samdrasDSM0) 4 0058} acdiverotreige soriptdatiserertiwilbbevplrnigditsdirected to the

physical elegfronics and opfical.madules,of theRresentcamer as%sieRIstipwevshcadditional

modules, components and accessories are also contemplated in the systems of the present
disclosure. "PRESESIHENFERIE SRAFHB, AR SFEBmfifHeHe biEhEe e BRE ST bilization
modules or fgaturesyheutral sensi filfers andimedplescapiainingdneuiraldensitydiligs; brain
modules with or wjthout separa&e etectronics nﬁodules;oulsneorniing\(;:-r.f}a 3 Q@Q&%'eg\%\,@%m /Cosutput modules;
various sysi@ﬁ%@@cag)sn?lsgsﬂ?aaﬁonwsl; rEcording moduies; Vanous isplays’such as LED 8|'splays; cooling
units; electrbnicnviemifiridlecsisopticaleviewdindentbindehenttpewer soutGOSOMITHe awatnierzrbf the present
disclosure may also be provided, with.ar.compativle withirails ptads b oUdsLpaNRts, Yipod mounts,

helicopter nﬁ’ounts, matte boxes, follow focus controls, zoom controls, and other features and
accessorieihso\rtipdimenigt e one or more available second power sources comprise a battery

housed in a handle assembly releasably connectable to the sensor module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Figures 1A-B are perspective exploded views of one configuration of a
modular camera system in accordance with embodiments described herein.

[8046] Figure 1C shows a lens, lens mount module, and brain module of the
camera system of Figure 1 1 a disassembled configuration.

fog4T Figure 2 is a schematic representation of vanous modules in the modular
camera system in accordance with embodiments described herein.

{0048] Figures 3A-B are perspective exploded views of another configuration of a
modular camera system in accordance with embodiments described herein.

j0049] Figure 4 is a schematic representation of a single module in accordance
with embodiments described herein.

100G50) Figure 5 shows a rear view of the brain module of the camera system of
Figure 1.

[0051] Figures 6A-B show front and rear views of the adapter module of the
camera system of Figure 1.

{0852 Figures 7A-B show front and rear views of an expansion module of the

camera system of Figure 1, particularly, a recording module.

-12-



WO 2010/078173PCT/1JS2009/069316 [0060]The pre-calibrated, modular aspect of camera systems
provided herein enables a user to construct a modular camera in a variety of configurations. For
example, a firSth? b dule may have a first, smaller sensor size. Whéi Taﬁ%’r‘gg‘iﬂ%éh%or, recording
area, recording speed or the like is desired, the user may uncouple various other fiinctional modules
described herein| @3} the Hippir $ekhwe withuthefiref sensor Sizefandreddseinible deermodular system
using a secosqgmbg]al{ril mggiyle having a second, larger sensor size. All of the reassembled modules with
the second brain mogule ¢an be automatically calibrated for seamless functioning without the need for
extra calibration H0&éjustrisntest@pst Thivalionistdereisersy uphraddehenaaidnesr Gther brain

components withoutihRieeed LR CHASE B ReWHARIRNALIRNSIA S YRIAbIORGEEThe same
exchange / upgrade capability exists with respect to each of the modules in the system of the present

disclosure. Thus#h&hartiEtHrtethHofsyRESPRENSHINE DariLond s e il FisiaSized in
importance-gpmpansghinsons efdhepeiorditegsidms) sieeaited mathiles may be simply removed and
replaced as upgraded technology becomes available. Moreover, the camera system 110 can be
configured in a variety of constructs that can be tailored for specific uses by swapping and/or
rearranging the modules surrounding k& bl rRSECRIATOYr by swapping the brain module 112 itself
for another brain magyle. FarSxampleiiacamere sysiamiiilphacriain earbadiognis can be

configured for use in a first construct suited for still shooting (e.g., a DSLR construct), and a second
construct cHRAGRrEY TS CHABTEH 5@6&%@@}5{%&&&%@@&@%éﬁ%ﬁaﬁ)‘?w&ﬁamﬂmmme, in
further configisationsibeisysiemigandge configured in a studio construct for studio use and portable
construct for portable use. Users can generally select from a wide variety of different constructs
depending on the particular application. Moreover, the same same modules, combinations or
sub-combination$xstamdigeseran be used across the various constructs, allowing a user to shoot in a
variety of contextgygihout ngeding torpdrehase-roRtaxtALRRRIGAtIaRcRCHISIGRMAIRS FOor example,
the camera sﬁgm 110 according Iﬁ arious en{;bo}dimen%j can pe custom-confi urelcfl €n array of
constructs TERTIAG TATSTRRSS B AP SRS S tabIE SEaiEe BETHREE HEndNeld, professional,
and consumangdnsiesctibedrianynsab sethiene ckmWAOs G100 18 157 3P BT [ &2006910683%E68 100621 The

modular caerg sysip.d 1. 0les 2,505 gAd.alecoNlaR QL ralnlimodls 4 13pd lens 116

The module camera system 110 can also inclu is configured to be functionally engagable with
one or morexpptie AaMA btfules! #hellidipfyantienstores iéEofdihg modules 120, at least one user interface

module 122, at leggsgne pawedimaduleid2fipableasionalinpytipuiptmedule 12enancian adapter
module 128, In some embodiments, th %/stem 110 may includﬁ more th(?fin one of §a}ch type of
module, m&FABTIRATISBIE SPHGFe Br bR e Ry TR Eha it TEeFE I RIGL T Baditionally, the

t
respectto
system 11Gmayrinciudel acnicervarietyash athemtypes of hoduiesinof presestindsgorgd. Brain module

100631 Thenadg SEASORFORIAIRTS WIthin S RiAINIOdRIRALS MAY SUBRLISGabilization
modules or features: neutral density filiers and modules containing neutral density filters;
brain modules with or without separate electronics modules; user mterface modules; mput /
output modules; various system bus configurations; recording modules; various dispiays sach
as LCD displays; cooling units; electronic view finders, optical view finders and handles.

[0859] The camera of the present disclosure may also be provided with or
compatible with rails, rods, shoulder mounts, tripod mounts, helicopter mounts, matte boxes,

follow focus controls, zoom controls, and other features and accessories known in the ari.

-13-



any of a variety of video sensing devices, including, for example, CCD, CMOS, vertically stacked
CMOS devices such as the FOVEON(r) sensor, or a multi-sensor array using a prism to divide light
between the sERIIIEYTREbme embodiments, the image sensor can inclBHE EERGE Hevice having
about 12 million photocells. However, other size sensors or sensor technologies can also be used.
100641In some qovdiguratimasptheziameaiatadulae spafigufedrerauipuiddesvali?keréng., 16:9 (2048

x 1152 pixels),.2:1 (2048 x 1024 pixels).etc,), "3k" (e.q., 16:9 (3072x1728 pixels), 2:1 (3072x]536
o, o R KRR LRRl S Eehnedn i B R ey ot s

horizontal fesoitiomeddac#iDaies. g IBB40RDAGOPIKel), YEILE 4 axgsr SEROX 2700 iwizontal resolution,
or greater E@é&?ﬂi‘#@@?ezﬁ%s&sﬁg herein.dniibe eI SXRIgSsadipihefRrmaliel Xefaughias 2k and 4k

noted above), the "x" quantity refers to the approximate horizontal resolution. As such, "41<" resolution
correspondec s BEeAbRIG G SrenrBFIBI I BIRE W EHEe DIt 3nusisnad f5etstieB60 or more
pixels. [006adkilke Sersptwand argadtom ascdoialamabautind 14@dsmset/Sds. 33bofaine), 35 mm full
frame still and 645; but it.,can be at Jeast abput 1.0 inches, 6 cm x 17 cm ar larger. In gne series of
e moc Ao bGP BOE S RO M CIalIE e D St h Rl TSR Be e O
mm; 30 x IBamiess JenrtR4ingin;ibeux B2 med EmdxiB6aiB6tiemer Adiditioratliserhel sadlevesensor can be

configured § anvttdﬁpgfg&@% 16RO DV RRICCHYEINerPU RHILAOY WA Y gﬁ%ﬂ%@g neg portion of the

sensor. For example, the sensor and/or the image processing module can be configured to allow a
user to idefiRFthe FEBSTATSTIESTE the image data output. 100661 The brain module 112 of certain

embodiments maydeejrefemadioas:iandraipsobithaamerasystan kifioraxampleThus, as
described her{?ip, users can se tﬁt diﬁ‘er%rat b{ain dul(?.}? 11%.or "bra'ns'i ar.ounddwhit?lh they can build
camera sy XSS G S IADIR ePET B8 S61 & Bt ORE 1 8e ?E’E‘i RE'Cahiéra’Canalso be
configured tarsoalecdoisnathdgespiation sucirasiby downsampingearidhsybhseguertdynprocessing the
output of t%%@ﬂa%oﬁlﬁ‘al%%'%eﬂﬁé;s%b?%e@ﬁ&ﬂéd %:Qcﬁ%ialéﬁ)dgs B};QQ%(@&’Q}@;H%%M&%E@ example, the

image data from the sensor can be "windowed", thereby reducing the size of the output image and

allowing foP Fiitiihei PASHIBY sPesaRemItaFivER CB R F TRBBERE I havGHtfrant sen g sizes may be
exchangedcgependinaiuponibis dasired sitpein Additionaliynthe carrmcanbesenigmned to
upsample the.output of the sensor to.yield yideo output at higher resolutions. In some, embodiments,
tho sensor A5t RETNo Ly ar SRR Aol HLISERNE (e LESIobr B3 Uy B &M GSEE ot shown)
outputs datxrepleskntmeernagitudés of rethigredadiorehiseatidit weteotred foy islividfiadt photocells of

the image gENSAk- ARLPER YR ENRESRNSOL BIgee QAHNES, SERSQELNATACIGHRICS . MAY.be utilized in the
modular camera system of the present disclosure. )
for motion shooting (e.g., a studio or ENG comstruct). As another example, in further

configurations the system can be configured in a studio construct for studio use and portable
construct for portable use. Users can generally select from a wide variety of different
construcis depending on the particular application. Moreover, the same same modules,
combinations or sub-combinations of modules can be used across the various constructs,
allowing a user to sheot in a variety of contexts without needing to purchase context or
application specific cameras. For example, the camera system 110 according to various
embodiments can be custom-configured an array of constructs including, without limitation,
still, motion, portable, studic, mounted, handheld, professional, and consumer constructs, or

any subset thereof.
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100681 The electronics contained in the sensor and electronics module 112 are digital signal
processing electronics for processing image data captured by the sensor. The brain module may be
configured to $&liFEPEARY3f a variety of desired performance characteristicsUESPé¢aHble, light
received by the sensor may be converted into raw digital image data at a rate of at least about 23
frames per secon@éps), whereindherewdatayseompressageandstgenrded atarcate ghat least about
23 (fps) into th re%%giin mogile 120, | variogs[ embodimetnts,lf{ me rqtes, o]i fgom hout | fps to
about 250 & B} R IT BBLI VLY. Srasahipre, the Frafe rate ay depend dfi the resolution
setting. In senferemibodinfents)thiéy capagra < ik configuraedofoiofrdmeddte snofuffomabishateen about 1
fos and abaut, 100, fuRls Ao made: fiem AR 358 Bhek LSRR AGAK' resolution

mode, from about 1 and about 125 fps in a quad I-1D mode, from‘about | and about 160 fps in a "3k"
resolution rhéte 2anerfroteabBtit/ supil N5 fpsid r2rdteisolimrsi inddé. TheEd¥mera 10 can

include a seRARAGEANPEESHICR MAHIS, RELRR cRmRAKeSSINEIekaRieS EadRgCarkieshivithin the brain
module 112. The compressic()# [ '

lectronics can be jn the fonn_ of a separate chip or it can be
implementedWith SEL IS (}%HB él%?%%%lé%fj? @%’ﬁg@%’@?ﬁ%iegg%g %&’sa?s‘?b%ﬁ%‘? custom chips,
or processarsispgciatizédhfoidinagepodoessimpemdynbénlssed: proscexarhjesthe compression
electronics can be in the foiin of a commercially available compression chip that performs a
compression technique in accordance with the JPEG 2000 standard, or other compression techniques.
100691In some eRiB&dReEMs, the compression module could use a custom ASIC or FPGA or one of
many commercialjyoaypilableCchnaps ession chipmar ehipsais. bidie compradsieminashiasmay include
subcomponents fo allow Rralel compression.of Image dafa. ;o R ample- (s CcompiGRsion module
may use a first processaor or compression chlp to comptess picture’eleménts corresponélng to a first
wavelengthstaskd (B0 rig prescasbors dreodYIresiomsrshiporee cO pREs IS 8518 MBS
correspondingia & $eEORAVEY SN0 1 LML IR somacmbodiments,ihecampiession module

comprises one or more JPEG 2000 compression chiPs. In some embodiments, the compression
module contpfig8<iBrEdriftT e BN dioR NP1 P ey stisio Wi 54 S Eps Fidilable from
Analog Deviggsolfereme gmbedigents, the compression module comprises one or more QuV1S

comprises one or TR REECEES THLEU0D (oG FAR R oo SO Firhe bramn
module 1122k be-config(eth ta péromrasany tyEestor déRtpresdiongroceSsesan _tlfé9data from the
sensor. In S@@‘@ﬁ”fﬂ%oﬁ%ﬁﬂt%zthﬁob@%iﬁ(ﬁ‘kﬂﬁ)}%%ﬁeﬁ?ﬂfég@, campressian teehniqye that takes

advantage of the techniques performed bcét e |ma}%e processing system. For example, the image
processing onfig -the'mag e nd blue data

ing S48 BAPBERoAfg (X MBS -the miaghfitirea' Bt e vhftle LET4HE E and blue d
by subtractinguthe1sagniliyesiof @reenimag@cdaia;ihesebydedulijng ncagrassariontnher of zero
values, as well,as other effects. Additionally,. the im rocessing s C erf a manipulation
of raw data lfﬁ%’t%eéfgg’tﬁle éar%ﬁ%“psye)é?rtﬁ%e%%glg d’éﬂaﬁ%ﬁ&%ﬁ%_3%%p%é%§gﬂo%%h n?ae ér%%rformed by
the brain moxuleudtifcasfare of theyprrtharisendfitsdrim mselpieseAcesothargér swintigof zeros to
reduce the $ize.of the COMRIERRRAAAE OHRYEIRE IR (W 201040 4R 1SR T/ URg P 91069316
100721Further, the brain module 112 can be configured to compress the image data from the sensor
to result in &9IEERF}Yossless output. The brain module 112 can be configured to apply any known
compression techiger, SUtheasntuicwitangd fititatian IRR&2000; BekionIBESI s@indCT based
codec, any ¢copdec igned for ¢ ressi GB im d H.264, MPEG4, Huffman, or other
techniques. g(%}%}o%@r%,gégeﬁl h%%%géﬁﬁglrnrﬁ%%ﬁ%graég)er%%gg%noéﬁgoiﬁnt gs’s% em, héén r%ro%}tﬁg'rity of the brain
module 112iakows:fos offrercompiessioncanadforqptovpistih faachpicpaad tlpetiwtgérated as

technology g%%%ﬁ?ﬁ@ﬁ%tﬁ%{@#ﬁ SHG9% x 24 mm; 56 x 42 mm and 186 x 56 mm.

Additionally, the image sensor can be configured to provide vanabie resolution by selectively
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100731Depending on the type of compression technique used, the various parameters of the
compression technique can be set to provide a visually lossless output. For example, many of the
compression t‘@’&ﬁ’i’?g@é@ﬁoted above can be adjusted to different comp?ggé%ﬁa?%[’?‘é?%herein when
decompressed, the resulting image is better quality for lower compression rates and lower quality for
higher compressiop sates. griviserthieedompiessibtheapabilifjocarbpleptiitgursd- tadompeess the image
data in a way that provides a.visually lossless out or can be configured t W er to adjust
various par’aljyﬁ%;[g?gc%sgﬁgfﬂdgk(:/igad}a ﬁ/ﬁ%%@%g% (ﬁ%ﬁgﬁ Igalr%fgrln% g{%ﬁﬁéeﬁfgﬂﬁj E@Sd(glg] §i12 can be
configured toagobresirthe image data at a compression ratio of about 6:1, 7:1, 8:1 or greater. In

some embodimengggiie braip pradusdi2i6anbe-Aonfighed e rompressdhRadnacs data to a ratio of
12:1 or higher. In some embodiments, the brain module 112 achieves compression ratios of about 2:1,
3:1, 4:1 or 5P13I 007 e AGARTB A A ORI BRIG e T4 Bl PHsE R tiPe 85TV e tlser to adjust
the compressiasntadiginmerdaxampeyr thestametanilOhoaniackleald seninierfacassustnas on a user
interface mé)%%% 152 tihat %I WS a user to input commands that cause the brain module 112 to change

fude O SSIDIC connigurations. . . .
the compression ratio. %us, in some emnbodlments, the camera 110 can provide for variable

compression. 100%8As udéd teremcahdsebmcopibgaly tossieskiitersduioinethdetoutput that,
when COm%%%ﬂ%%%yaﬁﬁj&ﬁ‘é@&]%!@l%?ééé}%gﬂ?@m&fﬁﬁﬁ%ﬁé InRgs Aataaandhesspmedisplay device,
kill in the art would no

one of ordinary s be able to determine which image is the original with a
reasonableed PE&Rof A GF 48y, WHSET VYDA Y R dHfdassidtialime e uRosFthlSmages.
Additional aspgsisaf the-prsfesied compipssediavsptboaid inagioatarhangiingaapabilities are
disclosed in U.S. Patent ﬁvpplic tion Seéi | No. 12/19Jff882t, filed April 11nll 209@,3@ itled Video Camera,
to Jannard BEETS the BREEE o Wi IS Her el TS ated By retérancd harei T8B811n addition to
the connecterspiioyidesh tir thesiesdoelfsion ddie iads, 1B8ctherbrainbmoddignkii2ofisemeembodiments

includes Va&g%ﬁymﬁm%&%wwﬁ&r SXATRIgRieuing o, Figus BriB ngambediment, the

brain module 112 includes various connectors 101 for providing data input and/or output. In various
embodimesEEsEUER orplcloRMD PHHET d8ten o sisbré Giaut¥e &, D RILIBREPFL M0 in and out,

data and/osRsROWERKLSANRRCIOS Rt erembedinentsdherbsainmackldshl Ainelagas one or more
controls such.as th owerlgut on 102. 100771In sogge embodiments, variouso%g)erpg)e%ggrnts internal to

the brain m%ugafl}éiua otocells of the mmage sensor. Any of a vanety of sensotl sizes or
characteristics may be utilized in the modular camera sysiem of the present disclosure.

[0B68] The electronics contained in the sensor and electronics module 1312 are
digital signal processing electronics for processing image data captured by the sensor. The
brain module may be configured to deliver any of a vanety of desired performance
characteristics. For example, light received by the sensor may be converted into raw digital
image data at a rate of at least about 23 frames per second (ips), wherein the raw data is
compressed and recorded at a rate of at least about 23 (fps) into the recording module 120. In
vanious embodiments, frame rates of from about 1 fps to about 250 fps or more can be
achieved. For example, the frame rate may depend on the resolution setting. In some
embodiments, the camera 10 is configured for frame rates of from between about 1 fps and
about 100 fps in a “5k” resolution mode, from about 1 and about 125 fps in 8 “4k” resolution
mode, from about 1 and about 125 fps in a quad HD mode, from about 1 and about 160 fps in

a “3k” resolution mode, and from about 1 and about 250 fps in a “2k” resolution mode. The
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112 can be removable. Such components can include, for example, filters (e.g., an optical low pass
filter (OLPF), cable connectors, etc. In one embodiment, the sensor is removable from the brain
module 112 aN@2aHBE Eplaced with a different sensor. Lens Mount M&GE{ES2H8/P&F eferring to
Figure IC, the brain module 112 of certain embodiments is provided with a lens mount module
interface 1X3erartleasaitiséonmgstingdonpresimplemisiianythr ainnmodise drterfaice hdon a lens

mount modyle; 1d4; RIGUEe 6iaNouime l‘?ﬁ?ﬁ@ﬂ&&%&%l@_ &g b camsrasy im0 in a

disassembled configuration. The lens mount module 114 is provided with a lens interface 117 for
releasable STHFHEEHGR 16 A EBHHIBMERtAKH iNtEfadey T3 47820 BHP LSS0 GroTEoEE™ple, a user

may releasghbegonnesirthe:less ampintrprdieklpdadhe camaiasysiantiid husinragadplurality of
mounting blglts 126%6‘%” (‘)R?t]her embodiments, the lens mount module 114 and corresponding portion of
the lens mount FERIfe THSTRRETLS FERTIR SHS&? Riotntiid e M Anfeme SHe a8 & or friction-fit

mechanismsmnhreadedinmohat ppdteni 0 @8HpERecde smiquatmoduternnterface L PEGTA@ brain module
112 include&ag&%e&lgg@ %&%{&@&%ﬁ?&'ﬂrﬁ&@& electrical connector 103 in certain embodiments. The

electrical interface connects to a corresponding electrical interface (not shown) on the brain module

interface 115 of th&dffhs mbuiernsnbrdineaisThe elapreatintofadecsdarcompiesesSlariety of
electrical cepnestigndyRas andmlioWdaneRMIMURGALNR betwesndheRmRinmMashigsangone or more of

the mount module 114 and the lens 116, for example. In one embgdiment, the electrical interfaces

allow the brERTSd e ™o fo b BRI STRAMVE ST A A th EFEHE LOBTEFH oM ABERRy focusing the

lens 116. data. For example, the compression module may use a first processor or compression chip to
compress picture elements corresponding to a first wavelength, and a second processor or
compression chip to compress picture elements corresponding to a second wavelength.

{0870} In some embodiments, the compression module comprises one or more
JPEG 2000 compression chips. In some embodiments, the compression module comprises
one or more ADV202 or ADV212 JPEG 2000 Video Codec chips available from Analog
Devices, In some embodiments, the compression module comprises one or more QuViS
Digital Mastering Codecs available from QuV1S, Inc. In some embodiments, the compression
module comprises one or more RB5C635 JPEG 2000 Coders available from Ricoh.

10671} The brain module 112 can be configured to perform many types of
compression processes on the data from the sensor. In some embodiments, the brain module
112 performs a compression technique that takes advantage of the techniques performed by
the image processing system. For example, the inage processing system can be configured to
reduce the magnitude of the values of the red and blue data by subtracting the magnitudes of
green image data, thereby resulting in a greater number of zero values, as well as other
effects. Additionally, the image processing system can perform a manipulation of raw data
that uses the entropy of the image data. Thus, the compression technigue performed by the
brain module 112 can be of a type that benefits from the presence of larger strings of zeros to

reduce the size of the compressed data output therefrom.
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10081]in some embodiments, the lens interface 117 includes a locking ring 118 and a interior surface
119 defining an opening for receiving the lens 116. The locking ring 118 is tightened by a user
following insettiBA%¥/#i&t Téns 116 into the opening, locking the lens 1165HEGBAEE A ough a variety
of mechanisms for fastening the lens 116 into place are possible. 10082]The modular camera system
110 is preferably gontigureththeodperaie wittubny18fan/beiebpbfoeiimerciptbysatailatle lens systems
from a varigly,of Jong, anufpGIUers: Thbsi Al ialiweldans. ek MpdiisscLifb mayhe provided,

each having a brain module interface for releasable connection to the brain module 112, and each

having a USRIEIERCS sty SUeN BOREBSPD FRBTIIUR BT M PRIMISUAE RS DIFES Cinema

Camera Companygiifr¥iount, GanomdvpesatNikeaditeunt: dMeritinadngrnah Meantidgeniya Mount;
RED 617 Mount; Linhof Mounth{{Al a Mount. IggB%]TThI\e/ﬂlens mount |t tt rfactg on I%nf mount module
114 is prefdPibIf Alsb EEMiGured B 7R BV Ehlr S Bitiral oY GirfE rah t?/rlc‘;’e% of 18R5"stems from the
same I_e.ns moyobdypeifortiexayspte, hat wh@enﬁﬂjwﬂfat@nbxﬂmiouadslzeﬁ @f@nws§jsteﬁ1$ﬁncluding a 50-
100 MIIMEIEh bk &0 8" 6@&&%@&@4&{[&6{8rb@%%gmtém Q0,430 lligeIey 73) zoom

lens, an 18-85 millimeter (T2.9) zoom lens, a 300 millimeter (T2.8) lens, 18 millimeter (T2.9) lens, 25
millimeter (TH8yHS SIS HMBMeter (T1.8) lens, 50 millimeter (T1.8) lens, 85 millimeter (T1.8) lens, 85

millimeter (T1.8) igp$31100 milimster 41 11R) and/Qr annmptbeidenseaimgrrtaisiemiodimants, a 50-100
millimeter (F2,8) zoom lens, an 18-50 millimeter (F2.8) zoom. lens, a 3%0 millimeter EFZ.S) lens, 15
millimeter (RF)1ER<) S8 HTRTETPT A 8 IBh &2 38 AT (4 95 RS 50 RiMiPRELeT¥r) .9) lens, 85
millimeter andforidFh8)ylefsinayberdased. Edehylensinduricnodaiebis gijstemivedi florancorresponding
lens or lensgg, such that, despite which. complementanylens maunt,modyle. - lens, asgerply is attached
thereto, |mageg can be prdperﬁ/ ocused upon’a light-sensitive surface of the Image 'sensor in brain
module 1120008 tMisesTorditiistarte Oftharaddular daaheraceysusrion tésindarsistihce along the

optical path hebwessthelensymaunt matuledensinipcaes ansbthrisansYasurfasRitiisincludes the

sum of the back focal distance within the brain module, and the focal distance of the lens mount
module. A SitHaRy SHERS IR FNSEHEY B DIOVHR T BB PAIRE KRR PRE W Sdular camera
system, eachidans mauhy canfigiiredhto atiackaademim éreiallyi@iviildbleckenis antdigheedrtodular camera

system of the present disclosure. lens mount mgql | ﬂg %g%o{df?\qc%,\(vi hihe present isclosure will
have focal f“‘é)r?g)tﬁéss%gﬁntjﬁ%% t%(t—:'at?)tgl focal Sésﬁoé}thaé?t%e cgmpl'emén’taiy igénés.r mount m]c])%ule and brain
module is aFdETemMmhBSiHMmAd A 248 Mbc B EH YrotErHdsiEaRscilidngtitPreferably, the

back focal length ef the.sensehmoghisdsbamateiianateutilo mm.in some.erhesinents no more
than about 14, and, in one embodiment, is about 12 mm. 100851As discussed, the pre-calibrated,

modular asPetiost thle TArier&'sydtem of

je074] Additionally, the brain module 112 can be configured to allow a user to
adjust the compression ratio. For example, the camera 110 can include a user interface such
as on a user interface module 122 that aliows a user to input commands that cause the brain
module 112 to change the compression ratio. Thus, in some embodiments, the camera 110
can provide for variable compression.

