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METHOD AND APPARATUS FOR MULTI - SPECTRAL | MAG NG FI ELD
AND BACKGROUND OF THE | NVENTI ON The present

WO pasetaediph rel ates to i magi ng techni ques i N WhPCHIB2088/055597
or nore colors or spectral ranges are recorded. In
particular, the invention relates 5 to devices and
nmet hods for |nde§endent control of the_exposure

eddiE HENA& PoR MEHe FEIR YA TEARE{cERdF IMAGING
processing is perforned on each of the channels
separately. It is known to capture digital

i mages in which two or nore colors or spectral ranges
v |scolor

col or separations are recor ded for each i mage (f rarre)
and alke necambiinechtion geates dbeimaging vectotbfioes' in which two or

representation of the scene. It has al so been
l{n%g‘g ?%%?§BH %’Péc‘gﬁ?g&l{ﬁ% é?é gﬁéeorgi?& giﬁ 195!{{189 ag' té}% gg(?%rgc?in relates

ges |ying tsjde the 15 visible spe um either
ton deKies dapedions dir dndepgndents B ENs O the smoseRss for cach

extraction of additional information which is not

ohaginbl, exriddort Whekuemnrasy enhdrsensena Mpobesssinaeisepagfdrirexdeni each
parts of the scene have simlar reflectivity in the

i xh|b|t different reflectivities at
e{%t?ile 0 {IQE T&g’ gt Dependi ng on the intended

appllcatlon nultl-spectral Imagi ng may have any 20
nunbek Istkngvgt tocapiradieital images tovhishatvers or There colors or
present invention relates primarily, although not

?&{ruﬁtat@‘ey ard fecORRId. daiei 8BS el ilchetBEMc3s @Bﬁ)r]fﬂlotography

tinct channels, and nost typlcally 3-5 channe

For dIS to a S conmon

bR L IR ART by e BTR fepglﬁlgsggr each
into VISIb|e colors, producing what is referred to as

imagea(fsame)ott aredn@@pnﬁwnectscegmeaahﬁ apipu¢ catardmeprosentation of
mul ti-spectral imaging include astronom cal research
harskepd ture, archeol ogy, quality control and

surveillance, as well as 5 various nedical and

mli tf‘rﬁ/asaﬁgclj Ibee}llf%und useful to employ other forms of multi-spectral
imaging, typically with some or all of the spectral ranges lying outside the
visible spectrum, either in the infrared or ultraviolet regions. This allows
extraction of additional information which is not visible to the human eye, for
example, where different parts of the scene have similar reflectivity in the
visible range and exhibit different reflectivities at some other wavelength.
Depending on the intended application, multi-spectral imaging may have any
number of distinct channels from two upwards. The present invention relates
primarily, although not exclusively, to applications with between 2 and 10

distinct channels, and most typically 3-5 channels. For display to a human user,
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A digital insensor inherently has a limted dynam c
range. |f too nuch radiation reaches the sensor, the

W@ ap08%3dhdi ng pi xel s reach saturation and f ai PCT/BB2008/055597
provide further information. If, on the other hand,
too little radiation reaches the sensor, no _image data
ii$ comanaene éo puwdthednfammtipat Gomi varigns @@rwdﬂmpectral ranges
between a relatively | ow nunber of intensity |levels

intd hué&@l&sgmﬁsﬂtprbeﬁangfwhaf %f f@fbfr@@ t@raspgmfai% aldléy @fsplay
the image. The 'data iS normally kept within the

YR afy 0 AR con? | B poRulrcorNIADY TOHBE Jagia: arEonomica

affecting the sensitivity of the sensor. This
magarsh.negiicuiye,barcheology mgdaldiyt ¢aydtdlyand swrveillapea, as well as
nmechani cal or electro optical 15 shutter deployed in

x‘;%ﬁ)lgl%é(ﬁ@él [[hgpippq C%ﬁﬁﬁé)nl cally by controlling

eelectrlc to t elmage sensor array WhICh

defin ntegratlon t t he pj xel. sensors.

adj usﬁr@&f taj émag&b.selaqqrynb%ﬁﬁpﬁ e 2 Qiiked (eI aernggr FiE to0
of the colors or spectral ranges. In various

miuck radiatina asachidsethexymsor, ehadjarsdspendingryixeBstehth isaturation
non- 20 optiml use of the dynanic range of the sensor

e(rg{ a7 Sovite fardRE gljé]f;?gl][na{l?lg A & g{bo{;/@xr%g gé(ﬁggt% ?wuc-? radiation

one parti cul ar channel ., By wa of exanpl e
reatlns Whedessetamer mage daa el bovrgaadedy %‘rthg h‘tataomﬁ be spread
sky, inportant information visible in the red and

4t@e8n a relatively low number of intensity levels with consequent loss of
information or poor quality of the image. The data is normally kept within the
dynamic range of the sensor by appropriate adjustment of the duration of
exposure and/or other parameters affecting the sensitivity of the sensor. This
adjustment may be performed optically, i.e., by a mechanical or electro-optical
shutter deployed in the optical system, or electronically by controlling the
electrical signals to the image sensor array which define the integration time of
the pixel sensors. The adjustment is typically performed collectively for all of
the colors or spectral ranges.

In various circumstances, the exposure adjustment may result in non-
optimal use of the dynamic range of the sensor for one or more speciral range
when the exposure is adjusted for all channels to avoid over-exposure in one
particular channel. By way of example, when a color video camera is turned

towards a bright blue sky, important information visible in the red and green
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col or separations may be | ost due to the short
exposure tinme necessitated to avoid saturation in the

WO Rwe/0gdlior channel . There i s therefore aPCBEBRRISHNSSFI7

met hods and devi ces for sanpling nulti-spectral video

I mges where the exposure of each channel is )

¢alde pepraetionsy naydyh dedtcdud (o Hui deeréExansitertimkiaragessitated to
contrast enhancenent correction is independently and

SR eheddtioh RARE bRk ddlopdsdhmeiannel . SUMVARY OF THE
I NVENTI ON The present invention provides nethods

and vices for .sanpling.nulti-spectyral .video i nmages .
Aher o H67E BOCERE Bl it Eihib o dpvili S aRn g rutd-
dynam cal |y adj usted and/ or where a contrast
sehaak eideot imagasewhienn thes ckpotepe ndecrchycleandel is independently
dynam cally applied to each channel. According to the

. _ oventi h . vi _ ]
SFRETEAN RluiCl PEBE bRy & chtfale" ShalcnRig Lifthrion is
dynam cal | y changi ng scene, the nethod conprising the
igidgpendently @gsl @ﬂéml%ﬂlhfgaw?wﬁﬁpiea%ib é&wﬁ 15 i magi ng
device including a plurality of inmage sensor arrays,
each of the sensor arrays being depl oyed for sanpling
sequences of inmage frames of the changing scene within
AUNSEARTtOP rldde INVENSHeb ral range; (b) during
ongoi ng sanpl i ng

The present invention provides methods and devices for sampling multi-
spectral video images where the exposure of each channel is independently
dynamically adjusted and/or where a contrast enhancement correction is
independently and dynamically applied to each channel.

According to the teachings of the present invention there is provided, a
method for sampling multi-spectral video images of a dynamically changing
scene, the method comprising the steps of: (2) providing a multi-spectral
imaging device including a plurality of image sensor arrays, each of the sensor
arrays being deployed for sampling sequences of image frames of the changing
scene within a distinct predefined spectral range; (b) during ongoing sampling
of the image frames, deriving for each of the sensor arrays an exposure
parameter determined by applying at least one exposure criterion to pixel
values in at least one frame sampled by the sensor array; and (c) setting
independently for each of the sensor arrays an effective exposure for a

subsequent sampled frame of the sequence of image frames, the effective
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of the image franmes, deriving for each of the sensor
arrays an exposure paraneter determ ned by applying at

WO 208093 e exposure criterion to pixel 20 val uBGT/IBROGR055597
| east one franme sanpled by the sensor array; and (c)
setting i ndependently for each of the sensor arrays an
efpfosurtd \eingpwtuire dogprdansebvathudhe eqmsied Harametesf for the
the sequence of inmge frames, the effective exposure

&ﬁ%é&?oﬁ&h IBn@GCRFAance with the exposure paraneter
for the cgrrespondi ng sensor array. According to

a further featur f the present invention, the .
mul ¢ AdFdiae 7 Bufiordoduli SETRRRIE S tpaadF mHitiswpectral
of the imge sensor arrays deployed for 5 sanpling
mpedhg devicarigemdeont &spotiden of tloe oohge sespanatysrsployed for
constructing a true col or video sequence of the

' ' t f :
PRI SREA anzes corBfH AR lo BId qbldifins BFbfiiniising »
the i mage, franes are_scal ed by a correction
EHREPIoR Vidao segraresk Tgetchén%‘ﬂgéﬁ?f}“’ve exposures so as
to correct a color bal ance between the color 10
separ Att@dingd rooanfigdedt fodtutdef iheagesaeisantn, pisel values for a
According to a further feature of the present

' i t t ol boS. : .
BN e 2R Pl SEPORETHRLA SOREERUN Pehfion gired 1
of the image sensor arrays, the contrast enhancenent

®6r ideqtiven CrRONGED 8P f 51 H FOTGEe petlenthajaricer befavegnothe color
the spectral ranges. 15According to a further feature

KpatdioRTRSARuch BY €Y infipe sehsoraifpet i ve

According to a further feature of the present invention, a contrast
enhancément correction is applied to a plurality of the image frames from each
of the image sensor arrays, the contrast enhancement correction being
performed independently for each of the spectral ranges.

