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Infra-red (IR) Sensor with Controllable Sensitivity

FI ELD AND BACKGROUND OF THE | NVENTI ON The present
wendsasent s rel ate to an ER sensor and, nore PCT/IL2004/000740

particularly,to and IR sensor with controll able

sensitivity. Infra-red (IR sepsors detect the IR

radi ation emtted froman object, and are used for day

d night, vision, nonr tact. .t enperat ure neasur enent
I‘Tﬁ]?“??ar(% %&a%rtwﬂsﬁf’n%fé@% ?efi‘,smm nedi cal
appl i cations. These applications include aircraft
i magi ng systens, human tenperature sensors,

FIRY DY AND gﬂ@éﬁgébﬁﬁoﬁfﬁ@n@y gNFﬁONa”d ni ght vision
. ate by detecting

the differences in the thernal radi ance of various
objects in a scene. The difference is converted jnto

an eil g presend embpdiments rglafedn apdRsprser gnd crare partignlarly, to and
' e gi ng caneras or radioneters,
ngc Sxéﬂg{n\ll\%%ﬂeoo | n‘SJ"{TE (FLIR) instrunments, utilize
an alrfeafred(IR)Reswnsdatect the [Rrradiatien emitted-fohinmem sbjeciabnd are
t he | i ., JThere are t di stinctive sensor
ot Bt S P O E RS BT LRE
inHRGHAR ke Qg Gh@ iR di¢aLappREARAR Yh&k hBFlicatioRd imbIuas akbias
_relation between conductivity, capacltance, expansion
imagingisystemso humamnisamatature sensorsgerecitlanc systemsifire alarms, and
niléﬁgr.nal det r%%tﬁrs i ncl ude bol oneters, thernocoupl es,
Ylﬁlé)Bieﬂ'é‘g, d pyroelectric detectors. Photon
det emt @étﬁofsrg@ﬂé‘rlalﬁri}? 8pdrite b lAetcotisy the defEdrbntek i Be thermal
phot oel ectrons, The charge accunul ated, the current
rediange obyarioys objeels dfea peene.o Al differgncy iy eonyertgsbinto anrplectiienl
A4

sigf, BRI EEn Broc PRl Padefo b Br SERRRLY THBHE tarlchR'R"
racliometesdueh b frwaid-ldeltiag TR (BLIR)ihdtrub®nge utilize an array of IR

detectivitjes and snmal |l er, response tines, but
SEHEPKE 1R PTAy1G¢edior I“S@‘%‘E?ZF‘?H‘“@’S‘“@E?ogeni c tenperatures.

Syst ?H?re di&irféfi%‘é?ﬁe%%g‘}@éﬂnlﬁr | @A RELQSS ton

sever al advant ages. e detector elenents are usu y
dstaetidne (Thermalideectorause secnpdaglEifects) sxch hothenelaton between

det ect.or el egqents. Shorter cal length | enses n .
QTG SERes s PN P ATl (BT Fedgre IR Gaation.
Théhial 8&@&6@%@_@&@&1&%@@%@%&&%&5,%@nrﬁ?ﬂ_@:{, glladl %yﬂ&él%@hic

very good sensitivity, and reasonabl e physic
defeeterssPlanien detesiorns dranslafe ghef phoaons| divegthhindpphateslectrons. The

charge accumulated, the current flow, or the change in conductivity is proportional to

the radiance of objects in the scenery viewed. Photon detectors generally have higher
performance than comparable thermal detectors, with larger detectivities and smaller
response times, but generally need to be cooled to cryogenic temperatures.

Systems based on cryogenically-cooled detectors have several advantagés.
The detector elements are usually smaller in size than comparable microbolometer
detector elements. Shorter focal length lenses can be used to attain the same required
spatial resolution. FLIR cameras based on cooled detectors generally have very good
sensitivity, and reasonable physicail dimensions even for long focal length optics,

_since high f-number devices may be used.
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since high f-nunber devices may be used. Four distinct

generations of FLIR caneras have been desi gned, based
wo@poos@3xied ect or technol ogi es devel oped duri ng PEEIL2864000740
~years. The various generations are classified

according to the nunber of elegents contained in each

group. First generation FLIR caneras used a snal

nunber of. detectors an chani.cal .scanner

gen e?g’fre&%m{c CRFrHHORS Pgﬁgﬂrﬁ?%eéﬁs. hayg hggn @esf%’t‘}hﬁi‘?sed onIR
deestef Rbinloditd RveRPBd Asripome Risn30 Yourd | TRNSRNE bed 26 fns are

| ane array (FPA) of IR sensors that do not require
cgﬁﬁ;ﬁ%dc%sﬁm ieshawmbenof Alementstdeataineddn cacdy grayp.i Eirst
t t L@l fQr ratj on known as
ofkARRTIR caitleRlaiba f HEhiRBer FaoReR i BB Gnner
teagenasatemtive-dimtkhisious] itage. STedwT s folurth lgenérﬂﬁiiﬂ/li?]gmaéar?eras
sensors conposi ng the sensor_array_in a sequential
CoRtAIA L o-HBRRRAl EachlRlesarEpeF EAY G5 TR Fandors ihas dowet require any
IRHES md ate then read (I TR) (al so denoted
Ssnapgﬁ%étca%lga out) and integrate while read (I1WR). The ,
| TR Affipr thesbnsoeafray isexpeded ¢d extemajmdiation forch diemioarknown as
readout sequentially. .The sensor array is exposed, .
e EXBOUS BBt 1w tFagd h Aonph e pecysEARHE fhe signal of
tHRAhdiQIdNE] SSRNIPEBFOAPUNE sbr 4R34 Y sehibnRal AhARE REMout

storing the sensor signals fromthe previous exposure
cigquits arq ¢lassifiedrintiodyoanodss.gintegtatdiher soad (FIBY (disb denateds

. ided.wth - ¢hi dout
sl AR i tertE e w3 i GRErpchprsims
détedtBr KOS afld 5861 daddut BequbftisdlyZ TheleABLa BN %&gosed, read,

array. For exanple the typical readout tinme for
exposedagsin; gpd s on.hYhe BYReApprasch perfermsisonsor akpdsiamdmersiout

. (. . whi . e for a detector. of

i ol 6t At tae Berb OB REE A d BB ol bR in Ry anatos
oRiifi4lduffer. | BP A deteamdtiearé Goingnlyprovitied With $n @nsdhifplehddugd
.block diagramof a prior art FLIR canera. FLIR canera
H{Wtﬁ%ﬂf‘éﬂ“r@(g@opti cal portion 110 which focuses IR

radi g4 I X '

i ¢ AR ARER AR R Vs ARERS 0l e SER R Alch Y afeh
Faoaxsinplesthe fypicad readowtdinge foe asletectonbf 640 bpy8belements is about 10
pustabl.esto control .focus positionjng or erform
nibieRai B seoRahuble e PeubERs brd ittt ade B ogf detector
elemeAS iy b8 HRfiResMfs. 5 is cooled to the cryogenic '

tenperatures required for photon detection. Sensor

ar r aljeference & rowt adwie Kig. I, edddus asimplifiad i@k diagram of a

~ prior art FLIR camera. FLIR camera 100 contains an optical portion 110 which

focuses IR radiation from an external scene onto sensor array 120 within IR detector
115. Optical portion 110 generally consists of one or more lenses, which may be
adjustable to control focus positioning or to perform optical zoom. Sensor array 120
is a photon detector, therefore IR detector 115 is cooled to the cryogenic temperatures
required for photon detection. Sensor array 120 is followed by readout circuit 130,
which reads out the sensor array signals. A third detector component is the detector
operation mode controller 135, which is a register containing the detector settings,
such as sensor readout window size and location, opérating mode (ITR/IWR),

detector exposure time and additional variables such as bias current. The readout
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whi ch reads out the sensor array signals. Athird

detector conponent is the detector operation node
w@oovsiosdiber 135, which is a register containi NRCT/E2004/000740

detector settings, such as sensor readout w ndow size

and | ocation, operating node (§TR/IWR), detector

exposure tine and additional variables such as bias

CULr: tsianal i,s.processed hy various
SH3EBeduE L AR Rh ARl | BRSPS RY, V3H. 5
toigethet deproassdar1d0e The procdSsinglélempiite gessiIROpRIRMBRKS such as
general l.y performtasks such_as non-uniform

t
RGPPSR AYIIC R BobRirel resacsmeRt@RPR)pRRycll asvideo
sl . slcamenti Drryell
plzﬁﬁjéésgngﬁtg \glr)ﬁg{r)a} g{glgé I?igﬁél%ntl ﬂbeosgﬁﬁif'arrgy 4 aoc%uﬁ#lﬁ.n al trom

al output. The tcufreén fom an

i nf r hecurdet Eotoan infiyredeletactod maydedubdit et ivito PO pacts:
ot ocuire nd darlli~ current. The ghot ocurrent | s the

phreagygyen gurggnty he ghetaeursnt 15 thy Beefylaesponse ¢fthen

dab&6Y, i re&ltsi ffnh FhBFhtRIAY SN Parkd P%ﬁ@néjiﬁttﬁéﬁéléﬁt?ﬂ_hﬁfe e

phot ons create charge.carrl ers wh can be collecte
platons qreate cleauge eatiers Pehi¢h caurbeaotledted ava phvdesirreat! Parktcurrent

. of the.detect current., which.is present eyven if the
i B o e e ioml: “Hich To Pt Stpe i Biadetectots o
ilbutinged. The otfginbf NarkRefiBMlis Gl Wdr@Bl Slcitsicd Sftharge
carriers, a process that conpetes with photo

cagiers; aprogess tat empetsewith phplorexpit@ionn det ect or sensor

arra ' ' | lj.nd nsiti vity. .