[6975] As used herein, the term “visually lossless™ is intended to include output
that, when compared side by side with original (never compressed) image data on the same
display device, one of ordinary skill in the art would not be able to determine which image is
the original with a reasonable degree of accuracy, based only on a non-magnified visual

mspection of the images. Additional aspects of the preferred compressed raw onboard image
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the present disclosure enables a user to construct a modular camera with, for example, a first brain
module having a first, smaller sensor size. When a larger sensor is desired, the user may uncouple the
lens mount m8EUIE'YRHE tHe electronics modules from the brain module RitHtFE & nsor size, and
reassemble the modular system using a second brain module having a second, larger sensor size. All
of the reassembledimodeiasivith shedsetond lordlis nfettuieAprd auitenfatish Mo cllibbatesi2 for seamless
functioning iyt ihe 9ged IoF GAIALAIBIALAN 8L AT ENLAISRR: T AW e yser to upgrade
the sensor without the’need to purchase a new camera or camera system. The same exchange /
upgrade capabitispistisyssiatereedpset to each of the modules in the system. 100861 The system may

further include a fgtig calipfatign apparatswhish plowsifinerrdivsiirAts i e madeto the focal
distance between the camera lens 116 and the sensor, in particulay to take info account small changes

in the mechAHILARHS BHoES I RALATHY TSHEES VI S RPIER I SHERILS WIS B&ors such as
temperaturehangedifuchy calibratibnimppardtisdambdve H Tehatidely stiraighiforstarg control, like a
focus ring, that a user.can easily manipulate. to.sinpli ihrationfrocess. WO
2010/0781%%@{' ﬁj%\’i%ﬁé%%%ﬁgﬁ%gé‘}%ﬁﬁ%&rﬁ%&%@d%ﬁgﬁ?ﬁe{ﬁf #E(E:}lﬁé% ?&%ﬁbgﬁc}r@ apparatus or
portions therelfimene s imetadadem (B |ERShIBNEmedife i1 12dte8t sSEHI AR, or a
combinatiop thereat i engLmbodimant dbe.antirg salibatign.arparatusisrineyssd indhe lens mount
module 114. For example, the focus calibration apparatus of some embodiments allows controlled
adjustment®SiR8IBFRA LAY the optical path between the sensor and the lens of about 0.002 inches
or less, in some guropimentsoakostidHOtiRChasos leasands insoniachbodimenid:tf about 0.0005
inches or less, Adjustment. may be on a continuous,basis, or.in a s function. mples of focus
calibration éspl?og?'réjtgfsr?ﬁ’gtv %@% %%Cug(é it 151t ancg}%%% @éatxeeﬁgq%e}g{%ﬁ%ﬁ'hggﬁ? %%ri\(c%ve found in U.S.
Patent AppliestidteNG! P26 2845 1(thaon5 ¢ A bpeatohpdied o Nsvemiserpay@bobowhich is
incorporategl by referenge i it eatirely.narein. 1P088tAdditianally, the expansion modules of the
modular camera systems disclosed herein may be connected in any order to each other, and/or to the
brain module. This functionality is illustrated with respect to Figure 2, which is a schematic
representation of Begameiia: s¥sdeid 200 including various modules. The modular camera system 210
includes a sensor ele Ics modul , 16 VArious ' les including a
recording modulelg%] usg}r{ %}Et]g}? cté) %%%%%It%é%?%géw?%lauﬁleiz%ig ﬁ%%%ﬁgg%ﬁgr%gc%ule 226, and
optional adaptédedothitle 22801 0BRITARIwstrared Bsr tHe Hotre ddimsablhevaeiReniddales can be

connected Q.8arhaiher Ba6l tndhe:brainpe0dylenl 2 sane mdxany ordgkrd he gamera system 200
can further include a lens mount module 214. Still referring to Frﬁr 2, %n cgition%in;a e stabilization
RUEIRRSB R e

module 218 Y BEIPSIMIRY 48 ERES MY E Wabili AR EES Rthe &t one
implementation;tithetriagd stabpizatioh wibduleR1Btisfeonfiglurkd fdecobinectorcimvbetween the brain

module 212 and the lens;mount MedH'ei3i41c.

{8679) For example, a user may releasably connect the lens mount module 114 to

the camera systemn 110 using a phlurality of mounting bolts 121. In other embodiments, the
lens mount module 114 and corresponding portion of the lens mount module interface 113
include other mounting mechanisms such as snap- or friction-fit mechansms, threaded
mounts, efc.

100801 The lens mount module interface 113 of the brain module 112 includes an
electrical interface such as an elecirical connector 103 in certain embodiments. The electncal

interface connects to a corresponding electrical interface {(not shown) on the brain module
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100901In various embodiments, the modules of the camera system 210 of Figure 2, including the
brain module 212, recording module 220, user interface module 222, power module 224, input/output
module 226 afi8 g‘d%@r"%odule 228 may be generally similar to or the'sania as 1 6%3%:60rresponding
modules of the camera system 110 of Figure 1. Alternatively, one or more of the modules of the
camera systerfa@10 dbFigulen2raventiiffishent frb itthe asiochl [mseoh thenarerarsipstemiatt 0 of Figure | in

other embgdiments,, AdapierMaslule 10991 1Relering R9aR RGIGas bA:B HkamPatiple brain

modules may have a variety of physical dimensions, mechanical connection types and/or electrical
connectiorPByEwrriHBesReER AT AHbHY Sthiidduivssiripies)starPREvEageMrally common

interface type.allowiagthe e e cenneciad oieashonihrneastackeddnrny Geduence, as described
herein. 10092]The ad%%}zr module ]1{28lin certain embodiments which enables connection between the

brain moddfd BT EbAET TS e O

aces included on the other modules, allowing a variety of sensors
modules having #08tjety of sterfacddyipestto the lmedutafipekibandadesThirdpioriag ddépter module

128 providgs,an lerfagehetyeen. e Prainmaguie laRnd RiRys pansicrmodiles (e.9., the

recording mod_ufe 120, user interface module 1.2%,J power module 124 and/or input/output module 126)
of the camél iyiebienad by Theeadejssinmiatiion o8 thedisd terdrretitonRtEeHaAERaEIS herein as an
adapter mogule; 328 And-adantaipiaiel? S 030k exampianihp.adantey imogiate 128 in some

embodiments pr]ovides mechanical translation between the brain module 112 and various other
modules hB?f?ﬁ’B & different mechanical interface. In some embodiments, the adapter module 128

provides electric_abmmmslaﬁnn bﬂﬁum_enaﬂmﬂmﬁcb}lﬂ it eriderahly mﬂi@mdm@@t@iamﬂelectrical
interfaces of yarioys lber modkles i G BHERM BRIP4 L TaRAY SN maglerkigpcludes an

. anyo
expansion interface 138, ang t ‘
Thus, 2 plurality of lens mount modules 114 may be provided, each having a brain module

interface for releasable connection to the brain module 112, and each having a unigue lens
interface such as RED-PL Moumt RED Mini PL Mount, (Red Digital Cinema Camera
Company); PL Mount; Canon Mount; Nikon Mount; Medium Format Mount; Mamiva
Mount; RED 617 Mount; Linhof Mount; or Alpa Mount. '

|0083] The lens mount interface on lens mount module 114 is preferably also
configured to receive any of a plurality of different types of lens systems from the same lens
mount type for example, but without limitation, various sizes of lens sysiems including a 50-
100 millimeter (T3) zoom lens, a 50-150 millimeter (T3) zoom lens, an 18-50 millimeter
(T3) zoom lens, an 18-85 millimeter (T2.9) zoom lens, a 300 millimeter (T2.8) lens, 18
millimeter {T2.9) lens, 25 millimeter (T1.8) lens, 35 millimeter (T1.8) lens, 50 millimeter
(T1.8) lens, 85 millimeter (T1.8) lens, 85 millimeter (T1.8) lens, 100 millimeter (T1.8) and/or
anty other lens. In cerfain embodiments, a 50-100 millimeter (F2.8) zoom lens, an 18-50
millimeter (F2.8) zoom lens, a 300 millimeter (F2.8) lens, 15 millimeter (F2.8) lens, 25
millimeter (F1.9) lens, 35 millimeter (F1.9) lens, 50 millimeter (F1.9) lens, 85 millimeter
and/or (F1.9} lens may be used. Each lens mount module 13 customized to a corresponding

lens or lenses such that despite which complementary lens mount module — iens assembly is
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expansion modules including the input/output module 126, recording modules 120 and power module
124 include a first interface 142 which is common to each of those modules. In some configurations,
the brain modti® 15 include one or more additional expansion int&fA¢E& %% *Hich as on a side
of the brain module 112, for example. 100951 The expansion interface 138 of the brain module 112
may not beameighiamhically :elgeiriaallye popthe fadsecompatible withitle finsbdateriacenid? of the
expansion rQ;?s%]UlS%ri{} cr%t(?\iﬂ: Q%;figurations. For example, the expansion interface 138 does not
mechanicaﬁy coopera{le With the Tirst interface 142. To address this incompatibility, the adapter module
128 includes a briffité#hodulddniedhdstads cdwigmelils coppersteawitls the logpadisivisdnterface 138
on the braigymgdile 42 ARelvmasule RisTass L4teRNisurad fa coaparatewithdag dirst interface

142 common to certain expansion modules of the camera system 110. Thus, the adapter module 128
allows for cOUpSEHET BetieBrofnb bRk HRsHUIE TR ARt YRR Hodife DR iing, for

example, ometgicendr@ofctherinpitioudput meidie 1206 fe earcingsaciduiasy b2Grpewe) forodule 124, and

other moduclgg.e%a ](1)%'6\%%35 %%sg{é%r%p adapter deuIes L]’]?%be dengne for yise with,a variety of brain

t S mo CONtLZuIe ftach a . .
modules. For example, in some e Bodiments™a first & apter module 15 d%uslgned for use with a first

brain modutemaratialbeeaiidbidiaptamin dtuteoisldesigrradsfolcused Withyrgssaicbadobreinbamedule. Figures
3A-B are fropt aNdRalRESPEEEYE %ﬁa'%?eyé%ea%@mﬁrhw@ﬁgma&g@m%am@ﬂm@r camera

system 310 including a brain module 312 which is different from the brain module 112 of Figure 1. The

modular caitferaosgistenslin oh s ePRRtIRY A 1 7S BPBrhmPaHafid: by medslsss Fheiddular camera
system 310533 slse: in6luge vargusmesylestechidirg thalesatdingrenamyles da0 fuser interface
module 12 W odule 124, and input/output mo 126.0of Figure 1, for example. 100971As
Shown. the BT ThUB G 13 BrG BT 12 R I e B Rt 2675 24, 126, Thus,
the adapterthmozhwie 328iAcludes canbatromiportiontd24nerminating in a first interface 336 configured to

cooperate with thg,jptgrfacg 338.onthe,arain madila 31gJheadaniernodile 3¢8fydher includes a

wider portion 346 having a width simifar to that of the expansion modules 120, 124, 126. The wider
portion 346RERTHTEIEES T ScEBhiF REHE S B R et e ErRSH B R doR RrEsfifdifterface 142 of

the expansigaimesiuiesd i) 484, 1201400031 Tihusyihe adapieemadutRsl28 ofthecamera system
110 of Figure 1u|s]€§:i S|pened for used\é\ﬂlth %ﬁrgtegram modgéjs%sl . an}gl a secon U%O\I]?B;tegemodule 328 of

. . O 1 TS moung, moduie an Clronies o t rain mo 1
Flgure 3is ‘d‘é& neda ror use Wl{h a second brain mO(fuIré] ccor(flngsf , a varlety 0} adapter

modules méybeprovidedndacksitalinglemintelacestor relegsastercormactiodute kedogmon expansion
module mt%@?o%%ﬁﬁ%et*oséhém'gyg QE?‘H? Mﬁggeﬁ%ﬁeg%tﬂes with the second brain module are

antomatically calibrated for seamless functioning without the need for extra calibration or
adjustment steps. This allows the user to upgrade the sensor without the need io purchase a
new camera or camera system. The same exchange / upgrade capability exists with respect to
each of the modules in the sysltem.

[6086] The system may further include a focus calibration apparatus which allows
fine adjustments to be made to the focal distance between the camera lens 116 and the sensor,
in particalar to take into account small changes in the mechanical tolerances when changing
Ienses, or focal length changes due to factors such as temperature changes. Such a calibration
apparatus can have a relatively straightforward control, like a focus ring, that a user can easily

manipulate to simplify and speed the lens calibration process.
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100991 Depending on the type of brain module interface, various adapter module configurations are
possible. For example, adapter modules designed for use with brain modules having various physical
characteristic®th Wésb?ﬁvided, such as adapter modules for use with F&E{H%‘IQP (Rﬁg’éf tall, or
irregularly shaped brain modules. In some embodiments, the adapter module is designed to interface
with a brain modyiegravingnaneteaitiodlcansebtidreiypaithatos different froparthesalestoital connection

type of the SXPROSION oqIRs O 1OHNNANIRLS ATRoUMENtS.LNE PHMETS of figmalules may be
directly releasa (fy connectable and ot erwise qomp’aﬂ%le Wlt}i‘lThQ interféce on the brain module
without usitigteé. delapterthobinint Fbe examm gidbibiton separiarfacE ehigd e 12 leztiineide an

interface 148 keleasably,engagableitidhe axpansicniiaracs ladotihndrmingmadwe 112 of Figure
1 and the interface 338 of the brain module 312 of Figure 3, In such embodiments, the yser interface

module 123%i/lsi<siBamens a5 4 carb A ammitHr b Bee 1B St E S pter module
128 of Figuenis ameoidresintadace 340 otie acaptesbirnodude 13ia8het bigewe 3] O18kkn some

embodiments, np adapter.m 28 js included, and the brain module 112 is pted to cooperate
with the firsefrli%}f)eﬁ a%ngs%fﬁbgﬁ(égse{%plgﬁhsﬁsoﬂrrgﬁsésdu é@u?é?a% rec orgli%ﬂgarﬁ%] ule TZ%?%’O?/IS&’ module 124,
and/or input/getped frrotobe BR6)bfsthbfeaneriz wyorempirpdistia sasiphumo daik e camera

systems described herein can be found in U.S. Patent Application No. 12/625,451 (the ‘451
Application}, filed on November 24, 2009, which is incorporated by reference in its entirety
herein.

]0088}  Additionally, the expansion modules of the modular camera systems
disclosed herein may be cormected in any order to each other, and/or to the bramn module.
This functionality 1s 1llustrated with respect to Figure 2, which 15 a schematic representation
of a camera system 200 including various modules. The modular camera system 210 mcludes
a sensor and electronics module 212, lens 216, and various expansion modules including a

" recording module 220, user interface module 222, power module 224, input/output module
226, and optional adapter module 228.

[6089] As illustrated by the dotted hnes, the vanous modules can be connected to
each other and to the brain module 212 m generally any order. The camera system 200 can
further inclode a lens mount module 214, Still referring to Figure 2, an optional image
stabilization module 218 may be provided, to enable image stabilization as is understood in
ithe art. In one implementation, the image stabilization module 218 1s configured for
connection in between the brain module 212 and the lens mount module 214,

8096} In various embodiments, the modules of the camera system 210 of Figure
2, including the brain module 212, recording module 220, user interface module 222, power
module 224, input/output module 226 and adapter module 228 may be generally similar to or
the same as the corresponding modules of the camera system 110 of Figure 1. Alternatively, -
one or more of the modules of the camera system 210 of Figure 2 are different from the

modules of the camera system 110 of Figure 1 in other embodiments.
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10102)Referring again to Figures 1A-B, the expansion modules of the modular camera system 110
may be connected in any order to each other, and/or to the brain module 112. Modules for use with the
camera systeﬁﬁ%f‘ﬂ%}ﬁ‘rlééent disclosure include, but are not limited to, Sﬁé%%?to%gﬁﬂégﬁégording module
120, at least one user interface module 122, at least one power module 124 and at least one
input/output module 126. The expansion modules are referred to interchangeably herein as functional
modules, expansion modules and modules. 101031 The at least one recording module 120 of
some embodiments MEUdes a first recording module 120a and a second recording module 120b. In
one embodiment} ¥ ¥irst Feséaram g2ain du B 26 omdrsaeibkoid saeigisk P& 389 and the second

module 120kia¢1udesaitl MmemansCarenimiarioumemnfigypationsicgeneraly asyearmipatible storage
technology may he LL]sed For exfixm le, the recor |ng mot(ijlulestlzohmay includtf1 anty of a variety of
memory teBRTSISHIELS ST B Prard kR SLESINTHG dPives SHASR MEmbR Shlia SR8 Rives, RAID
drives, opticatrtiscsyer dibeissthiatmaypdecdeseddpedachthbeartr Aigokgthinothe sepododessin the present
system, th%ég%gggyll%gﬁedia used in the current module is deemphasized in importance compared to
some of the prior art systems, since the module may be simply removed and replaced as upgraded

technology becorf®8ZvaildbteadeyisiaadeledAvereceyarrmrainpmsind s etablarsmecbeging modules

120a, 120b, aalRNEerardingimoguie 1 Raradhantyasecaeding modesmanybeused depending
on the application. [0104€ In some embodiments, the recording module 120 StOJ medium or a

portion thefdEP 8Bt THEYrStea IS BRIWSH SN ERANE TBESTAIRG Cc?d%’f)eesl?o.‘Tnmsougigr?@’mbodiments,
the recordiegmoetlEht 20teanl hespenfigured 1o8rpleddabiy izechce bnesn hetgamemduie devices. For
example, referring to Figure 1B, the first recording m 0 iment ineludes a drive
bay 104 fo(r?f%%caéil‘\giﬁagng‘ﬁe% ore @8@%&%&% hg%grgﬁgv%%%%é 9 ﬁqeorr%? e%rsr% &%%ﬂi%tﬁ%@%eeond
recording nhadubevi2obohibRs @Ehst 206/ for e aaeshiily Fde &1l ihg ermracarierot! nBer

embodimenisaeneially BRY:-INPEQESIUAAL MeinB-anY CHSSPanding sesRMINg Mmeghanisms can be
used. [0105]In some embodiments, the size of the storage device can be sufficiently large to store

image date HEHS HaE ?ﬁpression circuitry corresponding to at least about 30 minutes of video at 12
mega pixel resolytioss)| 2-kitcelampesolbtiada@ad mbdlefredh es pensectrdinkowereviddse storage
device can haye any desired size. In one im Iem%m tjq g)fdthg disclosure, recording module 20
includes or{geg{rlat%%é{oga%%%og Eﬁ?vl%%j gﬁ 5%{}03] aréi drlé\]/eg avrrgngseg ]?n agﬁardwargggg]sed RAID.

101061In sﬁﬁﬁ@eemmdiméﬁts}atﬁéaﬁﬁecbmﬁwg%mﬂéiréaﬁ%éhmé@méﬁ Badals e mst éttthe modular

camera. SegQRpslalySiaes devices aan hecrrissbkadditinnal wreandingmedwesyatiached to or
external to the camera. The storage device can be connected to the other components through

standard of LERESTH LoRTHtHIESE SR PFHSPIRE EHIST, ¥5F example, but without limitation, Ethernet, USB,
USB2, USB3, IEE&4894 (includiag butiaet liniteédiadsir@\\ite480p RineWire 8DX), daitefiddire S3200,

FireWire 5800T, i.LINK, DV TA and S d E{J h&ﬁi L,Some em %ggmgg%tg% tQrage device can
ity g?ﬂ‘é%é 23??\]%?% S%%W%;S t%g}se %Bergt?ng’un {:ﬂr aé)RAID protocol.ﬁHowever, any type

comprise aefaiﬁjl?asflty
of storage deviels E&hipdudsedinfonoTimeftifingieh FigurneBioreustibiiterfaddctd? iftkides any of a
variety of  onfigurations, the brain module 112 may include one or more additional expansion
interfaces 138, such as on a side of the brain module 112, for example.
[6095]  The expansion interface 138 of the brain module 112 may not be
mechanically, electrically, or otherwise compatible with the first interface 142 of the
expansion modules in certain configurations. For example, the expansion interface 138 does

not mechanically cooperate with the first interface 142. To address this incompatibility, the

adapter module 128 includes a brain module interface 136 configured to cooperate with the
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standard user interface features, such as a viewing screen 123 for viewing sampled images and
controls 146 for operating the camera. The screen 123 may be a touch screen, with integrated controls
146, or separat® éeit?Ei5446 such as knobs, keypads and the like may B ¥S&d*#ttd &ontrols 146 can
provide a variety of functions including, for example, toggling the camera between motion and still
modes, entefpagsa et fa0ae oh s BingHrRer N dh theddispiaysar pthescimponents of the
camera system 110, and the ke, The ser iterface module 122.can sulteh (o camerg into a DSLR
mode in soMeeMm odlimentsx,r olrnexample. o %) fhsome empo |menfs, the user interface 122
and / or thesprtam hbdliles112 ohptincheddalSEbdamplmgepstemmcbufigerde: toautpodrieduced

resolution if30g, dafa 10 NS MONALRN LRI HACK MBAUIE:L 22- AL SXamPitlGha Subsampling
system can be coréggured to output video image data to support 2K, 1080p, 720p, or any other

resolution. FACSEIR&ZEriBoaTRe Mditel e uRREF aRAIA bE4i AN Ban R HeERpted to also perfoun
downsampling filtgging) sucksthatsunsapplngdand filleningeambepeifermed.attheyssgme time. The

brain moduje 12 ca(% 12?_ }ggrnef;%ur dto J())erfor ni %/1 gtlyag% ]pf deénosalcnggl é)ro ess tg ihe data from the

sensor. Ther&artar, emosalce’aplreﬂé%e daaca ISp 583}5 B tRe MoATtor = 181591 The display

123 on usewﬁrtitafﬁtse mmedmkzwmisndmdieaamyeuypecbrﬂmgdﬁbgir@ fﬁwixs_e.“ﬁthraemqule, but w_ithout
limitation, the, display,can-pe.a fNrHNGh LGh RAReLIUPROIIEA bY Ik HsPL IR facehae, In certain

embodiments, the camera 110 includes a separate display instead of, or in addition to the display 123

incorporatetPTHIEHE R O te FPAEE $h GBI 12901R VY SURUStRR PebrBb ditelitts? the dispI&y is a 2.8, 5,7

or 9 inch LGRraanek-dn spme-smbegimants othe displayrsambaganassiedde:an mfindrly adjustable

mount configured to allow, the display to be adj e%ﬁlo any.position relative tq the housing of the user
interface m&ﬂﬁ%ﬁfﬁ%ﬁ‘ﬁ&t eaggrﬁ%%éeéyrgf)éﬁejlﬁ%s Flé’t]%i%?erc %gﬁ%iséﬁetrﬁg (!ilsﬁfﬁy%ﬁ any angle
relative to thelcdemendold hodusanrelednzodinmentsiithendibptayl 2anize confreeteddddié2nonitor module

through an%m&e 188?4%%&%9!%%&%@%uﬁ%ﬁﬁé@%&!ﬁ;%ﬂ@@%%%&%format video cable. Figure 12

described below Includes an example camera configuration including a separate display with an
adjustable viewing®fgle. 101 sbamefbrablyintHacdslsr HterPAce a2 tétudeEd Witkes®ransceiver, for

wireless compusgicatiawith tae ibminmodwend 2adnLnambodimentdhe seninetace 122 is
configured to communicate with the brain module 112 when the us r%r%]ter%a%e 1%% IS \g{]i}hin a certain
HEE-twiret

distance (e 4" 180 R P A B DT RSN LIRSS ATIA SIS GRS & s within the
user interfabenb2@pfiorecorindtticd aply sicaliei 388 thelsysteindasawildbepdisousk@dhabhig enables the

user interfage 2 19, giihes bemausted el 10,80 haighied iatha madirsamieragor removed

from the modular camera and operated remotely, to control the camera functionality. In other

embodimeni@riaiersariferid e pocirtdranisamy & prapsiels woh e disiusiérot ' titetess
connection tQthaibraidesue, 122,108 vice versa.

[0098] Thus, the adapter module 128 of the camera system 110 of Figure 1 is
designed for use with a first brain module 112, and a second adapter module 328 of Figure 3
is designed for use with a second brain module 312. Accordingly, a variety of adapter
modules may be provided, each having an interface for releasable connection 1o a common
expansion module interface and to a unique brain module interface.