According to a further feature of the present invention, the effective
exposure is set for each sampled frame from each sensor array based on the
measure of current dynamic range derived from exactly one frame previously
sampled by the sensor array.

According to a further feature of the present invention, the at least one
exposure criterion is applied to pixel values in at least one frame preceding the
sampled frame by no more than a fifth of a second.

There is also provided according to the teachings of the present

invention, a method for sampling multi-spectral video images of a dynamically
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exposure is set for each sanpled frane from each
sensor array based on the neasure of current dynamc

WO 2009694er i ved from exactly one frame previ ousPGI/IB2008/055597

sanpl ed by the sensor array. According to a
further feature of the present invention, the at |east
drogi® esgnss dhe mwethodr ¢ampiisingpipei geps ofpixygiroviling s multi-
in at | east one frame preceding the sanpled frame by

r cef hirdd li r6F infagd! f4ines i
%r@g{\giﬂdg%é’éggéc] g? g{ r{? gddt%g% t ﬁe f&gg‘gﬁg}ng}sg ngquf %éﬁp(rﬁpelseng? frfnes in

i nyention, od for s ing,mul ti-spectral vjdeq. .
ShgRe kel hanag Py a ghA ehdusts cORE ity « distinet
conprising the steps of; (a) providing a
proti¢finabeptotal ranggi () ddewigcengoong isgopdidef off theaimpégen frames,
sequences of inmage frames in each of a plurality of

I r ' :

SRR cofST Aol ANRORAR I CIRONTE BE o frames

anmpling of the imge franes, 5 applying a contrast = |
féﬂ'ﬁaﬁ tthe gthaspeSeVigeR Hreucaniras) %sglapﬁ@nmta@@rrwwn is
frames fromeach of the channels, wherein the contrast
sfanednpdéparicnte fooeadhsofithe thameds.i ndependent |y for

each of the channels. According to a further
f . ' ' y 3 i
i ameacauitg o Bt SR JoFE e SeBEafioh R, tECEpoted

video sequence. 10 According to_a further feature of
inHgedraentre et fop displaveasnuraal -tispregrregted wigdgiorsgquence.
device includes a plurality of inmge sensor arrays,

each Atcdriites@Ns Afrtia: featrdef he Hestnd ietntioh, hamalitingectral
sequences of inmage franmes of the changing scene within

a distinct pr fined spectral range. According t
e 127 ROFLECL A THEREY o Aol N BRSNC bl imgyrensor
15 ongoi ng sanpling of the inage frames, for each of i
arraysdwmsw deployey $or sampimsaguenpe efnsage framde of tedchanging
deternined by applying at |east one exposure criterion
&@n@Mﬁﬁn‘é@iié’cﬁﬁtg%ﬁﬁdeﬁ%ﬁéc@ﬂ%aﬁgéﬁe sanpl ed by the
sensor array; and (b) for each of"the sensor arrays,
an effective expqasure is set indgpendently. for .a .
b AT Fo1 SBrheTarfEBReS: 196 Dl JEREB! SHVEREGE () during
frames, the effective 20 exposure being set in
agoongl axaoplinigt bftthe wxgpes firrengzarfenstaeh 6Dthd lkensor arrays, an
correspondi ng sensor array. ~ There is also

e : i .
B LaRRR I e b DPtebBAR B9 applyibg e Ml exposure

video i mages of a .
criterion to p?xel values in at least one frame sampled by the sensor array; and

(b) for each of the sensor arrays, an effective exposure is set independently for
a subsequent sampled frame of the sequence of image frames, the effective
exposure being set in accordance with the exposure parameter for the
corresponding sensor array.

There is also provided according to the teachings of the present

invention, multi-spectral video camera for capturing video images of a
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dynam cal | y changi ng scene conprising: (a) an optical
arrangenent for collecting light fromthe changing

W@ 2Wne931{b) a |ight splitting prism confi gur edP@BEB2008/055597
splitting the light fromthe optical arrangenment into
a plurality of spatially separated channels each
Gonracallngchanging ofceaedicompnisingdr éalefii neticapeatraagement  for
range; 5 (c) a plurality of inmage sensor arrays, each
&filetc’ﬂﬁ% 808 Frord the ¥Ramahb $c8ed! By adidHelspHiaiiY pASmonfigured
sequence of 1nmage frames for a correspondi ng one of

he channel s:. .an d) an electronic control .system .

2 SobfE e et e hsfcel Granes Redeis AuRtaliy &y spatially
the electronic control systemincluding at | east one
qeparzss ohgnrtchecahesmtaining lighttafal distintigredefimgl spectral range;
configured to: (i) receive sensed 10 pixel data from

Is r vy ) I t
@35Sl L R0E pOROR AbaTE KR of D bR s Hihe deployed
g{ﬁrays SO0 as to determ ne an, exposure paraneter for ‘
loscyimplinghé SRAHES LT HPage drumes Py aacOURIRONGHh oge of the
the sensor arrays to capture a subsequent inage frane
Wdnhern aglif(ay bh \tle@xpis ¢otrongysvdrd uakboiatedtwithrthe adirality of
sensor array in accordance with the correspondi ng 15

UGB, e PR B SGARE g one

prismis configured for splitting the_light fromthe
pecesser, theraegitmin contiebsyskun el eprlicuwpdder @) reeghigesensed

corresponding to col or separations for constructing a

iXUE daf BfonyicdeR cﬁt’eﬂiéeﬁﬁ@%@fseﬁsh)@ zcrhaa@ﬁi(nyamw the pixel data
OAccording to a further feature of the present

i nventi on, th ct.ronic control systemi.s further
SeBfrter B ot SFAFE Rs e fR it el et sgposure
frames by a correction coefficient related to the
pdrhectdryforesgebsof d sonses artmyscend ddif) acteask arachadfatiwesensor
bet ween the col or separations fromeach of the inmage

?ﬁﬁ Ol aﬁea@ﬁfe a subseqﬁ%{%\ﬁriﬁia g Hanie fWith hal drealivee eRposure

present i nvention, e electronic control system
js.further c%nf igyred to apply a Con?itgr ast .ﬁgtﬁiﬁncenent &
Bdivigeailnnes 19 eaele AORYOT 1A R GECPIARES WHb IS LEHegponding
the i mage sensor arrays, the contrast enhancenent
eqgosand paamlesirng per forned i ndependently for each of
the col or separations.

According to a further feature of the present invention, the light splitting
prism is configured for splitting the light from the optical arrangement into
channels with spectral ranges corresponding to color separations for
constructing a true color video sequence of the changing scene.

According to a further feature of the present invention, the electronic

control system is further configured to scale pixel values for each of the image

frames by a correction coefficient related to the effective exposures so as to
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According to a further feature of the present
invention, the electronic control systemis further

waeavblogpiied to apply a contrast enhancenment coPCEHBB20681055597

10 to each of the image franes from each of the inage
sensor arrays, the contrast enhancenent correction )
asatasy ap@ﬂbf)%ﬁhacﬁ: heepeandst ¢alor sepasaiionsofromheach of the image
channel s. According to a further feature of the
Rheseitaysnvention, the electronic control systemis
further "configured to set the effective exposure for

each 15 s led fra frogm ea channe bas

xposAPet Bt FHEF (G20 PohE MEERR) BfeTionatet Cfectronic
previously sanpled by the sensor array.

oot dystgmt io farther ¢cdrdiguredterpplyfa ¢ondrgst eslearncement correction
invention, the at |east one exposure criterion is

t@ﬂﬁﬁchgﬂ‘ th@l aﬁ@ |fraﬁ§é ni Sachlof @RS eseﬁ&ﬂf%a%yis the e contrast

precedi e sanpl e rane y Nno no

a second 20There s. al so.provj ded accordi

TOIRRFREAE %‘f”?%@np{?%@grﬂerf(ﬁ'{?&ﬁit ISP RARPLY. ﬁog ha?qethe color
vi deo canera for capturing video images of a

stpamtions) | y changi ng scene conprising: (a) a
mul ti-spectral imaging device configured for sanpling

Sequ eﬂfi&?‘rdﬂ{g‘: kmgﬁ;{{] Hef étu%@ of Rl Ese?lt Qg%rﬂ 3{1”611@ felectronic

channe annels co es on
di stinct predefined ectral range and (b) an

nael SEHPEL SGHTheT CayliauEn 48 spBIVoA Genliast Rnhaieement correction
mul ti-spectral imaging device, the electronic control

®y&icro Melibdipd drahed fofl cauheoPihedesgersentditarrays, the contrast
el ectronic control system being configured to: (i)

GRERkEREM (Bt hF, henen bR el ARG B Hr g °9f %@ of the

frames, apply a contrast enhancenent correcti on to a
Cﬁlaﬁma]&ty of the imge franes from each of the
channel s, wherein the contrast enhancenent correction

i's peAE@élﬂﬁfg khdependetbhtird OF tBaGHefint tierttNNRE Rlectronic
control system is further configured to set the effective exposure for each
sampled frame from each channel based on the exposure parameter derived
from exactly one frame previously sampled by the sensor array.

According to a further feature of the present invention, the at least one
exposure criterion is applied to pixel values in at least one frame preceding the
sampled frame by no more than a fifth of a second.

There is also provided according to the teachings of the present
invention, multi-spectral video camera for capturing video images of a
dynamically changing scene comprising: (a) a multi-spectral imaging device

configured for sampling sequences of image frames in each of a plurality of
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According to a further feature of the present

invention, the electronic 10 control systemis further
w@avblogpiied to out put the corrected i mage frankGI/IR2008/055597

display as a real-tine corrected video sequence.