Phot HE G ot iph SR Spreblol sy el E pR TR IR el with
linhéted sdmaitivitgn Photoy dedestor BNR i ilifited by 3uvdasl factbrsp e @R gector

I f the exposure ti. is too |ong many of the sensor
cagy g a‘&@ﬁé@:ﬁ@ﬂ%@ prafphgtons. alfighe erposyrg diang is too long many
oL So P TP o SRR Sl 2 MRl (e FRIRE TR arroy
mubt Hehischergsd dudng wadow oftes eharghetd pteventf satgatimt |Howesles if

SR P a0 B 15 e
tiRER SRIENR Y6k diflgle RAIBRSIS Bafte@ by it Al @hicR E&Ol%ljeéeﬁ Ben in the

exposure time is too short, inSufficient p ons are
ahsendeefiB dadiatipna 18thelexpongeting intvoahort.dnsufficieriyhokins Rre

c3RA 350 ke 1A ot B B RRRR TG Peform a
sihgle Eﬁ%@hfé/ﬂehdﬂu& eftldYeriviGed RAh® Phe fnkt@e dSiBHQ is ﬁ{e_ﬂi_ﬁgfe

and the total noise associated wth the procéss.

limgpd by theratio pkthe defeetonsicesl and dhedetahneige esotiated avithi theal

pioRSE e BB R flright 2 Rithio Rliine i 16aH ARl
naisy)peadoud ssisdlifigtrationsisfihe Gfkicagent] £ifl oetthal

resoj utign ) ) . )
In an FPA-based FLIR camera, assuming an ideal optics, the spatial resolution

of the image is determined by the number of pixels on the detector array. Common
formats for commercial infrared detectors are 320x240 pixels (320 columns, 240
rows), and 640x480, with typical pitches between pixels in the range 20-50 um. FLIR
cameras that have both a large field of view (FOV) and a high spatial resolution are
usually based on large detector formats like 640X480, 1000X1000, or even larger,
with a pitch size as small as 15 um and below. The read out time for such large

detector formats is relatively long. In order to obtain a required frame rate for the



of the image is determ ned by the nunber of pixels on
the detector array. Common formats for commerci al

WO pdosasaes det ectors are 320x240 pi xel s (320 coP@mMTIR004/000740
240 rows), and 640x480, with typical pitches between
pi xel s in the range 20-50 um [LIR caneras that have
both a large field of view (FOV) and a high spati al

RS o R S e G S5 nl e
systeh®s. ahediBhdd dSeclisn UMeaBshIReh MWufORMt liERCoMEstidn, WBich
for such large detector formats is relatively | ongl.lollg

denrepses the sigivaldio moise ragipui Fha, Highmesofutioa RLJR camerdsdd
Si 1, t et ect or _exposure tinme nmust often be
T flﬁ%‘fqt%é%‘?sogég aYGOPquSWSi)‘(t-Vr’iﬁ'ﬁber systens. The limted
5 . detection tine results in insufficient |ight
col l ection, which decreases the signal to noise ratio.

Thus There ghthuea sridely srsognired Reedder snditrrould by hiebldout
B ARV 1Ry B L e Rk .

advant ageous to have, an IR sensor and IR canera

S evoi Vo&‘iig&m@ﬁta_ﬂ ons. SUMVARY OF THE
R a first aspect of the present
10 invention there is provided an infrared sensor which

contains a sensor array, consisting of multiple IR
sensdcsqrdingdo a fegnspdct of thy peespnistreantion thers srovided amy

GG S rted - SRS SR RunE §F BSAgth hSors. anca
s%n'bRﬂmw GQjubRE ! TRIseRSH aay LERSLMIIR erifgy 18 dntdrRal WbddeNnd

image is available at a required sensitivity |evel.
thersensétieity adjusteredipsisaqrixe igrenpingfos lighicodiiesitonsandraaireadout, so -

arrangement.,of the | R.sensors. Preferabl t he sensor
15 o JSRIRE Cme %t ARIP A b rPelek ek

pr ef ref@dble)ibe der¥enirayt i@ tb didensiteiabair@igemaneof the IR

phot oconductive sensors. In an alternate preferred

seaersd Prrferebly: the spirer amaxisaeray of abeopHeteeiowt aoge preferred
: a

B3RS, W LA or B RBIRShRES Sl A !

pedisdrenthodithatt, the phaton detactossade photelatainitenams.oci at ed

W th_the sensor array, for perform peri odj c sar

20 arrafrefegbiyohe spiser yrayss gn intrased fygal R%f“%‘? we%@y@&-
cont Pfe@éfaﬁﬁ%@ﬂﬁé’éﬁﬁj Bfth&@'co ginssagﬂesﬁuk BRnRnf £301ME with the

in t er abl

Wi ndow W t e array. Pre y, the sensitivity
sedprestayy for patfainmag pemodic pinsgr dreaytroadasiel ect or f or

Preferably, the sensitivity adjuster contains a window selector for selecting a
readout ‘Window within the array.
25 Preferably, the sensitivity adjuster contains a grouping factor selector for
selecting épixel grouping factor during IR energy collection.
Preferably, the readout element has a readout time variable with a size of a
selected readout window.
Preferably, the readout element is an integrate while read (IWR) device.
30 Preferably, the readout element is an integrate then read (ITR) device.
Preferably, the adjusting is in accordance with externally provided control

information.
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sel ecting a pixel grouping factor during IR energy
collection. Preferably, the readout el enent has a

wOo e@dosxi2é i me vari able with a size of a sel ectBdI/IL2004/000740
readout w ndow. Preferably, the readout elenent is an
integrate while read (TWR) devisce. Preferably, the
readout elenment is an int egrate then read (I TR)

\(/j\ne;/ Ih f’égf?rgt;ﬁéﬁ? gl? ﬁ%’é% gl&l} t' L& 1|rr§ag|e T)r&%gs%; c%‘ri)%gcessmg a
sér3bPAriBl dudput @Ig%faﬁz'hﬂ%r)feidbﬁt ilghﬁ 8529t0 forintad REIHEIR §idhdl For

an image processor for processing a sensor array
C@mqimg@ﬁ@dnﬁtﬂwd/or readout si gnal so as to forma

f eed for con .

pr ot SRy BR dun i peb kb i 3 Pleiou o geteeing
aiPSRRAsf the hﬁ%ﬁef@gnaﬂ eTheddtergeSNRrfofablynensI¥RAF ofk 8P| -

The detected SNR preferably_ consists of one or a

ceshimation pifhe ayeragraSNethg g@xsnmn VR angbtherminizm SHRd

t he e
furt E}e%rgi(a‘jl ttzil%lr%sn ag&@f ras %1{1:2)(1:1 ?Og{rhg‘gf cfe&%ior for
detoctingastonkrastdéved bf thedmiapmgjgnali Tha ldeteiﬁhé Cdlﬁi‘e&flte@d preferably
contrast | evel refera?ly consi sts of one_or
ConsHbt %’ﬁe&’i agpmbation of L5 velaRe Fertast level; theﬁ‘l*?é‘%% cRprRst
166N @it hiBHRkm Bt R Ni UM contrast | evel .
Préferably, the IR sensor further contains an exposure
t | mePredibrebly athe IR fsemsos irdet corgaias seexmsurtims calelstonfor
ferabl%%gt he seLectl ng is in accordance wth

SEUBRFI0L ERROS WP adiati on. Preferably, the

ex POPLET&-abliy MBe Galb &t ok B adcirddRES With @xfehalBdent abthl Iﬁéﬁatlon
average co i ected charge of the sensor at a specified

| evePreferably cthgigkposurehiéme edlewlaionis apsrible wopainthimareavierags

ol Rrel of e B RRPIGRIRRL:  Contai ne an aver ager

f or Bredsrabliy e sels @t is ieadcBrdaf e @ith pesvedislyodRsined sensor
mul ti pl e_readout cycles. Preferably, the nunber of

exppsiedevaler aged is the maxi mum nurrbgr of conpl et ed :
sens .
o1 nof TR e TR 6ot ARARLbarf P o Wit kllethg respecive
IR serstielevels otveaimdtiple reqaloutestclgso Préferablyy thef itk 0ficycles

averaged is the maximum number of completed sensor exposure and readout cycles

included in a single video frame time.

Preferably, the IR sensor further contains an optical portion for focusing
external IR radiation upon the sensor array

Preferably, the IR sensor further contains a mode selector for switching
between a high-sensitivity operating mode and a low-sensitivity operating mode.
Preferably, the switching is in accordance with the feedback signal. Preferably, the
mode selector switches between a small readout region and a large readout region
and/or between a large pixel grouping and a small pixel grouping, respectively to
provide high-sensitivity and low-sensitivity imaging.