[0099] Depending on the type of brain module interface, various adapter module
configurations are possible. For example, adapter modules designed for use with brain
modules having various physical characteristics may be provided, such as adapter modules

for use with relatively wide, tall, or irregularly shaped brain modules. In some embodiments,
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101111In some embodiments, various aspects of the user interface functionality may be distributed
and/or replicated amongst other portions of the camera system such as the brain module 112 or other
modules. For ¥£AM&7332 brain module 112 may include one or more E5AFOREEIREL to those
provided on the user interface module 122. 101121In certain implunentations of the disclosure, the
modular catmeraiipitingiional in eachaf &digiahstilhamd=metionmoade (RRSMCorn [al¢biscahode, the user
interface 122 1 preferably,canfiayred sych tha It displays the apsronriate eings, controls and
feedback for motion when the Camera is used as a motion camera, and the user |r?terface 122
automaticaklyodwitches to preconfigured display and control mode when the camera is utilized in a still

picture mode. Thegdigglay and.contAsynandie ayierpaticalyfoggieshhatvesn the aatign mode and

the still mode in response to manipulation of a control, such as a first switch or button for activating
motion mod&'fafakky seiea e s slreHserBmearPierattivatintShrs R iR tietanner, the
photographgitraaydagole: aggesinedie e enastpl S heatiagiaad-neatiomehootiag ayhsiewly selecting
the right shutter_control, and the user interface automatically recaonfigures or toggl k and forth
between thémaeﬁ%%gfilgtlg?%sea B’a%’kga a%?%‘b”ﬁ?ré?l'g, & shut éér/rcagﬁ(t}r% %L\}fvﬁgﬁrraﬁgﬁ%gﬁ%r?? %f a variety of
trigger switctidsgyposdhuislitto nscifage 6 Sufitbhésyslidehbwitehdd; kwolis toudhestre@msdnsors or other
switches asjj ks@é}w,waﬁa%ﬁu%h%ilﬁ%ﬁgosgecms%wmﬁg%wm'M%@QJ@@&@E@%*\ other,
adi

and may be differentiated such askgg/ ifferent size, shape, texture or elevation from the adjacent
portion of tHéhedhnarBayRIWhicl thEigeitsredireindirtass FPtdrrsirsamistele d%Fser might set
still shootingsmafgegnces such as 5K, 1ISO 500, Aperture Priority, F5.6, Average Metering, Continuous
Auto Focus Mode, 5 FPS, and a softyare choice. Any of these variable y be modified as desired,
until the user has ¥808esirdd Sﬁ’fg?eef@\{ﬁv%é?%trsan aaﬁ?é}l/ﬁ(?}égné)gﬁ ?c};%o]ns. Iﬁ(g}{&s‘%og?ﬁ]éﬂ %1% i6n in the same
setting, the nugiaiighiselestd Ky [S@<500 WanualExpostre: Adjusinent GO dRSmanda different
software choiee- Rally3e 5 oA A0S ALe IR e pamAR LG HRRLRtpHe, Sl record
button, all of the Stlﬁ preferences are implemented and / or displayed on the LCD or other monitor. If
the user thei¥Af@ BiEembtidn' record button, the camera automatically implements and / or displays
the preselected motion associated preferences, so that the user does not have to manually reconfigure
the camera settings. Prefer}e}bl{y ihe user can distinguish the motion and still record controls such as
through tactile fe S$hechanism so that he can switch modes without needing to look
away from the mol#it82lor ER#Ferring 4B W] Hikergsolte P niesd etpatdanmmandiies wdhamgodilarvariety of
known powey suRRigs S Batteles gl £5Sasolak AR iU Rush A8 froma . kamsformer or

studio power or other source or combinations thereof Typically, conventional rechargeable batteries

will be used! FPh& R cameil SfstamfroTRR b d D RIGERARAREESIEo S 87 &8%r four or
more powenimpeiiesalR4s wiicBemaydesiackad, antedhenmnadi daeAssamialydn @y desier, relative to
the other modules, depending. upon the desired physical confi ion of the system. In some
mbetimen e B B O e e ower
sources (e.gefdeedariasyrcnreeinblivivoal polvestisosrmed isaycbursigasadiesrhmeéusswer module 124

in some embodimegigy;In opg.enRadiment-dheRANRRAdYIe 184 LOMRERESA taddaftery back
including four separate batteries. Power module 124 will often be the heaviest of the various modules.
As a consedUigrigecdgmgtie hswarhiotrsned 1eariing mrdsd Hike SRt PP H Blirection
relative to thespthesmedwes.along:thergpticakaxisdoftihe Systepswill ohangedbacemesiof gravity of
the system. This. may be utilized to optimize the balance in the camera for the intended configuration,
such as Whé-lgqgéélﬁ |(I]J)é?se%¢r% ?B@[’hc?gngg? &'Versus an %ﬁ&‘s‘“ﬁ%&%‘?@ﬁ’éﬁ‘é’? {’8“5 g%zs%’éaﬁﬁed balance for
use with a lérdechesmall kengs@ubr batandindhnaschéipe medeldsbiZhovinggoderattyodnry of the

expansion madilesrdeseribed ReiRindNSiRad of.of iaddiinmitthsRowatmadiies 1t

state drives, RAID drives, optical discs, or others that may be developed in the art. As with
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10115] A further option for the modular camera system of the present disclosure is the provision of one
or two or three or more dummy modules (not illustrated) which are physically capable of connecting
into the modul¥&tA"8Hd include internal electronics to complete the b‘tfsTfﬁ%‘[@ﬂéﬂ%‘sdummy
module, such as when the dummy module or modules are positioned closer to the brain module than
the rear of ¢tierstaedulFhe dberpregenogetien pieferatipleomptisesed mobelesiousingiwithsthrough bus

wiring but no additional,weight.or elegironics, or,a,pradstermingd waight ralingmd his@mables a further
shifting of the center of gravity of the overall system, as m% be desired for %ﬁ)emaltg/e configurations. In

addition, tHeade ST E PRYGFBR FARHF 5 8H RS S5 REE &Y BRI FHARIGI BRrepositioned

relative to the,braiseedule, sdich maybevdesitaie: asdascnbed babyent0dAbHEuammy modules
may further include mechanical conn _ctionsa r mou tinge@%intesn,d%llo(\)/viri%gorﬂlég[‘%%r expansion of the
modular cdRPEPCsPETAT BEH ASE8Ia "E IR A e T et Sher modulés GBsctibed herein may
include mounts fqétefhporentsisushbadirailss, Wendiesdinigundididers] (skouigle rmpdids: or any other

ApprOprIalG, SRS RORS I YRHGHS SHAbRLIMENSE. dhe mputs Mmawihehide maunting bars,

clasps, clar%ps, male or female threaded portions, snap-fit or friction-fit mechanisms, and the like.
101171As rateedimssisaibevecod@gmoriliisr 2598 ke ipr e rd 4n Ca it 1HE prEt BRISsure may be

interchangeably,configusable domiprliefsheatingmstl shaeting aplBMso@igitabsiisand motion)

loads. For digital still photography, an input/output.module 126 may, or ma t be ytilized depending
upon user FERHE g ?WI%X %&%%fiﬁegefﬁl%%gr? ftite! refozyﬁi ?ﬁ%iog&f% rf%%‘dfg 1;656%?5 preferably

provided. Amy_viéhxﬁbéim‘f_slne_rtm:oehateﬁ imtb\@_isgst&mimehemﬂduﬁnd@d@Iel_QQ@G@ SonfidraetiYor att_achment
in any order directly, qrindiretly 1 the. brainmadule 142101481 hedplut madileyd afmay include a

¢
variety of input\gﬁ%i/%?r output connections 108 including, for example, audio signals, synchronization
signals, duabtinfepBESItanBREGHSbeRNE cBTercdtsAthections useful in the film production environment.

Generally, the spggifig;in/oyt Redulgtkdbeanfigirationcar hersastiendzediopraduetan requirements
and user preference. 10119]Additionally, the in/out module 126 of some em odin‘renttsBi(glcludes an

interface 1699BI¢CSGHIINYenAGT BREPILS SHPRERY Yeetrbey REraR"sleHRE SHSPIAY screen of an

electronic vigwfiadef .video at 12 mega pixel resolution, 12-bit color resolution, and at 60 frames per
second. However, the storage device can have any desired size. In one implementation of the
disclosure, recording module 20 includes one or two or more 2.5” 160 GB lapilop hard drives
arranged in a hardware based RAID.

[0166] In some embodiments, the recording module can be mounted on an
exterior of the modular camera. Secondary storage devices can be carried by additional
recording modules, attached to or external to the camera. The storage device can be
conmected to the other components through standard or custom communication ports,
including, for example, but withont limitation, Ethernet, USB, USB2, USB3, IEEE 1394
(including but not limited to FireWire 400, FireWire 800, FireWire 3200, FireWire 5800T,
iLINK, DV), SATA and SCSI Further, in some embodiments, the storage device can
comprise a plurality of hard drives, such as those operating under a RAID protocol. However,
any type of storage device can be used. _

[0167] Referring to Figure 1B, the user interface 122 includes any of a variety of

standard user interface features, such as a viewing screen 123 for viewing sampled images
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101201As is understood in the motion picture arts, motion picture cameras are often mounted and
used in environments where supporting frames, cables, rails, rods, shoulder mounts, tripod mounts
and other equifi8HY4P&"8losely packed into small or tight spaces. As apggﬁ%%a??éaﬁ?:ké‘fs the ability of the
in/out module 126 to be moved forward or backwards along the optical axis relative to the other
modules providestie ifuablepbenefitiof edfosving iapattontpilt cedids eonpatrsEEd. dtule 126 to be

repositionggl g, ey TIBTZEa e RRSUNSUGRL AIREENESRIES AU SN WIS BeThiS may be

accomplished both by rearranging the functional modules described above, as well as by the
positioning 6T ABEHORTEIE Gy RYSASETIFYIRE TisHemS Sedned P PRplG&e8inedhBw certain
example copfigratieasipelustingsame exaneplaimoduletypedpwpsenty eeniempltatétheOther types of
modules can he used, such as modules custom desjgned according to specific user requirements.
Aditionall BB BB BT SRS LTS ) B Ll o SeFomatats For
example, muidigle] ppwersmiodiulescald sy HBldeuedepnovide dovgdirmenstinTedsettsre recharge. A

second input/outpytiodule 326, SHEMASAR IBPULOYIRIELRAdYleS 126 having aditional types of

inputs and outputs may be used, providing enhanced input/output capability. In other configurations,

one or morébfHladmaahesEHaN TP TERIEETES A AV R TFfieRicEs PitHe HtrRARE YhBGn are
arranged ing gifferantRhysisalaranaement. (01 22iAsJesarihediheneinya vatetycaf dther types of
modules not shown in Figure 1 can be implemente e mple, in ane e diment, one or
more of thé:‘?ﬂg‘aﬁfgst%%%(}ﬁ o) eg6%3560#?&(’@8}3&%?2@L(Jg)gbe%ea{éggb?fnag }u(r}]%?rer.gf "égFa“m ‘Additionally,
the functionatity efrbediaienmodiles may bircombinadingtocansihyledetethabldsnagulenFor example, in
various embodiments, i?‘ijx

s embodiments, individual moglies may include A40.0nMEeRf A ROWES SaHEcgrecording
capability, mput?ou?pu? u

' “functionality, user interface Capability, or other capability. Additionally, some of
the modulaiaspeesremtmo sl §a8y st e EPod S BABEH HEVdM ¢ AhIsB CBIfiPABMESHitA film recording

in some altginafiyeSmhedimentsnFQnexampriaidieionaLmbhodimantsthe brainimeshied 12 is

configured to receive and expose photographic film gs_teaddog 05%9 additi%n 0, includincgfa digital
sensor. Module I8{&ffces 151 23R Befering IFGIHE T thare Ss it SHARE S sEhEmAtic View of one

monitoring device. For example, but without limitation, the display can be a four-inch LCD
panel supporied by the user interface 122. In certain embodiments, the camera 110 includes a
separate display instead of, or in addition to the display 123 incorporated in the user interface
module 122. In various other embodiments, the display is a 2.8, 5, 7 or 9 inch LCD panel. In
some embodiments, the display can be connected to an infinitely adjustable mount configured
to allow the display to be adjusted to any position relative to the housing of the user interface
module 122 and the camera system 110 so that a user can view the display at any angle
relative to the camera 110. In some embodiments, the display can be comnected to the
monitor module through any type of video cables such as, for example, an RGB or YCC
format video cable. Figure 12 described below includes an example camera configuration
including a separate display with an adjustable viewing angle.

[0110] Preferably, the user interface 122 includes a wireless transceiver, for
wireless communication with the brain module 112, In one embodiment, the user interface
122 is configured to communicate with the brain module 112 when the user interface 122 is

within a certain distance (e.g., 100 feet) of the brain module 112. This is in parallel with a
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embodiment of a single module 430 in accordance with the present disclosure. The module 430 of
Figure 4 may be any of the electronics modules described herein. This is distinguished from the optics
modules such®™&THEBPATR module 112, lens mount module 114, and, ifpﬁ}ré%%zﬂ%?’ﬂ??éife stabilization
module 118, which are configured to receive an optical signal, although such modules may include
interfaces bnd-featiites sitilarto thosetofite I3 duledBoctamdprhicicalér seio 10 SuRefedring to Figure

4, the modyle 430, 1pGludesDOHSING 432515 0AKSIRY A32iSPRvidRd It ALigastadirst interface

434, for releasable connection to an adjacent module. As will be appreciated in view of the foregoing,

the housinBPEBE R gretErarBHEVIIBE it (58 Bfcth Srannits raeseia BHSR e Rt to be

positioned withinand @icirigally.are machanionlyengageswithing siackdeiwser 1ap other
modules. The first and S%on interface mgéob% &ro ided on qg%qgiﬁﬁ %ur.face? ?f Ehg g}odule, or may
S

be provideF SR EFECEHE lﬁﬁgc%%%(ﬁ. 0B BEA01E PR LT ShSBIS e iR S Hoddles in a nonlinear

configuratienes 183251In the illustrated embodiment, a first interface 434 is provided on a first surface

436 of the housing, 432 and 3 SECARRINIGHIACC AAAlSRONY ds prelEARlcRIQYidediaig,second,

opposite surface of the housing which is not visible in Figure 4. One or more of the first interface 434

and the seesnddnisrheEdany Yo abaHGl FEPRetoUFEPITBORIP HIf FHBFACESRSMAM Biodule such as

one of the Hrainadees desaibeshBaEeiFol Bus:RneHRHMAT e BICRUIES sanibausaskes onto a brain
module. Additionally, in_ embodiments where an ad%PIerrrinodule i§ us d, one or more of the first
¢ module ?

interface 434E ROV RO TPERFE HSS B Eohifigitie -

|gureaafo coopérate with the adapter module rather
than directly with|thez2prainimeculi. Thednterfaoescoimibriséscimudtithenction!aleetrical sonnector 438,

for providing electical.commupisation wilheadiagenbeael s, The ijerface additiggally comprises a
mechanical connector 440, for facilitating mechanical releasable locking of the adjacent modules.
Alternativeh22He preffiziincoofiaisdtsed] demriecisplagstbarimaentiokalfiBesutiizEaltePerform

mechanicaldnigfleeking.heiwarn adiassnt Pasiies . LARAEigere Mafmsa irafadeyyof the brain
module 112 of Figure 1 and Figure GA sho dﬁa front view 3f thg acOLa ter module‘12§wo(§ Figure 1. The
expansion Wﬁ&*ﬁ%%é‘&yﬁ SRR HPLTH ’c%[fl‘iv PALRY YIRS & S%ér% AT IRE S

with'the Corresponding
brain module dntaripicert 3600t thaadgpie ramiodulen k282 The dutenfsicelyaregahligured fior releasable,

robust electrical communication,and meghagisalnieriasking B wes B RE gl mogye, 112 and the
adapter module 128.
switch or button for activating motion mode filming and a second switch or bution for
activating still shooting. In this manner, the photographer may toggle as desired between sill
shooting and motion shooting by simply selecting the right shuiter control, and the user
interface automatically reconfigures or toggles back and forth between the appropriate
feedback and controls. The shutter control switch may be any of a variety of trigger switches,
push buttons, toggle switches, slider switches, knobs, touch screen sensors or other switches
as is known in the art. The first and second switches may be located adjacent each other, and
. may be differentiated such as by a different size, shape, texture or elevation from the adjacent
portion of the modular body to which the controls are mounted,
{0113} For example, a user might set still shooting preferences such as 5K, ISO
500, Aperture Priority, F5.6, Average Metering, Continuous Auto Focus Mode, 5 FPS, and 2

software choice. Any of these variables may be modified as desired, until the user has set

desired preferences for a particular application. For shooting motion in the same setting, the
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WO 2010/078173PCT/US2009/069316 101271Referring to Figures 5 and 6A, the expansion interface
138 of the brain module 112 has a mechanical interface configured to rgl&aﬂs}azb%egglaﬁ?e a
correspondinavﬁ)nz@?“f’é{}é’%la the brain module interface 136 of the adapter modate 198 rhe mechanical

interface of one embodiment includes a mounting surface 139, a support 150 having locking notches
151, and hafes 1izht TelEe84FhESExpehsdmiseFrasuss alssmplud8stan artsiddismerface including

first and secanglcoRRERIOESH 3 1rBetins first RNthaLarNd convactorsdads 1a6 of cantain

embodiments comprise multi-function electrical connectors for providing electrical communication with
the adapter GG S LAGDGHY SriFEmy S e ARRlansg ek pahs S HRas e thetighpter module.
In some otheéicembatimentse therefeetrical iMerfateninelued $wonly, ahe dyperoheleatticalconnector or

includes more than two types.of electrical connectors. 101201 In one embodiment, the
correspond‘fﬁﬁlE)irpgf]rtlsr‘%mod u?é?ﬁsi’g??/asceefggs%? the a é%rt}ears?%%aﬁ e r?ﬁ%ﬁfiofgs a‘mecrl}ygnical interface
including advesuntihgysirfasendboesupisore fecesneroRtnpe-foefs 3B Irnsaraasztkaithterface is

configured {Q.coARErAlE WithdhscarsgspRanding featigicaqithe.axpansiondntariagad3&,of the brain
module 112 including the mountinéﬂ}%irface 139, support 150 and holes 152 of the brain module 112,

respectively 2 At SRS S RSB RHIRY Mdingrierintarber o vae R ble mechanical
interlocking betweendyrainThoguteed kR and sdapier imhditlan 28 10:381Refersing siiltdo Figures 5
and 6A, the S%“#B‘”E% ‘%""fga‘%'té’%{e pogin %“Ptﬂoétiaeczes?sc&%sS £I% 3 a%%% a3 isgsgeles rapezoids,
providing an Bihcient distribution ‘of the Wéig%?é the a{)élaplfer Module’1? anrélnany attached expansion
modules ontorttrerbetier modeler tERbinatinna seaeblEbtehfigaratoinal verhetsesblapeiseritay be used for

the support,15Q apd JessidRfinQiRer serfiovrationsingliding waiangwlah.saatee Gircular, and

other shapes. In certain embodiments where the support 150 and recess 158 comprise shapes having
terminatingfafgte @ aEegrovacianiitss, ' 2quahed wriyserkRioprees e HRRt T YNdR FHyles be
blunted, rownded-Rrf athemvisaampatheddqpinimizingsiie sss(edphbirakiogiiareaybetween the support
150 and recess 1%8. For exa the support 150 aQSg‘?ﬁE%?ﬁ?é are gener Il tri;agl ular but

le
comprise asﬁgtert%pnp%or |8r?n§m5§$%ﬁhrtﬁ’i§cf ]B%t?gr%wg{)?]ﬁ%rs, respectively. 161 fe a apter module

128 furtherdnchydescanrsfectrical snterfade-inchatiimgscohbe ctdrvidyl Phweciensetomabdés configured to
cooperate %I&é%esﬁ&ﬂ'?ﬁe%%@fﬂﬁt&fuié@ in some embodiments. In one embodiment, the power

module 124 comprises a quad battery back including four separate batteries. Power module
124 will often be the heaviest of the various modules. As a consequence, shifting the power
modules 124 in a forward drirection or a rearward direction relative to the other modules
along the optical axis of the system will change the center of gravity of the system. This may
be utilized 10 optimize the balance in the camera for the intended configuration, such as when
configured in a DSLR mode versus an ENG mode, and/or to provide desired balance for use
with a larger or small lens. Such balancing may be achieved by moving generally any of the
expansion modules described herein instead of, or in addition to the power modules 124.
{0115] A further option for the modular camera system of the present disclosure is
the provision of one or two or three or more dummy modules (not illustrated) which are
physically capable of connecting into the module stack, and include internal electronics to
complete the bus through the dummy modtﬂe, such as when the dummy module or modules

are positioned closer to the brain module than the rear of the stack. The dummy module



of the brain module 112, providing electrical communication between the brain module 112 and the

adapter module 128. Recess 162 physically receives the first connector 154 of the brain module 112.
In some embodfhHE73H2 recess 162 includes an electrical connector ggﬁfﬁﬁ?@dﬂfg?lglectrical

communication with the first connector 154 of the brain module 110. In other embodiments, the recess
is not configurdeckifor @heptiieah cominhuinesitionvith (10482 T waifipshand sédoncketedtticat connectors

154, 156 of g Rrain spadule. 112, a0A.COIesSRONANGTESERS 164.A0dRAMNCHA 849! fhe adapter

module 128 may additionally provide mechanical interlocking between the brain module 112 and the
adapter mogaE1Pighe 01331 TrieEx pameiobriAterrider ERect theopRamatse e a8dBies.dbhfigured to

mate directi¥viih RRePBRIAvkine fxRaRsgRBOt asHn:sRE b &Mmbadimentsowithaut the
intermediate adapter mod_ulelﬁ%g% F%Ef&xam le, the user%nter_ ace module 122 mates directly with the
brain modUT&AY5 RS RELRASS RIS Y G& SEFBLF BRI it ¥&8¥ect to Figure 8. In other

embodiments, nqlaM@ter mdmlﬁrﬂaﬁliss u&@m&.ﬁhdﬁmﬁmmpfmbiommtj‘dmﬂesxﬁmnﬁ@gfigured to
couple direqliy i 0% 0rarmadule g, OLadIFianss OB hows arear view gl thg.adapter module
re 1. A-B show fm |R

128 of Fig igures ront and rear views of the second recording molam)é 120b of
Figure 1. THeddeorid e araiuly rdestulked bosirerydedudsimsupitcifacenparcaliqualsedeiy interface 144.

While the regarding;moghierd 200,185 hanvnofomiharitpesesial Uslration,anaonese.ef the other
expansion modules (e.g., the first recording module 120a, power module 124 and input/output module

126) includ &P PIUPFAtErfRE AR 1BPY LElBFaTIRNILe 21 H4 YERer AP Z4e°hd™Bke of the

recording niedwdeddabnenabliy 4héuterchangealitity, aickpaRsion modules. 101351 The module

interface 140 of tt?@l?.?ﬁpteﬁ mo ule 1d40bgnd ttlgjee firgltﬂinterface 142 are configured for releasable,
by :

. . Erenc J1 £, o] ay camera 1 acCor ce € prese
reliable electrical communication and mechanlcarf]mterfoc%ng between the a ap efmodule 128 and

the various®sgheisiorrisdolestipnderivgenecsebbnidnreetedifkpetiogidlshoyine0 4383 ¥ike module
interface 14@; gfthe;adapiensmesiuls.d2& has auneshanitabigfane frnisyedixirlgagably engage a

corresponding mechanical interface of the first o
mdy or may not be utilized depending upon user preference. However, when shooting in

motion mode, an infout moedule 126 is preferably provided. As with the other moduies in the
system, the in‘out module 126 is configured for attachment in any order directly or indirectly
to the brain module 112,

{0118]  The infout module 126 may include a vanety of input and/or output
comnections 108 including, for example, audio signals, synclwonization signals, dual Iink
HD-SDI monitoring and other commections useful in the film production environment.
Generally, the specific in/out module 126 configuration can be customized to production
requirements and user preference.

j0119] Additionally, the infoul module 126 of some embodiments includes an
interface 109 for coupling one of display screens described herein, such as a display screen of
an electronic viewhinder,

161201 As is understood in the motion picture arts, motion picture cameras are
often mounted and used in environments where supporting frames, cables, rails, rods,
shoulder mounts, tripod mounts and other equipment are closely packed info small or tight

spaces. As a consequence, the ability of the in/owl module 126 to be moved forward or
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interface 142 of the expansion modules such as the recording module 120b. The mechanical interface
of one embodiment includes a mounting surface 166, lower holes 168a, 168b, a support 170 having
locking notch&&P1?P104& &S ses 172a, 172b, and an upper slot 174. (Bﬁyyfﬁgﬂ%ﬁfﬁgéule interface
140 further includes an electrical interface including first and second electrical connectors 176, 178.
The first ahackeeaindlosniieciptisal 26 1&ivictude: ribitifindotiorpetedtschd tanadetorsfior providing
electrical compuaisaial Wl inesEansiannedilasid sole PELAMRANMPYLS Hig electrical
interface includes on y one type of electrical connector or includes 'more than two types of electrical
connectorainimizeg #BabsHetfFsbTAdprseb calles ARdUHES W Hh dEFamir AP sricsFragssh g?ﬁ’a mounting

surface 18Q, Ragsnkikand &b SPRIUIRE sS4, Aibs 182R:11 826y andupRasNgesh 184. The
interface is configured to mate with the corresponding features of the mechanical interface of the

module int&H A% THNANIHE AL RABLAtRY S lrface 166, lower slots 168a, 168b, support 170,
recesses | 72a, 1§2h]andrigmper ishothbédcrespeciiugly cddik3gtideifiestdinterdace:Addlarther includes
an electrical interface having.an electrica. , [ js configured to
Cooperats Mg e e R O e Bl ce
communicatiserbdraieesd trsdsédia odetEid Iecaneenadptbfdivdally. 128 Rupsdkss 185 physically
receives the first GonNRGIY 46 of theadapigbrneaiietAk:in same.sipRodingnispiherrecess 185

also includes an electrical connector operably couplable with the first connector 176 of the adapter

module 1280FHEs At BAYSESEEHEP BENHRSIIEPE IS BT R AT Bt 8 B corresponding
recess 18omddicqanaeaiar i8enofrifhe/ separdinguieodute k2Bl ahthoitengxpanisiguinadules may
additionally provide mechanical interlocking bhetween the adapter. module ) he expansion
moduies. TR T TR e ocules
include a secoatt infahfarediles, shevdeschisstsih-Zareamtanshdedmerits anduies ShOWIA Figure 1, each

of the expapsignmodulas Rrefryably Rghddgea first interface 142 and a second interface 144 on
opposing sides of the modules which are substantially the same as the first interface 142 and the

second interface 04%bf th&ydeeehsd hisié Y6 1 ST @rbBamedhts e YT interface 144
is of a typerigaiels canfiguragiimenapetatenwithathaitst inteefpineliddt, Thiusotheexpansion modules
(2:gr11 88;;?%@%% /%%'\%g%‘/%%%%% der for pser-customizable configuragion agdesgipgd herein. WO

functionality of certain modules may be combined into a single detachable module. For

example, in various embodiments, individual modules may include two or more of a power |
source, recording capability, input/output functionality, uvser interface capability, or other
capability. Additionally, some of the modular aspects of the camera system 110 described
herein can be compatible with film recording in some alternative embodiments. For example,
in one embodiment, the brain module 112 is configured to receive and expose photographic

film instead of, or in addition to, including a digital sensor.