According to a further feature of the present

¢haveslsi oach phsherohannedpeerrespondinging <§etmcé eredrfinpdespectral

(a) alight splitting prismconfigured for splitting

ﬁaﬂgel hﬁﬁ‘gb érp'élécﬂ%nRPEbi‘ft%l Kt HRENAted "WRh ahe multi-spectral
p urality of spatially separat ed 15 channel s each

sthges e U Brrefn et BB OB af RESLORG ampesor.

of the sensor arrays being deployed for sanpling a
the geleciteniof cante esysteamds it g rcoafigorade spofipiavgivenpized data for
t he channel s Accor ding to a further feature of

€ f th
el FARER" i RYAL ok O, GRApELSTTH Al Ao ¢ ?‘%“ﬁ%o °
of the 20 image franes derlve for each, of the
maesy Famese RpRY LR copRdinBhlencameEt FPHERHY to s pfm’ﬁ Bapf the
| east one exposure criterion to pixel values in at
ingasdt franesf frameesdnpf eble kpahhes s emensin ahe ayntasd efiygncement
set |ndependently for each of the sensor arrays an

rame of

%{aﬁ d§g§§§ ﬁu&%an &ﬁﬁgﬁﬁq%ﬁg eceﬁegfexposure
bei ng set in accordance with the exposure paraneter
for thecedingspantirihyr Jeasse odrthgypresent inyeppan, jthe glegironic
provi ded according to the teachings of the present

ESTHBStdy@ftm M IRlrith & P&GifTedired av g ftOhe Qaplcdtddngnag@fames for
of a scene conprising: 5 (a) an optical arrangenent

for col | ect light f he scene; (b) a Iight

@ P WP ﬁgreﬁtfgﬁcé}g?%%hﬂglﬁéﬁg(ﬂue%ﬁ tting the light
fromthe optical arrangement into a pluraljity of

spat i Actyrdseptr afgtharfaamed of twgresam irvanitiog, theghultbspectral
a distinct predefined spectral range; (c) a plurality

¥ RRMBLMudRST @Y% 1 1Rfind PEsHEOSHREd Wsplitting th

Eﬁa%zﬁggﬁg oyedufor @2 Igﬁgq?)l rré%éeafrsarres fgc%l? a Sp1 e e
orr ondi ng ane of the channel s; an

Gt FRBR! thec nfive) StphpanFaodg: & BRRAIbf iatially scparated

plurality of image sensor arrays, the electronic

cleninell epstommainimg) lightrof adistieaspredatingd spatmbrangehend (b) a

el ectronic control system being configured to: (i)

&5 gl
EERELY LBl S Sl A1 0 e
for each of the inmage sensor, arrays 15 as
ernRling aée%wn@wéwagegr MisteDB R PGPSR Pig ﬁgﬂseeﬂ@&mis
arrays, and (iii) actuate each of the sensor arrays to

capt uA@cerdiud 36 quU éntharnfegeiré refnthevipreberpinneéfteat, i the electronic
exposure individually set for each sensor array in

rd it i S .nar :
SRR SR e O SELSRARY 8 HRESHA e SR of e
image frames, derive for each of the sensor arrays an exposure parameter
determined by applying at least one exposure criterion to pixel values in at Jeast

one frame sampled by the sensor array; and (b) set independently for each of

the sensor arrays an effective exposure for a subsequent sampled frame of the
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20The invention is herein described, by way of exanple
only, with reference to the acconpanyi ng draw ngs,

WQRWP693110 FIG 1 is a schematic represkCl/E20¢81055597
of a nmulti-spectral video canera, constructed and
operative according to the teachings of the present .
Jequengd ohimage framep,Ghezffestivgreappaiig being st idi asgpulanee with
the nulti-spectral video camera of Figure 1; 5FIG 3

the RpbhRW pliAseaNTdrithe sbfrddioidind eerteea@hy on of the
mul t1-spectral video canera of Figure 1; ‘and

FI GS....4A and 4B are three-di nensional histogra f
the dFAHET Buiish RSPVt erocrutinge 16 niten aghiTEse s Bigapresent
col or space before and after a contrast enhancenent

ingentémt, i onltaspatc wgotere dor agpetng ofmages ofreseane comprising:
i nvention, 10respectively. DESCRI PTION OF TFIE

(Zaﬁ*&’égt beddl m&@}{ﬁm couectiﬁggu%f% {Haevggkfﬂe\ﬂ,;if@gz light

: ice for sanpli ti-spectr
RIS T N W pe—
contrast enhancenent correction is 15 i ndependently

ans o yphaaiicaldfyspatially estpacatedcdhaphalsnedch containing light of a
distinct predefined spectral range; (¢) a plurality of image sensor arrays, each
of the sensor arrays being deployved for sampling image frames for a
corresponding one of the channels; and (d)an electronic control system
associated with the plurality of image sensor arrays, the electronic control
system including at least one processor, the electronic control system being
configured to: (i) receive sensed pixel data from each of the image sensor
arrays, (ii) analyze the pixel data separately for each of the image sensor arrays
so as to determine an exposure parameter for each of the sensor arrays, and
(iii) actuate each of the sensor arrays to capture a subsequent image frame with

an effective exposure individually set for each sensor array in accordance with

the corresponding exposure parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with

reference to the accompanying drawings, wherein:
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The principles and operation of nmethods and devices
according to the present invention may be better
waepeenstipbd with reference to the draw ngs andP@HBEB2008/055597
acconmpanyi ng descri ption. Referring now to the
draw n Figures 1-3 illustrate the structure and 20
functlﬂg?n bfis & sphematisp@presantalivacef & dmaltiaspeshial wideo camera,
correspondi ng net hod, according to the teachi ngs of

ddstrieRIemntd dpRyantd ARording to the Bychiys of tHeireasht ¢hvedion;
before addressing the features of the present

or es oG hePEGh b BB P RTH-4p¥at Beq gappera of

of which is of significance in its own right, and
Fighechlare nost preferably used in synergy to provide a
particul arly advantageous device 5 and nethod, The
firstprsPee arfRhildseh® AfistiBhe TR bpkiafBnAf Be multl spectral
nultl-spectral video canera and correspondi ng met

B whi ch engsure tllgs for each image sensor array
Yrlgo gymsra QBN Ly 38 i n an i ndi vi dual nmanner for

each spectral channel. The second aspect relates to an

i mpl eREHS.atA anddifB arerihretei—dismmxsiomﬂ hwstoenmsafeha distribution of
which a contrast enhancement correction is perforned

: f
PRe! TR EE bt RterkPAM Glton Spa (REZS AR 2, contast
wi |l be descri bed herer prrnarrly with.r ference to a
FHRNEFenl SRPSANARCIRTIER Kol RERSY hak thet Prgset frvention,
clear to one ordinarily skilled in the art that each
@kpédivelhove aspects of the invention is of

i ndependent utility. 15Referring now to Figure 1,

there is shown a nulti-spectral video canera,

general l'y designated 10, for capturing video imges of

g qragpect of

ndepender ' Speaki ng,
vi deo canera 10 incl udes an optr cal arrangenent 12 for
col | ethé mprebdnghinventom tinea cinatigidngnd cdmace dot isghtpling multi-
spI itting prism 14 configured for splitting 20 the

eg{liai fvﬁ&m ihg apwh%al {10 CRPSKFBIYL b0 cRarkleli@lihdspenliently

at|a y sepa at ed

dynamically adjusted and/or where a contrast enhancement correction is
independently and dynamically applied to each channel.

The principles and operation of methods and devices according to the
present invention may be better understood with reference to the drawings and
the accompanying description.

Referring now to the drawings, Figures 1-3 illustrate the structure and
function of a multi-spectral video camera, and the corresponding method,

according to the teachings of the present invention.
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channel s each containing |ight of a distinct
predefined spectral range, and a plurality of inmage

W@0990931% r ays 16a, 16b and 16c, each depl oyedPE¢BIB2008/055597

sanpling a sequence of imge franes for a

correspondi ng one of the channels. /An electronic

cont ridy vegss oérintredugtinn, efers addressing the degpmseak e present
is configured to: (a) receive sensed pixel data from

ineekticH il deae, sessaid dered 19a, the Ghessdd idbditicnbprovides two
anal yze the pixel data separately for each of the

i.ma Sensor_ayr .Sp-as.1.0 termne an ex ur .
YRR ERR et PR L ERE SRR s BV BN 4R which are
16¢c; and (c) actuate each of sensor arrays 16a, 16b )
rapel referablycesstunesyaergybepigaide & patfécilariyredvinthgenus device
ef fective exposure individually set for each sensor

A Bethdl. AAROFE] r%%?eét!’ﬂ#ell‘at&?@o %ﬁrimaeigﬁt‘a@gnequg $hilei-spectral

par anet er . is stage, it w al ready be

cl.ear that lti-spectral video.canpra 10 and its de
G saimih e LORPIRpONE MEEST 45 AERHDd OO s i cach
i nvention, 10 provide profound advantages over the
iotageDsensap asay eare ahinaolicallj watiednh gor exdavienal immnnbe for each
prior art. Specifically, by adjusting the exposure

j f spee anel .
FrEfeal Shutff PRESEoR! bl roRE oo RP S m AT of o ult
previously sanpled fromthe sane sensor array, the
PR Hdea rgmest e Whic s AR cpRINGENGIE £ONGEHPRA pgrformed
utilized and the information content of 15 the inmages

indepdndentn hac éghanTick By dod eatihehamsbl auft thgesuhi-spdreral output.
present invention will becone clearer fromthe

ﬁﬁh{)}?gﬂegggg ?\Vﬁ iealsﬁgctg Gafi rbiep&ésgﬁbe(ﬁﬁé%irg Pf]ﬂ%ﬁ‘ﬁf %iﬂ?re%’%%nce to

f'ea nvention 1n nore

hel pful to define certain term nology_ as used herein_
3 prefersed embodpneivhish conhines them, 4t wll berwdear dp pne ordinarily
"mul ti-spectral” is used herein in the description and
A&l ahmhd Qrtr ehAT chch ATYtHABLVE dspebii afehwhingbntion is of

si mul t aneousl y sanpl es i mages
independent utility.