According to a second aspect of the present invention there is provided an IR .
camera containing a sensor array, a sensitivity adjuster and a video processor. The

sensor array collects IR energy from an external scene, and the sensitivity adjuster
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external IR radiation upon the sensor array
Preferably, the IR sensor further contains a node

w@edososaes f or switching between a hi gh-sensi tiRCT/IL2004/000740

operating node and a | owsensitivity operating node.
Preferably, the switching is ig accordance with the
feedback signal. Preferably, the node sel ector

wi.t ches, bet wee . | ]. reado reqi on and | ar ge
SR BEvEEdnEn T pledieB AR or ageRhs i G by
ir4pe iavdiRble ab b XEquilt Qeitaty IERIPTHRE viRb YrdcRsdef BMocERes the
hi gh-sensitivity and | owsensitivity imaging.
SCRERIATERY YRS tafosmcbyideabmagst of t he present invention
therg.i j . Jer ntainin sensor

arr agfelf%a@ %%ﬁ@% Geter 31?11 88 t§°avPa%18n8?fgf88‘§%‘b€r cxternal

IR helignspon die eisq@kiagct s | R energy from an external
the sensitivity adjuster6 adjusts a pixel

sceng, .a . |
gro ugmﬁggﬁ& IR cappara Sgthes cntains arendant elemend@ssociaiedy wigh the
U i ' ! | a required
Sésngﬁrs It ﬁo{r}&/y@ﬁg@r@ ES%%gdl\b/?eJ%}gP%% C gg%()gl?' processes the
sensBrefaablyythe serpitivityadfustencentaing e avihdwg scledorcfoe selbdting a

| R camera further contains an optical portion for
re?@%‘ﬁ@ﬂém@%@f’h@?afrﬁy'r adi ation upon the sensor array
Pr ef prefdhbly, thEsGRIRAS ddjistel %Bntﬁﬁﬁ‘ﬁ%k&ﬁbh% fa?@g S&ctor for
h th array, for

el ement asSociated with the sensor
seleotihg eupixrel gpapingdfactos dwring [Ragneagy cadladidart.. Pr ef er abl vy,
t he re?esi tli Vit ad% st.er cqontains a w ndow sel ect or,
for ISR IR mpSa HTEr GHeiBe ittt proqessds dgrgrocessing the
infRigR fsiiabdoyas tb feinb £ feetibacki sighabflir YSAESIIAS HedRtiAg.
groupi ng factor selector for selecting a piXxel
gr ougﬂefﬁjablwhg feedbaakriggnakiseat taaghone @if] averageimage SNR,

, fur ont ai.ns an imge .
miskithfh At SNIC SRIRIA idEl AR, OB el BolB Fuaxium
infage roatrdse edt adikinhirg hdhgd @ntasint rol | i ng t he adj usti ng.

is at | east one of:

Preferably, the feegg%ck si gnal ne
averlgrﬁ 13 agrpera Hutheneontaippngeodrseleqpiiorwitehing between
. i Al i = r ast ,
e e R B TS T R G2

f ur t Preferabdpitthe I cameradea FEIRdévdce.f or swi t chi ng bet ween

Iao\r/]vi- %gf?iﬁﬁgﬂlﬂ %ﬁ%ﬁﬁ&%ﬁ& 0 ngndﬁnaagg %nglyzer, for analyzing the

video image to identify specified properties of interest.

Preferably, the IR camera is a surveillance device.

Preferably, the IR camera is a targeting device.
| Preferably, IR camera further contains a head up display (HUD). In a further
preferred embodiment, the IR camera is an aircraft visibility enhancer.

According to a third aspect of the present invention there is provided a method
for IR sensing by adjusting a pixel grouping of a sensor array to provide a required
image sensitivity, and collecting IR energy from the external scene with the sensor
array at the adjusted pixel grouping.

Preferably, the method contains the further step of selecting a sensor exposure

time.
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Preferably, the IR camera is a FLIR devi ce.

Preferably, ER canera further containsan inmge
wapabspzaeq for anal yzing the video i mage to i deei/i2g04/000740

specified properties of interest. Preferably, the IR

canera is a surveillance device; Preferably, the IR

canera is a targeting device. Preferably, IR canera

further.contaj ns,a. .head up .dj spla HUD I n further
o b1 AP ieE Sl BaRE X Ry Rlatrvetade htecid Ghatgd S5
s¢hsorlat 4 kpecifRidlianger . According to a third aspect of
the present invention there is provided a nethod for

| R sdirefemply pheaipthed isperforpied sepetifivelpiahyymekinams eafe permitted

. V| r i red. | ensitivity, and
bg':)#?élé{e?%‘% h?’éggﬁg%f%& lrdjf)er%eg H&éﬁggﬁ%]?hal scene wWwth the
sens direferabdy, thd seldvting il insdcestdmics ebittoprevipiislg obtained sensor
Preferfbl , the method contains the further step of
ePBEe ‘?Yﬁfga sensor exposure tine.Preferably, the
col 66ii . . g Led
ot Rachathy homeRoF Lo e ARHENerh Ao Ehe TeARER sonsor

rastombd i s perforned repetitively at a nmaxi numrate

permtted he,.pi xel gr.oupi.n nd the selected .. .
bxpo ety ehe it a5 Bh e e crivight windw within the
HHGor dance with previously obtained sensor exposure
| evel s. Preferably, the nethod contains the further

st ep Rsefepablly, dheradigstivg condsts of @ salenting @gilourting factor.

FeaddTE e SRR RopARs TR Ry Rérddh of Mk o fubact: signal
fadl¢diflollig e adjusir fdm Ieehsstrtabu groupi ng factor.

Pr ef er abl t he met hod, contains the further step of
f or nibygferabln demigedbask giganl is ot leas pne of: laverget image SNR,

PRUHRE] Bihet SRR, Wifind 8 he SRR M racE 1006 Bl il

imaxe oeimtastyagemaliuniintdgeconirasage SNR, aver age i mage
contrasyt, .maxi num i(rimge contrast, and mni num i nmage
cont rExelerably, the method contains the er step of averaging respective sensor

levels over multiple readout cycles.

Preferably, the method contains the further step of switching between a high-
sensitivity operating mode and a low-sensitivity operating mode.

Preferably, the method contains the further step of analyzing the video IR

image to identify specified properties of interest.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing an IR sensor having pixel grouping control to

provide an IR image with controllable sensitivity.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present

invention, suitable methods and materials are described below. In case of conflict, the
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Preferably, the nethod contains the further step of
aver agi ng respective sensor |levels over nultiple

wo e@dosai2eycl es. Preferably, the nmethod cont ai PGT/1126€04/000740
further step of switching between a highsensitivity
operating node and a | ow sensigivity operating node.
Preferably, the nethod contains the further step of

anal yzi.ng .t he. vi deo image to ideptjfy specified .
P BbRePiuiagy inthdbie Aot FRE i ronfbL | by he iterial,
mRtHods, sl khMmpRE dfea A §RMmtivE BnishAH hePHidied &f bd H'ﬁitiné.

presently known configurations by tprow ding an |

sens brplsmeniagonpikdle mpthndrndgystomt ofdhe prosgnt owieddominvoRes
SO S e

)

SCI

cdmabidbtiohdegeof. Nloscdver, AERding tagctaAl iigdinentHfide hhd 6QdpR¥nt
ne of ordinary skill in the art to which this

of proteied srmbodimaingsof the methagdrrndeyienof firprasenbivention, several
J ere .
oS M Py RSSO
systene nf amynfirnswart ab b eombinhtolstharedf.nBoesxiaalpte, as Bardware, selected
onflict, the8 patent

SIEELL hy EeRoR CAu PG aRd 71 & FURST 2GRN CahERIBRare)

At 468 of (e i eﬁﬁﬁ;ﬁ\é)ﬁ% f%da ﬁgml A8
.Si Il u_st%}t_i ve lgglagﬁglncghﬁlobt I nten ée to Ige | m&ﬁong. i
instrpdtions beiagieserutdd hyhecompuitadvitinensgstable indtructien petpordyta

i.nventi.on.. nval erform.ng or conpl et sel ecte
repieinafitsipl 5 (RIRGEFnoioe, 18 3K £rseapiiypiod lchs of the method and
SYSRIDONGAL iBRntiGE AN be MRCABYEs beheERriREd b9 adtiftbeessor,

i nstrunmentation and equi pnent of preferred enbodi nents

sugh as peompregiplaiforms forexpsusing apdunglidinstiugtions: | on,

several selected steps could be inplenented by

har dware or by software on any operating system of any
BRIBFDESERMTION OFTHEDRAWNNGSeof . For exanpl e, as

har dware, sel ected steps of the invention could be

i npl emented as a chip or a circuit. As software,
- sel egf, | | |

e arn e BrehlIRseNArty Ry BEkEniIe gD bR Gllee o
thb pcepnummpingeirawingh With spedifiabdfereheesiow et the drseihgs @rdebiyl, it
. a reduced instructign set (Rl SC) .machine. | n any case,
Is _§EFSé8f?' @@g&e@agﬂcafar% ﬁ?@mﬁ Y V@Y of eyapRlpead frqurposes of
illuSYRReIdMeussoH oF the ﬁ?&&ﬁ'eﬁ%dﬁﬁetﬁ?bf‘ﬁf E%Eﬁriﬂféﬁtﬁﬂ oflly, and

data processor, such as a conputing platformtor
are prasentedin the ghuse aff proyidifig iwhatt is beli¢ved o be the most useful and

readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the
invention, the description taken with the drawings making apparent to those skilled in
the art how the several forms of the invention may be embodied in practice. |

In the drawings: ‘

Fig. 1 is a simplified block diagram of a prior art FLIR camera.

Fig. 2 is a simplified block diagram of an IR sensor, according to a preferred

embodiment of the present invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is
herein described, by way of exanple only, with
wOo edospsaiee to the acconmpanyi ng draw ngs. Wt h BQEEDL20040000740
reference nowto the drawings in detail, it is
stressed that the particulars g¢hown are by way of
exanpl e and for purposes of illustrative discussion of

ot FleS3 674 GthpRRBRHIATE Mbed of AFHPLERER! acoMRTH o W hyrter

are sente e cause
prieferted leibodiindnd ob thetphesenmiatentioaf ul and readily
under.st ood descriptjon of the_principles and,
concEigt A% 2 %@@@’éﬁf@ H&FE drgranhoEan 1R pamera, gopprslinedg ayeferred
eﬂ@o&h&ﬁt’@théﬁre@ﬁ‘ﬁg%ﬁﬁ&f]ow structural details of the ‘
invention in nore detail than is necessary for a
f undBigehiscd sionptified blackdiagrani of aimethwdefot paformimelR image

sep GeacBiidfitsh AR beiet SRbRRiar L OEPooRIRRROOR. t he
| nvVeRsl O AAnpAtic®BRER dRGrdmoPs AkttodFor ll)é}fdéﬁﬁlr% I& hrglge

~drawings: Fig. 1 is a sinplified block diagra
seppingraceending] tp R seegndrmefemed embodiment ef thp piesergdntsntion

di agg.am-Qf l. ensoer. ;accor di to.a.preferred
ermodiendod MRSt BRSSPSR gES camera
withoi lahd Wl seh9gwtyoadgestasmtatspeeively, GobRtmhg AFERHEENY O
a further preferred enbodi ment of the present
embpdimentf theprgseny inventiorsi npl i fi ed bl ock di agram of an
IR c led, ' . di |n e
or conit Shen@ B RO 1 ihfled BEARL AL rGREIRRY 8t o405 480
detiécaays and P16 by 2 daectbsrespectiveiyri ng | R i mage sensi ng,
according to a first preferred enbodi nent of the
present invention. Fig. 6 is a sinplified bl ock
di agram of a nethod for performng IR i mage sensi ng,
according to a second preferred enbodi nent of the
DESCGRIPFIONVE AHEPREFFRREDBMBODIMENT S ust r at e si gnal
processing flowwthin an IR video canera w t hout and
Wth sensitivity adjustnent respectively, according a
pr ef B 6scRihasbdiRRhts Afe $MB IR RESR hdt RYS Hétb&réxteﬁ'xﬂgk
8a and 8b show IR images obtained with readout w ndows
ragiptign withyarydae spasibizitpr Speificallysthb preentetnatwdiments tailor the

seﬁgosr%quthjt X(ﬁie%tiOIPaEnsc{:r%lagJ{llt %pg':tieg 'floE th%%%lszi% s%%)si!t:i'\\/gyolglvgf v'\vrglsch

may be based on factors such as application requirements, external conditions, and the

quality of the IR image obtained from the sensor.