Module Inierfaces

[0123] Referring to Figure 4, there is illustrated a schematic view of one
embodiment of a single module 430 in accordance with the present disclosure. The module
430 of Figure 4 may be any of the electronics modules described herein. This is distinguished

from the optics modules such as the brain module 112, lens mount module 114, and, if
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101411Additionally, as described above, both the second interface 144 and the module interface 140
of the adapter module 128 are configured to cooperate with the first interface 142 of the expansion
modules. As SHERIKE&8EEond interface 144 may be substantially the safhé’98HPiHcite substantially
similar mechanical and electrical interfaces as the module interface 140 of the adapter module 128.
For examplecihe, Secendinibridcs hdduhabl & mathanicahifiteridce canfiguredptcibléasibly engage a
corresponding mechanical interface. of the first.interface 142. The.mechanicalinterf f one
embodimeﬁ[}?r(l)c d%%cg Hrﬁogﬁ?ﬁﬁr%agd?é%dg iré?ffg\a/\slearn ﬁg é? T§§§“‘I{%§%}]§a"§%8§>§ﬁ iné%%gr]l%ving locking
notches 19 GecsdsgesvEBda, 189b, and an upper slot 191. [0142]The second interface 144 of some

embodiments furtfgsincludes.ahglectrcaldnierfacedntidding firshand saered electriggkconnectors
192, 193. The first and second connectors 192, 193 include multi-functjon electrical connectors for

providing elelfRGrFedrimtdati shvtheAY advet BlpEeeidh nfotrTsesak S omEcdiRR i Mbodiments, the
electrical indeidese inchigtesaniyiione pecateleciricahconneetarapingluteimasing thzm fwo types of
electrical copl}ecg rs. Th me%p?nical and.ej[gr%rical int(-:-argc 1Ces 0&591% f cond.j{nter&

ace 144
mechanicaﬁyelr‘%’ffér2()(‘:)fi‘%]ir:‘%fi‘d electrica Vl(”:%rﬁf)’i’e Wlﬁ%:sfﬁoe f:clforreépeomnﬁ|ng eatdres 0 tehéwclfl?%’[1 interface 142

in a mannesgerievalbpisimikhntechh ariboerieeiisterabe 2400f tivbvadaprerameduiedaizs, Tig1 43]Figure 8
shows a defaileg, yiew,0f aNHHECRGS d94:00H8 UsepiiaHacrmodsad gRaliBednierage 194 is

configured for releasable, reliable electrical communication and mechanical interlocking between the
user interfat& YHSE et BseahHiesy ahibE LeRPanSioh S FIrdlE Strr R RidrarEain @ 8y stem 110. For
example, theisepimarfacs module 122 is configured for connection to the second interface 144

expansion modul t%sm dule interface of the adapt ocfgrglel and/or.the expansjon interface
138 of the brain rﬁ@lozu 11 .%,i&eslsﬁ%ﬁﬁt?fﬁg%dﬁ?ﬁ?’éﬁfg%%lg uaecec%ﬁnub]é iSet evgit%ntﬁaép%{rain module
112 withousthiecaséoftie hdapted leoliiesd28d intstrre(athdrrembokitfesitly, theidueeaece 194 is the

same as th?eﬁgﬁai%&g{&@?@sa#%%fbﬁe%%ﬁgng WRrarding medie,lR0handather.expasign modules.

[01441In one embodiment, the interface 194 of the user interface module 122 includes a mechanical
interface hdUmgrierisn ffhgndubmteordsnetpronaete s 87 e HucoBRuay b RHBIREs 198. The
interface 194 fushar includes an-elesirigahintesfacscinclydingraneleetricateonnactomas. The

mechanical inteiface |5, confiqyied o cooperait iy ihe Mechanical nierfages of e, prain module
112, adapté’?om% Ui8™ 38" 4n secon&’lntnerr?ace of the gkpansmn module 16 fAsten the user

interface mosdtdel B2uredtheneanresponditity rivt ults a0 143 1HRéféwrisynd Figeriesc5ranid 8, the support
recess 197 d§n‘f’%@£@l‘*‘t§?9@%e@&§%ﬂ¥h the adapter module rather than directly with the brain module.

The interface comprises a multi-function electrical connector 438, for providing electrical
communication with the adjacent module. The interface additionally comprises a mechanical
connector 440, for facilitating mechanical releasable locking of the adjacent modules.
Alternatively, the multi-function electrical connecior 438 can additionally be utilized to
perform mechanical interlocking between adjacent modules.

10126] Figure 5 shows a rear view of the brain module 112 of Figure | and Figure
6A shows a front view of the adapter module 128 of Figure 1. The expansion interface 138 of
the brain module 112 is configured to cooperate with the corresponding brain module
interface 136 of the adapter module 128. The interfaces are configured for releasable, robust
electrical communication and mechamcal mterlocking between the brain module 112 and the

adapter module 128.
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the support 150 of the brain module 112. Moreover, the locking protuberances 198 engage the
corresponding locking notches 151 of the support 150 of the brain module 112, g)roviding enhanced
locking of the WP H¥HHEe module 122 and the brain module 112. ReféffiGte B§ei s 6B, 78 and 8,
the user interface module mechanically mates in a similar fashion to the supports 170, 195 and

corre_'sponding_lopkmg notelagsrihg Ip F98ef theradapiernragulsch28tafdekphnsibn hmziclules._ 101461In
certain emBeditents. (e SupROM (geRsens.d 28, Adia" he.adagiermeduie AR gnghypansion

modules al80 Include mechanisms similar to the locking protuberances 198 of the user interface 122.
10147]Refotrifestoofitherdsis, BBIIB inHBe thibetd chicaiairnaedsle 108 of Heenssbistbriace module

122 is opegably, coyplablgwiih,the: fisst.eleclicrkeannaeias 164, shffralwh 182:0f theikrain module

112, adapter module 128 and expansion modules, respectively, providing electrical communication
between tHEHES ittetfddiidddle 122 and the remainder of the modular camera system 110. The
electrical connecter22p6 mene aglghitianalhypfavidesnechahidad intadockinhinketwesnltdagiser interface

module and the gther modules of the ,camera system 110. 10148 ferring to.Figures 5, 68 and 78,
the first eI%ﬁrigggc%ﬁ%%cfg%T?J? ?%,q%;gﬁﬁs .?gln%ﬁggg%%?]f%)‘,%ff {r?é %gg&er module 128, and of
the recordingbribdents 1 20bHarcothatiefmatsiorrasothale sprsspattifaly pearesmpagedlvariety of

different cQpREGINLI¥RAESHHA 0L AMROJINENL fok examiie. dhr-linst SleclicateQnpasiors comprise a

spring-loaded, single row, surface mount interconnect header made by Mill-Max Mf%]. Corp (e.g.,
Product NEFRGEFBT o adprenmeint dn SORe AEPAGTS BIBEIHS 8155 SR BHBSIREATE, the electrical
connector 496 @fdhpdiseniotierinesmnoadile k22 eemprses avosiespoadingsocketaonfigured to

electrically and/o hanjcally engage such a connector. Althou ot W

s 36 of th
2010/078173PC1[9@§;00 fb%'g%%%ﬁeﬁ?g{}é’dﬁfﬁ fRe ' uos“t‘%’t%g‘"?ﬁ’bo ?r‘ﬁ?eer%?s‘?’i%éerlege‘és‘eéﬂ 162, 185 of
the adaptesdmpeutectig® 438 ofdlkéesecandthgnivd dolerfeeOnthrdbther eypairdonmetiuRSs) can similarly

comprise corresponding %9#@&%5550%@wﬂ?@nagcﬁmgi%lwsom&%@is%&mg%ﬂhe first
electrical connectors 154, 176, 192, o _ _ .
the corresponding features of the expansion interface 138 of the brain module 112 including

the mounting surface 139, support 150 and holes 152 of the brain module 112, respectively.
Thus, the corresponding mechanical interfaces provide releasable mechanical interlocking
between brain module 112 and adapter moduie 128. _

[0230] Referring siill to Figures 5 and 6A, the support 150 and corresponding
support recess 158 are shaped as isosceles trapezoids, providing an efficient distribution of
the weight of the adapter module 128 and any attached expansion modules onto the brain
module 112 in an assembled configuration. A variety shapes may be used for the support 150
and recess 158 in other configurations including rectanguiar, square, circular, and other
shapes. In certain embodiments where the support 150 and recess 158 comprise shapes
having terminating angles (e.g., rectangles, squares, triangles), it is preferable that the such
angles be blunted, rounded, or otherwise smoothed, minimnzing stress (e.g., breaking force)
between the support 150 and recess 138. For example, the support 150 and recess 158 are
generally triangular but comprise a flat top portion and rounded bottom corners, respectively.

{08131} The adapter module 128 further includes an electrical interface including

connector 164. The connector 164 1s configured to cooperate with the second connector 156
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101491Referring again to Figures 5, 6B and 7B, although other types of connectors may be used, in
one embodiment, the second electrical connectors 156, 178, 193 of the brain module 112, of the
adapter moduféPE3E YA of the recording module 120b (and/or other exgansioliedlies),
respectively, comprise female SEARAYIlim brand 180-pin connector sockets made by Samtec (e.g.,
model numiieh Sk 36306 . b X -A6Xinddwetrefe eimgrtankigimebeby GA Gt TA mnddchldn embodiment,
the electrica] LORNGELRLS 104 et the.adapianefyIRdaland fife meairing oglple 1200

(and/or other expansion modules), respectively, can be male SEARAYThi brand 180-pin terminals
made by Skiitetr¢dude, rhodsl samabarSERML30be6 Bexe (62anchdentn el i Saistie connectors

used in the camera systEMH DAy hRemechanicalidesigags; towithatanedanedatb/ely.high number

of mating cycles, praviding improved durability. (0150]The varigus mechanical interlocking features of
the moduladP CfeFRRy LSS 15 é‘?‘?sﬁéss‘?ﬁh%odl%“ﬁ?gv‘?aSE?S%ﬁg?t??@ﬂWga&ﬁ’ﬁnection during use. For
example, a relatiyeigtieaviieatss b eedmdretheriné chanicalhcofh ecdorStipetwée mbkdelvarious
modules, sygh 45 . configiatonsncluding seysial xpansin mesies- Addilonaly, fhe mechanical
connections wiff naturaeif'f/J unc?érgo various stresses as users handle the camera. The interfaces
described héfginmeBrmpridddecehoridatinetediimns|beiermatydhtevicekivy hectnishidantsich are
selected ang spatially arranged for synergistic operation. As a result, robust connection is maintained
between the various modules of the camera system under such conditions without failure of the

connections, signifiiit medsARArBRIEaTeEr e myamaedsieditel GrarshiR BHEcts.
101511Mogrvey, he mecbaneal biteroekingiatawsiios Straightfo rraxdinannestibouani:disconnection

of the various modules from one of é_her. This provides efficient and, straightforward,arrangement of
the camerd’gﬁg?ée%afﬁt%g & eg?fg ?ﬁn]gg dlar co i%ﬁ%‘“aﬁ%eﬁ’.‘ I Cfd&(é&ff}?g%%g%sr\%%%%W%%16
101521 Forexkathwphezirsfering 2 FiguresehhoBinimorts eeshbdiheararibepandehbgadifst expansion

module to 3,sg6aNd &XRARSIAN N asHe: (Bt EeRNRQSE ML ONtharcRME A SKsIeM) by first
inserting the swoosh 184 of the first interface 142 of the first module into the upper slot 191 of the

second inteitAEEMA 4Ot apReHEsHY WiB A& MR then brings the first interface 142 flush with the
second interface f44As amgsrltoBenpegs 184avid8lir engagethahales 188af F8Riein a friction fit,
ribs 182a-c_engage partions 189a-c, and the electrical interfaces of the twp, modules couple with one
another. Toﬁgﬁlsggrggg@% fhgwmo(gﬁleéns% gaﬂsvé?\,)‘risnooﬁgj em %dfﬁ%gnf?%mf)s%?]eefrbegagr(ﬁ%t)ﬁsl%e(?duIe away from
the adjaceritimedutsl, wventegninguled 2bturutithe fiwes eprarecp &6 a8 Bacd@iibngirthe fifd module and

the holes 138a.1880.Qf s adiagentipaduls.and: MEherdisenangingithe Jenaainingdnteriocking

components. A user may connect and disconnect the adapter module 128 to and from the brain
module 112BFcaHBECaTaWEedheet tefEtparlinentiies (ame WanP e adaptébodule 128 in
a generally isimilarfashiond A 25Rhnuene smhiedithantJa uses cannédistheeusir daterfige module 122

by the same as those of the recording module 120b, enabling the interchangeabtlity of expansion
modules.
10135] The module interface 140 of the adapter module 140 and the first interface
142 are configured for releasable, reliable electrical communication and mechanical
interfocking between the adapter module 128 and the various expansion modules including
the second recording module 120b.
[6136]  The module interface 140 of the adapter module 128 has a mechanical
interface configured to releasably engage a corresponding mechanical interface of the first

interface 142 of the expansion modules such as the recording module 120b. The mechanical



sliding the module 122 in a downward fashion onto the appropriate interface of a desired module, such
as the second interface 144 of the rearmost expansion module in the system 110. The mounting
recess 197 ant938KifFprbtuberances 198 engage the mount 170 and resPE#Y 2King notches 171
of the second interface 144, securing the user interface module 122 in place. The électrical connector
196 also cauiplasdtathectadisifial-aonnbetar 1 oefihe sebenddatérfacadds 1 6Rar és@imple, as shown,
the connector 19 certain embodiments comprises.a plukali t ich-receive corresponding
pins on theskfﬁg?ré?eﬁﬁ%\gp%g%%]encgtgpiﬁeé 2)7 fhrgcsgggr?d%aﬁt@r%t%ﬁéﬁ. ﬁﬁ%ﬁ& 4§f the illustrated
embodiment are Bibiigate Erdnardutsonfiglared 40 b indudsepirisetaed misdute ngipdivsslide down

onto the cagrgspanding dntefacs of the adiacent module sralaasablymeciriag Jhe modude into place as
described. In certain embodiments, a user attaches the user interface module 122 to the module

interface 15 BB HHAPRIOMBIatHE A S8BF 1S T RIS iFrEAe Co B8 SRR B hodule 112 in a
similar fashignndied pdlieiher embatisentbediaikolys bihdedniaifacerboniigivationsyant corresponding
methods oft couQIipe%tanq deco&gli&g tg%(fgrnq r%tearg}tﬁ“jg th%?%s em.ar oss{ble. For example, in some
embodiment®: Vafious méchanisms 1riﬁay e Lsed {0 further WO 2010167817 3PCT/US2009/069316
secure the connelétiddls bete Gt cstns ot hiodudes BlRcghihitnd inkpassion madutsibetween
expansion modulesand other.eXpPANSIQR ML BGIRNRQ Tore slidingdloskBigakgnisms can be

used, for example. Referring to Figures 7A-B, one or more of the modules can be configured to

receive a |dERB PR HCRBAgRgeStha TR gat ghs, PE s urding dafieshfattsched misalule. Such pins
may, in Some-grabadimantsutomprae hobyRins: aattaspinsg Redlias) &plibpinsicanthtae like, or may
be otherwise similar to sych types ins.in structure and_function. For example, a user may connect a
first modulé?@?’a%@%%ﬁ&&?%%ﬁ lr()r{zo%&?ezlbﬁlg st F’noat;}j {#erﬁsﬁles%\r]te fz?('pin into an opening (not shown)
positioned on onedsizfy of thecfifssnioetiecard Mih_glainseesschaﬁskbﬁm%{tﬁé)@tém?ﬂaterally across
the width of the first. madule. Atthengb aiher configusptiepsesrreseible: ib.pasiemppdiment, the slot

extends across the entire width of the module, terminating in a second opening positioned on the
opposite sigRsBRHERsIRIE. 7Phefsibt carpiisaptionidursavidinstelseirthsHEREIEEER 188b of the
first module,gueh that hHpomiEsestion inmpdbediatrthednis engages:ihne pagsidflaecddibsof the

adjacent, second module, preventing. separatio he modules without removal of th
10155] Ad dmg é‘iiﬁoﬁ{]‘%%%g% n(;ir &1 .gda t?r moéupe ?Eé g‘l some elin%(\)/gl enf tﬁe eSS (l)g a?

GGiMants "y Separate supporing Structure (not shown) can be used to
support themasstmbletbgamerarsystamperportioni:bheribithe dr e xemgler Y& afibasdapttiodiments, an

elongate tray; 56t 9bkais, ORAhGISIIGIIreSARRE USRY 19 UPRAItMBWeidhi.ef 1he gxpansion

modules, relieving stress on the connection between the sensor module 112 and the expansion

modules. IFOHEReREBRIITFERT, B ctbhgamwey iSSfefadsoryartneaadyene Y aedrthsule 112 and

extends alapgahennsensidenaithadexpansionrledules: feaexamnpieni OtbatMokosugicthe orientation
of the interfacgl? or[nﬁlorti s thereaf ma b]e generally reversed in certain configurations. In one
bl duiles

- theex S101) Il N . . X
embodiment” &"andferhale méchanical interlocking features and electrical connectors of the

modules are gend#alifirevdtstaing socoyers dthdhaypesdofamechdnicibintdriobiingrfodtores and/or
electrical conneglors.ale cualemRlatadnsigad ok ki addtionitehoaaRhthediustricd

embodiments. For example, adhesive or magnetic connections are used in some embodiments. In

some embaoBif&#ts nGHbaptdiensorrifos lrsgucimeblyr diivie duies Per&ehri &b mpatible

second interface 144 on opposing sides of the modules which are substantially the same as
the first interface 142 and the second interface 144 of the recording module 120b. In some
embodiments, the second interface 144 is of a type that is configured to cooperate with the
first interface 142. Thus, the expansion modules can be stacked in generally any order for

user-custormzable configuration as described herem.
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with the expansion modules, and the expansion interface 138 is similar to or the same as the second
interface 144 of the expansion modules. Additional Module Interface Embodiments 101571Figure
9A-B shows alf @XP4NREIbH module 920b of another embodiment of a cahfer&d H&EHP As shown, some
of the mechanical interlocking features of the expansion module 920b are different than those of the
expansion modulemeﬂthe caidieradlystendcidthaf E{igweis;ﬂhahﬂéﬁeBn&)méﬁh& dameta gystem 310 of
Fiure 3. The, SRaneie §U'Fz§62a T8RRI RAGUE D20 SIIGHIORD G more of the
recording mo escribed herein, fc rexamp 1EsjWhite on y on expansmn module 920b is
shown, the @mﬁiﬁ%ldﬁ%ﬁdme GRORHAY E@é@ﬁ%p&t?ol‘é’@hrtﬁha caraedasigsten Idéludigha variety of

other com pm%ewh@%%r&maﬁ@éqab@@e@ui@ssieimrrkmmwﬁaﬁ@e{&r&querfmdule-
[01591The second recarding module 920b includes a first interface 942 and a second interface 944.

The secondfrit&mRd! @M 25¢ L8 pihthata anamli ddiid wotpemiteiniarond sttt fdce 942.
Additionallyhasnge meafhmﬁeaefxﬂ&efmhebaﬁ@maﬂmnrmmdﬁgﬂgme adiraininig¢idacr-O¢kdiand a second

interface 944tb ar‘rzgrgfll% E’ghferse m e}_fas %se of tr]e(;hrae]%% C}lllll’t’l Ie 920 ;Qllérs}{ the axp daanS|on
modules can be stacked In genera y any order or user- customlza Ye con guratlon as described

herein. Additiginaig, shidafiestintérieeddap ieohifhu reehfopiicl8ddabies Fetidttereldutit,

communicafion.andseehanical interacking detween a corresponding interface of an adapter module
and/or brain module#d tshown) in certain embodiments. 101601The first interface 942 of the
I

expansion moduld&tBiudess Arexmhinssfarielfaca nsimsg srhdimmty Butisc&gsdenabks 981a,

981b, supperédraeﬂs;s@ﬁ&eriba&ﬁﬂgaﬁ%zmar%dou@ra%mcﬁh&%ﬂm first intesfaee H42 further
includes an eIecgrlcaI int rfaqe%ncll 9Inr%}§.&i e\g@ gual gonn&-ctor 86 conflgrured to cogperate with the

ect eCtl Or.
second connéector 9785 trhe adap er mo provrdlng alectrical communication between the

brain moduksegitzahneitieradiépterithdblufghg2&pansion modules. In some other embodiments, the

electrical interface 1ncludes only one type of electrical connector or includes more than two
types of electrical connectors. The mechanical and elecirical interfaces of the second interface
144 mechanically interlock and electrically couple with the corresponding features of the first
interface 142 in a manner generally sirnilar to the module interface 140 of the adapter module
128.

[8143] Figure 8 shows a detaled view of an interface 194 of the user interface
module 122. The interface 194 is configured for releasable, reliable elecirical communication
and mechanical interlocking between the user interface module 122 apd the varous
expansion modules of the modular camera system 110. For example, the user interface
module 127 1s configured for connection to the second interface 144 expansion modules, the
meodule interface of the adapter module 128, and/or the expansion interface 138 of the brain
module 112, As such, the user interface module can be used with the brain module 112
without the use of the adapter module 128. In some other embodiments, the interface 194 is
the same as the first interface 142 of the second recording module 120b and other expansion
modules.

[6144] In one embodiment, the interface 194 of the user mmterface module 122

inciudes a mechanical interface having a mounting surface 195, support recess 197, and
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10161]The second interface 944 has a mechanical interface configured to releasably engage a
corresponding mechanical interface of the first interface 942. The mechanical interface includes a
mounting surf&&¥8#745Wer hook slots 988a, 988D, a support 990 havih§IGCRIYAtttnes 995,
recesses 989a, 989b, and an upper slot 991. The second interface 144 further includes an electrical
interface insludipgriirsi-and-seopnthelarifior! camentons 282 803 helfirstrénd iseiding connectors
992, 993 inclufie Myt inclion sleqifica connea iR igtrioviding slerical comiication with the
other expansion modules. i81é In"one embodiment a user attaches a |rsFexpan5|on module to a
second expansionarioduledecd thtHeaoandobt hoddkriermhduisiié rad g ) by festitserting the

swoosh 984 of the, firstinteriacs Y4 2aldhayirskmanuindato, thawnperslel O9d-@lihaisgeond interface

944 of the second module. The user then brings the first interface 942 flush with the second interface
944. In on&&flddiment, the hooks 981a, 981b are each coupled to a spring mechanism such that
they are deflecteghiympn copsiwith Bgeraspandingsopion (aatshovin}pdgiiedechineghe slots 988a,
988b of the second qut?f:f%(: 944, As t 1e user Mlng)sv gu? mﬁ)od%gs flush with oqgganother, the hooks

b .
981a, 98Ibt}ﬁ‘%538pﬁgs 8 rtesepber%'trllvrél%a ches anarsprlﬁg}ﬁacﬁ mFoptrﬁeulr%,?flgﬁ%sa po%?ﬁ%%?s behind the

catches, releasaishpiodkinipthmgrodiied ftof placerial bR10f thdisengagéuthélhoulidsa user, in one
embodimepy, pulls he fearmastmedyleaway.fgenthe.adiacentmadule. PVErRemIing the spring action

of the hooks 981a, 981b. In another embodiment, a release mechanism is_provided on the module for

releasing tRigHEDRE, EBra%Snibrelsa e HumeHd o etei-albithis &b S8 %ng mechanism

are providegk angddhe useracihpiesdgrmtonsarsswinbesn tisengagahermotilleRsA user may
connect and ifisconnect the adapter module to and from the brain module or connect and disconnect

the expandiBh FSGHRS T84S from the adapter module in a generally similar fashion. Additional
Modules and Confitpsiations 6ké4 babadssenibethevamous modedes destibetl heredapiciude generally

uniform interiages O3 OPROSING-SIASSHeAQWIY siackinelinediles ipartaeiie gaasrglly any order.

protuberances 198 of the user interface 122,

[0147] Referring to Figures 5, 6B, 7B and 8, the electrical connector 196 of the
user interface module 122 is operably couplable with the first electrical connectors 154, 176,
and 192 of the brain module 112, adapter module 128 and expansion modules, respectively,
providing electrical communication between the user interface module 122 and the remamder
of the modular camera systern 110. The elecirical connector 196 may additionally provide
mechanical interlocking between the user interface module and the other modules of the
camera system 110.