Referring now to Figure 1, there is shown a multi-spectral video camera,
generally designated 10, for capturing video images of a changing scene.
Addressing first the aspect of independent exposure control, generally
speaking, video camera 10 includes an optical arrangement 12 for collecting
light from the changing scene, a light splitting prism 14 configured for splitting
the light from the optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral range, and a

plurality of image sensor arrays 16a, 16b and 16c, each deployed for sampling

a sequence of image frames for a corresponding one of the channels. An
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in at least two distinct predefined spectral ranges.
These spectral ranges nmay be of any width, nmay be

W@@pe3apl ng or nested, and may |ie anywhere iPCT/H2008/055597

optical radiation band rangi ng from infrared through
visible light to ultraviolet.

dedorgozentporysian s indsdior @%%ﬁé 108g pypeessor, is configured to:
mul ti-spectral imaging according to this definition

(aDeddethasy sdnsed figeln@dtal frdint &bht OF ithagke se&Moprarttlyd el®a, 16h and

I magi ng; green-red-infrared inmagi ng; and i magi ng

1675 20 e Tl B O R Y P R s g s0

to multi-spectral techniques enploying 2- 510 distinct
asplecdetatmingregesspasiee pmnqtgapfwaﬂalcg o§-Bnspewraysl 16a, 165 and
ranges. The term"true color” is used to refer
16; Barkt! *Qé)ea{ctﬁ’zite MUichi of %@ﬁéd’rabrréﬁsc H8IUed hid Vfﬁcctb capture a
thfee spectral bands are sanpled in the visibie
ectrum.to allow re oduc ion of inm

S e miige Jraie T th A HEaRsaRHPOR: S1 gidaly e dor each
vi ewed by the human eye typlcally correspondi ng
ghinsecairyy tnoadchalaned witlOthgreeresponding REBPsUra pdsmneter.
whi ch the human eye is sensitive. In such
appl | e

39[1?19 @t%ge gﬁg‘itilo%réaﬁ? Eﬁr@@é@kﬁt HR@Y& I@ﬁe&%ﬁ%@&ijcérﬁera 10
used herein in the descriptjon and clalns o refer . to
ity meglerf fResRiéa meén%%ﬁg rtatae@eﬁméle%m@ﬁ duesspt invention,
image franes at a constant frame rate over a period of
priovkle berfound tadvape gés{ alver ithke @ontrhen @uppsitret oopitidl ddyustment
15 has synchronous franes for each of the spectral

g ] a

PR, 34 BOE' 57 SPRe/UENEEhS sfiifhehE P linB s the
channel, the frame rates do not necessarll have to be
fonaprearay @ oaph sReefral Ghonnel individpally é r@@i -tigge on the basis of
conti nuous video. For nost applications, however,
pikanealnasd peevidusty sdifpRl fedauthe %5m%@sef1§(ﬁ@ﬁayp €ife &ﬁm@ range
are used In order to 20 prOV|de a visual inpression of

tont| nuous_ noti on bet vveg i
each sensor array 1s near-optimally

t1hzegeand the information content of
the images is thus enhanced. This and other advantages of the present invention
will become clearer from the following detailed description.

Before addressing the features of the invention in more detail, it will be
helpful to define certain terminology as used herein in the description and
claims. Firstly, the term “multi-spectral” is used herein in the description and
claims to refer to any imaging technique which simultaneously samples images
in at least two distinct predefined spectral ranges. These spectral ranges may be

of any width, may be overlapping or nested, and may lie anywhere in the

optical radiation band ranging from infrared through visible light to ultraviolet.
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Wiere reference is nmade to adjustnents or events
occurring in "real-tinme", the intent is to adjustnents
W@er0o0gWei1& occurring within a time franme perceP@EIB2YB/R5597
user to be imredi ate or al nost i medi ate. Thus, by way
of WO 2009/ 093110PCT/ 1B2008/ 055597 exanpl e, for ny
Bypnplesof snalli-spegirabinaging pagoremeciodhi S mitian é%clﬁ% but are
be consi dered acceptably "real-tine" if it |lags behind
fidte limiteel soemmebyolar feded endpsn®f geechaednidfratad imeking; and
cases, the real-tine adjustnents of the present

1 NV (o] r..wmithiR:a ti f S

YBTE SRR B LA SlpkBRSTHE I relocs
Is used to refer to any inmage sensor array suited for,
promariby alibayehgof keckisiveds denankigspeséed teghnigirgeemploying 2-
Where possible, preferred inplenentati ons use | ow cost

TRaRtincogieeadl %g@ﬂiaad&ﬁaﬁqydpi@anymss Speekrabfaneel) or
sensors. Where required, mXxed types of sensor

array. be.used for .the different, spectral .
channEne g iRe Bplol” dbretl I TERDdotRetbhd gl apulti-spectral
herein to refer to any adjustabl e paraneter which
delmiqres es whinh éxpospactral baedoare santpdet ot thenvisibhe Spdotum to
sanpling an image frane by a given i nage sensor array,

a[ow@%}sragda&%ﬁw é’%ése&lﬂph aﬁ)?%ﬁﬁia@é‘ﬁo § QaiMfIY Fodi&ion of a

expos time. The Term "contrast enhancenen

correction" . is used to refer .tq any 15 i e,.
FEBE 65 singed bERE GUEARHEN CehiFaRC ESTTeshong g directly to the red-
perceptibility of small changes between intensity

gekndduof (RGRe! andby pp cahich, teorimast @rhancensitive. In such
corrections adjust pixel intensity values so as to

- G 2
AIERHoL 2ath SF Y el Thap by SCfeHRU 2 RLORE sthatalleh
A large range of techniques for coptrast enhancenent
are kRBOETPH YiHRO A% usedripraig gha slesprptianeand plaiips ( gefer to
part of the present invention. The contrast
aﬂhﬁﬂ?‘?ﬁg mrodess Mvhich esneraleshesapiehtedf ahigefrahesal hyconstant

on different regions of the inage and then conbined to

BT oo O TR, B, R 580 AL OB ety

to adjustnents or corrections made "independently" for
leasc synspeonaual framgnder cagniod thefspeeiralochaapelst Meapesdisg on the
corrections which achieve an individually-tailored

,?@;ﬁuhtar f@gli@m,%@ﬂ@ cAMbARRRS 6 tHO s@BbP Ardage sk & dbr each
or all channels. The term "i ndependently" doés not
channel, the frame rates do not necessarily have to be frame rates which are
normally referred to as continuous video. For most applications, however,
frame rates of at least about 25-30 frames per second are used in order to
provide a visual impression of continuous motion between the frames.

Where reference is made to adjustments or events occurring in “real-

time”, the intent is to adjustments or events occurring within a time frame

perceived by a user to be immediate or almost immediate. Thus, by way of
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5 necessarily exclude cases where sone part of the

process is performed commonly for plural channels, or
wWoRWpeIxddhe degree of correlation is inposed bREIER2A08/055597

t he channels. Thus, for exanple, a correction or

adj ustnment may i n_sone cases,  be perforped conppnly on

ARl fa Hfemany Applicalenss & é(t@e@dd]éﬁg’b{n@f sapfhjedhnages may be

subject to an additional individual correction or

adisidetr et atceptblyhaeabinat hifely ilags bekindetid truefscefe by a few
I ndependent correction or adjustnent for all channels.

[ n at ur.es.of L4 - ral. vigeo
EHES, 89 1o oh®, 1L bttt s RORE DB b R present
optical arrangenent 12, light splitting ﬁrism 14 and
InfreRféons 0o Wilip AtimeGame ewganenemt & azggond.
sui tabl e assenbly of 15 conponents for generating the

requiTied phyRe ‘GmaflldehsGiPe@hyals MsdER kERORS angitha¥eCsensor
typically standard canmera conponents for the rél evant

R STl s BB oSl R P, Where

arrangement 12 as shown here includes an objective
pasaibler pacfgoed nimpRanenistionsy wks downoku deasmpapivicedl on-chip
relay 12b. Light splitting prism14 is 20 shown here

sgﬁ L EISOCCW&I:] ENIO S enBolsh WPRare q@@lﬁ?&d, mixed types of
pplication as a trichroic prismassenbly of a type
Sensor e{}l'glyslillsla%g bti: {}Sécl" £Oel‘etﬁg B}f?er\ézi'ztd S?p%c&gpa{a%%’cls.

The term “effective exposure” is used herein to refer to any adjustable
parameter which determines the exposure time or “integration time” for
sampling an image frame by a given image sensor array, or which achieves a
result equivalent to varying the exposure time.