The principles and operation of an IR sensor according to the present
invention may be better understood with reference to the drawings and accompanying
descriptions.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of the comi)onents set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose

of description and should not be regarded as limiting.
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The present enbodi ments are of an IR sensor that can
detect external IR radiation with varying sensitivity.
wepmsiosileal |y, the present enbodi nents tail or PEEIL2004/000740
sensor's light collection and readout properties to
the desired sensitivity |evel, ich may be based on

factors such as application reHﬂTrenents ext er na
condi tions, and the quality of the IR |nage oht ai ne

f r omRefraense issraw mpde i Figndi whish isasimplified blogk d@gr% Of IR
%12815 9500?&15% ) g&gérpedt %%dﬁ?ﬁé&%tf tﬁé}%@%ﬁl{ ngslg\%?ﬁn hR sensor 200

tter rst erence to t gs an
catginspansyi arcpydd9¢ wihjithi cotiscts B txargy foopl the extetnahsceheantl

SRS B e b ey o
Rk ﬁﬁége%n&ﬁ’Vﬁ}h ep@flraly IR 9ns6 PG fuldBEs %teﬁﬁkddett&@or

arrangenent of t'he conponents set forth in th
operhtigvinade emdollen? 1 b andfor feailoelemanti 2§ hwhich p@rfamm@gsor

Pyt Do er etebiof AR G U TS o b RS IE R oRrofYetgines,
indudisg ﬂl@sek&tdbﬁﬂl%’dﬂimﬁshbﬂ? adjistedD02 98 BhOSt ¥ ferrad embodunent

ternlnolog npl oyed herein is for the purpose of
senseratan 3l nd%tmorsmtwn{m@ded@ntreg%rrf?dédambreadqw elemgnt 250 are

uﬁ?%%{%& E}?ﬁ)rfnsan 1t c?r $ichi@corftron i) bg Qenﬂgsﬁ%\fgty}d_{m%& bhgd

lagram o R 'sensor, acco

pr ef @he prbferddohboeivhents pfelsmterl Belewtutiliny 8vd types ofl gixel
sensor- 2 O confajns sensor array 210, which col]ects
gTORPE’rgér dhe firsh pixehgrogping splgpts §<§§‘h9@f reaﬁautsvéﬁé% hic

iahﬁﬁééﬂxe s&fdor }fﬁa&&h Yidded I?rrﬁtmé e WG RleBBaded the

er to provi e required sensitivity
rdadetﬁtetnndamd doﬁswanﬂ)y ir2edsdsithe kmluemmn’am; that id dteemhniuer of IR

i35 ST Fandr o eIk spastsaly s ohivat B8 boren alie

nfa?"tﬁérpll)é SmAAR] RALHS a }ﬁ%eg SSRATAY 198, hOHescribed below.

tin i ncluding those established” by sen3|t|V|ty
Ta@I p@gn p@t@roupmgtdmdmtbe &R segorsih setisnpangy %lé)natmrgroups

PR D Rl P P RO RS e 107
gﬂﬁ ed §e@dors \obll & IR Sadigidn d@iﬂﬂ@@uﬁﬁg RN ipbéurd tihea d)istifs IR

22 The preferred enbodi nents presented below utilize

radigsionyHEserenpas seasorg pw&swgﬁectm@ greaten amgups pf By tﬁdtﬁﬂﬁg
SR AP AW R LD e

thitetteefn e Astaltesult the signal to noise ratio (SNR) is improved, and a greater

C

sensitivity signal is obtained. The two types of groupings, window selection and
sensor grouping, may be used independently or together. When used in combination,
sensitivity adjuster 220 selects both a readout window and a grouping factor, to obtain
a desired sensitivity level. IR sensors with controllable readout window and sensor
grouping are currently available. Preferably, sensitivity adjuster 220 stores the
selected settings in detector dperaﬁon mode controller 215.

Cooled IR detectors are currently available which provide windowing and/or
pixel grouping capabilities. As discussed above, IR detectors are available which
allow the user to select a window from defined set of readout window dimensions.

Likewise, IR detectors with pixel grouping generally allow the user to select between
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readout tinme and consequently increases the sequence

rate, that is the nunber of IR images which can be
wo@bioaiosmes from | R sensor 200 in a given tine peCT/OR004/000740

Mul tiple images may then be conbined to form a higher

sensitivity imge, as describeg below The second

pi xel grouping divides the IR Sensors in sensor array

210 in r.oups contalnln a.fixed denot.e
steradids %a ‘gPIBEl&Tﬂ@IF&%EW alfyf singhe g@ﬁﬁ%rrrgur @%@p@r% g gwo on
e 'B3)S The Ifé)tﬁ‘:gtr%ggcel erbRk | bﬁﬁl 'fﬁﬁétﬁbnqﬂ%'a%ggérgtﬁxel that

exposuretlme cting iation Wth
celdersoa qu@m;ﬂé moum:l of ehargn,gmm gresaltmt rextwoerhgpatial efRlution by
! adl at giu f%} I ; e@ Xﬁﬁ%ﬁéiﬁ@%@eﬂ ﬁl%%ct(%o at contains

6d659 a0 aenéatsaoeh@@d Ilﬂcebfa@te‘étoe Rath 120 U@romqefeafdr@ efcaNRks but

is inproved, and a greater sensitivity signal
eastht element.colteats fone timep ewre ehaggeans thy seadmtﬁummsged@ed by ihe
%nglfc nsor grouping, nmay be used i ndependently or

oge i6r. When used in combi nati on, sensitivity

adj ush e p2efRrred bbbdinteat, Berisitiveiyddjiisten2D0l oomtaifs window
glroupi nqg factor, to obtain a desired sensitivit
s¢lecter 23

whickyselsicts agierdput BRIy ARS/OE SHoRRIS FRctoy ﬁf@wr and
“?ia%i?é% eclf {@B{égﬂ% ?%%c?orc g% %g%ﬂaﬁo@}‘?h&tﬁ% Se e %’&gﬂ @és}énbed

sen3| I VI or es e sel
mare fidtydlsdow. operati on node control |l er 215 Cool ed IR

dete tofr re currentl .avai | abl e whi ch rong%

wi ndOFFIRGP LR RSP %T%Yé 4+ B Agrensions) a; ﬁ\@cmfs such
oS SRR bty RIS, ML) LB Bt Wi
sersadauay 2 Oede phatondetsttorss either hohomosmdua:i‘ebeﬂrqﬂ:rbmvsltam {sénsors. -
pi xel oY in eneral ly all ow the.user -to sel

A5 85 F08%) Bnclp GiPrintroltarRlly i Singetie 3BeiGiefor groper
opéafibe pi xel or four grouped pixels (two on each

axis). The fourmgrouped detector el enents function

like Tél@i@lbwngp pdipteats a@@dﬂ@&@%atand&@dm@pwhmum vidg¢o

%ﬂglrag&ch or gt?lg es C n%l?@[&'i §¥] elgosllgg%)lr )%1261 us\éd to

buidde s@quéﬁ&ee@ﬂxﬁded sh@dal ﬁmte&t ﬂpre@éﬂnéawrﬁ@ra@é EHBREer, the
behaves like a detector with 320 by 240 detector's
eppbadinn apply teActandplope IR senspt ard te apdRsersopingorpgrated within

educed by the sane
O?%?P%?.S Qf%evﬁﬁ;g, ‘grﬁgﬁ%g Egrsggrgﬁﬁk% % sensitivity
adj ud dre pperredabodiment, seimmmladmster 22(®Eontaihs window
AT el oot 106 1o A0 YA S 2B WS Hich may

encompass the entire array or a defined sub-window within the array. The readout

window consists of a defined m by n pixel portion, preferably located anywhere on
sensor array 210. The sensor readout time is a unique function of the number of
detectors read out (for ITR mode), or the largest value of the current exposure period
and the readout time (for IWR detectors), so that the sensor array may undergo more
exposure cycles during a given time period. For example, the readout time a
320X240 sub-window out of a sensor array of 640X480 is approximately a quarter of

the original time required to readout the entire detector.
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whi ch selects a grouping factor. The operation of both
these elenents is described nore fully bel ow.

woe@smsARd y, sensor array 210 is a two di mensi PCEIL2004/000740

array of ER detectors, such as an infrared focal
pl ane assenbly (I RFPA). Pref erﬁi)l y the IR sensors
form ng sensor array 210 are photon detectors, either

phot g on uctlve or photovolt ensors. As dis sed
abov Birsblareneence rate %R?@ﬁ%tptl §1er“é‘§9$‘tr%u€’|eyr8@‘g‘t’ﬁ ¢, and