[0148] Referring to Figures 5, 6B and 7B, the first electrical connectors 154, 176,
192 of the brain module 112, of the adapter moduie 128, and of the recording module 120b
{or other expansion modules), respectively, can comprise a variety of different connector
types. In one embodiment, for example, the first electrical connectors comprise a spring-
loaded, single row, surface mount interconnect header made by Mill-Max Mig. Corp (e.g.,
Product Number 812-22-003-30-003101). Referring to Figure §, in certain embodiments, the
electrical connector 196 of the user interface module 122 comprises a corresponding socket

configured to electrically and/or mechanically engage such a commector. Although not
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In certain such embodiments, these modules can be chained together off of the back of the brain
module (e.g., via an adapter module). Additionally, a number of modules having different types of
interfaces carMSE*8MAEHEY to various points in camera system, increasif§ & GG able flexibility of
the system according to user preference. In various embodiments, these modules are attached to
various poisaa iherrinmaod delodindie, dibecexpargiort indditesfor exariple 3204 65]Figures
10A and 10B show a configuratio 00 including a varie ional |§@§§%ny attachable
to the brairy En%%url%; §T§. %ﬁce%g:%ﬁtzl’lg%rgcﬁoﬁlgl%o%q?ngﬁo%egﬁ@ %gﬁd%%goo , aEgbottom handle 1004,
a recording@orprotiont X086 armd et drorirsvieallyfinet ey EvEhinctiecrews. &f dptical view tinder

module (nQjhown.mayalseske ¢gmgatible with the configuration 1000 in certain embodiments.
Additionally, in some embodiments, such as_in configurations where both an electronic yiewfinder and

an optical viewfind&#%re ifaiiraes asmery shEEmss HelRriti FerdliPo# b it REd Hetween an

electronic vigwéineingsnederadiammeriitaliientiding modetRib6hikesysiem BO0Bof certain

embodimentis is capable pof operating in a DSLR made,and the icted .confi [ ay be referred
LS lguranosay

to as a DSP tcﬁ&)nff;g?lﬂr%?fz%?é.e §§r£ égg%%éa t%r %/%téﬁr%%fogo ‘%?83%%%%& to%:ave a relatively low

physical profiéanthinciudes compbirshtssschvels therpaprifesd 08BARA0Y aharirkiy2on 2 facilitating

handheld use. Suich 8 gonfiguration maydeepe sxaeRieRia senfigualkionthalis swigable for use in a

DSLR mode. While the system 1 000 is not depicted as having an expansion module gr an adapter
module att&REREIOREHEIN HbAUY A0PE e &GS S p R SIEHTHRY SRS ST S H AdaBter module can
be attacheds iy examapleoadviecordlingi repdulereanibg incliided 2and attachebktoetpenkicain module 102.

101671While the configuration of Figures 10A Bc e referred to as.a DSLR configuration,
other confiGliatSHs SHEWH %rocﬁﬁr?ou %1‘c“'e}1s§f'§‘ciosurcgL rrﬁré?/qaﬁtédj %]e%é}%jﬁna%%)emo DgLRamn%pdes and/or be
DSLR configugratiods.. Al BB dppietiaies D3R dditifigilatibay eimbectrstPforsdliphotography. In

some embodiments, SRMEA SYRIE wﬂ%ﬁmﬂgﬁﬁgﬂe@% hearangsdanathseranskucts suited for

still photography (e.qg., digital point and shoot). Still constructs can include those constructs which will
be apprecigiegebparudes-orexifing HerareddBiig generally more suited for use in still shooting. For

example, still congiiggfs maydnaiHee lessbuii carsisucty, tenseucs havingivtlatiuekyrdess recording

space and/or of relafively, 1ess i/ouL canabilityhan Meton CnSIEiR, GRS ARgding
relatively heavy load is placed on the mechanical connections between the various modules,
such as in configurations including several expansion modules. Additionally, the mechamcal
connections will naturally undergo various stresses as users handle the camera. The interfaces
described herein each provide a variety of complementary interlocking mechanisms which
are selected and spatially arranged for synergistic operation. As a result, robust connection is
maintained between the various modules of the camera system under such condizons without
failure of the connections, significant mechanical play between the modules, or other
undesirable effects.

{0151] Moreover, the mechanical interfocking allows for straightforward

connection and disconnection of the various modules from one of another. This provides

efficient and straightforward arrangement of the camera system into the desired modular

configuration,
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one or more handle modules, optical viewfinders, straps, etc. While these characteristics and

components may be particularly associated with motion constructs, it will be ggapreciated that certain

motion constri&EHA78HIude one or more of these characteristics or COMPORGALS 1A certain

embodiments. [ 01681The side handle 1002 includes an interface (not shown) including features for
mechanically andiasgectrioaky-emiplint e sidé dvandis-BOGte enbofespondistgit@dace (not

shown) on e prai, module 4042 Far&xample.hs sideRaedle 002max Beeleasahly atiachable to

the brain riodute 101 0\}rlaama(fvarlety of mechanisms including friction-fit, snap-fit, threaded

componentsperdstisertikby FrofrsermsdermartshHé helibrd oot dts o HeskHBIRYFand a cam

lock screw; Additiqpally «pvasiety afelecirigaheonneciarsican hesgedofikodie samaembodiments,
the side handle 1002 further includes a variety of controls 013041;0r contr%lun éh% gq@é%ra system. The
controls 10 AEHEILEREER SO BB FTEERE SREFSIE At e IS WAIGR Yhay be
user-definalgesangdaseitablptarigse irsstillmadier vidéo dpplR2ationsaFhediand é82802zatko has a hand

strap 1012,80d i APHIGRAAL4 Nssome Shadinele. pRviglosame0opaminahd imbust handing

interface for the user. The side han may be particularly suited for hand-held and light-weight
tripod use nwkttair: ervbodirrntsrhhdnis Rahd kel TorRRIneEle ek drgeabic 1WRTERY, allowing for

”9htweightﬁ@&l@%&%&@éﬂ%ﬂgmﬁﬁﬁ%ﬁ witheuta sepaateoWerimadtaint silrIpaweessource.
[0170]The bottom handle 1004 includes an interface (no howg?ﬁ‘it%cludin feature fgrnmechanically
[

and/or electAteallP USRI RAAGTRE! I@ﬁlﬁll?oaadc@ﬁgfgp‘%%@ﬁ?é SR

§ACRAGESRoWN f)ﬁthe brain
module 10%3mbeharamplerthabasineehaddiedndnixy depreleashblyl dttachablédo the brain module

1012 via a yariety of anisms inclyding frictiop-fit, snap-fit, threaded campopents, glic., or a
combinatioﬁr?h%%%%"go?cﬁ iGha If/?eé‘:{:/aélﬁgtlﬁ% e gctngca %onnectors can bré used. 1017R1The bottom
handle 1004 ddrthé$noladesalbavietzofesatrols 1030 for controlling the camera systuit The controls

1030 may include, gxapsurg, coirgls, JagHsicantielss ARt ihalikecwhiemambauserzdefinable and

suitable for use in still and/or video applications. The handle 1004 also,r%riﬁ port}ondloszd, providing an
ergonomic gm%@odule 122 in a dqownward fashion onto the approprnaie ulterface ol a deswe

module, such as the second interface 144 of the rearmost expansion module in the system
110. The mounting recess 197 and locking protuberances 198 engage the mount 170 and
respecting locking notches 171 of the second interface 144, securing the user interface
module 122 in place. The electrical connector 196 also couples to the electrical connector 176
of the second interface 144. For example, as shown, the comnecior 196 of certan
embodiments comprises a plurality of slats which receive corresponding pins on the first
electrical connector 176 of the second interface 144. The slats of the illustrated embodiment
are elongate and are configured to allow the user interface module 122 1o slide down onto the
corresponding interface of the adjacent module, releasably securing the module into place as
described. In certain embodiments, a user atlaches the user interface module 122 to the
module interface 140 of the adapter module 128 or to the expansion interface 138 of the bram
module 112 in a similar fashion.

163154] In other embodiments, various other interface configorations and
corresponding methods of coupling and decouphing the components in the system are

possible. For example, in some embodiments, vanous mechanisms may be used to further

-39-



WO 2010/078173PCDUS2009/069316 handling interface for the user. The side handle 1004 may be

particularly suited for hand-held use, for example. In certain embodiments, the side handle 1004
includes a rechr@Oé%@lFattery, allowing for lightweight and low-profile ?S%%%%“?f Bkithout a separate
power module or other power source. Where the handle modules of the camera system 1000 (e.g., the
bottom andcsigde thardips-i082::004) B anyopthehgenipondntotihmdamesddysienyd®00 includes a
power source, such components may be referred.to a ower module. .Jn certain other
configuratig%%a,n(%lﬁg o Crgln&(]ligrs’ea% fﬁl?aers% anaror %g %Sl‘ne%gr)l%?ecg T8662(S,]1‘1 4i %%1 lr%%ﬁ%%lé%se separate
controls, battetiesedofteselepiriddtfcomponErmerant e\ ovidep welctmednse fahilal benefits of

their respecfive handiinginterfages.:in Semersmadimenis, paly ong, ofdhe side asgdesttom handles
1002, 1004 are used. In configurations including both handles 1002, 1004, the functignality of the

handles 1082che0madsHipRRieRTo M ANBEITEHE STRRAIFGH S EH RN 898F ftronic control of
the camergxsygignpiingyel aiberambedimsnis ohrndiesaitaprovidbdypdichpattackutactive top of the

brain module 1012, some other point on the brain qu le 1é)]r2 or to some OEQer,RQ&Gf in the system
A . t . t MO - .
such as to B BIHSk 8F ThE @i%ﬁnuss%rﬁn i oc(?uieeg'tcfeé#lgleo erein: 101 ;gﬁ% certain embodiments, a

recording chrapenemntyiDOtineteasablipattachesite the Hheimmeditecd 0r2nsgik alsthe fiFé side of the
brain mOduxljF%&%%nJ LA LUNPARE AR08 A% AR i TRce NI Isalw esfor

mechanically and electrically coupling the recording component 1006 to a corresponding interface on

the brain e 101Boush e FIBEAWAEMS & RISTRYNIRaPRStEFRRETesly iFesls FEE8E0F threaded

bolts 1040 which:secperateimithcoresppndingdieadad hakesin thenbraipomagalect0b2. The

recording component 1006 may be releasably attachable to the .brain module 1 ig,a variety of
other mech%ﬁ’%%%sr‘t‘?glﬂdti}ﬁeg“?ﬂ%"f%hfﬁﬁS%tézﬁl%"f? ?’18 FOT rey}? PaRTIRE TS Mo {868

t
“other types of threaded components, etc., or a

combinationftihe rief wdditiond e wariétyeoicel éotridalsbonhe cto s gerss divawe) dda. bélased for
clectically pRneging (1. 56pISlAg CADRATERLIANGIR 1S, DIAINRRH R eninate smbociment, &

SATA interface is Used. 101/41The recording component 1006 includes memory card slot configured
to receive @¥hemory component 1046 which is releasable via an eject button 1044, although other
types of release maekpnismsamayaig useshd basoamary, desisaslolpbanaembadiengot is configured

o receive %h%gfrrgpggnt Fggs@sééqg"%u%%g% %%hggs%glae\éagae%rgf s?;ts'{‘e%g @re%%%s thereof. For
example, in various embodiments, an elongate tray, set of rails, or other structure can be used
to support the weight of the expansion modules, relieving stress on the connection between
the sensor module 112 and the expansion modules. In one embodiment, an elongaie tray 1s
releasably anchored to the sensor module 112 and extends along the underside of the
expansion modules, for exampie.

[0156] Moroever, the orientation of the interfaces or portions thereof may be
generally reversed in cerfain configurations. In one embodiment, the male and female
mechanical interlocking features and electrical connectors of the modules are generally
reversed. Moreover, other types of mechanical interlocking features and/or electrical
connectors are contemplated instead of or in addition to those of the illustrated embodiments.

For example, adhesive or magnetic connections are used in some embodiments. In some

embodiments no adapter module 128 is used, the brain module 112 is directly compatible
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technologies may be used, such as hard drives, spinning drives, other types of flash memory, solid
state drives, RAID drives, optical discs, or others that may be developed in the art. [01751 The
EVF unit 1008%€ #AB¥R#Able on an optional mounting bracket 1070 attacied' 3@ 56t om of the brain
module 1012 and includes an interface (not shown) for electrical coupling of the EVF unit 1008 to a
correspondiith itrtesfaessofitme dutainandotie ke 0920 TierfEoe R it 1008rvay Be retensalbly attachable to
the brain madulg 312rvia g yargly.of meshapigies including friction-fit, snap-fit, threaded components,
etc., or a combination thereof. Additionally, a variety of electrical connectors can be used for the
electrical connection to the sensor unit 1012. 101761The EVF unit 1008 includes a display disposed
inside the body of\EMF.HRINMRRE. 16 RYERIEsLIENEE: allows a user to view the display. The sensor
records the view h the lens., The view is processed and then projected on the display of the EVF
unit 1008 which ii%%?fab|r§ﬁ%’rf3§5ﬁ§3°g§g&g%%ﬂ%%b@%ﬁ@%%?,@%&’%ﬁﬁ%q grﬁgf/n%géml?ﬁt?processor in
the brain modute2Gysein thesEvR.unitd 008icopsbancdthsn rdeesSointhelihageanitie display is
used to assigl i ANAGNE FamelRukRd:l bk Thespmasasdescibethersinaacannatiple with

various rails, rods, shoulder mounts, tripod mounts, helicopter mounts, matte boxes, follow focus
controls, zdGRPEBNTBIs>-Anef BT FERst &SSP S iRt ds SRR S RASION TPHHY 270 5bire 11 shows
an example.eamesasygtematikOf onchiding vacaus:madeles e d-othis Camponcaiscdestribed herein.
The camer%esrg%t%m e1){1aomtoj<:;illso includes upper and lower sets of rods 1102, 1103 providing mounting
points for various compoﬁehts including extension handles 1106, top handle 1107, side handle 1108,
multi-tool 1110 arfé1$Bbuldéyiounis cht E2parking, [Teicdifiyusationofithaxvanieranydiam 1100 may
be referred 49,35 an ENG conlgHIRIONIN.Le4RIA SRRediments, ENG carfigirlianadnay include

configurations suited for portable professional use, and, in some cases, ENG configurations may be
referred to A9 ERVRIBANCERNEIE cofgaratilR e Eer ¥RBHTPREYERICI configurations may include
shoulder mounts grisbpuldenstacksdfasctiauptingitie TameiaWasccasiesaar' 9shendder during
portable use. While the sy 1100 may be referred tg.as an ENG configuration, other configurations
Cescribed R TS B0 Hb NG e (V6 S0M0 L PG ngTEaa 16
101781FiguretitBesiicwistygtaridthediothal by m@uﬁa@i@ﬁtl@ﬁ@m&pﬁmi@yg@wlﬁ%lmluding lower
rods upper §%é%&ﬁ{é}g%el&%nﬂd%o@m]ﬁ@@a@g@mgﬁ@a 0% alsq inclides Aupalte-bay 1208 as well

as an adjustable display 1210. As shown, the display 1210 can be positioned generally fiat against the
camera bodjBrefdyd tranbp o WHaAtBteTiids HETiFIUATRIN AN SR tHE di¥Piay 1210 can
be rotated alagubthghRindAlhin e dasuednbeivingean gl dusng ysee Imenenerthediment, the display
12101s connegted to a,part.of an lomadule such as the port 109, of theilo, module L6 of Figure 1.
Other mech&niSMs orgpgglﬁ%sﬁmeg or 1(E:‘or?neec‘flﬁg {he 1glsp ay are used In various em odifents. The
configuraticreofahescamerasiistemet2@0o ey o e fepditetendorbutudivddn figp rgonimcertain
embodiments. Studip ganfigurations can include configurations which are generally configured for
professional shooting in a studio setting, such as configurations cai)able of being mounted on a tripod,

dolly or crane. Fol®&®iinplel Sueh cBifittratione chh TetiderarefatiiaRA it GeMinbd 6t attached
modules angheiet A6E8ESOMBsHSHEN: A5 GATRS AR IS, alls betapphilectie mpstern 4200 may be

referred to % aving a studio c}%ggl:mti?n othe{: co Hgl%r ions de cribeq herein also be studio
. %1 bﬁ% T SWE . 4 ne hrst mnte ﬁce I:ﬁerlc €5 an elecirjca 1132:?%1:8
configurations. 1 hile'the con Igurafion of Figurés 11 an can be referred to as ENG
inchuding an electrical connector 986 configured to cooperate with the second connector 978

of the adapter module 928, providing clectrical commumcation between the brain module
012 and the adapter module 928.
[6161] The second interface 944 has a mechanical interface configured to

releasably engage a corresponding mechanical interface of the first interface 942. The
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and studio configurations, respectively, other constructs shown throughout the disclosure may also
comprise ENG and/or studio constructs. As will be appreciated, ENG and studio configurations can be
used for and rWW%‘é’??ﬁ}ﬁ%many suited for motion photography. In somé eHibatfier , camera
systems described herein can be configured for other modes, configurations or constructs suited for
motion photoghaphyl. iAsriuilt belappreciatednpyulescO b, Skillarhtiok dots B8O Sonrsttppts generally
include thoé&o‘%%ﬁ'ﬁfﬁ‘ol %qu%’&%&'§9§‘,J'%&'%L%J&é_s‘é‘é?t%&%%a%&-i%ﬁ%&”@? Ry lnglugle those

incorporating a relatively large amount of recording space, e.g., those including one or more power

modules suelrEsthehovibenioeuiiss 1p4lefrgure aonshesasisctamuyas sliteritdle those
incorporating,aesd roredyout,medulasssuah.as thminlout adules ikdGsef Rigrekithose
incorporating a display such as the dis(ﬁlay 210, etc., or an<\t/ other fL%nctionagit enerally suitable for
motion shoBHAE S VFTEIRES (HamRYehas Lo oRPEREHE May B8 J5HiROR BESEHated with

motion constsdeks, it will be appreciated that certain still constructs may also include one or more of
these characterisisi ceein TRRnENs QAR P1e LECTISR00000930 401800
discussed, the teijils still configuration, still mo e, still construct, etc., as used herein, may refer to
modular consHEBes WIidH it hetbppretieterr el eln ghs saeein sy solanidier istirptotetyraphy.

However, it.will beyappredaiadithat.dn sonesiinedipentsnalitheapstrusiscaie,capableff both still and
motion shopti}ﬁnlg. Similarl%/, the terms motion confitﬁurati‘on, motion.mode, motion construct, etc., as
used hereif g Fetst 06 HioaeR BAStt R IR R Brard HE (idRiafecp gy SLi8d for motion
shooting. Hevwweadentdtfidd Be appreciatedithat, inshre Of1bpghments;amotianl ebrsirgeisgare capable of
both still anﬂcjile %tion sh OH,Q%MOOIQ!%%S@{ em Bus 1 slv%Jﬂ]lAS descgb(gg th g?]r}}est}%\gx tems include

THE IR a]i ECied Upon conta a COTIES Caic
a system bus for communicating electrical signals such as Image ana other a, control and power,

for exampleonisreadverthasice S8Ab&S St tarrreradipseengs e AtoliakieshbringaéafothilEs can generally

be arrangedimawarigly alceqnfigirationssdngclugdinmsiacked eprniigiuationsidsar sxadpmpig, modules of
different types may be stacked between each other. The system bus is advantageously configured to

allow for thBEEARUBRARGR B tREZiPENnDeRIgs e SEIHsS B A /R EE P B i¢3Parrangement

of the modytiaseon the camera systems, thereby maintaining the modularity of the camera systems. For
example, the bus & aevantagequely.sagmenied.actoss the modules In-certain smbadiments.
10182]Aspects of the system bus ifi now be described wit respect to h8 camera system 110 and
expansion medittead 20 Brom RigurésErameP8ul:, Phacdasesithio prrivgyeaiditiciaiypegplyibithe system

buses of thesqthey camerrasysiemsand.-madwes.daseribed.hario, shchandiberamasiasystems 210,
310 of Figures 2 and 3, or the module 430 of Figure 4, for example., The module 120b of the camera

system 110MAACRKS S HE BB nTBISETHBE KRS Wh R T EES Cotpred dh6 8 B SR 8 Fhe
multi-functiare elecitichl:ao nneciarscofatbetlir uinterfacevitdizandiiivagaee drohinierface d#2 such as the
connectors 186, 192, 193. Prefer the desi f.the S ent is mon across.the modules
i the camda R DA e e e between
any subset @fgorngel dBcasidos othareplispe et it iee asenara BYSHNIT 1 EESHiF el the modules.

fashion.

Additional Modules and Conficurations

[0164] As described, various modules described herein include generally uniform
interfaces on opposing sides to allow for stacking of modules together in generally any order.
In certain such embodiments, these modules can be chained together off of the back of the

brain module (e.g, via an adapter module}. Additionally, a number of modules having
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WO 2010/078173PCT/US2009/069316 101831For example, in some embodiments, each of the
expansion modules of the camera system 110 include a bus segment Each of the adapter module
128, the inputfBUtptHidHule 126, the recording modules 120a, 120b, aﬁﬁTfﬂézﬁ%{R/@P]rﬁodule 124 of
the system 110 of Figure 1 include a bus segment in some embodiments. The user input module 122
of one emlictiraantgoes inetinclude & buscbatimentyorroniys impleme srsiportivresofghe segmented

system Dus, fiRhXARIE, AR RE Sl hastal e seomentaious Man.beBuiRIR.and rom the

user interface in‘certain @mbodiments. In other embodiments, the user input module 122
does includkess mpshdeypreptatioige VABoHE SEHIetn BISEEIMREE! th& s tHEarErHNettors 186, 192,
193 of the moule A20Rag.common across each of the modules in the camera system 110. Each of
the functional modules in the camera system 110 may fﬁjrther include .a fommon 0 era;ional module

(not shown) confl§ifal to EEHFbAPARED! TRoPE YIAHEHE BREHLLIEY Witk the L8gNented bus. The
operationabproghllgsdnky Helindbln aaftvale tdalbeiunridgoha2pieessdigofdhe fdtional module

120b, for example. |0, QUher SMbRAnanz.he. e AANa adUIS 0GdEs A igkdyarg module, of may

include a combination of hardware and sottware. 1 1851In one configuration, for example, a power
module 124lststeickeebéndredh Feraedalestigie’veepigthtipotRier TR0 an (et ebBrathiAbdule 112.

Although  the Powermeflekad maxnakiseh Raress stare erihervise Adilizenimage data, the

common bus segment associated with the power module 124 is config‘ure.d“té%ﬁg%eiv and transmit

image dataTRfateaGASH Sy SHB TS S U HEALES BB tRBP (REBPEIS ¥S dfid the recording

module 124aughviiei@avanthadd)leshi2d Asdestribaddienein cotlterscanfiglivatiens:af stacked

modules incilu ing one ?r more r%coir}ginrgonl%gf.l\l%s 1Jiz‘g%hgT':,neordg%nterface modules 122, power modules
es

124, input/gﬁ prﬁ' %Bﬁﬁé@df%ﬁg\’nﬁfor aun?my modules are possible. 10186] The segmented

system bus of cetfdifbembdiimesiemid ¢8hfif srasitocinedditecniuiipterblis ipiterfaebazproviding
complememiayy, fiagtionality. and allowingfonahigh irvelofdexihiithsperionnanseand.efficiency. In

addition, the system bus can be configured to power down one or more of the bus interfaces when

they are urfiF&B aHBFSHF PRSI RESHEAT Rty 6T TR bRIY SFf FBHOSg 54y life of the
camera sysigipcbbiis WD 05048 IR2 TS 2009466 9816A0NBHAThedydiant Mistincludes multiple
classes of Q&?ﬁ'ﬁ‘g&%ﬁ?g gasaylz e(:: g};[&aafiagamp}e of a configuration that is suitable for use in 2 DSLR mode.