The term “contrast enhancement correction” is used to refer to any
image processing technique which enhances the visual perceptibility of small
changes between intensity values of pixels. Typically, contrast enhancement
corrections adjust pixel intensity values so as to spread the distribution of pixel
values across a wider range of values within the dynarnic range of the image. A
large range of techniques for contrast enhancement are known in the art, and do
not per se constitute part of the present invention. The contrast enhancement
techniques may be applied either locally on different regions of the image and

then combined to a complete scene, or may be applied globally on the entire

image.
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al t hough any arrangenent for generating spati al
separation between the different spectral channels of

WO paog0ed10 may be used. For true-col or appli catPCFBE2008/055597
light splitting prism14 is configured for splitting
the light fromthe_optical arrangenent into channels
wi t h BipaByr siheregefesencsr iseslgdndiongdivsingityor corrections made
separations for constructing a true col or video
‘Sademndendy” tie efdNGbBarac@Rgandly RhixalrbferfREB. abjlRenents or
nunber and type of inmage sensor arrays 16a, 16b and

¢ are chosen according.to,the nynber of.spectral

s FiaRs SUREE R RO Bl AR e R Gebf qpanne as
clear to one ordinarily skilled in the art.
anposed do heing idesatiealtfooallchaonels ol he yernefindgpendengy” does not
typically includes a canera control subsystem 18a

5 NheShriNEel@sdd nNEd Akt séM@CPhﬁ%f Ohet gffoo%@s S§NS&Formed
arrays,” providing trigger signals for synchronizatton

of fra .. control of exposure tines and_.other . . .
SRR PN SR e hRRE s ST SE N OGP O yBE iongs imposed
al so preferably includes an image processi ng subsystem
Helyeet tthevichhnibals.afpbug cloatedmpte on eocorediimardr| adjs#tiehednay in
in the art that the subdivision of processing

td t yS| r st
G RS PPERRR Y B oY o A SIS A BB sclected
rocessi ng.system may be _i.npl enented as vari ous .
APRER A S BIRR 1610 addifigpalwdéyidysk eEscdioner adjustment,
firmvare. By way of exanple, particularly in the case
10 thtreBMAshidvage tisensalt of amjtsiepeadirtusrpctionseiadfustment for all
functions may be integrated directly onto the 1 nmage
chi ps thensel ves. Thus, the recited electronic
control systemrefers to the presence of 20 suitable
el ectronic conponents at any |l ocation within the
syst ehvriiE Ropeltr Bremeatizep g telti-specirak vidse gamrseildhand the
further detailed bel ow El ectroni c control
ByediemdlBell®dahs@ors 86al1abslcal drivn@BnRut BI! gV RLing prism
ere.

whi ch nay be a color display 20 as shown h
ﬁpgﬁ& iir%Q&e'; lsé’ﬂso? rarr%lyg Fi%pl,a iﬁb/ %M’IGC may be.any suitable assembly of
15 components for generating the required type of multi-spectral video images,
and are typically standard camera combonents for the relevant type of multi-
spectral (e.g., color) video camera. Thus, by way of non-limiting example,
optical arrangement 12 as shown here includes an objective lens arrangement
12a and may also include an optical relay 12b. Light splitting prism 14 is
20  shown here schematically for the case of a three-channel application as a
trichroic prism assembly of a type commonly used in three-chip video cameras,

although any arrangement for generating spatial separation between the

different spectral channels of interest may be used. For true-color applications,
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WO 2009/ 093110PCT/ 1B2008/ 055597 t he out put may be
directed to another device, such as a conmunications

W@ pesaiidr transm ssion to a renote | ocati on, PGI/ER0EB/055597
storage device, or another processing systemfor
further analysis of the_coll ected data. The operation
lightespdittipg risne dk ororijeuredh fog sphiffing mee dight depribe myptical
5 method of the present invention, will now be

slesiehited Witbh chahiglene@ht @pltigdlr eangesandr@spdritlifg 9 ecolor
2, box 22 represents schematically the conbination of

RblsEP0s A PORFTE e peroc SR 18R o it B e scene,

generate sets of three synchronous frames of the sane
typwglyiRGBhe respective spectral channels. These
franmes are stored, 10 respectively, as "Scene |",

" Scenphd lnundhtd anek Y bf'i'r'nagenséﬁsﬁr”a%ra%s 144,516b and i6¢ are
corresponds to sanpling of frames from each sensor

S8 - S5T hRehEP i Bin O e e
appl i es an exposure criterion to the pixel val ues of
rapgéw aditasomid! be cleer for v erdiarily skilled in the art.

Turning now to electronic control system 18, this typically includes a
camera control subsystem 18a which handles input/output functions of the
sensor arrays, providing trigger signals for synchronization of frames, control
of exposure times and other operating parameters. Electronic control system 18
also preferably includes an image processing subsystem 18b. It will be
appreciated by one ordinarily skilled in the art that the subdivision of
processing functions between physical parts of the system may vary widely,
and that many aspects of the processing system may be implemented as various
different combinations of hardware, software and firmware. By way of
example, particularly in the case of CMOS image sensor arrays, various
processing functions may be integrated directly onto the image sensor chips
themselves. Thus, the recited electronic control system refers to the presence of
suitable electronic components at any location within the system which
perform the particular recited functions further detailed below.

Electronic control system 18 is also associated with an output device

which may be a color display 20 as shown here. Additionally, or alternatively,
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sensor array to derive an exposure parameter for each
sensor array. The 15 "exposure paraneter” here is a

Wp200at231er whi ch gi ves an i ndi cati on of whet hePCT/H2008/055597

frame in question is overexposed under exposed, or

0 Rag S PRI OB RESHHLE: b SAR St

deriving from each of t he frarres a correspondi ng
for straggraission ot msinoge Vataiion,of dafe piogages devigei aurs another
straightforward al gorithnms may then be applied to 20

Isﬂ@ees@hsg SAANFHORIARES eﬁa@sl@%f@ﬁ@e&%&e@%@”ﬁt er, as is
known in the art. By way of one particul arly

b %Lﬁ%&%ﬁ%ﬁfﬁ%vﬁeeﬂﬁgw&%@” et B cind, i, Soeamnaing
on this result, the exposure tine required to achieve
rmecthedi pEdhaversge invection,evdll wam be déscribeeld with\Beference to
2009/ 093110PCT/ 1B2008/ 055597

Figures 2 and 3. In Figure 2, box 22 represents schematically the combination
of optical arrangement 12, light splitting prism 14 and image sensor arrays 164,
16b and 16¢ which together generate sets of three synchronous frames of the
same image in the respective spectral channels. These frames are stored,
respectively, as “Scene I”, “Scene lI” and “Scene III”. In Figure 3, this
corresponds to sampling of frames from each sensor array, identified as step
30. Then at step 32, during ongoing sampling of the image frames, the system
applies an exposure criterion to the pixel values of at least one frame from each
sensor array to derive an exposure parameter for each sensor array. The
“exposure parameter” here is a parameter which gives an indication of whether
the frame in question is overexposed, underexposed, or within an acceptable
range of exposure. In the example illustrated in Figure 2, this involves the
system deriving from each of the frames a corresponding histogram of intensity
values of the pixels. Various straightforward algorithms may then be applied to
the histogram to generate an exposure parameter, as is well known in the art.
By way of one particularly simple and effective non-limiting example, the

average black level of the scene may be calculated and, based on this result, the

exposure time required to achieve a desired average black level can be derived.
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Then at step 34, a desired effective exposure for a
subsequent sanpled franme of the sequence of inmage

WO p@ae31is set i ndependently for each of the sRCBIB2008/055597

arrays in accordance with the aforenmenti oned exposure
ranmeter .for .the correspondi ng sensor, array. |n other
PEREETS R 3trb el SRR oeis TPDR SRt sasmied drmene of
of a given spectral channel was overexposed, the
thefsequénce ebipmgerfearhey istdet irndepsnderaht forrcank ofthe katsor arrays
spectral channel is shortened, and conversely where
i ea ot @nck" aRn Wafie ugﬁ}&% PRedd ¢ IE%gSéJr@CtC#aYﬁnEter for the
exposure I's | engt hened. ISTs represented 1 n Figure
2 by a feedback connection to an exposure setting
GHFSSRRHBALSeNsPr agay By Oggfﬁswprcgu! ﬁze elealiee ggposye for the
and 34 are preferably 10 perforned continuously in a
wli@skantedn divemEpactte chagalel Watvensgpeadlant efp@eeiegposure
adj ustment for each separate spectral channel. This

RIHG B B SRR Sorsf A RO ERR, dils dhversely

spectral range to keep_each sensor array oper at i_n?ii
engi thei praprdisdmaarasayrdareepasad dbe ciBpdpe auperyre pbfenghened.
avai |l abl e processing resources, the effective exposure

"Blglls US tePRBicnt@BHh PRIurd 8 AR5 &ddhiiclb eomedchion T8 hnadxpbbgre setting
frame rate of the video. In nany cases, an adj ustnment

St o7 dith "B PSRt o Sbomod 8 By Brétibiy

changes in illum nation or scene brightness wthout
prrférede sonteteusly dnda stlosdsl-lboapsée ROVt edwlvigne hedependent
output. Simlarly, for many applications, it is not

&ipdsinehdjuhatdne ol @af‘chf% Bat@ gpéétﬂﬂ%a dﬁamrf{gﬂ' &ﬁu?&e’%hgt each

exposure“paraneter IS rived i s I nmedi ate prior

or several frapmes prior to, the.subsequent franme for. .
SIRPER Chennsl poanis TRIGbS (Rgverdatians: 8L, g BiEPPy within the

delay of up to about a fifth of a
relevant spectral range to keep each sensor array operating within its optimal
dynamic range.