0 %ﬁ’d[b e 4 te i
tﬁ%%%t%é%?él B PG o RARLANIA SR UYL BRI pequence ol fo
IVRdeadedsner a, such as a FLIR canmera. The IR inmages
collected by the IR sensor are used to build a

sequence of video signal frane at a predefined frane
rate. However, the enbodi nents apply to a standal one

|Rsmm_w%aﬁﬁ%—s€g%wmnﬂ€5raﬁeﬂww - i
other types of CFBOTHIMSIFERTYrafigian)tRepdod )

thﬂ preferred enbodi nent, sensitivity adjuster 220
t)ai ns w ndow sel ector 230. W ndow sel ector 230
seI ects a sensor readout w ndow, which nay enconpass

e a or a defi.ned sub-w ndow within the
af9rf\%[hé“?‘ie&g%§?q“ﬂ1‘?‘?d8%1%on3| sts of a definedm by n

,plxel portion, preferably |ocated anywhere on sensor

array 210. The sensor readout tine is a unique
ugctuielon f the nunber of detectorls read out (for ITR
BTG ﬁtsutealtﬁte(setnetw oA R o8 ORHE, )

period and the readout i e TWR det'ectors

thgh) the sensor array may undergo nore exposure cycles
during a given tinme period. For exanple, the readout
time a 320X240 sub-w ndow out of a sensor array of
I&ﬁ%ﬁﬁ?@hﬁ! r%a Fithg!¢ dtﬁ}:r)éas%ﬁ ﬁtéasre{l ot teﬁﬁl?k'rgéd?)ﬁ and may
tl equire to readout the entire detector. ie
indreasie niaddequame uan der IMGR ecadeyidifdbe madmlltemmeedsehet detestor
r eadout. t5 , and the readout techni que. For a readout
SKPIYEWGE) m by n pixels, the sequence rate for | TR

node préferabBAistati@xPeduse and readout are re eated at the maximum sequence

Exposure_ti'me(scenery_radi ation eadout _ti me(1
rgte possible for the selected pixel grouping. The sensor levels from mu tlple

exposure cycles may later be combined to obtain a higher sensitivity image than that
obtained from a single exposure cycle, as described below.

In the preferred embodiment, IR sensor 200 contains readout element 250,

which performs sensor readout for each exposure period. The readout time generally

varies with the size of the selected readout window. Readout element 250 may use
the ITR or the IWR techniques, where using the IWR technique requires the addition
of appropriate buffer circuitry. A

- In the preferred embodiment, sensitivity adjuster 220 contains grouping factor
selector 240 which selects a grouping factor. The grouping factor is the number of
detectors which are combined dtlring photon detection in order to collect a larger
amount of IR energy. When sensors are grouped, the IR image SNR is improved by a
factor equal to the magnitude of the square root of the grouping factor. For example,

if the grouping factor equals four, groups of four adjacent pixels are formed over the
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while for IWR node the sequence rate is: Sequence_
Rat e= Max( Exposure_ tinme(scener_y radiati onR)e, ad_out

wao powes1261) ) (2) Reduci ng the readout tine thuBCT/IL2004/000740
i ncreases the sequence rate for |I TR readout, and may
i ncrease the sequence rate fory{ WR readout (if the
readout tine exceeds the detector exposure ti ne) .

RO R 28 S B mpReted 55 SchPEsrentally b dpgter the IR
ﬂbé@éongfs@,ldﬂ'oﬁg quarl® a$ &Y E)l)de%\‘@vﬁtlf ﬁr%‘&t)ﬁﬂéh ERLR. Utilizing a

exposure cycles nmay | ater be conbi O obtain a
Dl Emuplm a¢tor this (radeswd eensibvity twith inwige a¢sobdionr doteithat when

e T Bl o ol Rtk B whPY sruPeliifagat or o
spé&ﬁ@tmorﬁ&gof Mhd‘rhmﬁ? |2f10 [ ifBeleRebalong @ﬂﬁ@h’é gro@ping F&dfor.

exposure period. The readout tine gener %w\(/arl es
wi t h Reffgenge igney mads te Bigedt which isaainp lﬁmhb drerawofan IR

ofnEiE oofite (N bl drdfepled BnfBbainli bR RSO ifiGRon.
cappra@i0icahrinsstiser acay 810 lsmsmwuy etcljustep B8260,and @de or more of:

enbodi nent, sensitivity adjuster 220 nt ai ns gr.oupi n
deteetop praralisungrle somirofiat 3, %f@ﬁ%%eée%erg %g%pﬁXH@S“F%E% 'r%alcu ator

3Ib,eav9fa% aﬁ@ﬁﬁ% ﬂrﬁ:g%%bﬁ 332 @%{sop&gﬁj 1%° g&?&?fg@e?ﬂlon

‘are co bi ned dur | tection I°'n of
nowlelcentrolier 345 ,mnsmmbjuadjusiér 328, anlregdout vkemensisapesatar e

e SNRis inproved by a factor
g‘?fﬂgﬁfyt%({e q‘?‘gﬁhﬂ’%de of the square root of the
gr ouh Mg préfeired emﬁeamﬁﬁﬁmlcsmeﬂafsob%nm léﬁbé%ef @k @Alculator
equal s four, groups of four adj acent pixels are forned

3609Wh1ph ed@ﬁ thggousor wiray @vposmh élnSNR\S showmmbove dhddetestor

cofulpge sfEaT el DR SE oplaa By FRIR detector.

thingrefuied emdodmns -thd dtbdtar d&@o@r@tﬁﬁ%hs eortofled and asdagyd by a
thus trades of sen3|t|V|t wi th i mage resol ution. Note

clased logp diknt praimaing theaaveragp PQ]éthlerC@ﬂ{ﬂe ﬁggst@nt @t g deieded,

s fii
rs O i 152 S e s RERS U oo
tltehﬁta(l; R pgaliatpnf la@d@bemg%étea‘témbﬁ semomymide The ekp@ureIime

ch is a sinplifi | ock di agram an IR
for the current exposﬁRa is pre era ly determine from e sensor output levels

obtained during previous exposure cycles. Preferably, exposure time calculator 340
stores the selected exposure time in detector operation mode controller 315.
As seen from equations 1 and 2 above, reducing the exposure time increases
the sequence rate for ITR readout, and may increase the sequence rate for IWR
‘readout (when the detector exposure time exceeds the readout time). However, under
a constant IR radiation level a reduced exposure time also results in a decreased SNR.
Exposure time calculator 340 ensures that the maximum number of exposure
cycles per unit of time may be performed, while maintaining the quality of the image
sequence obtainable from IR camera 300. Enough photons are detected to
differentiate between bright and dark portions of the image, while the charge collected
does not saturate the detectors. This is in contrast with many current FLIR cameras,

which perform a single exposure cycle per frame for a fixed exposure time.
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canmera, according to a further preferred enbodi nent of

the present invention. IR canera 300 contains sensor
W@reaw3AR10, sensitivity adjuster 320, and one PCT/I20&/000740

of : detector operation node controller 315, readout

el ement 330, exposure tine caI%yl ator 340, averager

350, and inage processor 360. Sensor array 310,

dete r..operatio de ntroll 315, sensitiVyity..
2 uit B P35 oo dingg, IO BiuaitarP0 saeaiss Arcineer 350, Which
geseasied artiR inas byesefbhpdedlon® IR RnidiRigRhRIREr Bdltiple
enbodi nent, IR canmera_ 300 contains exposure timnme
cxpAsErs taedout gyrdes. i iactidesdildRicamerre avungap 350 geneyates each video

ect or,_exposure
SRS A okl R O AR Ll e R B SRS TRER e
dglh']mg R pesti@stitimdpdrivd. Foe teimipel ilﬁtlh‘e aodtpﬂigﬂi‘deca f({iﬁlg,t 1bs 30
etector expqsure tine js controlled and updated by a
framgs eer SFB‘B’E‘: the3tdeerrameishunlt Peaveagtagyiedully-perfarmed
. i 5 |
AL Fn (PRt PROTFOLARRL, oferlfl e
nupber dffegclepwhichlaR awediget! iiomoticenstirs, hetidapende be thesidcdnging IR
nsor array 310. The exposure time for the current
Bure is prefer ably determ ned fromthe sensor
out pk&‘veﬁa%iﬁ%'tﬁe QL vafiks Hon ﬂlﬂlt_ffﬂ@é’)ip%lk\%e %Sfélgsséffﬁ:gvely

.cycles. Preferably, exposure time calculator 3
ingragsesshe Heerasge which iegeltesteddytthersenser ey eleteotors. The SNR of

' de. troll 15. As f ti
e e 0 5 b Pion i et b S ey e e
cydies dverigedCWheaanddw sdlddtor 238deletbts adRhIIBPXaddif EAGSY, the
t he sequence rate for |IWR readout (when the detector

DERpYNS CEPISIFRiTeadaut sRles Which emmionlneci@) 3 ﬁmﬁm period is
IS AR AL S0l e A5 8

alodecretiading tliélltléteetw wgadbut \hiﬁ?otvffﬂ)nmﬁmmb Dto QE?XQ4@Eesulted ina
exposure cycles per. unit tinme may be perforned,
qvaﬁ’mﬁm&éﬁf% iRt Of @cnﬁalaqeﬁ@%ﬂow cyicks Whishymay beypereraned per
foRtai nable from IR camera 300. Enough photons are
detected to differentiate between bright and dark
por t InonELIK canira,i seleging avmib-wirtdoer witliin gensophrrayc3 Hdlide the

t e the detectors. This_.i.s.in contrast with
Fﬁ&ﬁﬂ}f iﬁ%ﬁ@i&?ﬁﬂﬁ%@ ﬁﬁhﬁ%&?v RRE fisrimggsdogussdpp sensor array
Hx o, + . 1 4
RS USRI gl A LBIEY 5 Bl

whickringeny apglicatipiscih of greatenimportincd Ran nmirgainingaalergadiong.
FoERE (f)iel, ) \lzilé)io%%rﬁﬁgr{ce%egtna%lpﬁca%\é% rforna}ﬂctréi{) J[h% FLIR camera may

use the entire field of view (FOV) during good atmospheric conditions and a limited

.FOV during poor atmospheric conditions to improve image clarity and detail.