While the system 1000 is not depicted as having an expansion module or an adapter module

attached to the brain module 1012, one or more expansion modules or an adapter module can

be attached. For example, a recording module can be included, and attached to the bramn

module 102, :

(0167} While the configuration of Figures 10A and 10B can be referred to as a

DSLR configuration, other configurations shown throughout the disclosure may also be

capable of DSLR modes and/or be DSLR configorations. As will be appreciated, DSLR

configurations can be used for still photography. In some embodiments, camera sysiems

described herein can be arranged in other constructs suited for still photography (e.g., digital

point and shoot). Still constructs can include those constructs which will be appreciated by

those of skill in the art as being generally more suited for use in still shooting. For example,

stil] constructs may include less bulky constructs, constructs having relatively less recording

space and/or or relatively less in/out capability than motion constructs, constructs including



configurations. In some embodiments, for example, the system bus can include one or more high
bandwidth bus interfaces and one or more support or control bus interfaces. The high bandwidth
interfaces canwﬁ?ﬁ%%@%ry high throughput data pipe, while the contrBFEﬁJﬁﬁ({%?Fg% provides a
relatively low power, low overhead control interface. Thus, the interfaces combine to provide a bus that
is tailored foe camerarapgiicationss suphtasidenisecending civid¥bistibamihgaportdioleuse, and the like.
Specialized interfaces such as, far example, ane.r.mote audiaiNtsr(aGes MayRe dgured as well.
The segmenltiﬂé3 Ssystemrbus is describe ferein in terms of interface categories, classes, types, etc. in
order to illusttatensaitainoasiveattanfas absisciateel Wile tidlses At HifeO HOWRYET tHRse
characterizations.net iigepded to be limiting. 101881Moreover, the segmented system bus of certain
embodiments includes multiple types of bus interfaces within the classes. For example, the system
bus can include R %hree 8 Fidraaged BF adhdst MdSGAD SIWIGNT Htbr ekt %?e'ﬁ*,pecialized
interfaces ifa:vafiohisieonfiGuaatio srcHAIBO LRipvidinke asideripiyddd hoszinierfacerelassdésmnd types
across the system bus advantageously improv flexibilit rform efficiency of the
camera sy’srf}eérnﬁaielﬁl% Sa(il“é%e(frf/q(% W%}/)s. o‘r}(%)?agrlr%%e?r(ﬁﬁé? r?f%%ssai%?e%}é%fgg%rﬁzaf %%k?etter suited to
_particular peigpeses. Serwdinoclules wriextedidt ddiitedantayanansAlitmesbaiaandbidpibcess large
amounts ofglatg apd may therefere benelLiroma paiieuiarhiot-amhwmrhoysmintertage. Other

modules or external devices may operate within very low latency parameters and maé/ benefit from a
low-latency sBidss pRoRicerrior axdhafs. ixbrstver (dRmA X PR L ShTSSRERLS WA '8Fly support
particular typescekéaterfaces. As described, the segmented system bus 110 of the modular camera
system 110 can be configured to provide a number of bus i e.options. Thus, the camera system
110 can be gene?%%?’nter p%orgﬁlgmwﬁ%%evr\lfisdgﬂ iy %ﬂexqggégﬁgg\eﬁéggugﬁa modu eg,jaenhancing the
flexibility ofthesyStert bt Gottraltiditites, snuttiply s ifberfacesimidy beavaitisie sneiecssegmented
bus which are each capable,of Rieviding: hus dHncHaRaliv wiin RoARIERISABr ARERIFO a particular

module or external device. In such a situation, the system designer or system 110 itself can select the

more apprdpfiate 156 TRl et erng it daita Rt fest Ser il el R paiaxitible, wo
2010/0781%3RE/Ms2ARM0E 9316 gikpaisr-sppethangbrelficiracyimaybeachievedusing a particular
available bys interface than with gther acceptable bus interfaces al vailable on the system bus. The
system deﬁ@ﬁ@’r‘%ﬁﬁ%% %%%%rlﬁl 41 %’é’l?gaa’? gg}éeéliy 18 arrﬁ%d%ﬁ;ﬁ%%oﬁr%éﬁeﬁz%n%%arg%ey ?I?]/”lproving
performanceraid effioimeyts1 MOSHT freridig l Bth awielibs buscihtegrableshaiimpy bel wserebythe system

110, for exgmple; Jor Iesquics-Inensis daskssuchas teansfersingimage data, gtheniwges of data,

control information, etc. The control bus interfaces may include one or more serial interfaces, for
example, att¥fifay be used by the system 110 to provide support and control functions, such as
module and peripjaera] identificasionansier comiolhdhecantialdfiscinterfasesmaypdaide low or zero
latency support functions.in cegain S{}andime s and ma¥hb u?ﬁ{g é@og%f%rm mulg- amera

as

synchronizAoR Sr SoRFSh BerNerA ViR T AL R S8S B Hashes in some con |gﬁr$ations. The

control busiinteifac@mmshpaisobehehenrentdulstéptharyeabipls hesbppporthbuddrtéitaeey Moreover, the
one or morges%?e%@éﬁgt%ﬁﬁ?é:‘?é &@%ﬁ‘ff?‘ﬂﬂ%xﬁ@%@i%@ﬁaf%f%@?néf%'@ﬂa@ﬁ‘sm thetrapsmission of
0

audio data, for example. 101911The high-bandwidth interfaces of the system bus can allow for the
transfer  iriction-fit, spap-fit, threaded components, etc., or a combination thefeof. Additionally, a

variety of electrical connectors can be used.

16171} The bottom handle 1004 further includes a variety of controls 1030 for
controlling the camera system. The controls 1030 may include exposure conirols, focus
controls, and the like, which may be user-definable and suitable for use in still and/or video

applications. The handle 1004 also grip portion 1032, providing an ergonomic and robust
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of large amounts of image and/or control data at relatively high speeds. In some embodiments, for
example, the high bandwidth interface may include an extensible data pipe capable of up to about 12
GB/s. Other bARFAY IR Hre possible. In some other embodiments, the RIgABARGWTAHS interface is
capable of providing up to about 8 GB/s, about 10 GB/s, or about 14 GB/s. For example, the high
bandwidthbusiinterfagecofatirenembodisitentmdari elfomaforehatirahsmissiorfafhapitbeld GB/s of total
bi-directional bandwidth in some embodiments. | e ' [ idth bus
interface isu%%pgbltéxg%}re()v% i(ﬁegg éblfleg %ro 1zﬁfllq%l)vflidt i?@hch%%@?%ng%%g% gbgé%#@l%;éy 53, about 18
GB/s, about:26GBisyabdut ZhiGeL srdiorariilsrenaaBstba tHemBrepEmeiiethree high

bandwidth &9@{&%9@&&@%94&9&@%@@%tﬂe%smm @8lsatdamimoughpui Foreexample, the
bus includes a PCI Express ("PCle") interface, a SATA interface,oilnd a XAUI based tgrface in one
€

embodimehetiamsdghdsthaidesniiiraiis dramculbIEoTREITE SthBS SRR, ThE Iﬁéﬁﬂe) interface
includes a RGh&Hpbintadace, ant ivoapable nhgbliveting fromupteaboliid GB/s of total throughput
in a high-perform mode, for example. For example, i i t PGle,interface may
be configured to }ﬁbg\‘fg}up t%l fSUr Active rcﬁ%%g)%é%nWgeégpl%%%@f%%%uaé%%09/069316 500MB/s
throughputliméesh (itettisnddmasndinesabotintenitslsiatianeonrdeprifgirabie e Rat any
combinatiop of Japes may he sonfioned.iarHsrkan: aivendine:ie sharprbedinents, the PCle

interface can be configured for other amounts of total data throughput, such as, fore%x§mple, 5 GB/s,

10 GB/s, obtstal arhedtmeii st SPmerdbe it s A AR LR sy BcdRhgarediet up to about 3
GBI/s of bangigith.i-cerainupmbodimantss InsomeemhodimeiistyeoSAE Ainterfadéan be
configured for other amounts of total throughput, such as, for exampl| / ta throughput
or more. In'$GhE° 888?%%&%‘?%%8%@?%%@% ?5?2] §g‘é{%§§,@%ﬁﬁ%{ﬁ%%§%g§§ g%%%tﬁ%@lé}?%elivering up
to about 5GRisafsisraugnpet ofer exhndptenin bindlenatsaeinided whishaterhitodhrivritiiex x4 link
having four,ghannels capable of 6,:25GHRS RakARE. TREXAW! Acsuding.toisemae-embediments uses

106 electrical protocol and implements low overhead L2 and L3 protocol layer. In some embodiments,
the XAUI iresfaeeud asEPRsrE R BeRoaa s HsR S &8 mbination thereof The XAU1
interface can alsoiperijsed o deansfenptaandorns et daie inahiding SATApeackels aacen-screen
display ("OSD") graphics,_ for le, In some embodiments, the XAUJ inte Sen¥es as a monitor
and/or genéfal’s Bké‘%ﬁ‘ig%jg?r?gﬁé’, &nd can %rges%%ﬁg%l%r.m Onglf?(jg%ér?aﬁ?y,ethe ngmber of active
PCle lanes aampbenonfigires basedatiedataledidtofeovrser equrdrrperdyortdedssttittiiar application.
The different, high banduiliplesiassaa'replRClecinpiavide Asvaraisiisatathungtionaliy, and
include generally %omplemen ary features particularly suited for camegg %E%Ifg\%ops.@ﬁr example, the
PCle providéd & Hign ssrrgarabbemabanighemrs gn it oka s SIS EATR interface

provides a rgigtivelyjewovarheadsyekisiilretatiehylkigh throughput it e it &he recd6ib@31 Each of the
various high bandwidth interfaces can.be used in conjunction with the presenily contemplated modules
or with othe?ol"?‘i‘B%ITﬁ'étsE?éP é”eaﬁibreafﬁi/egsna?q l#t%l '?%{’}a‘ﬁ?p%%g‘f‘”‘ﬁ g]r}é\g& gem@%ir%ent, fgfri%xample, the PCle
interface is useithfcrrstiedmimg fEvimdgesdatdio PGt en i dhacts Bncexiifalestfipdlifg device for
processing and/ar. SIraae. FH SxAHRIS, inans embedingobenreql e siackahlea radules of the

camera system 110 has a PCle port configured to output PCle data. The rzaw vid]%o ima%e data is
transmitted HVel B sRAETFA8E T I RESSTFPRBHRYIE TS S T P ENBSAYD A MBS and through
any interveningsmpdmess Ahe Hatasistherestreamed off of the camera system 110 through the PCle
port. The SATA interface can be used for various lications including scommunication to a recording
module, such as tﬁ(}&gé]inclﬁnﬁlée A ggrﬁl%)élﬁ@eﬂﬁ}agraﬂ}%eés?e o%ypact EE{;E m%%ules and the like.
10194]In anethrembsaimaentpthecbusifcibich tovsiprcibiaxpireas T pINt8ihcdkortle 2M x8 and

x, respectively, and a XAlinterface; The combieedRGledurcionaliiis thetaiarssapable of
delivering from upto about | GB/s in a Iowgréower mode to about 8GB/s.in aE’rFé’%] erformance mode,

for exampleisTiaERd ifarrse cahoaseBedbhiiguredth ARt BitH 18 8dard protocol
for the OSI Model layers (e.g., physical, transaction and/or data link layers) and other protocols
including, for example, variations of the OSI model layers. In various embodiments, other high
bandwidth bus interfaces may be included insteadsf, or in addition to those described above, such as,
for example, InifiniBande, StarFabric, HyperTransport, Rapid100 or some other bus interface.



[01951 The one or more control interfaces of some embodiments include a plurality of serial interfaces.
For example, the control interfaces include three serial interfaces in some embodiments. For example,
the support inteAt8eT*dude an 12C interface, a Serial Peripheral Interf’éi“:’%[ks@&?(”f%ﬁ't%rface and a
[-Wire(r) interface in one embodiment. In another embodiment, the control interfaces include an 12C
interface, aSRlcinigeians; v TsWireq) inienfddeyencpamRSIAS2,interfage:s Ohéadr mroreXJART devices
are used inconuneion.vif iR 23e dteiace, DAEIRIN SmRodaRtRs HokdghThese interfaces

may be use provide ility by ‘providing a’variety of control and support features. For example,

given the plurality®f’ébntrolinfevfases preYiticadnreditain ampimabraspaamrcbesifiitrs can select

the interfacgnanst APREORKRLS fena RaricHiAPHicatian; Ruaxampla rheronnetinterface of one
embodiment is configured to allow the system to quickly identify module; iR tg%sySt%Zl' The 1-wire(r)
82 tetfate and

interface mA§CAEERE B ATGREnUE-tB  Biis g RETRBIS PRHE e or UART
devices canthe. Uused:KFaomnioficatowith-thdlysendhtbitacehmbdinent@de BOE exampleiywhile the user
interface module,122 does.nat, in.cci tam embogdiments, incl entire common segment, it
may includgfiﬁeﬂg?ﬁgﬁ é%%%%?é mtcglr 3&%’1‘%%86%%%%%%r%%v%ﬁ%%ﬁmsé%g{m(gra systerr%HicﬁliO through the
segmentedisgrstémAddsioniity RS 2eRn R eleeiindy doanseices sailebdiditp EBnhectHicTS8 of the user
interface mogule,122 far example. ;WO 2010/078173PCT/US2009/069316 (01971A general purpose
input/output interfaceé"GPlO") may also be included. The GPIO interface may provide control

functions such as!Mat-cardr& Llntrt ARSI AT A S BV IRRESA AT 46 itheP e fieinal devices such

as lenses agg flashesn faregxampla Inovariotieemnbieditheniisyiefhehssppartinteifavesianay be
|mplementetﬁirgu%htﬁlg,lgrps é“?? “}qger]fg&esgé ggmgegth%r é¥9§ (%f nte ifsa % é\ﬁ%g%\ﬁr, uggnerall_y any
number or cBMBinhation of interfaces aysbe present, depending on t & con iguration. In certain
embodimen¥)&hdishstertinblatesuah [basyeriecedRNid| Thearersssngrimtherc D IYRIEETRS, the Ssystem
can include ALleast 3y Of FOrE GREOF IIRriaee Suomsingle setialinterass.d0981As mentioned,
one or more specialized interfaces may be included as part of the system bus. For example,
specializedfifrvae eefiay SIERETEERS liféission of audio data between the modules of the
camera system 1{p1tig otherLempenens:-Ohthe.eamena systembld and/arone aflmesesaudio
peripheral devices. The specialized interfaces may inclu n Inters]C Sound ("12S") interface for
communica gﬁﬁ?g%‘u%(a%gttang% vI\l/}eme’nr]h‘nee i(écoo tﬁrowg)éﬁgs’iﬁqt %%sc?setsé?ﬂﬂfﬁ)% céltsvsgggﬁoﬁiéosoﬁtem 110 and
external devicslsinodebmbedimennddihse divisionemkntipiexedie RDMigaadid Meetfatie may be

used. In ong,gmhodiment..a:d,DM dnteifraa.is wsed-wiahiis canfigiured ipSsunROsEd AT 16 channels
of monaural audio at up to 192 Kl-Iz per channel. Moreover, certain parameters may be modified,

providing fI&%BHity 4R FImBEropEtabilty Witica 0Eness Brmsudns dOHMBIRERS 26 BXAmBIR’ the sample
rate and sagplainidihcaarbeadivsied eia champosthy chadhe| basisin semkenbgdiments. In
various em%g}gﬂéweﬂ% s%%:igliz d igb%rfac]ﬁg_may ﬂlrlq)vign% %E’%Y?fgn%gg% angd,may alley for the

0 D ;

transmission of some bther ff}e of a, for example, instead of, or in additionto, audio data. 10199]In
addition to thefigterfaves’ descaibed atstve, tHE seghisndarsysiens Budekh ineilsdeérvariety of signals

or groups of sighals fedicated P articplalRMIPRae SnEriCXAMRIRGERE QiB0kS Signals are

configured as interrupt lines, providing interruéet functionality to one or more of the modules in the
system 110PTOfE8RHhBTe aebitatslrassnE HetethIEHATS MAY Be tiSBE 1 fStF e bresence or
absence of expansiomfondulesar eilhehboriNoneniSdndhesysteinddd. shheldegnoented system bus
can InClUdesgo\{x?(gé?%gcﬁ(g?grj%égn 1%!(?81% SCIQQ%LE, (%SQN c:%lrlﬁeraman’s shoulder during portable use.

While the system 1100 may be referred to as an ENG configaration, other configurations

described herein may also be ENG configurations.
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WO 2010/078173PCT/US2009/069316 102001In some embodiments, one or more dedicated storage
interfaces are included in the system bus. Such interfaces may include a SATA interface such as
those describ& B TP example. In other embodiments, other types %?gmagé(ﬁ??fé?faces such as a
SCSiI interface may be used. [02011In various embodiments, a variety of other interface types may be
incorporated in theisepmenitasebis shoeltigingnblitnotoliniite cotdighthemef, UGBetd SBRAMUSB3, IEEE

1394 (nldgo o ot e .o 409, FcWie P90, FeWliR. 93200, e SEO0T. LLINK
ed syst ¢ ) ly i

DV), etc. 102021The's g?ﬁen em bus also includes a common power supply interface which is

configureditelpéanvemthits Gompliantydf ahensyseeirble 1oy x| dotie fuwsrsigphinterface may

allow for autgraatic toutiog ofa.desired Aae@rmokREARl Obavailakle REWRKHSQHGE&TO the camera
modules. The set of available power sources can var dependin%F?n E)he p rticula%rrﬁodular
iy ]

configuratiBb SRR Wdherie1 M RABEN: PoWEPLDEPiftRrsde P aPeh s ibbdftietd can be
extended tecpireyideZaayeaifealmge nerdalypanywivdibestoftpassible ibiius powertsbureesrt102031The

powier supply, NEaCe 1A Re.caniaures) o ovids, auipmalic fallsover giplestialian one or more
of the power sources become unavailable, Or when it becomes otherwise desirable to provide power
from a diffdrepppowersouremcaitiohyiwivatietysef sehemascareodidrb|Ehetensiswaidburces of one

embodimept afe logically.casgadeshinQrdst obrrieaity, Whendhe highastprirritypewessource is
unavailable or when it is otherwise desirable to switch power sources, the power su%%ﬁiinterface

automatical iSRS Bowerts tienSIEI ofith B HEMe FLMFREIREINGHHe ABXt #i priority.
10204]In opshEemfiguemtinsithrpOwRLSHP plyaintetfacetin ganfig ukechidi pravide capable of

being mounted on a tripod, dolly or crane. For example, such configurations can include a
relatively large number of atiached modules and other accessories such as cages, mounts,
rails, etc. While the system 1200 may be referred to as having a studio configuration, other
configurations described herein may also be studio configurations.

{0179] While the configuration of Figures 11 and 12 can be referred to as ENG
and studio configurations, respectively, other constructs shown throughout the disclosure may
also comprise ENG and/or studio constructs. As will be appreciated, ENG and studio
configurations can be used for and may be particularly suited for motion photography. In
some embodiments, camera systems described herein can be configured for other modes,
configurations or constructs suited for motion photography. As will be appreciated by those
of skill in the art, motion constructs generally inclede those in which the camera is suitable
for motion use. Such constructs may include those incorporating a relatively large amount of
recording space, e.g., those including one or more power modules such as the power modules
124 of Figure 1. Motion constructs may also include those incorporating one or more in/out
modules such as the in/out modules 126 of Figure 1, those incorporating a display such as the
display 1210, etc., or any other functionality generally suitable for motion shooting. While
these characteristics and components may be particularly associated with motion constrocts,
it will be appreciated that certain still constructs may also include one or more of these

characteristics in certain embodiments,
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power from one of six available power sources including: an external power source connected to an
input jack on a brain module 112; a battery integrated into a modular handlel%e. ,. the side handle
1002 of Figur&CP8R/EF1Zhd a set of four batteries of a power module 130 MG X¥ quad battery
pack. In other configurations, there are different numbers and/or types of power sources. For example,
there can be 2, 39488 or Aerdmarscpoivetesotstis:ckiyet:amothdl mmilsosithentsitheretis a single power
source. In gn iment, thednput j | le ighest | of priority,
followed b)}gstr%%]ﬁlglg%?éd% é}aégﬁ%)r?(lﬁeggﬁ'%gy%%ﬁ%\%gd%gga%#%%ﬂ??%%%ggﬁegﬁe‘igg the power
module 128ar@udyuseidde ferienh Riserssuiiy aliovres cAb el b WrEsrHpGE jdek oh tH8%rain module

112, and the, RoWRESURRLY WBieHace Feulgshewebia the caimera:sysiespihiOdramdhenside handle
battery. The user may then remove the side handle or one or more of th% batteriesg%f the power

moduie 125 R B8 SRR TSR A REHIB R St s Y5 theTPhPBRAEE Sower source. In
some embaeditae ntendhiecpowetsiiipplytinte rface provigtescuhinte snipde bp onvepdalivetipand thus
“”'me”“ptﬁgm%%@eaﬂaw%ﬁ’géa%'O%é%’é{rkﬁ‘%&}‘%oé‘aﬁ}éceﬁﬁ%‘aﬁ O LEYEEN ORI SOUIEES e or [0205] The
power supply interface o Some embodiments detects the addition of an available power source over
one of the eetm#illaidbmetomebefitds provided in the segmented bus. For example, a control interface
of the segmented bus, described in greater detail below, or one or more other signals in the
segmented bus may be used. While other methods of detecting available power sources may be used,
in one embodimefit; sent to the brain module 112 from an attached module having a
power source. A [ixtiig¢ssorsukniribednithestrainsysiochs e 14 meayieadeivécthemmsssegeg Thus, the

system L1z Aelifechal WeRISSEReS A G RAWSLROUGS: TR, Aeceiding igphateugr selection

scheme is impleme (e.g., aranking or other priority scheme), the system 110 may select from the

available péterisguteesatecHeteriviiierwRieA oWt SSURCSWAT B axsdrtly Pewererd &dtem 110.

[0206]In somg.emirodinents:ins exanpie Rawekiscesnaralyrouted theaugh thedwaingnodule 112
before beinﬁg elivered to the remaii;gt of the can;ser Sys {)consumt%'&ion. Thus, the brain
3

de m 110 fo
module 115854 HRE FHiibYord ‘ﬁ!brﬂfﬁ'ﬁ'ﬁeﬁoﬁé , Other- [é%?)ﬂ"%eo”r’ S RSB

owet supply
interface acoofiginglte stich émbedimentsmay: include afirsbpowembdidapmeddlsoafththe stackable

mocules anggee ek lng MARIAGIRL b3 DS StPANRLRUISHUDS, INOHER.GRCHET stackable

modules and’routes oné or more power signals from the stackable modduiles into the brain module 112.
The brain meduEiyIef thayreveivsiene bersrenadhidialipofvertaggriiy fismsise-2Eekable sources

(e.g., an inpitdpakief the-hrairmnegule k12, an integrated battery of a handle module). The power
supply interface further includes a second E%\évrgr bus routedbo%t fro_gwﬁ(}he‘k%ram modulﬁ“::LlZ, through

the modules in the §&tem ATETor L RS IRITON DA g 6 HHTCR pdWer €864’

power source’is Selected for
powering themsystesicat AnY giverptinge) thhedviaihzfvodiifezplexc & sreithér dhpalvenpi® may

201000781 (3R T1Y 520091008310 SRal 1o 1S AN DS APYUaSSnaL i one o the

a_ldditional, non-stackable’power sources onto the se_codnd’power bus. [0208]In one embodiment, the
first power Wgt@mﬁg&:fw%gasﬁa@ﬁ%@ 0, 310 of Figares 2 and 3, or the module 430 of Figure

4, for example. The module 120b of the camera system 110 inchudes a bus segment (not

shown) electrically coupled to one or more of the multi-function electrical connectors of the

first interface 142 and the second interface 142 such as the connectors 186, 192, 193.

Preferably, the design of the bus segment is common across the modules in the camera

system 110, thereby advantageously allowing for the transfer of information between amy

subset of modules and/or other components in the camera system 110 connected to the

modules.
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modules comprises a single power line, while the stackable modules may include a plurality of power
sources. In this scenario, the brain module 112 arbitrates which of the plurality of power sources is
placed on the‘@ﬂ'@w”ﬁm@r line by sending a arbitration message to ea(ﬁﬂ%”%&“ §tifes in the system
110. Based on the received message, the modules can either take control of the first power bus or
yield to other motitilgd suckotatoply, onspewsbsbumeres\wiktheiplrcedon therbbidcandtbelivered to the
brain modulg, 11.2. therehy ayaidingsQniictsn oL SXAMR Galp aNfseRNBHonb S Rialn ppdule 112 may

send a message Indicating that a first battery element of a quad batter?]/%power module 124 is to be

placed on fRedfied BowtsrBieding raefBest te- thidmexkihg@ctis petis Mbdalitees245HiddEs the output of
its first battgry;glemnentradhehus andthesahenmoduies inthesysiam: Hayield.contial of the first
power bus to thg. ow§r module#‘ 4. Ig other erpbodi entsi the ¥irst owerfbtlés includteﬁ a plurality of
power line$™%9 "58% PEJITAR TSIH e 4EH BT e power <otrcas in the Stickabie Hodutes are sent to
the brain mgstete b2 FE02081Hik, theh e xanigiesstackett oo séigumatio hshownbinrBiguréo lanthe first power
bus may b?r!éj%xuttﬁedljsr&%{ma‘peOW@Ju@qu 6, Lo hiaughithe, Rus, Sepmenisaheachf he intervening
modules, and eventually into the brain module 112. The second power bus may conversely be routed
from the brawPhisdile 12X ersoashersghPtiés€@aEh of the intervening modules, terminating at the power

module 124. In sygizan empedingrt, the Sse6BELQHRA23rRerRNaSNAWEN ropT @Bother source,
such as an integrated rechargeable bat_terﬁ/. In other emhodiments, the user iﬁtgrffécz 21:122 does include
i% e firde

the commdA398lRer LIS MIBARAECST FSTBhETRSEUE A E SRS St ot A& second power
buses of thiaptwei s::m_jnllydriﬁeﬂﬁaaeram routed ﬂrmmcﬁmm_wenmg}eilapmrrmdmpc—fmmtbspectively.
10210] In sqie,empedimsnis. ARasLeoGs selgeign degisiens, made b dbe rajpgnggule 112 may
be overridden under appropriate cgc_;lndltlons. or example, a module including a power source may
override degisionieibie Byatiedrbinthsmdides 1painshel e miedrentofhisra s dWet module 124
includes a plyrality of hattervelamasisicthienpovesmadyle bad:detests:ihat aleatienselement selected
by the brain module 112 to power the system 110 isjnfufﬁciently char@grﬁd.flngéjch a sit&:ation, the
power modtfs's 4 HHEYS RoPEtay PEUHE pOWEIEH AT RO th&P SUREEh Gy SAXRYES, Bkttery element.
Additionally,pmgsme configurations, the system 110 includes a manual override allowing the user to
select the appropyigigpowgy souiee, J0aRHONE 9,05 madulal,sRgmeniad nallrp Ll i power supply
interface, the power supplyrbl_Js can be extended to support generally any number of cascaded power
source inpubs. aFlsps eamsierdiasrsidande At reainnefmbobif &bt ughude peasr seaék'power modules

124 along with atheltyiRes pfdneduwes:iprganerally AilyLhysicakarrasgemant rrogingflexibility in
creating a desired modular construct. Additign,ally, ccording to some embodiments, users can stack

generally afff¥RATBel St SRS HSUETEYE 724 ShiSHETROHUISF ArFaHE e HIEHP rIRAES &8s can
customize mogdulasteondigtirations wceaisdingddbaesire dhbditery fifend dicoarel tha axditiog to the power

sources present eoNERRIRaY. 105 PNRLRUPAY LGHAAE.AM L SIS ERAHIMARTS, be extended

to support various other m e designs incorporating other power Sources. AS such,1 rt‘he extendible
nature of thé2pEsWeErasiuis VI AEHE Co RIS aTOTRE S BEHP HESigTErs 18 Rt igd<n technology.