Depending upon the available processing resources, the effective
exposure adjustment need not necessarily be performed at the frame rate of the
video. In many cases, an adjustment of the exposure once every few frames
would provide an acceptably rapid adjustment to accommodate sudden changes
in illumination or scene brightness without sufficient delay to disturb a user
watching the output. Similarly, for many applications, it is not critical whether
the frame or frames from which the exposure parameter is derived is

immediately prior to, or several frames prior to, the subsequent frame for which

the exposure is being corrected. Typically, a delay of up to about a fifth of a
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WO 2009/ 093110PCT/ 1B2008/ 055597 second in applying the
exposure correction is not critical. However, in a

w@aooploglar |y preferred hi gh-performance i npl ePERTB08AIFS597

of the present invention, the effective exposure for
each,samled.fr from each channel is set hased on |
BN D0 S0P i AP ODOMG, FORBCH T o Sbieth i@rgver. in a
previous 5 frame sanpled by the sensor array. As
pastitilonlsd mafdriel | highepgrfesmmce i nuphirhemtation apydl ithablpeesent
both to true-col or imaging and ot her types of

ik htion i8Ry Al pée i i
A R e e e
exg{%gu e fgor the different ca%gnels rai ;Fles_ an issue of .
T esre imgtheotosHE Ratingiet dedred Hore dherimpmediately previous
separations. To restore the color balance, at step 36,

frivme paopbsbbynthesseab@marpasef er abl y scal es pi xel val ues
for each of the inage frames by a gain correction

coeffici : el . L NE e r

oot Aot Bk e L RERB Bl ko 0 e
time) so as to correct the color bal ance between the
wWeoimagingr ard okert wees dcmubi-spessral rmgeing rpscifically in the

arrays. In order to avoid |loss of 15 information

ehige iofigritehe o aphlici@iont ebhliestideht AdjusBemt f e&?@?ﬁ% for the
u e

per pixel) for each frame nmay be increased abo

AL BobpdS G ieap e ARG Bk bllanc® hsfgenytre color

now to features related to the second aspect of the
sparsions Averesiasn, thetcaler halpace. atubep 3@ather praskssing system
certain inplenentations of the present 20 invention

profdralelly Qehled Pite] Wl%ﬂiers%r SASH 6Mht8niae RthBEby a gain correction

configured to apply a contrast enhancenent correction
toﬁésach of e..frames from the i
L&

G Feiaed o e KT P e erion d vl Gicataly dioportional
bei ng perforned
to the exposure time) so as to correct the color balance between the color
separations from each of the image sensor arrays. In order to avoid loss of
information during this scaling, the bit depth (number of shades per pixel) for
each frame may be increased about the native bit depth of the sensor output, all
as will clear to one ordinarily skilled in the art.

Turning now to features related to the second aspect of the present
invention, it is a particular feature of certain implementations of the present
invention that electronic control system 18 is further configured to apply a
contrast enhancement correction to each of the image frames from each of the

image sensor arrays, the contrast enhancement correction being performed

independently for each of the channels. This is shown in Figure 3 as step 38,
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i ndependently for each of the channels. This is shown
in Figure 3 as step 38, WO

WQMQ/A)QIQBOMOPCT/ 1B2008/ 055597 and corresponds POI/TH2€08/055597

bl ock | abel ed "Enhancenent" associated wi th each

n ur, . [ for erf.aorm
SRR Tt dira R e o) IS TErdhe R siatcs prith cach
not be dealt with here in detail. Typically, for
qireopel in Ergure chtAlgerittons dox perfarming gonteist ienbaemsitent are per
val ue spreading operator is 5 applied to the frane

¥ WRIIH1GAIR LRIISwHE hibY B deb R W R e .
val ues of the frane as sanpl e1 %-‘Fﬁﬁeﬁfef&%?m?“’?ﬂg’ for whole

rator, i read the.histogra e even X
BRPGaLt SParPaBRe v TERgD, Valve ShEngine opagtor i
and 4B illustrate the inportance of the application of
appdisdt tashe didmae ceite paremetees tdeniyet nfrepe tide diidtygtam of pixel
each channel. Figure 4A 10 shows a three-di nensi onal

mﬁésoaf%m: GfarRé %8| sanggi@@swhb eegfage{tt(i‘ﬂ Bheo &%#%9 ﬂ‘of ad the

where the axes corr ond'to eve

i.ntensities in h o channels In the
*aa%r%z«zmr%?re&age fﬁawahq @vag #@erdaﬁ@@%mgsl ues in red
and green are fairly small, lying primarily in the

150- Z5igurandd, andid® illhetratan@e phporadrieesof fthd htpphb@tﬁ)n of a
channel (shown vertically) is rruc br oader,

en agggﬁe%&tﬂ%ﬁe‘g}? G a{Hd% Gﬁg unlegSl?%}H “ﬁ%lt Jiigure 4A

hannels, only a snall correctlon coul d be nade in
ngesr at fregrgiensienal ohistogramnef irskelaintensitienp pathiami sampled
| oner ends of the dynami c range in the blue channe

feymeeahergtirepaisaioztespbhd o Baki (ZHaNaR)) ﬁixfel inensities in each
possible to optim ze the cont rast in eac channe as

B P B P 3 AR W0 T2 i hBucs i

channel . This nmakes visual interpretation of the inmage
r@ét@dsg@ml faire dairlyysnealsilging primarily imihd 15@-266tredge,habile the
in true-color applications, the independent contrast

pe R R R i
spanning much of the dynamic range. If a contrast enhancement correction
were applied uniformly to all channels, only a small correction could be made
in order to avoid loss of information at the upper and lower ends of the
dynamic range in the blue channel. By dealing separately with each channel, it
is possible to optimize the contrast in each channel, as illustrated in Figure 4B,
so that the pixel values span substantially the entire dynamic range in each
channel. This makes visual interpretation of the image data significantly easier.

It will be noted that, in true-color applications, the independent contrast

enhancement for each channel may introduce some degree of color imbalance.
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However, particularly where accurate visual assessnent

of image features is of prinme inportance, the
Weamphgularly vivid, high contrast resulting iPelBB29e8/055597

represent a worthwhile tradeoff against lack in

i i1y .of I I i on. ntioned above, it .
Lo vEL Bl i GEARCMRY PR e L oBRe firutes is of
control aspect and the independent contrast
RABSnERPRINCEo the dertienladp sdvidethigh econtrase nesultinve iiage may
are consi dered useful and of patentable significance

ettt draRMiR RhdedfPagdinQLIAEK M S8eGOBIIN &1 HBtoduction.
system Furthernore, the independent contrast

corregtion_ aspect of the.invention is nat necessari.l
T g e Rﬁ%r‘i“’é@ﬁ’&rfé‘% e S dgin gfﬁ‘r'é@QP nf,g¥ppsure
for each channel, and can 10 be applied in any case
edrad aspgett aid thesimydapendsut contrestharhansementecomrestionahdpect of
separated) color channels are avail able for individual
1R 8R! Mven®bB hré Eoﬁ@ﬁé’reﬁr‘ﬁ%ﬁﬁ 8 " R Aable M fificance when
Bayer-filter color-sensor chip. In a“particularly
lfr ﬁf erred, ilrrpl ementation, the two, aspects are_ cqnbi ned
1795 PRRMGIELY bBY nalk oPfFTBEE T REDYEMIoRa! chistesey | Kurthermore, the
distributed dynamic range of the resulting images. 15
ifdepémignh awntast erreetivn naspgef @dt thieesnvehavn 1sn nbt glecessarily
2, after application of the contrast enhancenent

[ I I or.r.ec
REEE0 LS e R ERR sordn BERte sbBF L5 B Ehfifgpend can
format as part of a video, sequence, which may be a )
ks ag&e%f & aygense ovheresdigitally i separatedy (@reothersise ¢laefgenically
according to the spectral channels used. These col or

depagesd)nevlo? Chormel hichevailbie E5SBMidausUBIREdsiAE) even if they
transformations according to conventional techniques,

i n,t etal l t he, particul ar .
(%g%lﬁ?%a?% n, aapﬁgges ﬁ@"%ﬁg@\ﬂ CRITRRENSTR &‘é?/ JRy 2 opatdifylarly
non-limting exanple, a technique known in the art as
IweRed: impigeentaion o en twonaspesis prerepniiinad phi exhargy, both
furt her_ WO _2009/ O9_3110PCT/ I 8200_8/ 055597 tr _an_sf ormthe
dont:geute b@balectl Fiseap@el nwfadr%i@to?@ﬁé bds Rir%ig?ages.

sanpl ed Trame so as to acconplish significant tur

enhangenent . The, cq] or inmages are then output f.or

di spl &y Hkd/ B ofh 3113 f‘iﬂwfg%ngp %%%Ef‘éi AROWR o} e“tésswdi%agaﬁer
to step 40 in Figure 3. 5Although the above

appdicatign iorihe ebatres enbapearhemutardcyions éb oeaes 1, 11 and 11, the
i npl ementati ons of the present invention in the

QPR ingeXiafe @ffaﬁi‘{%h‘ég P tf’t)lsiiné ind by Bﬁgﬁgfcgr%le% Eﬁtpart of

the principles of the present Tnvention nma

aefd iled in ot he{l. Eonte ts. For exanple, in the case of

% VHICGhSUEN TS yVRICHeMEY | R6r 8 I149-PRlOE Afees i ¢ ByBdgaired & Talse-
sensor arrays for each col or channel, the separate 10
cohartinalagerquosudieg ¢otia spectfal cthenmpleasal. TirRyerbi@Nn@Ys may
be used to advantage. In this case, the exposure

S C I a erjived ..
R P o BT g o Bh I G B! b entional
sr;gde, or froma test-exposure taken just prior to the _
HIAAYSTa gePeRBBE uPR  the refidh of thaseartigulen|applivatiemcall as is
correction is also required, all as described above.
known in the art. By way of one non-limiting example, a technique known in

the art as PCA (Principal Component Analysis) may be applied to further
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15

15t will be appreciated that the above descriptions
are intended only to serve as exanpl es, and that nmany

WwW@ere0dmbodi ments are possible within the scoPEl/BE2003155597

present invention as defined in the appended cl ai ns.