In the preferred embodiment, sensitivity adjﬁster 320 determines the required
sensitivity level from externally provided control information, suéh as a user
selection. The control information may also be provided by other system
components, such as altitude and weather sensors in an aircraft.

In the preferred embodiment, IR camera 300 contains image processor 360,
which processes the sensor array output signal, and forms a feédback signal which is

used by sensitivity adjuster 320 to adjust the pixel groupings (i.e. readout window
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exposur e/ readout cycles. In a video FLIR canera,

aver ager 350 generates each video frane by averagi ng
wo ogsobmes al | the fully conpl eted exposure cycPEBINI4AI00740

occurred during the previous franme period. For

exanple, if the output video fogmat is 30 franes per -

second, the video franme is built by averaging the

fully-perfornmed exposure/readout_ cycles during the
dg?%\??/o&g &nfifogeu%af@?orée@@& SHRUPIESAEPE) {228 PROCTHSPFOE0 18Ry
O Bferihik 950 A §100Gh FIES. drSnd)Ponfili heldcteaend

on ther%%Eoning PR raggftién. Ayerag?%g&bﬁg g%ﬁgor it
3%@ Iagefprocessou 360 pteeceseptheURdmage beimapt keptehee lagd analyzes

B AR RS b Y SR R B e E gt Bt imece
pto¥8&6r 360 BBRDHY scdBifivity djubter SWHRI@jusPPikelDrobitiBg PavaRR

ters
.of exposure cycles averaged. \Wen w ndow sel ector 230 -
insendartopbiain thel desired imwae auality nHovexamiple, sensiivityaidjuster 320

. ' . f d . '
i BORKE M BARAN e B e Uil 855 1P R Bl ol el
sensid theipkefetrethgrbodimeiit) in g pigdessod 360 domeKhs ah SR detector

re l;éi ng.the detector readout w ndow from 640X480 to
Wﬁ%_fgl Ieymines the trep sicaal ARy dBe SAE dteaioranasideteqt agy single or

o - 8 r r'.
S R A Rint T i Ploe SRR STEE, R
ShiRnend awrageySNRO |imts the FOV of the FLIR canera to

" the selected rtion of fhe imge fqQcused on sensor
arr ai“. CRIBCIpTR @e’gsl%d’lr‘?%é?ﬂ’rgéblﬁﬁ?\‘i}ta‘as Ricgpigast detector
fo?%ﬁ:_bﬁh%" tht¥Ymh SR8 EnTRY¥ntPRt, OBl AR st &é‘fk’cﬁ)ﬁ ¥ dERYY any single or
applications Ts of greater iInportance than”malntainin
wal nibinatiopof thexfalipwiag factora: mage amaxéntmarcoatrasti minimum
application for aircraft the FLIR canmera may use the
c%ﬁfaﬁﬁ,gn ?X/éqr%geocpng?séw (FOV) during good atnospheric
condid the peeféiél @nbdditnbRdsdnsMvAy hijastePPRY cortdBSPRBAL Celector
conditions to inprove image clarity and detail. In the
whichissriches 1Brasaer a0 betwesisiwo arimgre peiidgEinedt sepgitivity modes,

rml ne ' Etivity level from .
SRS LA I8 P AsbEASER A Sy BFor ghfiPhe fapor, in
ondseto previde highdr anbleweiosehsitivity opeatic AsabqulRd. al so be
provk%g%ﬁ@%/, ot her sgstem conponents, such as altitude

and i Rerrssra 30Gieantping aeorticel parton isucipases lens,der
FRIBAE bRl IR RafABR B0 &R0k @ik | mRge processor

Reference is now made to Fig. 4, which is a simplified block diagram of an IR

camera, according to a preferred embodiment of the present invention. IR camera 400
contains sensor array 410, detector operation mode controller 415, sensitivity adjuster
420, and readout element 450, which operate essentially as described above, and
video processor 460, which processes the sensor array output to form a video image.
Preferably IR camera 400 is a FLIR camera.

Video processor 460 obtains a sequence of defector output levels, and
processes the detector levels into a two-dimensional image. Video processor 460 may
perform NUC, BPR, and other tasks needed to convert the sensor levels into an
accurate IR image. Video processor 460 prefefably obtains the detector levels from

readout element 450.
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whi ch processes the sensor array output signal, and

fornms a feedback signal which is used by sensitivity
w@ejosmssaee 320 to adj ust the pixel groupings (iPE&I/IL2004/000740

readout w ndowl5 di mensions and | ocation and/or sensor

groupi ng factor). | mage procesgor 360 may foll ow
“averager 350 as shown in Fig. or may connect

diregtl adout ement 330. .1 . processor 36
or oo ELebl I it 4B S Mo i vl iR R85 Rl B
fOIBRAL ekRARIR eddiftidnGfpof HedseASoraRyand contrast. The
feedback signal frominmage processor 360 is used b

sensSepsjiitiy asijstastidP pederably canjainstwipdawiselgetouss hepd/or
g%%ﬁ@%&&'ﬁse'l&t&u%g{ %sfﬁsc?lggea'aﬂo{y%je desired i mage

or exa sensitivity adjuster 320 may
r edudethelpecfepediatibodiineaigR cdmérael00 ebhfis abNiagsardaBlzamy

.specjfied threshold. In the preferred enbadi nent, =
W%h%ga@ajg%%gg Hle0 IBBICRIAY P BY AHleamrOceatos d0@rin @Fflee fp identify
. . | ]
i R I prled o E L TR e s o
strgtillenderdgvicacinovisch casegelenprocessor S5RmayibeidesiphedNis,a :aoiion

GBS SE  obRpn SESHEL 5 IR Tl AR, v, nd

vERb PFdcefOr ﬂ&(?mh?g!gz%tiﬁj SHditial @R @BAsed -BE %g%om CHApacteristics.

det ector nmay de t dny single or welght conbl nat 1 on
of t ReeférablyolR eagndrad00@ containsraheadmgxdisplay dUD).abt the preferred

oS TP 1 BB 400 S ve Sl oo ity snbosh o euhance the
IR @i pisvidedRARIotChRiel QoM whatho¥ dofili@isnd R camera 300

between two or nore predefined sensitivi téam)d.es,
wher Beferenseds roynsiade t big. 5 viiels seciimplbified blado diagmimelay

o B 0 A e, Rk I bRy B

of fRe pasreiitdnBGdfion.0 Al sidls exgibstietdycielcopsists bPstep SUG in &&ich the
| ens, for focusing external IR radiation upon the_
SCOSIBTay Ji¥el groupireds adjpgied (o pravidedbrrogsired gnage sengiivity,

y . 2o i L anr

Eiifouia By M) 0CHh P i Chetgy AT Bhor@ iR AR soene by a

sensoeataydn acdorlamaereiith tHOS evtatt gkelprowgrisgr Inahe piefetidd,
detecto eration, npde control ler_ 415, sensitivity

@aﬁ?‘ﬁaﬂg{ agfin HPPELYGHPIng Camtt Oﬁ%fiie_,d%ﬁ A&rrdgpievidew

aRBSe N EloBpinY fatord &eAsdr heoAe gﬁ‘efeﬁﬁfj aﬁé&féﬁﬁe@foﬁ’ %5&1:‘ osure
460, y

whi'ch processes the sensor ar output to forma
cydleleo i mage.

In the preferred embodiment, one or more sensor readout signals are
processed, preferably by averaging several readouts together, in order to form an IR
image.

In the preferréd embodiment, the method includes the further step of selecting
a sensor exposure time. The exposure time is preferably selected to maintain the IR
sensor’s average collected charge at a specified level, for example 70%. The
selection may be based on previously obtained sensor exposure levels.

Preferably, the exposure cycle is performed repetitively at the maximum rate

permitted by the current pixel grouping and/or selected exposure time.
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Preferably IR camera 400 is a FLIR canera. Video
processor 460 obtains a sequence of detector output

wo ewslozz12and processes the detector | evel s i ntBCHIL2004/000740

t wo- di mensi onal inmage. Video processor 460 may perform
NUC, BPR, and ot her tasks nee to convert the sensor
| evel s i nto an accurate I R i mage. Video processor 460

‘ f b t ect.or | |s f dout
Pl errb B plssSred phbedifient e TRiagr 5 o Shotr Lk A i 2
féégﬁacrc%kgrﬁpfér la ﬂlstu?%‘ﬁl@ peel grdupihg: TheeddBaslSdipithl Sady el

radi ation upon the sensor array. Sensitivity
fungfios oBimage Chuaetedstitsipclading:Avearwgoimagn P NB) maxinumizgage

SR RS RH Bl St o B s,

nﬁﬂﬂilmﬁﬁagarbohme anal yzer, which analyzes the video
i mage provi ded by video processor 460, in order _to

i denPreferablyean IR gidep pesmenss is forgredifiane p sequenge iR images.
Tgé Slaeh !’rﬁ%ﬁ%@% HRAte ahf E@d‘i%ﬁ&‘en %2 %&ggeg% rrﬂg/(&géé G frest,

evi ce case Vi proces

subhs gnidbna s a nntlon detector I'n another preferred

enbodi nent_, canera 400 is .a a etrn %vrce aﬂd
}ge§|o etween .

vi de reé?ra'elérs% CUTERS REOF ERAIns
tWRSEHRY nluf&eg h?a‘zﬁfgtr@@eéﬁ%‘:ﬁx?l% L%l% X’lel& ﬁ% images

carrera40cota|nsa di's
witherbspecti senditivitydenels. | R camera 400 serves as an

or o KB A e R e SRR R b5 ek e
iR BNE@ fdrMmitOM AR s ﬂ’suF%, gec&dmgﬁm &8edofid gre‘féd@i i fied

bl ock di agramof a met hod performng |

embn@mﬁvgt ofgbe pregenidgnyentign f Theeurpame ﬁ@thOdcﬁxmd@‘diermﬁhocbﬁf Fig.

esent i n exposure C
S oREFRSE fovefl Pt fkos QothBEd FociE G S Yfnfore gp R video
ifsgUBt APLIR caﬂeﬂas 1o FLIR Rh@¥iade bidee oh@Giolddelensi®@@barray of
sensitivity, followed by step 520, in which IR energy,.

phefop deteeiersewhichsonyert Bhatersiato photgelectipng Bhotemeollgetion;is
Jth
PP RSy 55 e PRl G Pt
colidos bﬁplﬁftomah&}iend@lt of Bc&aehytrhdlmmm‘i Omftaflﬂ{ottm @llection, the
lfggrgqgéjrgilz ?p%é&%glr%rgg 6?Srleg532§{)@a £ gg %(pleie%teﬁrb%ftﬁe geteéfcor elements in

the array, in a sequenced order and from a controlled readout window of m by n

pixels located any where on the focal plane array. Detection may be performed in
either ITR or IWR mode.