[0212]The powamssRply interfaceonay alsake conbguresimiyravide-pawugsdauexternal devices in
some configurations. For example, in one embodimergt the power?%lﬁg%/ can prqvide current-limited
| “%?8

output power to atl E8ernal Fiot6F BriSme e P te i HHgt B g R EBIEh &t ability of the
camera sysieindt Loulvithecbuaniatyfafedeviegtng cof@2dBinddth Fugtidesoribed alitvingsfrect to certain

preferred ehogliens aSRAGI> oL i1 ROWEL,SUARNIETACR Al e seamenierbus,can be

configured differently. For example, the power sources may be manually Selected by the user instead
of, or in addRigieessdoieingvetmatiosly duwsrafiled sy wslagpstafen gy are unused, thereby

improving the power efficiency of the bus and improving battery life of the camera system

110.
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[0214]The functionality of certain embodiments of the camera system and associated modules
described herein may be implemented as software modules, hardware modules, or a combination
thereof In var@2¥#i8tent, the functionality may be embodied in harGWare titii#/4re, a collection
of software instructions executable on a processor, or in analog circuitry. 102151Conditional language
used herein, sucfpggzjamong atkers, wanincicosldiulipighfldsimayt hanthth&didseinuntess specifically

stated otherwise, or oth?rwise WO OlQ/OZ?l?BPCféI’/t SZQQ@/Q&Q(%%%%%@;QQQ%@@M the context

. 3 S ! .
as used, is” f%?ﬁﬂ‘f/nfsntéjns’ &t t%nggrf\g})éei} that certain embodiments include, while other embodiments

do not incluids, wedwidtidatu restfetenehtenand prstaeepoT U SOREPED HYIGRT [Bkfglighe is not
generally igtended t imaly. that fealises elamenisiabelosstalesare inmrymaseauiiad for one or

more embodiments or that one or more embodiments necessarily include logil‘g for deciding, with or

without autHEsF TS PY DR SETATIRYE WA PR h 4ss 48sPd S BB S d B SR LSS Picluded or are
to be perfogmaghin @y Rarticuas embediment. 026tDepeRsliogsondhesermibodinediecertain acts,

events, or functions of any of the methods described herein can be performed in & different sequence,
can be add’é%e,orﬁg?ag@,gbg gﬁbgeu g1 8{%89%[7%%e(egﬁéfjﬁg%egflnggs%ﬁbgg% gcts’ or events are necessary for
the practicerahtie mdithiti:Morevyers incheitdirs ernbotiimessmsenietssoieydntsic A Be gerformed

concurrently, g9, through muliistre ALOGEISING (JPLEITUPt RYQRESSIBgnak ANl iiRiRiRrocessors or
processor cores, rather than sequentialg:‘; 10217]The various illustrative logical blocks, modules,
[

circuits, anaagBatRnIssesicdoNERbYa PPE oRAEETBRc P Emb GRS Eieais®e P Rerein can be
implementegdagalectonigthardware, computer software, or combinations of both. To clearly illustrate
this interchangeabiplﬁigé)ofh rdware and software, variou iIIustrgetriye conmb%?nengg,i%)u%g, modules,

circuits, and step!®h&ile bedR HRSEBES HBSVEGenerally in terms of their functionality. Whether such
functionalitynistiphplepaenfedsaisthdechw angiior toftiaare deperdwispts teiparicuiar agpieation and

design congiiaipis Inipgsed enbequeial Sysle Mt hadescHbaduRe Upralineandadmplemented i

varying ways for each particular application, but such implementation decisions should not be
interpreted ‘ay ESitR BEIEHSPure from the scope of the disclosure.

[01893 Providing a variety of bus interface classes and types across the system bus
advantageously improves the flexibility, performance and efficiency of the camera system
110 in a variety of ways. For example, different bus interfaces may be better suited to
particular purposes. Some modules or external devices may transmit, receive and/or process
large amounts of data and may therefore benefit from a particular high-bandwidth bus
interface. Other modules or external devices may operate within very low latency parameters
and may benefit from a low-latency serial protocol, for example. Moreover, certain external
components may only support particular types of inierfaces. As described, the segmented
system bus 110 of the modular camera system 110 can be configured to provide a number of
bus interface options. Thus, the camera system 110 can be generally interoperable with a
wide variety of external devices and modules, enhancing the flexibility of the system [10. In
addition, multiple bus interfaces may be available on the segmented bus which are each
capable of providing bus functionality within acceptable parameters {0 a particular module or
external device. In such a situation, the system designer or system 110 itself can select the

more appropriate bus for communicating with that module or external device. For example,
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[0218]The various illustrative logical blocks, modules, and circuits described in connection with the
embodiments disclosed herein can be implemented or performed with a general purpose processor, a
digital signal pfE8EEEBIIISP), an application specific integrated circuit FEMESé‘}%?Bgﬁ)%grammable
gate array (FPGA) or other programmable logic device, discrete gate or transistor logic, discrete
hardware cempoReBls.a@nffeebinaiiobdheseotdeasignediaipdroonithiddinetiorsdescribed herein.

A general purpose prpcessor ca be, & migioprosessor byt i e AlSOAYe, (e Rigasssor can be any
convention ? I%é SSOr, COFRI’O er, microcontroller, or state machine. A processor can also be

implementdebiasea gothbination dlcomputimglksyitesnery arprsoninatioh ety DS @ittt a
microproc%%§%%ngp£§éi%é};@§roprocessors, one or more Microprocessors in conjunction with a
DSP core, or any other such configuration. 102191The blocks of the methods and alggorithms

described in conH&&9bn withethigl Pduifik b dueIBsEI Y& s B BRBSERd Hirdtlly in hardware,
in a softwagg.madufs: gxesHie iy apregasseh of traskampinaiiendafshehiwopisseftware module can

reside in RAM memory, flash memor M memory, EPR memory, EEPROM memory, registers,
a hard disk?“gtfglrﬁg%ﬁtéoaiseﬁgzﬁhgr?f%({)rt(ﬁglp i‘;d?rﬁrreirc")i %%hr%]aﬁﬁlt%%%g able storage rlﬁea{%}m ’known in the

art. An exefaptannshoragesme diunses twothpleditna pldeessorsgerpifaihepiotdsaeiotan read infoi
illation from, andl write infarmation 0, e:sarage. Rediumy i e AgHaatve;tog-starage medium can

be integral to the processor. The processor and the storage medium can reside in an ASIC.

102201Whiieotiis 45698 HeRata JeSPRITECHIRAL S R W sdb SEBE AR AR PO It HoVel features as

applied to varigus arRegimenisdiwilkbeupdessienpethatvadousomissionsssubsttdiians, and
changes in the form and detailsnif the devices o alqH rith@osbillu ratc?go%aﬂgmqqe m%%? without departing

from the spitit B HRESTe KRB FeBbgRised CERAM Unbodiments of the imventions described

herein can hgemiadiedudthin Mfoenvehathdoss not providesikbichea feshsee scamdobeikdfits set forth
nerein, &5 SOme IRANIES GATLRS USRH A BIAIRR SSPAIALGI 9 alhss. The scope of cerain

inventions disclosed herein is indicated %the appended claims rather than by the foregoing
description. All cHaHgés whishhégrvenidsth iperfaeatiieane Taye Bredon e e/ BrfE claims are to
be embracegd wWithinthein 8CAPeim&de AN AcpnadLasimatioRICaragray @ONRKEsngn  some

embodiments, for example, the high bandwidih interface may inchide an extensible data pipe
capable of up to about 12 GB/s. Other bandwidths are possible. In some other embodiments,
the high bandwidth interface is capable of providing up to about 8 GB/s, about 10 GB/s, or
about 14 GB/s. For example, the high bandwidth bus interface of other embodiments can
allow for the iransmission of up to 15 GB/s of total bi-directional bandwidth in some
embodiments. In some embodiments, the high bandwidth bus interface is capable of
providing greater bandwidths, such as, for exampie, about 16 GB/s, about 18 GB/s, about 20
GB/s, about 21 GB/s, or more. In one embodiment, the bus implements three high bandwidth
interfaces capable of delivering at least about 1GB/s of data throughput. For example, the bus
includes a PCI Express (“PCIe”) interface, a SATA interface, and a XAUI based interface in
one embodiment. Although other configurations are possible, in one embodiment, the PCle
interface includes a PCI 2.0 x4 interface and is capable of delivering from up to about 4 GB/s
of total throughput in a high-performance mode, for example. For example, in one

embodiment, the PCle interface may be configured to have up to four active channels at
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a sensor module configured to capture video image data, having a first interface; a power module,
having a second and third interface; and a recording module, having a fourth and fifth interface;
wherein the fifePHEEE%s functionally engageable with any of the secontdantf 186 interfaces.

2. A modular motion camera as in Claim 1, wherein the third interface is functionally engageable with
the fourth isgeriase tanshibe: secand dntetfacarischuaciionsdy aagageabinawi: thefifthaiterface. 3.

A modular m%)t\%g camera as in Cla}irﬂ 1, wherein th%a%%oe\a/%rmodu{e includes a re(fé)%ggglg bus
t

extending B ha(wecgéngghag “hd aﬁfégiﬂ}gf}éecg?qé ransmit fﬁé rﬁn&igﬁ%}&{?ﬁé Image data through

the power rdgdieents, heAPiodularacotion Camenfigeréd Chairettier winereirs thé retebréiiidg module
includes a HQX%E,B&‘JSSL?&?}%Q%QJ}%}%%?% B/ foystisand Sitldnteas iRk Miiing-power through

the recording module. 5. A modular motion camera as in Claim 1, further comprising an in / out
module hadifigh diarashanseventroRiterrate’wivréin it Brtepfala ittt age sBIE it the first
interface, apghtgmaventh inierfacedaapgagerbiwihithesecond iitadatigured for other

amounts of total throughput, such as, for example, 6 GB/s of total data throughput or more. In
some embodiments, the XAUI-based high bandwidth interface is capable of delivering up to
about 5GB/s of throughput. For example, in one embodiment, the XAU1 is a full duplex x4
link having four channels capable of 6.25Gbps per lane. The XAUI according to some
embodiments uses 10G electrical protoco! and implements low overhead 1.2 and L3 protocol
layer. In some embodiments, the XAUI interface is used for carrying control data, image data,
or a combination thereof, The XAUT interface can also be used to transfer other forms of data
including SATA packets and on-screen display (“OSD”) graphics, for example. In some
embodiments, the XAU] interface serves as a monitor and/or general purpose expansion bus,
and can be scalable.

0192} Additionally, the number of active PCle lanes can be configured based the
data and/or power tequirements of the particular application. The different high bandwidth
interfaces are selected to provide a synergistic set of functionality, and include generally
complementary features particularly suited for camera applications. For example, the PCle
provides a highly configurable and very high throughput data pipe, while the SATA interface
provides a relatively low overhead, yet still relatively high throughput interface.

[0193]  Each of the various high bandwidth interfaces can be used in conjunction
with the presenily contemplated modules or with other modules for generally any suitable
purpose. In one embodiment, for example, the PCle interface is used for sireaming raw image
data off of the camera to an external computing device for processing and/or storage. For
example, in one embodiment one of the stackable modules of the camera system 110 has a
PCle port configured to output PCle data. The raw video image data is transmiited over the
PCle interface from the brain module 112 to that expansion module and through any

intervening modules. The data is then streamed off of the camera system 110 through the
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6. A modular motion camera as in Claim I, further comprising a lens mount module, releasably
connectable to the sensor module. 7. A modular motion camera as n Claim 1, further comprising a
user interface WbHat@78173 8. A modular motion camera as in Claim 7, WREFEHHIHEYHEr interface
module comprises an eighth interface, which is engageable with any of the third and fifth interface.

9. A modulag-fpotign camerasasiniflainee’ cheseinha ugsr iNtgsacegaMRIaes ad@asceiver for
wireless communication with the sensor module, 10. A modular motion camera as in Claim 1,

further confOPEING SRR & SERBHREBIRLH tnoties e SePHE pBWar M otEH AR G ninth and tenth

interface. drives, Compact Flash modules and the like.

[0794] In another embodiment, the bus includes two PCI Express (“PCle™)
interfaces, PCle 2.0 x8 and x1, respectively, and 2 XAUI interface. The combined PCle
functionality is therefore capable of delivering from up to about 1GB/s in a low power mode
to about 8GB/s in a high-performance mode, for example. The PCle interface can also be
configured to implement both the PCle standard protocol for the OSI Model layers (e.g.,
physical, transaction and/or data link layers) and other protocols including, for example,
variations of the OSl model] layers. In various embodiments, other high bandwidth bus
interfaces may be included instead of, or in addition to those described above, such as, for
example, InifiniBand®, StarFabric, HyperTransport, RapidIO® or some other bus interface.

[0195] The one or more control interfaces of some embodimenis include a
plurality of serial interfaces. For example, the control interfaces include three serial interfaces
in some embodiments. For example, the support interfaces include an 1°C interface, a Serial
Peripheral Interface (“SPI”) interface and a 1-Wire® interface in one embodiment. In another
ernbodiment, the control mterfaces mclude an °C interface, a SP interface, a 1-Wire®
interface, and an RS-232 interface. One or more UART devices are used in conjunction with
the RS-232 mterface in certain embodiments.

{01906] These interfaces may be used to provide flexibility by providing a vanety
of control and support features. For example, given the plurality of control interfaces
provided in certain embodiments, system designers can select the interface most appropriate
for a particular application. For example, the l-wire® interface of one embodiment 1s
configured to allow the system to quickly identify modules in the system. The 1-wire®
interface may act as a common multi-drop bus, for example. The RS-232 interface and/or
UART devices can be used to communicate with the user interface module 122. For example,
while the user interface module 122 does not, in certain embodiments, mclude an entire
common bus segment, it may include an RS-232 capable interface for communicating with
the camera system 110 through the segmented system bus. The RS-232 interface may be .

accessible via the commector 196 of the user interface module 122, for example.
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11. A modular motion camera as in Claim 10, wherein the second power module comprises a
recording bus extending between the ninth and tenth interface, for transmitting motion picture image
data through tH& 88 Power module. 12. A modular motion cant&r¥ a¥ 1P E4&ith 10, wherein
the second power module comprises a control bus extending between the ninth and tenth interface, for
transmitting conteabsignals tarety puipessespnhppwvernenacu lEGPIO™) kdayPe Brobkulatindetion camera as

in Claim 1. fur comprising a digital signal processor in the sensor module. . .14. A modular
o o B B e O izt O i oy
of the secunry prdlifourthtisitdefamber vidicaneddaseislyuattachesis aokhBeashsiater. examnls. I8 modular

motion cameraasfdalaind. shergipsthe firstrinteriage is indivesthtdunctionallyepgagsable with any

of the second and fourth interfaces via one or more dummy modules. 16. A modular motion
camera, COMTIAGING RBERESF RSl testanty MAQEERy East e b duy SHusE YatarviRAHeP £First bus

segment, aitekeidingmadpieshayingadacandbtseggmenin abd apowentdtuethasing a third bus

segment; each af tp modules relea aplxc nne tabke to an other of the modules: ngerein every
8ystemf.mcu 25 at ?a i 1wo C(aq ol iteriaces, In ather Congura {ons he sysiern.can clude .
assembled’configuration of the modules places the bus segments in communication with each other in

a manner thieepérrhitsdunctionalrelevtittatc ommnsnsication armdimg-each of the modules. 17. A
modular motion gamigra agJ, ClAIM.J 6y NG CORRIENG ARB LW Paduleriiaving - ourth bus

segment that is directly connectable with any of the other bus segments. 18. A modular motion
camera adfriteIBiHFTeWwHEe R ARe scReBriBEH s TR FdTaL i rafsdenBly EarnittsnI8To any other of
the modulgsndaa-reieasably altachableradaptes plate 10, thd@nd ragudaniconyetiblganotion camera,

Comprismgj;fs?e?ne@goe{n grd grlg %?nlﬁgr%rggdgg %Qgéﬁé?awe%%?aﬁ% Csigégialized interfaces may
include an Inter-IC Sound (“I’S”} interface for communicating sound data between the
components in the system 110 between the system 110 and external devices. In one
embodiment, a time division multiplexed (“"TDM”} audio interface may be used. In one
embodiment, 2 TDM interface is used which is configured to support up to 16 channels of
monaural audio at up to 192 KHz per channel. Moreover, certain parameters may be
modified, providing flexibility and interoperability with a vanety of audio components. For
example, the sample rate and sample width can be adjusted on a channel by channel basis in
some embodiments. In various embodiments, specialized interfaces may provide other
functions and may allow for the transmission of some other type of data, for example, instead
of, or in addition to, audio data.

j0199] In addition to the interfaces described above, the segmented system bus
can include a variety of signals or groups of signals dedicated for particular purposes. For
examnple, one or more signals are configured as interrupt Iines, providing interrupt
functionality 1o one or more of the modules i the system 110. One or more dedicated
presence detect signals may be used to detect the presence or absence of expansion modules

or other components in the system 110. The segmented system bus can include a variety of

dedicated clock signals as well.
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a recording module; a power module; and a user interface module; wherein each module is directly
or indirectly releasably connectable to the sensor module in a first construct to (Produce a motion
camera havin @A%N@& Bonfiguration, and each module may be discorre B4 AHE HSssembled into a
second construct having a DSLR configuration. 20. A modular, convertible motion camera as in

Claim 19, furthergaguprising amie /pubmasiie.one o2 Inérdnadidacicaompibieetionreamera,
comprising. 3 sensor module sonfiayred 1o capture idep fmade d3a; a fegorging ggle:  power
described above for example. In other embodiments, other types of storage interfaces such as

a SCST interface may be used.

6201} In various embodiments, a variety of other interface types may be
incorporated in the segmented bus, including, but not limited to, Ethemnet, USB, USB2,
USB3, IEEE 1394 (including but not limited to FireWire 400, FireWire 800, FireWire 53200,
FireWire S800T, i.LINK, DV}, etc.

16202} The segmented system bus also includes a common power supply interface
which is configured to power the components of the systern 110. For example, the power
supply interface may allow for automatic routing of a desired one or more of a set of
available power sources to the camera modules. The set of available power sources can vary
depending on the particular modular configuration of the system 110, and the power supply
interface of certain embodiments can be extended to provide power from generally any
number of possible input power sources.

18203} The power supply interface may be configured 1o provide automatic fall-
over protection when one or more of the power sources become unavailable, or when it
becomes otherwise desirable to provide power from a different power source. Although a
variety of schemes are available, the power sources of one embodiment are logically cascaded
in order of priority. When the highest priority power source is unavailable or when it is
otherwise desirable to switch power sources, the power supply interface automatically routes
power to the system from the power source having the next highest priority.

[0264) In one configuration, the power supply interface is configured to provide
power from one of six avalable power sources including: an external power source
connected to an input jack on a brain module 112; a battery integrated into a modular handle
(e.g,. the side handle 1002 of Figures 10A-B); and a set of four batteries of a power module
12 comprising a quad battery pack. In other configurations, there are different numbers and/or
types of power sources. For example, there can be 2, 3, 4, 5 or 7 or more power sources. In
yet another embodiment, there is a single power source. In one embodiment, the input jack on

the brain module 112 has the highest level of priority, followed by the integrated side handle
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a user interface module; wherein each module is directly or indirectly releasably connectable to the
sensor module in a first construct to produce a motion camera having an ENG configuration, and each
module may bEYEESTRECted and reassembled into a second constructpr%r\//ﬁjﬁé@g” dfo configuration.
22. A modular, convertible motion camera, comprising: a sensor module configured to capture video
image dataaf49CRIliNgIBOdME paipower aasidesfahd muaenidiecfane modeler scenafigrein each
module is direcg% r indi&ect(lz bﬁgl}ggs e!){ conn ctabl[()a ta the s Q]sqr}yodgrlg in a first construct to

produce a motioh 'cafera aving an;éEud|1c1)p‘éoir§|1 |garr¥af |eonr,aiann130eac module r%%‘ilwlgresa?gc}énnected and

reassembleddﬁﬁwammwﬂm@mmiﬂgtmQ%mr#ig&ir’&thm@@@aﬁemdﬁméﬂﬁemmﬁcom ponent,
convertible;motion cameia. SAMRLising. 8- $RRSQK oBMIEcoBfigIIRALIR Septw e Mdee iRage data; a

recording module; a power module; and ) .
power supply interface autornatically switches to the appropriate power source. In some

embodiments, the power supply interface provides uninterrupted power delivery and thus
uninterrupted camera operation during automatic transition between power sources.

[6205] The power supply interface of some embodiments detects the addition of
an available power source over one of the commmunication interfaces provided n the
segmented bus. For example, a control interface of the segmented bus; described m greater
detail below, or one or more other signals in the segmented bus may be used. While other
methods of detecting available power sources may be used, in one embodiment, a message 18
sent to the brain module 112 from an attached module having a power source. A processor
ranning on the brain module 112 may recejve the message. Thus, the system 110 is notified
of the presence of the power source. Then, according to whatever selection scheme is
implemented (e.g., a ranking or other priority scheme), the system 110 may select from the
available power sources to determine which power source will be used to power the system
110.

[6206] In some embodiments, for example, power is generally routed through the
brain module 112 before being delivered to the remainder of the camera system 110 for
consumption. Thus, the brain module 112 can act as a hub for distnbuting power.

10207} For example, the power supply interface according to such embodiments
may include a first power bus routed through the stackable modules and received by the bram
module 112. The first power bus runs through each of stackable modules and routes one or
more power signals from the stackable modules into the brain module 112. The bramn module
112 may receive one or more additional power signals from non-stackable sources (e.g., an
input jack of the brain module 112, an integrated battery of a handle module). The power
supply interface further includes a second power bus routed out from the brain module 112,
through the modules in the systemn 110 for consumption. Depending on which power source

is selected for powering the system at any given time, the brain module places either a power

.56~



a user interface module; wherein each module is directly or indirectly releasably connectable to the
sensor module in a first construct to produce a motion camera having an ENG configuration, and each
module may BEE 8L ted and reassembled into a second construc?ﬁé%ﬁﬁoegjﬁf 1R configuration,
and each module may be disconnected and reassembled into a third construct having a Studio
ﬁonfiguratisﬁ)@)al from e AvinpsabiBotiamoameaigmsubassemblithceddgisitignon-stackensor module,
aving a sensor configured,to capture video image data, DSP electronics, and a back focal distan f
no more tA&R Aout %OIr}r%(fﬂh ﬁ%“spféﬁg%‘?’%%ﬁme c?onfigured for connection to an external recordingCe °
module and an dRé#fial pbweraanltdiment, 28 AmstopIOTAR Pt SPTERENERDs JiteTiEdMgured for
operation yith any.of a-plurality.of lspseshaving differantiecablengths, Gamaesipginatity a sensor
module configured to capture video image data, haying an interface for rem vaJoI receiiving alens
mount mo8liRO™shgovTcentifa dut écﬁ?é‘ﬂ%r?ﬁ%??é‘b&?&q{?%sl ishieiFoRtE! P 8\?a‘b¥ii§/ﬁé{o°nnectable to the

interface, gackrlensdnauplnedulebaving»wiffarentsegilengthiratio@Gredssgotiutasimbtion camera
system as tilr;: g{?ﬁ!@eg?ﬁ gy?}%&%ﬁW Iélarggé [<))§ It%ee !’ggg{\pe I(r:r‘?e!srs]agg,etﬁg Hl%(a{ﬂ@goc%lgther take

control of the first power bus or yield to other modules such that only one power source will

be placed on the bus and delivered to the brain module 112, thereby avoiding conflicts. For
example, in one scenario, the brain module 112 may send a message indicating that a first
battery element of a quad battery power module 124 is to be placed on the first power bus. In
response to the message, the power module 124 places the output of its first battery element
on the bus and the other modules in the system 110 yield contro! of the first power bus to the
power module 124. In other embodiments, the first power bus mcludes a phurality of power
lines, and power signals from each of the power sources in the stackable modules are sent to
the brain module 112.

[6299] In the example stacked configuration shown in Figure 1, the first power
bus may be routed from the power module 124 through the bus segments of each of the
intervening modules, and eventually into the brain module 112. The second power bus may
conversely be routed from the brain module 112 out through the each of the intervening
modules, terminating at the power module 124, In such an embodiment, the user input
module 122 receives power from another source, such as an integrated rechargeable battery.
In other embodiments, the user interface 122 does inciude the common power supply
interface or portions thereof, and one or more of the first and second power buses of the
power supply interface are routed from and to the user input module 122, respectively.

16216) In some embodiments, power source selection decisions made by the brain
module 112 may be overridden under appropriate conditions. For example, a module
including a power source may override decisions made by the brain module 112. I one
embodiment, where the power module 124 includes a plurality of battery elements, the power

module 124 detects that a battery element selected by the brain module 112 to power the
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27. A modular motion camera system as in Claim 25, comprising a back focal distance of no more
than about 16 mm. 28. A modular motion camera system as in Claim 25, wherein the sensor
module furtheW?o’r%B’ﬂ%gé?an interface for removably receiving a functloﬁgi”rﬂ%zﬂﬂﬁ@m 1629, A modular
motion camera system as in Claim 28, wherein the functional module comprises a recording module.
30. A modugafemotmiﬁaimefﬁcsafstﬁmhagdm (mam}.?&whemﬂn thie: fpnetiomaldviediilé comprises a power

module. 3 | modular K010N GRS NRE AR, 28, whersndhe,agianglmodule

comprises anin modu ar camera omprlsmg a camera body having an image
sensor in some configurations, the system 110 includes a manual overnde allowing the user to select

the appropriate power source.