/ / { . .CLAILMED |
Y B P R et ol Pinel s teRtion. sgmpled
dynami cal | y changi ng scene, the nethod conprising
ﬁﬁ’él@sf’tqaé% terccqapliyy signefi¢at further pnbgnsemeat. Thagbley images
device including a plurality of inmage sensor arrays,
g&ecthenfougpitd f(ﬁ'e@ispla?radd(ﬁb‘ts oftfeh TRirifeP ey Rdsihg! cSA8dnithe to
sequences of inmage frames of the changi ng sCene wi'thin
Lal:] RE r.edefi ned spectral range; (b) during
%ﬁggﬁﬁg%uﬁgl%’ng of said inmage frames, deriving for
each of said sensor arrays an exposure paraneter
det er Adthedglby theppalbyivieg desclipden  orlatesx pos paicntarher prferred
to pixel values in at |east one franme sanpled by said

BeIIeRAen @AY of 38 pt&sknB &henhign iAdRPLRHRRL oY v;i(géro gﬁ'&‘a graphy,

of said sensor arfrays an effective exposure

ubse nt sa ed franme of sai.d, sequence of |nmage
T AERE R SE a QR RhEC i, BBxiDlen ok ThE g b nvention thay also be
accordance with said exposure paraneter for the
appiiedsiparttiemeprsexts oF omexayple? i ttes cmehafth bighcdwdlity true color
wherein said nulti-spectral imaging device includes at

JtBRSLarhB4 iR scpatk | X1de '
san‘plailnég}%lspleIgtSre g a?eaﬁégﬁgsgﬁcagr e?ﬁ%%%g‘@% @l(‘)q?%lrgﬂ the separate
eparations for cqonstructing a truye col or video
@@gu@ﬁ@gaogprq q:@tgﬂ éﬁé{x% gressahmvention may be used to advantage. In
this case, the exposure setting for each channel would preferably be derived
from readings taken during the pre-shot monitoring mode, or from a test-

exposure taken just prior to the main image exposure. In such a case, a color

balance correction is also required, all as described above.

It will be appreciated that the above descriptions are intended only to

-serve as examples, and that many other embodiments are possible within the

scope of the present invention as defined in the appended claims.
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3. The nethod of claim2, further conprising scaling
pi xel values for a plurality of said imge franes by a
W@ aipeiion coefficient related to said effeckPCWEB2008/055597
exposures so as to correct a col or bal ance between
ations fromeach of said i rage sensor

sai d _col or separ
W AJSIS CLAHVEE%D. I$he method of claim2, further

conpri sing applying a contrast enhancenent correction

to a plurality of said image franes fromeach of said

i mgelsensédr methads fos asagpling raviti-spcirad envsleo images of a
correction being perforned i ndependently for ach of

&alahietliPEhSRAAE 8¢dRNEhe method e%m&kﬁngrﬁ{mgps%f: claim

I, further caonprising applying acontfast enhancenent

CorE ! ohRiaB s e SRS TR APy o

enhancenent correction being performed i ndependently
for each ofmami serspearrags, eahges said sensob arrifie bertghdeployed
of claim1l, wherein said effective exposure is set for

each sanpl m :

sai d neas ugg ng cung: éﬁ{?}‘ﬁ%ﬁgﬁ?gﬁg@ﬁﬁ?gg@@? P%‘ri#mg seene
exactly one, frame, previ ously sanpled by said sensor

array. Wl&“ﬁ!a‘ﬁhimﬁ’ék”ﬁ?gﬁﬁﬁﬁ éPf‘éi“i?’?i"}ngﬁher ein said at

| east one exposure criterion is applied to pixel

val uegh)i n daridgeasgoingsafnpling ¢f ei¢dinage Siantkss deapleg for each
frame by no nore than a fifth of a second. 8. A

met hod for [ lL.tizspectral vid ' S
dynam cal I(f/fsc angs{%%sgcﬁ'{];g{éﬂ%? %ﬁeé@gtg‘l\gﬂgd?%{)dnnga?gidnegér{rﬂreled by
steps of: WD 2009/.093110PCT/ 1B2008/ 055597 (a) )
provi di ng #PHNG atdpast nglexprayerygitedon ée pewhivialiesdy at least
for sanmpling sequences of image franmes in each of a

plurality ehe abaenahiple®Be Bai@fseﬁ%ﬂhrﬁdg@ﬁﬁ@ S
corresponding to a distinct predefined spectral range;
(¢}  setting independently for each of said sensor arrays an effective
exposure for a subsequent sampled frame of said sequence of

image frames, said effective exposure being set in accordance

with said exposure parameter for the corresponding sensor array.

2. The method of claim 1, wherein said multi-spectral imaging
device includes at least three of said image sensor arrays deployed for sampling
spectral ranges corresponding to color separations for constructing a true color

video sequence of the changing scene.

3. The method of claim 2, further comprising scaling pixel values

for a plurality of said image frames by a correction coefficient related to said
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(b) during ongoing sanpling of said inmage franes,

applying a contrast enhancenent correction to a
WeRwpadilng of said i nage frames from each of sBECHIB2008/055597

channel s, wherein said contrast enhancenent correction

is perforned independently for each of said channels.

&fecthe mEpbaTenfsoclai tn prreatr taheolaobplanste ngetween said color

outputting said corrected i nage frames for display as

= iﬁﬁﬁ} VA 10. The

ﬁ%%ﬁ%gm% c g?ﬁ§§?5§ﬁé¥% ﬁ@g%?ﬂ%ﬁﬁ ?l-spectral i magi ng

device includes a plurality of inmge sensor arrays,

each of said sensor arrays being deployed for sanpling

" B et Phe SRR etl"QBR P GO P SR i ohirast

met hod of claim10, further conprising: (a)during )
@ﬂ@umgeshnqntrmt'g)mfo g aileralifpn g€ shidaimeage tremiewifigmfeach of said
each of said sensor arrays an exposure paraneter

ﬁiﬁé%’ G ?aefi%ggp@éi)ﬂ' B8h@lst | &ghe ﬁ@nteé&‘i’éétf& %iﬂgegélgﬂrmed

in at | east one frane sa ed b
and . WO 2009/093110PCT/182008/055597

nsor_ array,
'@ﬁyg@tc{%ﬂﬁgaf%a@&e%%d FOLoF §PPRAEPIDF sai d sensor

arrays an effective exposure for a subsequent sanpl ed
frame of said sequence of image franes, said effective
exposure being set in accordance with said exposure

par anit er The me¢tbod orfr dsppondi fugthee rooprivingppplyngla contrast
mul ti-spectral video canera for capturing video inages
&lhafcement correction to a plurality of said image frames from each of said
image sensor arrays, said contrast enhancement correction being performed

independently for each of said spectral ranges.

6. The method of claim 1, wherein said effective exposure is set for
each sampled frame from each sensor array based on said measure of current
dynamic range derived from exactly one frame previously sampled by said

Sensor array.

7. The method of claim 1, wherein said at least one exposure
criterion is applied to pixel values in at least one frame preceding said sampled

frame by no more than a fifth of a second.

8. A method for sampling multi-spectral video images of a

dynamically changing scene, the method comprising the steps of:
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dynam cal | y changi ng scene conprising: (a) an optical
arrangenent for collecting light fromthe changing

W@ 2Wne931{b) a |ight splitting prism confi gur edP@BEB2008/055597
splitting the light fromthe optical arrangenment into
a plurality of spatially separated channel s each
cont afani ngpiovgingofa amaitsspenttal primdgingnededpectoafigured for
range; (c) a plurality of inmge sensor arrays, each of

sai d sens O%an?@‘ial?é %;: a'ﬂ%s Py b Bles SAMPAIHBF & g%urality of

sequence o0 mes for a correspondi ng one

said channels; and (d) an electronjic control_system _ .
associ at ed‘ﬁ%ﬂr@ﬁﬁsa‘?aﬁgpp rscﬂl‘iit@’%‘lneisrrﬁﬁgew alor fy distinct

said electronic control systemincluding at |east one

processor , pedefined gedctabiangepnt rol syst em bei ng
configured to: receive sensed pixel data from each of

sai d jjage 0 -1 ay, ; c1os .
2000/ 951 10BE 1ensB0s oy 9 sg) Jmaes framssy gpplving
data separately for each of said inmge sensor arrays .

SO as to deQmrast rahancEReys Geregiothiet &rplpmlitg 0k said image
said sensor arrays, and (H) actuate each of said

sensor arr fymek Grosahed 6f nidehsamignt inmage frame with
an effective exposure individually set for each sensor

bl ol P CSREAT St R URE I Rt Pa TSR EaN gy for

of claim 12, wherein said |ight
each of said channels.

9. The method of claim 8, further comprising outputting said

corrected image frames for display as a real-time corrected video sequence.

10.  The method of claim 8, wherein said multi-spectral imaging
device includes a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling sequences of image frames of the changing scene

within a distinct predefined spectral range.