The exposure time and readout window are selected in steps 610 and 620
respectively. The decision to change the window size may be performed
autornatically or manually. The criteria for automatic operation may depend on IR
‘image qualities such as SNR, contrast, or a weighting of these and other variables.

Photon detection is performed for the selected exposure time, in step 630. In
step 640, the detector levels are read out at the maximum sequence rate permitted by
the closed loop exposure time control and the window readout time (as determined by
the selected readout window). Note that the sequence rate is independent of the video

output format, since the video frames are generally formed from multiple sensor
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In the preferred enbodi nent, one or nore sensor

readout signals are processed, preferably by averaging
W@ ewsn3di12¢ eadout s together, in order to form aPCT/R.2004/000740

image. In the preferred enbodi nent, the nethod

includes the further step of sgjecting a sensor

exposure tine. The exposure tine is preferably . ;

t i.ntai I ' ver age co cte
e ol iy b AR N Sy g o i
visleb énatrieoﬂlumll)ﬂmidgeiﬂfﬁ@e @emlsmvayjh makmbgtth@hmﬁs?ﬁﬁﬁ%uts

exposure levels. Prefera , the exposure cycle is
aysErg TR RUpRlpey oggul{womfmﬁsﬂﬁwr@p@spmlqumone
vidéo HlameGithd. €Nt pi xel grouping and/or sel ected exposure
time.17 In the preferred enbodinent, the IR inmage is
pr oc Bigseth and Hritlestratotifeovay thatfsepsdithetkadjugmeht dffdcts signal

dji_usting the. pi . i ng. The, f eedb i gnal _may
R R O I L SR LTI
thRRERBEINVEMRDA, PR 72 BB W IRt ANRAE o SN 51 g I hrBEUE i ag:?s

SNR, average | mage contrast, maxi num i‘mage cont
p thinren Fhgamenerwitheyt senbitizfty adjubtmenanFigR7 v iscemn-

Y. I
TSRS b I 50P TR P

flsweci fi ed properties of interest, such as notion.
Preferably, the current nethod contains the further

st epRefrndg takign . brsigp 400 aniR edens signebisrobtainggl fierd des, IR

j [ j [ o, Vvield . LR.i mages ..
IR BAPAT A Al ire BN DR bRt} Gl e Pl sea
stegsdE0 5t 17 OFeis follGws. vilni sedp 705, thesinprolcbdst@ ealib@akordi althmed af step

R i mage sensing, according to

70D S Biliedo it B e R0RH B¢ REHOE dreclmedgnd semited to the
déé?ﬁg{&{]gh g&ps HPatd 736 NU@%(FB%?%{%@&%%H%S f?&op&g%lgﬁa the art.

. y  conbi ni ng "severa st eps ‘descri
AfioBER ajcnudsrddeo intmgg énanaitisle amhibRiswod eomprehgesibloto the
FLIR ¢ ra. . The FLIR canera is based on a, twg
RS O Aol P S YSeg g LB SERan S0t defeoBam pestqms and
thp liké OTRe stfdath PNALASYIASS RAPRs isFaRaly28d W!Sthﬁﬁfcthﬁlgl{)blé analyzer

erformed with a closed-1oop exposure timnme _
(S%eﬂ)rﬁ:”ﬁi Whosg restlistazgmesed e stap é4@ i previde oontod! ipfonhatiom for later

si%rgﬁ? ﬁ@??gggs’cﬁ{% TH&ided sig%%i 1asthiig r-]1')as'sAfﬁ tg{ed%‘ (s)tte(p) I:}50, and the

stream of filtered IR images is analyzed once again in step 760. Finally, in step 770 a

non-linear transform is performed on the image signal based on the statistical
information obtained during step 760. The transformation performs functions such as -
dynamic range compression and rescaling in order to transform the video signal into a
signal comprehensible to the human eye.

Fig. 7b shows the processing flow with sensitivity adjustment. The processing
flow is similar to Fig. 7a, with the difference that the detector feedback control
previously performed in step 705 is now performed during SBA step 730, in order to
determine sensitivity settings (i.e. pixel grouping) in addition to the exposure time
settings. The sensitivity settings may therefore be based on statistical data gathered

| during step 730 as well as the raw detector readout signal. It is preferable to select the

exposure time before selecting the sensitivity adjustment settings, since under
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el ectronic readout circuit reads out the charge

collected by the detector elenents in the array, in a
waegamsmes order and froma controll ed readout P@I/Ncow/000740

of mby n pixels |located any where on the focal plane

array. Detection may be perforﬂyd in ether ITR or IWR

node. The exposure tine and readout w ndow are

selected in steps 610 and 620 respectively. Th
caadifienshf adgquateiganationtheepsee s mighﬁge aef}lftgiiw@d

_ . | Ctor o
B AR B FEnREHE The sFReio RineL N s halmd fin
N w canttol settingso rDetected @introhmay flso nelg en amidrmativer provided
vari ghl.es, Phqton detection is perforned for the
d§€P€SB@d§E?ﬂg§bre time, in step 630. In step 640, the
detector levels are read out at the maxi num sequence
rate permtted by the closed | oop exposure tine
EoRMPAE and the wi ndow readout tinme (as determned by
the sel ected readout wi ndow). Note that the sequence
rate i s i ndependent of the video output format, since

t he vindgolldwingegample pa&ost dd i¢silarobeandd forTRithading &vith
sensor 18 readouts. (I n step 650, an |nteger_ nunper of

repstostvindovaisRl @ravping IRViErgevaseriormed withaeasiopt windows of

. 9 i Lvi )
cls3s0 HRY P62 PR ERuIRRTAA Y ohp ek B! R bl o, Tpe
ifnugd wax@ukoted /by acliowt mixyed EEIR cavherdedith an Saemberdesfd.s.
frame_tine. Figs. 7a and 7p illustyate t.he y that

sen ngtlgw P2 Wﬁ%‘f s hamees didaneviss gﬁ)&ﬂ;pﬁl&&@g@m 9 lgier-
bty iAot By 18 QyiAAIRAGout JGRATW bPE4G By 28PEGERES Glnents,
ewbodlneng 0 e present 1 nvention. Fi'g. 7a shows an
vehilerfig. Bbasho vk ¢heshighat sepsittdésisnagg obtasyed vpith 4 meaded window of

it hi n IR caner i thout . sensig,i vi adj.ust ment.
2855y 133 Wrectar FfHeRf; i is GO e A et Hitgied bortion of the
iDBRS sHow ih i@ BalUBkt VAR oreBtér ASrityiealdersl. i nto the
processing fTow Returning to Fig. 7a, in step 700 an
I R readout signal is obtained fromthe IR detector at
then end of each exposure period. Each readout signha
is then processed in steps 705-770 as follows. In step
705, nme unprocessed readout signal obtained in step
700 is anal yzed, and the exposure tine setting is
selected and applied to the IR detector. In steps 710
and 720, NUC and BPR are perfornmed as is comon in the
art.

-



After BPR a crude video image is available, which is

not conprehensi ble to the human eye but which may be
wais@d/obai2d¢ r acki ng systens, notion detection SyRCEHRIGH0740

the |ike. The stream of crude video inages is anal yzed

by statistical block analyzer (§BA) 730, whose results

are used in step 740 to provide control information

SU[%JEF?Tpass filt ey B TIRE §ElD B0 VIBWMMORE st WA G MODE

[

P;cﬁriﬁg f;ed R "upszg%;»m'&éty‘ﬁ%&%aﬂ& g agar T ?niI? g;s t5 d8%:tor

y, in ste a non-lTr1near transfo
Peletn@hisst i cal

performed on the i mage signal based on th
i ned
dhA awifliseconds

Defector SKRSHER B 15¢GOBHt | ons such as

-nf-orration—obt d—during-step+60—The
_pbff sl i ons such as) bftamilis.
Dete%febg\?ﬁagﬂiﬂﬁﬁ > Om.%?gﬂafli%%ﬁhé Ny T oruer 218% 'r@%lfseﬁdéfd‘s

€0 SI gnhal sl gnal conprehens

MaRiifan feye: ratd .
sensitivity adj
ITRgodeg. 7a, wit

GbFehreSet he processing f
ust ment. The processing fl
h the difference that the

420 Ptabries/Sec
Ow is siml ar
Het ect or

MR A g dt O
now per

orned d
IWRaheden ne sensi

i tian +n

' [y performedin
Lﬁ?ﬁg E%%?gtep 730, in ord
tivity settings (i.e. pixe

gﬂ’g&is/’s&
gr oupi ng)