[0211] Due to the modular, segmented nature of the power supply interface, the
power supply bus can be extended to support generally any number of cascaded power source
inputs. For cxample, in accordance with certain embodiments, a user can stack power
modules 124 along with other types of modules in generally any physical arrangement,
providing flexibility in creating a desired modular construct. Additionally, according to some
embodiments, users can stack generally any number of power modules 124 onto the modular
arrangement. Thus, users can customize modular configurations according to desired baticry
iife. Moreover, in addition to the power sources presently contemplated, the power supply
interface can, in some embodiments, be extended to support various other module designs
incorporating other power sources. As such, the extendible nature of the power supply
interface also allows systemn designers to adapt to changes in technology.

[0212] The power supply interface may also be configured to provide power to
external devices in some configurations. For example, in one embodiment the power supply
can provide current-limited output power to an external motor or some other device, thereby
improving the interoperability of the camera system 110 with a variety of devices.

10213} Although described with respect to certain preferred embodiments, aspects
of the power supply interface of the segmented bus can be configured differently. For
examptle, the power sources may be manually selecied by the user instead of, or in addition
to, being automatically determined by the system 110.

{0214} The functionality of certain embodiments of the camera system and
associated modules descrnibed herein may be implemented as software modules, hardware
modules, or a combination thereof. In various embodiment, the functionality may be
embodied in hardware, firmware, a collection of software instructions executable on a
processor, or in analog circuitry.

{0215] Conditional language used herein, such as, among others, "can,” "could,"

"might," "may,” “e.g.,” and the lke, unless specifically stated otherwise, or otherwise
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configured to capture video image data and a first bus segment, a first module having a second bus
segment, and a second module having a third bus segment, each of the camera body, the first module
and the secortiditidiifé réleasably connectable to each other; wherein ACEHEH6HEHEembled

conflgurat_lon of the modules places the bus segments in communication with each other in a manner
that perm'tﬁri&ﬂﬂﬁij@mamlﬁptﬂﬁakﬁﬁmu@iﬁa&mniargaﬁganﬁcimaidhe mocites: that 33rtAimodular

camera as in Claim 32, wh rein the camer is releasabl onn ctable to e first and the
second modUIE VAT HENES a’oighc%noﬁlzctgg?’ ada o Mlg am? DAL

B er pla(fe dular camera as in Claim 33,
wherein thesfivst stwﬂutémmphlsesiawe@dudmggm@deﬂeeamith@%éeﬁ@ rﬁtﬁém@b@ﬁﬁ‘ﬂﬁ%es a power

module. o35 ATk EaMER 85101 T heLPanRIsiadd maduigbaving a fourth

bus segment. A modular caméra as in Claim 34, wherein each of the first, second and third bus
segments é@ﬁf?pﬁ@b%d@”méﬁﬁﬁ%m y inddpdonlois dar-4echnEr 3B AT 1A boRIRIh Fach of the first,

second angiidliRslS:Seumenis: ComprsasReSARA/RUsates arSBchdaingulencamesoaseh Claim 32,
wherein each of the, flrst ?’ﬁ?%@g and third bus segments comprises a PCI Express bus. 39. A
modular cafh&Pa & FE S #Merein every assembled configuration of the modules places the bus
segments in comfozidcatidbepthieach bthemtindimmanrenithattpaivaits. fomtioheisalbeti Al

communicafion amondeach & IR MRENIES perotfkd P AR SRE AN COMBHITR Gided,

merged, or left out all together (e.g., not all described acts or events are necessary for the
practice of the method). Moreover, in certain embodiments, acts or events can be performed
concurrently, e.g., through multi-threaded processing, interrupt processing, or muktiple
ProCessors or processor cores, rather than sequentially.

16217] The various illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the embodiments disclosed herein can be implemented as
electronic hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software depends
upon the particular application and design constraints imposed on the overall system. The
described functionality can be implemented in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from the
scope of the disclosure.

{6218} The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein can be implemented or performed with a
general purpose processor, a digital signal processor (DSP), an application specific integrated
circuit {ASIC), a field programmable gate array (FPGA) or other programmable Jogic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described herein. A general purpose processor can be a

microprocessor, but in the allernative, the processor can be any conventional processor,
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a camera body comprising an image sensor configured to capture video image data and a first module
interface, the first module interface comprising a mating portion and an electrical coupling portion; and
a plurality of NObHiEEE4¢h releasably and functionally engageable withBhE CHT&*4°BYdy and with
each of the other of the plurality of modules, each of the modules comprising: a first interface,
comprisingaialiag pRitcsasbanclect isatBauplingpesiancdhalsatin gngoetienial theafirst interface
releasably Ene%hanjcgl(l%f (r:ngltal‘t)zle vxclll‘;[\t% tQSe gnatiglg O%ODritigp 3g)f{ﬁhe @ m}gdﬁuk@.épgegga&gegng the electrical
coupling porff%nmoafut e Tirst Interiace e ecftrl'(,gétlly coupf]afo?e with the electrical ¢ up(ilng portion of the first
module intenfasktsof s demorssFuRicet @Sigma i betrsesdisencanieratibodythad fecmo dale; a
second int%g%gleggggpg'&mgu@amﬁting portion and an electrical coupling portion, the mating portion of
the second interface releasably mechanically matable with the mating portion of the first interface of
each of the other §F18k pluthsityesmdiatie Dhedtud retrrE Jetmivg i forrettip Wt ond interface
configured trebergleEHiicallsauplablesithahee leamuoeal carielingpasionaaf, the firstintesface of each of
the other of th(? iolurali'{x gfbmoduIeSé and . abusse menft tt‘%)rtcom)r;jun' atingnsi r]1als between the
first interfade and e secondimierace: & ™ 4L R ModUlar camera as A Cam 4 PWhetein the first
interface ofreadh of tRalurafityrof frsdutesistodidd onracfystiiBOM anhousingBFRGBVCorresponding
module, and the secand.interface pteach,ofig.kualily of apdies s ecaindianadggond side of the

housing of the corresponding module, the second side opposite the first side. 42. A modular

camera as HOTRES M A1 AHREIND e Arh bR A5 B ARG A fifstorieruie BPRESRirality of
modules is aitachadiie the-caeara badyiand: e emaining wmodues:akibe plunalitteignodules are

arranged in a stack ext ndkn%‘gomt e first mOdmlél(ﬁ{;m Carff A mod&llgar camera as in Claim 40,

wherein a fIFSE B dTe BF tAEBRIS iy St 5 SRS pfile 2% P& g HoBIE SRy 4Second module

of the pluraj:i?:yce@smcaddﬂtsﬂm&g@rﬁm@_@mpmﬁd&@d@ﬂ&ﬁ{l 44. A quular camera as in Cl_aim 43,
wherein a third magyl of the ARk madWesamRNsaRLseE iRHAGR magulg:cgnfioured for

wireless communication with the camera body. . A -modular camera as in Claim 40, wherein the

camera bodyiceppriSesuss afetAlsty tattatieup e iy dite bl dte il G HRgFtFeoRr Stahttitfes interface.

omissions, substitutions, and changes in the form and details of the devices or algorithms -
iHlustrated can be made without departing from the spirit of the disclosure. As will be
recognized, certain embodiments of the inventions described herein can be embodied within
a form that does not provide all of the features and benefits set forth herein, as some features
can be used or practiced separately from others. The scope of certain inventions disclosed
herein is indicated by the appended claims rather than by the foregoing description. All
changes which come within the meaning and range of equivalency of the claims are to be

embraced within their scope.



46. A modular camera as in Claim 40, wherein the bus segment includes a recording bus for
transmitting image data between the first interface and the second interface. 47. A modular
camera as in Claim 40, wherein the bus segment includes a power bus for transmitting power between
the first interface and the second interface. 48. A modular camera as in Claim 40, further
comprisﬂgAaI%%'s mount module, releasably connectable to a lens mount interface of the camera
body.  49. A moduldreduhEraelsomn QIEfTATBRREEcomprising a handle module, releasably
connectable to an intesfaserchtiielcameiguiodje captsa: deotnkacchtaeharasdn Graim@0aiwherein the
handle module includgs,& @ripqikiphaaiica pawed sodithérd intdbthcé addular camera as in Claim 40,
wherein light received Ry Jhe SeRsenis, caouey e inte saw gkgitakiptage data at a rate of at least about

23 frames per secondy. . ;o4 AdodllangaieraAahBlAMm:AL.eieln Ihe sepsordis edigrizontal

resolution of a%out 2,8V Or more pixe . A'-modular camera as in Claim 52, wherein at least
one of the plural Wgaﬁ?és comprises a recording module, and the raw digital image data is
compressed and recorded at a rate of at least about 23 frames per second into the recording module.
54. A modularXamera asidCiaimadywicareireatieast ohdmnf thevpiareintytbe niballéatednsprises an
in/out nTegeteiankiding: gexidecsmbniterifiguebninesfiore, and 3be Acnodu e edaptet ttuoonaedtyvith a
modulagimagentaniing FRARLEEOMPrising:

3. A modular motion camera as in Claim 1, wherein the power module includes a
recording bus extending between the second and third interface, for transmitting motion picture
image data through the power module.

4. A modular motion camera as in Claim 1, wherein the recording module
includes a power bus extending between the fourth and fifth interface, for transmitting power
through the recording module.

5. A modular motion camera as in Claim 1, further comprising an in / out module
having a sixth and seventh interface; wherein the sixth interface is engageable with the first
interface, and the seventh interface is engageable with the second inferface.

6. A modular motion camera as in Claim 1, further comprising a lens mount
module, releasably connectable to the sensor module.

7. A modular motion camera as in Claim 1, further comprising a user interface
module.

8. A modular motion camera as in Claim 7, wherein the user interface module
comprises an eighth interface, which is engageable with any of the third and fifth interface.

9, A modular motion camera as in Claim 7, wherein the user interface comprises a
transceiver for wireless communication with the sensor module.

10. A modular motion camera as in Claim 1, further comprising at least a second
power module, the second power module having a ninth and tenth interface.
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a housing; a first bus interface having a first type of electrical connection located on a first side of
the housing and a second bus interface having a second type of electrical connection located on a
side of the housing opposite the first side of the housing, Wherein the first type of electrical connection
is operably c gﬁlable with %lf ctrlcal connections of t BE; of ﬁlectrlcatli connectl nd a

se
first engagement mtef‘?a%’é) Z1irst ]tbeeC 1At oh tﬁe M 51 kX secon
engagSBRTITHIE e BARSRS e isREns LREucsh the %EBn@gla@@f {RE 6?%&5 {Hsvaiine
engageméntipiettacés aftdetfirstayple thesseenibprad ezt together with engagement interfaces of
the second type; and a recording bus extending between the first bus interface and the second bus
interface, for tiansmitting tialiompichreimage data haongtithehrretiutbe secob6. Pliveemoddiéeof Claim

55, wh %@Hbﬁ%%sﬁ%%H%&E‘tﬁ{fﬁ%&téﬂﬁxﬁfww&ﬁsﬂmaﬁﬁﬁﬁ athe figsh engagemenircampareliy and the
secondcg %9?#}1 ﬁﬁgﬁgﬂgﬁg%gg&g@@@@p%%@e housing to allow multiple modules having the

same contiguratio aisy-chained together 57. The module of Clalm 55, further comprising a
repeater between the first ? interface and the sec interface, %?H Ialm 55,
further compri %g an amp S BRRNGB e Tirstbus mtaen?ascl:e iiiln& ((ejgsn[e]L Im % JT%? Sl

The md&@@epe1alme§§n§%e?eﬁvlme first bus interface and the second bus interface are one or more
of Serial ATA and Peripheral Component Interconnect Express compatible. 60. The module of
Claim 55, wheldin thé\firstdules isitacenst e isdebia budhseiabe Sretdarpatble WSt least
three hifgiabanailidéhdagselsle with inThétheoctlendfGiaionsd ivtrérets viraatdsasatthretidehsible
bandwiggaﬁglsgg@re each capable of at least about 1 GB/s of data throughput.

15. A modular motion camera as in Claim 1, wherein the first interface is indirectly
functionally engageable with any of the second and fourth interfaces via one or more dummy
modules.

16. A modular motion camera, comprising a sensor module configured to capture

video image data having a first bus segment, a recording module having a second bus
segment, and 2 power module having a third bus segment; each of the modules releasably
comnectable to any other of the modules; wherein every assembled configuration of the
modules places the bus segments in communication with each other in a manner that permits
functional electrical communication among each of the modules.

17. A modular motion camera as in Claim 16, further comprising an in / out module
having a fourth bus segment that is directly connectable with any of the other bus segments.

18. A modular motion camera as in Claim 16, wherein the sensor module is
indirectly releasably connectable to any other of the modules via a releasably attachable adapter
plate. '

19. A modular, convertible motion camera, comprising:

a sensor module configured to capture video image data;

a recording module;

a power module; and

a user interface module;

wherein each module is directly or indirectly releasably connectable to the
sensor module in a first construct to produce a motion camera having an ENG
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62. The module of Claim 61, wherein the at least three high bandwidth buses comprise Serial ATA,
Peripheral Component Interconnect Express, and )(Alit buses. 63. The module of Claim 60,
wherein the first bus interface and the second bus interface are further compatible with a plurality of
support buses. 64. The m dule of Clai ereln the I allt of su comprise two or
more of an |nt8PI?ﬁl%L§ta§¥% Ui 2‘8‘3@ %%agena efp eg;a Ir%?gr §885(Q§§|g ﬁus a1 ere%sr) bus,
and an RS-2320§gtct haé@’g'ﬁ@ G BEERIARSS, further comprising a power bus extending
between the first bus interface and the second bus interface, for transmitting power through the
module. 66. Amodulannedniseriible:digiial siiti an d-metioasdarGéransy/sténnheo mpnisiigp @asengor
module gepfiguird to capture video image data; a plurality of functional modules each directly or
indirectly releasably connectable to the sensor module; and wherein a first group of least one of

the pluralty of fynctional adles aa-hm dliRalth AcieClielgagably connected to the sensor

module in a first construct to r ceac avi otlon con yration, and a second group of
at least one of the pllfrﬁ?woéf% nclllf:o%% rﬁuoﬂlﬁ%es et H%e ki wecﬁ?o% mgréctly releasably connected to
the sensor module in% €&EgHE &Ritiict having a still configuration. 67. A modular, convertible
digital still and motiors gaimerzggstenands in Claim 66, wherein the sensor module is indirectly
releasably connectablasterahiedstomedflithe plurality of functional modules via a releasably attachable

adapter module. whSefh Negs e caBVertibleddigitad stiliand metienasmemsnaysiaie as ith€laim 66,

wherein at leagt,one fungtienal, mogyle ig,the ficst @roHRERIRIISESRACCAAAD Modidean ENG
configuration, and each module may be disconnected and reassembled into a second
construct having a Stadio configuration.

22. A modular, convertible motion camera, comprising:

a sensor module configured to capture video image data;

a recording module;

a power module; and

a user interface module;

wherein each module is directly or indirectly releasably connectable to the
sensor module in a first comstruct to produce a motion camera having a
Studio configuration, and each module may be disconnected and reassembled mnto a
second construct having a DSLR configuration.

23. A modular, multicomponent, convertible motion camera, comprising:

a sensor module configured to capture video image data;

arecording module;

a power module; and

a user interface module;

wherein each module is directly or indirectly releasably connectable to the
sensor module in a first construct to produce a motion camera having an ENG
configuration, and each module may be disconnected and reassembled into a second
construct having a DSLR configuration, and each module may be disconnected and
reassembled into a third construct having a Studio configuration.
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69. A modular, convertible digital still and motion camera system as in Claim 68, wherein at least one
functional module in the first group comprises a power module. 70. A modular, convertible digital
still and motion camera system as in Claim 68, wherein at least one functional module in the first group

comprises andp/out MoAiles .- o ARQduldlacenwe |Q§n@ﬂg@ till and motion camera system as
in Claim 66, wherein at |least on% Pﬁlﬁtlogn%?gen%% |£10£ %%ng&%%%] @Q Rpnodule.

72. A modular, convértibie> dlglf)a an tion camera‘sy. tem a in Claim erein't ihandle

module |nclud%1§cér?)‘&’}ﬁ?er3§6@réé°k focahdiRFREHENLO PR B NPT PBHGH ReFa system
as in Claim 66:onfigresd the seeoaeleonirast @@@@Lﬁ%ﬁﬁﬁ@ﬂ&ﬂ ple and7an LHEEMROEShvertible
digital still andwnadtien camera system as in Claim 66, wherein the first construct is a Studio

configuration. 75. A modular, convertible digital still and motion camera system as in Claim 66,
wherein the f'rz% consiugt gty ERVE PUBA ke IRAMAdUA opemvRATbIRidia iland
motion %stnesrgsﬁsa‘}p Co‘? Al eni oca f:III;l tleast g of the functional modules in the first group
is dlffer%rlfﬁ T3St 6he G the unc ona ljles I econd rou

convertible digital stift SFHFPhGRIPERRE ?ncggtﬁﬂeéi é‘@aﬁfhg gfh g”r%%rp comprlses at

least two functionayhboises dagsy ‘srameanogedide\ihén assembled in the flrst construct.
at least a first and a second lens mount module, removably connectable to the

interface, each lens mount module having a different focal length.

26. A modular motion camera system as in Claim 25, further comprising DSP
electronics in the sensor module.

27. A modular motion camera system as in Claim 25, comprising a back focal
distance of no more than about 16 mm.

28. A modular motion camera system as in Claim 25, wherein the sensor module
further comprises an interface for removably receiving a functional module.

29. A modular motion camera system as in Claim 28, wherein the functional
module comprises a recording module.

30. A modular motion camera systern as in Claim 28, wherein the functional
module comprises a power module.

31. A modular mofion camera system as in Claim 28, wherein the functional
module comprises an in / out module.

32, A modular camera, comprising a camera body having an image sensor
configured to capture video image data and a first bus segment, a first module having a second
bus segment, and a second module having a third bus segment; each of the camera body, the
first module and the second module releasably connectable to each other; wherein at least one
assembled configuration of the modules places the bus segments in communication with each
other in 2 manner that permits functional electrical communication among each of the modules.

33. A modular camera as in Claim 32, wherein the camera body is releasably
connectable to each of the first and the second module via a releasably connectable adapter
plate.
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34. A modular camera as in Claim 33, wherein the first module comprises a
recording module and the second module comprises a power module.

35. A modular camera as in Claim 34, further comprising a third module having a
fourth bus segment.

36. A modular camera as in Claim 34, wherein each of the first, second and third
bus segments comprises a power bus.

37, A modular camera as in Claim 32, wherein each of the first, second and third
bus segments comprises a SATA bus.

38. A modular camera as in Claim 32, wherein each of the first, second and third
bus segments comprises a PCI Express bus.

39. A modular camera as in Claim 32, wherein every assembled configuration of the
modules places the bus segments in communication with each other in a manner that permits
fanctional electrical communication among each of the modules.

40. A modular camera, comprismg:

a camera body comprising an image sensor configured to capture video 1mage
data and a first module interface, the first module interface comprising a mating portion
and an electrical coupling portion; and
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a plurality of modules each releasably and functionally engageable with the
camera body and with each of the other of the plurality of modules, cach of the modules
comprising:

a first interface, comprising a mating portion and an electrical coupling
portion, the mating portion of the first interface releasably mechanically matable
with the mating portion of the first module interface and the electrical coupling
portion of the first interface electrically couplable with the electrical coupling
portion of the first module interface so as to communicate signals between the
camera body and the module;

a second interface, comprising a mating portion and an electrical
coupling portion, the mating portion of the second interface releasably
mechanically matable with the mating portion of the first interface of cach of the
other of the plurality of modules and the electrical coupling portion of the
second interface configured to be electrically couplable with the electrical
coupling portion of the first interface of each of the other of the plurality of
modules; and

a bus segment for communicating signals between the first inferface and
the second interface.

41, A modular camera as in Claim 40, wherein the first interface of each of the
plurality of modules is located on a first side of a housing of the corresponding module, and the
second interface of each of the plurality of modules is located on a second side of the housing
of the corresponding module, the second side opposite the first side.

42. A modular camera as in Claim 41, wherein, in an assembled configuration, a
first module of the plurality of modules is attached to the camera body, and the remaining
modules of the plurality of modules are arranged in a stack extending from the first module.

43. A modular camera as in Claim 40, wherein a first module of the plurality of
modules comprises a recording module and a second module of the plurality of modules
comprises a power module.

44. A modular camera as in Claim 43, wherein a third module of the plurality of
modules comprises 2 user interface module configured for wireless communication with the
camera body.

45. A modular camera as in Claim 40, wherein the camera body comprises a
releasably attachable adapter plate including the first module interface.

46. A modular camera as in Claim 40, wherein the bus segment includes a recording
bus for transmitting image data between the first interface and the second interface.
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47. A modular camera as in Claim 40, wherein the bus segment includes a power
bus for transmitting power between the first interface and the second interface.

48. A modular camera as in Claim 40, further comprising a lens mount module,
releasably connectable to a lens mount interface of the camera body.

49, A modular camera as in Claun 40, further comprising a handle module,
releasably connectable to an interface of the camera body.

50. A modular camera as in Claim 40, wherein the handle module mcludes a grip
portion and a power source.

51. A modular camera as in Claim 40, wherein light received by the sensor is
converted into raw digital image data at a rate of at least about 23 frames per second.

52. A modular camera as in Claim 51, wherein the sensor has a horizontal resolution
of about 2000 or more pixels.

53. A modular camera as in Claim 52, wherein at least one of the plurality of
modules comprises a recording module, and the raw digital image data is compressed and
recorded at a rate of at least about 23 frames per second into the recording module.

54. A modular camera as in Claim 40, wherein at least one of the plurality of
modules comprises an in/out module including a video monitoring connection.

55. A module adapted to connect with a modular image capturing apparatus,
comprising:

a housing;

a first bus interface having a first type of electrical connection located on a first
side of the housing and a second bus interface having a second type of electrical
connection located on a side of the housing opposite the first side of the housing,
wherein the first type of electrical connection is operably couplable with electrical
connections of the second type of electrical connection; and

a first engagement mnterface of a first type located on the first side of the housing
and a second engagement interface of a second type located on the second side of the
housing, wherein engagement interfaces of the first type are configured to fasten
together with engagement interfaces of the second type; and

a recording bus extending between the first bus interface and the second bus
mterface, for transmitting motion picture image data through the module.
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36. The module of Claim 55, wherein the first bus interface, the second bus
interface, the first engagement component, and the second engagement component are
positioned in the housing to allow multiple modules having the same configuration to be daisy-
chained together.

57.  The module of Claim 35, further comprising a repeater between the first bus
interface and the second bus interface. '

- 58, The module of Claim 55, further comprising an amplifier between the first bus
interface and the second bus interface.

59, The module of Claim 55, wherein the first bus interface and the second bus
interface are one or more of Serial ATA and Peripheral Component Interconnect Express
compatible.

60. The module of Claim 55, wherein the first bus interface and the second bus
interface are compatible with at least three high bandwidth buses.

61.  The module of Claim 60, wherein the at least three high bandwidth buses are
each capable of at least about 1 GB/s of data throughput.

62.  The module of Claim 61, wherein the at least three high bandwidth buses
comprise Serial ATA, Peripheral Component Interconnect Express, and XAUI buses.

63. The module of Claim 60, wherein the first bus interface and the second bus
interface are further compatible with a plurality of support buses.

64. The module of Claim 63, wherein the plurality of support buses comprise two or

more of an liter-integrated circuit {I°C) bus, a Serial Peripheral Interface (SPI) bus, a 1-Wire®
bus, and an RS-232 bus.

65.  The module of Claim 55, further comprising a power bus extending between the
first bus interface and the second bus interface, for fransmitting power through the module.
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66. A modular, convertibie digital still and motion camera system, comprising:

a sensor module configured to capture video image data;

a plurality of functional modules each directly or indirectly releasably
connectable to the sensor module; and

wherein a first group of least one of the plurality of functional modules can be
directly or indirectly releasably connected to the sensor module in a first construct to
produce a camera having a motion configuration, and a second group of at least one of
the plurality of functional modules can be directly or indirectly releasably connected to
the sensor moduie in a second construct having a stiil configuration.

67. A modular, convertible digital still and motion camera system as in Claim 66,

wherein the sensor module is indirectly releasably connectable to at least one of the plurality of
functional modules via a releasably attachable adapter module.

- 69 -



- 68. A modular, convertible digital still and motion camera system as in Claim 66,
wherein at least one functional module in the first group comprises a recording module.

69. A modular, convertible digital still and motion camera system as in Claim 68,
wherein at least one functional module in the first group comprises a power module.

70. A modular, convertible digital still and motion camera system as in Claim 68,
wherein at least one functional module in the first group comprises an in/out module,

71. A modular, convertible digital still and motion camera system as in Claim 66,
wherein at least one functional module in the second group comprises a handie module.

72. A modular, convertible digital still and motion camera system as in Claim 71,
wherein the handle module includes a power source.

73. A modular, convertible digital still and motion camera system as in Claim 66,
wherein the second construct is a DSLR configuration.

74. A modular, convertible digital still and motion camera system as in Claim 66,
wherein the first construct is a Studio configuration.

75. A modular, convertible digital still and motion camera system as in Claim 66,
wherein the first construct is an ENG configuration.

76. A modular, convertible digital still and motion camera system as in Claim 66,
wherein at least one of the functional modules in the first group is different from at least one of
the functional modules in the second group.

77. A modular, convertible digital still and motion camera system as in Claim 66,

wherein the first group comprises at least two functional modules daisy chained together when
assembled in the first construct.

-0 -