11.  The method of claim 10, further comprising:

(a)  during ongoing sampling of said image frames, deriving for each
of said sensor arrays an exposure parameter determined by
applying at least one exposure criterion to pixel values in at least

one frame sampled by said sensor array; and
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splitting prismis configured for splitting the |ight
fromthe optical arrangenent into channels wth

W@ p@ensHI0 r anges correspondi ng to col or separ abCHB0084155597
constructing a true col or video sequence of the
changi ng scene. 14. The multi-spectral video
camer(®)of settmgnindpententhi forseich eff said rsensar @onpsral effective
systemis further configured to scale pixel values for
each of salgd  J.HRg ted fdl Gl
ol ated to oS TRORyCANTDSo Rk SRIGE shafle WAl Befinge of
col or bal ance between said_ _col or separations from eac
of said i nipEesEARS, §quaa91gf¢ct1ve exposyire pegng set in accordance
mul ti-spectral video canera of claim 13, wherein said
el ect r oni cwithntidodxpoystegrarameten fohihe coorekpgnudiag stwsor array.
apply a contrast enhancenent correction to each of
said i mage franes fromeach of said i mage sensor
arrays, said contrast enhancenent correction being

perfo d ne. ; heel - c ol t Ao

epar ot or elE Bo05) S5 SRR Zo 5B BuBgefeo images of a
6. The Iti-spectral video camera of claim 12,

‘gbﬁ’@ﬁéfiﬂ% TR G HOBRIEMS 0l system is further
configured to apply a contrast enhancenent correction

to eaeh ofarsaiptickimaganteaoms {érr oollexnly dghsdiami thegehanging

sensor arrays, said contrast enhancenent correction

bei ng perforped i ndependently for each of said

channel s. > 17. The multi-spectral video canera of
claim 12, wherein said electrqgnic contrqgl systemis

furt Hdy cohfightisplitting Rasm sendicaradtan splitdng dke dight diom the
each sanpled frane from each channel based on said

exposur e pastasabt efrafigdhyad ihfoora exlacdlity @re sf)#it&\ﬂgr seﬁarated
previ ously sanpl ed by said sensor array. 18. The

at | east crteos SoERR SRR ligh Be Mvisht FoSBR' Sbecural

values in at |east one frane precedi ng said sanpl ed
frame by n@ngere than a fifth of a second. 19. A
mul ti-spectral video canmera for capturing video inmges

of ‘a @ynan G, hals SER0L [ieBtRGE §Ad R
rrulti@gpect (r:‘cgl a?llr?ggiﬁﬂgh%vigg%cogﬁﬁ%hr ed for san‘plnis?lrgarrays

sequences 0of, | frapes in.each of a plurality of

channel s, iR r%’g’ﬁgéﬁddfggh%’m}@ 2ot nﬂ{ Hﬁag% fgmes for a

di stinct predefined spectral range; and
corresponding one of said channels; and

(d) an electronic control system associated with said plurality of

image sensor arrays, said electronic control system including at
least one processor, said electronic control system being
configured to:

(iy  receive sensed pixel data from each of said image sensor

arrays,
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(b) an electronic control system associated with said
mul ti-spectral imaging device, said electronic control

W@ yepelihcl udi ng at | east one processor, sai dPCT/IB2008/055597
el ectronic control system being configured to: WO
2009/ 093110PCT/ 1B2008/ 055597 éai) receive pixel data
for i mage fiNanemalyreesrith pselsdata S@pamﬁyigr ench of waichgmage
ongoi ng sanpling of said imge franes, apply a

contrast enhancepest arP&fsl KF4d RNddtBrrRing! ar e@iﬂo*sﬁre%ar&ﬁ%ﬁér for
i mage franes from each ‘'of said channels, wherein said

contr ast enhancen%nt correction i s ﬁgrformed
i ndependent |y D SRILIENSY R aARLI s. 20. The

mul ti-spectral video canera of claim 19, wherein said
el ect r oni (iipnt acdhats stk mfissid sertsberrephnio gaptede b subsequent
output said corrected image franes for display as a

real -time corregh ygagﬁomqgﬁgﬁgﬁc%%%é%m individually set

mul ti-spectral video camera o erel n sal

mul ti- spectral imagi ng device i ncl udes: 7(% ﬁ I i ght )
splitting prismo&AER 61598 A8y 18 reerdanes VHE the gatresponding
fromthe optical arrangenent into a plurality of

spati al | y separaiegueh@ragictereach containing |ight of

a distinct predefined spectral

13.  The multi-spectral video camera of claim 12, wherein said light
splitting prism is configured for splitting the light from the optical arrangement
into channels with spectral ranges corresponding to color separations for

constructing a true color video sequence of the changing scene.

14. The multi-spectral video camera of claim 13, wherein said
electronic control system is further configured to scale pixel values for each of
said image frames by a correction coefficient related to said effective exposures
so as to correct a color balance between said color separations from each of

said image sensor arrays.

15. The multi-spectral video camera of claim 13, wherein said
electronic control system is further configured to apply a contrast enhancement
correction to each of said image frames from each of said image sensor arrays,
said contrast enhancement correction being performed independently for each

of said color separations.
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range; and (b) a plurality of image sensor arrays,

each of said sensor arrays being depl oyed for sanpling
wa:2@efeahce of i mage frames for a correspondi NRCTHRR0eH055597

said channels. 22. The nulti-spectral video canera of

claim 21, wherein said electronic control systemis

furt hkg. cohhe guodispectrapovidgp camera of claim 12, wherein said

2009/ 093110PCT/ 1B2008/ 055597 (a) duri ng ongoi ng

828R T oRirod 8 Herh T8I thEREBITizHEd L §ppl9Ta &ﬁﬁfhs@%nﬁzﬁic@ment

sensor arrays an exposure par arret er et erm ned

Hion o aeh i asid Bress Fanesduipicef b se%ﬁa?@snssaﬁor artays,

array; and (b) set |ndependently for each of said
saddh sontrastr entmnacment emt¢ctmnehgog yreefdroredaindepaeigutdyptfor each
sanpl ed frame of said sequence of image franes, said

@Ha‘f&%hé(rﬁl gxposure being set in accordance with said
posure paraneter for the correspondi ng sensor array.

23 A mul ti-spectral camera for capturing images of a
scene conpri si ng:

17. The multi-spectral video camera of claim 12, wherein said
electronic control system is further configured to set said effective exposure for

each sampled frame from each channel based on said exposure parameter

derived from exactly one frame previously sampled by said sensor array.

18.  The multi-spectral video camera of claim 12, wherein said at least
one exposure criterion is applied to pixel values in at least one frame preceding

said sampled frame by no more than a fifth of a second.

19. A multi-spectral video camera for capturing video images of a

dynamically changing scene comprising:

(a) a multi-spectral imaging device configured for sampling
sequences of image frames in each of a plurality of channels,
each of said channels corresponding to a distinct predefined
spectral range; and

(b) an electronic control system associated with said multi-spectral
imaging device, said electronic control system including at least

one processor, said electronic control system being configured to:
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(a) an optical arrangenent for collecting light from
the scene; (b) a light splitting prismconfigured for

W@ pioppeding the |ight fromthe optical arrangenRCl/IB2008055597
a plurality of spatially separated channel s each
containing light of a distinct predefined spectral .
range; (c)(h pliscaiver Pixsi faagdors dmese g‘ﬁ’ﬂ‘&?s%ﬂ sach ef said
said sensor arrays being deployed for sanpling imge
frames for a cogia@spRrndi ng one of said channels; and
(d) an electronic control system associated with said

Cont rol - oyQPem ThErEar g o Bkiee 4o dREkoPhfics, gpply o

el ectronic control system being configured to: . )
PCT/ | B2008/ 0555@migasi qnbeareraciie gewacivxdp daphiralitynpf said
each of said image sensor arrays, (ii) analyze said

pi xel data sepapgiRl f¥ahe§ fivasBad oSid chavies sensor
arrays so as to determ ne an exposur e par aneter for

i e e T S R S e e s U
with an effective exposure individually set for each

sehsdrsaat clnniels. accor dance with the correspondi ng
exposur e paraneter.

20. The multi-spectral video camera of claim 19, wherein said
electronic control system is further configured to output said corrected image

frames for display as a real-time corrected video sequence.

21.  The multi-spectral video camera of claim 19, wherein said multi-

spectral imaging device includes:

(a) a light splitting prism configured for splitting the light from the
optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral
range; and

(b)Y  a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling a sequence of image frames for a

corresponding one of said channels.

22.  The multi-spectral video camera of claim 21, wherein said

electronic control system is further configured to:
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(a)

(b)

23.
comprising:

(a)

(b)

(d)

PCT/IB2008/055597

during ongoing sampling of said image frames, derive for each of
said sensor arrays an exposure parameter determined by applying
at least one exposure criterion to pixel values in at least one
frame sampled by said sensor array; and

set independently for each of said sensor arrays an effective
exposure for a subsequent sampled frame of said sequence of
image frames, said effective exposure being set in accordance

with said exposure parameter for the corresponding sensor array.

A multi-spectral camera for capturing images of a scene

an optical arrangement for collecting light from the scene;

a light splitting prism configured for splitting the light from the
optical arrangement into a plurality of spatially separated
channels each containing light of a distinct predefined spectral
range;

a plurality of image sensor arrays, each of said sensor arrays
being deployed for sampling image frames for a corresponding
one of said channels; and

an electronic control system associated with said plurality of
image sensor arrays, said electronic control system including at
least one processor, said electronic control system being

configured to:
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(i)  receive sensed pixel data from each of said image sensor
arrays,

(ii)  analyze said pixel data separately for each of said image
sensor arrays so as to determine an exposure parameter for
each of said sensor arrays, and

(iii) actuate each of said sensor arrays to capture a subsequent
image frame with an effective exposure individually set
for each sensor array in accordance with the corresponding

exposure parameter.
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