The

Ln add
SNRJgEP f9rJiTRy set
modtatistical dat
the raw detecto

tha aoavnaciira +t1 mp catti nas
€ Lol\r.l\.l\.l\dl A>3 L"Ll T ™ 2 2N " " | llv\.l
t$${55 may t herefore be bas
a gat hered during step 730

r readout _signal. It is pr

& 058NR
as well as
pferable to

SNRefoe EW Rt thedex po

SBINRB ti me before selecting

$.B&SNR

et mant cinca _under19Q
AU ITTLLTTUO ~J T LILA A 2 ATl A} —_— T

conci tivgty ads
EAALE=A N L v I.] LAUJ
conditions of adequate illum nation the exposure tine
m ght be such that no sensitipyjf)y adj ustment is
necessary. The subsequent IR I nage is thus detected

wi t h Lith#ingdbe madeutovinday teargases thetdetertor readnttthe frayn 10.25

cattinac
=AY N llg\.‘,

o5 O El B A2 SRS 255t B R R
182350 thédeRRh@iMBdvind thé

_ BNRSY, Ritopof Hpﬂ@ﬁﬁ&!ﬁﬂ%mﬂdow
pi xel grouping. IR’ magi ng was performed w th readout
wi nd&Remaging Oaigpoztank tpaleieed for manyrasdpiarigd apnlicetionsf such as

gl Bt S Pt R O RO o R e

tarBetingl sgStem8a TRO HbSR eaitd didkrtd@GesbOd systdi® dhd el €61t trading
shows the |lowersensitivity inmage obtained with

O‘E I%éagg@ sengitivify Wit F@Y qungipr aesoluione Syeme cahibs be tailored to
provide IR images with varying characteristics under different operating conditions, a
capability which is often of significance for obtaining optimum system performance.
It is expected that during the life of this patent many relevant IR sensors, IR
detectors, photon detectors, readout circuits, readout modes, and FLIR cameras will
be developed and the scope of the term IR sensor, IR detector,' photon detector,
readout circuits, readout mode, and FLIR camera is intended to include all such new
technologies a priori.
A It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention,
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while Fig. 8b shows the higher-sensitivity inmage

obtai ned wth a readout w ndow of 216 by 112 detector
web@soszige It is seen that Fig. 8b contains a PCTAIL20w/000740

portion of the imge shown in Fig. 8a, but with

greater clarity and detail.20 $UBJECT ENTIRE FI ELD OF

VI EW MODE W NDOW NG MODE Pi cture size 640 by 480

GRHC o BRESOR e e poiet pf SHlBGR qarbpaient, may also be

pg!;&\lgl{llédss%?%féfy &ehem k/hﬁltéb?@ﬂfwbmbinaﬁoﬂo 25 m | liseconds

m1lliseconds ximumfrane rate at 60 Franes/ Sec
420 Blthopglt B@anvmomdsbmﬂemefl mmjmvnemﬂweclﬁc

SRIHATERTP A 3B Sl AR AR L gt

viil e lappateiiti6 thidza dRMbd i the @w, @&@61@ 1t 113 Qnt@ﬁieﬁ&b @fubrace all
readout time from 10.25 nsec to O.

Irdtegupdives. ynodigeations arf W@hgwhéh@& Wlﬂ%ﬂwplrﬁ@nﬂ bropgk
?f% Y8 SRR P PR HRER bethel 61 Ry Wpieations

mmmonéchmtthis apécification facy hereinyinangbrated ircthepptitetyby tsfsrence
suc d| cal &@w ces, i ndu trial proce l?bgcontrol

l%w Sm atwvg 1q thesamg ghteat as ?4Chaw@@1da#cp pEjon; pagent or
I
PRIEH Efcaridit BNDEEAENP A TR RIRY %%%%ﬂfﬁ&@t o
hawdi by refersudeutin additiBy stitatien onidettifirntibe of alyt wfarehdean this

row .de | es vv|t var ct tics und
oBpSRUPE skl il B ot A8 ot MESion Bl el o Bipide as
pﬁﬁ)}&@t@{}w%&@hﬁhﬁéﬁﬁﬁ for obt ai ni ng opti mum system
per f or mance. is expected that during the life of
thi s patent rrany rel evant IR sensors, IR detectors,
phot on detectors, readout circuits, readout nodes, and

FLIR caneras will be devel oped and the scope of the
term IR sensor, IR detector, photon detector,




readout circuits, readout node, and FLIR canera is

intended to include all such new technol ogi es a
w@ei0s0s212dt is appreciated that certain featureST/Uf20041080740

i nvention, which are, for clarity, described in the

context of separate enbodi nment may al so be provi ded

in conmbination in a single enbodi nent Conversely,

' f of the invention,21 which are, for
“ﬁ$§$?¥§¥f§@@§55@éd in the context of a single
enbodi nent, may al so be provided separately or in any
sui tabl e subconbi nati on. Al though the invention has

been ldstinifigead (TR mmrumpr@mgm th speC| fic

. enbodi hereof nt t
al t e(rgng% ég %HPIFSI%%’H i an %\rﬁ %lﬂg’ﬂéﬁ; [} epgtey from
afpR@fehbcend; dndose skilled in the art. Accor dingly, it

is int ended to enbrace all such alternatives,
modi Risensitivuhsadivsiprassociatedomih said serpar array, foradiuskiag a pixel

B B B e P ol  cat fons

rrentioned in thls specification are herein

|ncorpo ed in.their entir by reference into the
speci*f  msorig aggped %W@fi{ 1, yéherqin gajd gensor array

cbl'ﬁghyés‘il{% dmBhdiGal gﬁ&ﬁggﬁﬁhﬁéﬁslaﬁ/ IRIP g?&% application

was specifically an I Vi dua Icated to be
i ncorporated herein by reference. In addi ti on,

citation 1dentific tlon f any, reference in this
! B At Y SeofGh th aFo eS M AT Wehereim S8 APt Ay
chbiphiss3uaRriag bE pRAGE dbSctanal | abl e as prior art to the
present invention.22 WHAT IS CLAIMED I S: 1. An

infrared (IR) sensor, conprising: a sensor array

COTP! {8 SO o NP £ gk 85 e} Betors
cadipisd pHotaxdadedtiat 8ehsvist h sai d sensor array, for

adjusting a pixel grouping to provide a required inmage
'sensitivity. 2. An IR sensor in accordance with claim

1, waeng) ik sakdhis g%?&atn@é W gfag%'\ﬁl%?elﬁ s&%&otow}eﬁeﬁors

dlnenS|ona arrangemnen SEensors
camps photovebtaersdasoes W th claim 1, wherein said sensor
array conprises an array of photon detectors.

6. An IR sensor in accordance with claim 1, wherein said sensor array

comprises an infrared focal plane assembly (IRFPA).

7. An IR sensor in accordance with claim 1, further comprising a readout
element associated with said sensor array, for performing periodic sensor array

readout.

8. AnIR sensor in accordance with claim 1, wherein said sensitivity adjuster

comprises a window selector for selecting a readout window within said array.



4. An IR sensor in accordance with claim3, wherein

sai d photon detectors conprise photoconductive
W@Eemwsnsd26 5. An | R sensor in accordance w th cPEi/m2804/000740

wherei n said photon detectors conprise photovoltaic

sensors. 6. An IR sensor in ac%)r dance with claim1,

wherein said sensor array conpfises an infrared focal

pl ane assenbly (I RFPA). 7. .An_|I R sensor_in accQrdance '
wi t h %140 IR genseripageqrdansryithsiaig L wheseip sridsprsigyity adjuster
I r d - .
P Sk kS SRL A SR pll oBER G i luring IR
energprcdientionni th claim 1, wherein said sensitivity
adj uster conprises a wi ndow selector for selecting a
readout wi ndow within said array.23 9. An IR sensor in
ac corganGLIMdnSorGh atdBrdanc¥ RN AnSAIsdidSeaRiut sl¥mbit having a
;?djbus(er conprises a grouping factor selector for
resalouttime yariade with agizsiiarsgletted readodtiwindgwi R ener gy
collection. 10. An IR sensor in accordance with claim
7, said readout elenent having a readout tine variable
W t h 13, AZR §nsér if at@edade edtbaln Tyiwidesth said Aadbir element
sensor in accordance with claim?7, wherein said
cppprisstandpiegeaiy whiderised §ERYdevier- egrat e whil e read
(IWR) device. 12. An IR sensor in accordance with
claim?7, wherein said readout el enment conprises an
i nt edRattm IRhsemsordadcdorddice ahdthi claim 7, vhefsin k&Rd seadontrelément
accqordance with clq%ﬂkéyjﬁﬁerein said adjusting is in
CQRPYseAMdBteEr A then { R)\dexicsvi ded control
information. 14. An IR sensor in accordance with claim
1, further conprising an i mage processor, for

pr ocd$siAmgRasemsorso acardange aauthpldins, gviwieis said adjustifgis i
a feedback sign for.controlli id adjusti . 15.
e St A O dEs Cor R Ot 7 urt hev

conprising an i mage processor, for processing a
readout signal so as to forma feedback signal for
cont rid} | seaset ina@pepsddngg with claim 1, further comprising an image

processor, for processing a sensor array output signal so as to form a feedback signal

~ for controlling said adjusting.

15. An IR sensor in accordance with claim 7, further comprising an image
processor, for processing a readout signal so as to form a feedback signal for

controlling said adjusting.

16. An IR sensor in accordance with claim 14, wherein said image processor

further comprises an SNR detector for detecting an SNR of said image signal.

17. An IR sensor in accordance with claim 16, wherein said detected SNR

comprises an average SNR.

18. An IR sensor in accordance with claim 16, wherein said detected SNR

comprises a maximum SNR.



16. An IR sensor in accordance with claim 14, wherein
sai d i mage processor further conprises an SNR detector
wo erosdaiect i ng an SNR of said i nage signal. 17PCHIL2D6R/000740

sensor in accordance with claim 16, wherein said
detected SNR conprises an averﬁge SNR. 18. An IR
sensor in accordance with cl ai 16, wherein said
detected SNR conprises a maxi num SNR. 24 19. An IR
sensor in accordance with claim 16, wherein said

det eghe [ cY - AR

i adCoPiCealiiHh hitRadol Wi THI I wiiehin Ol biRSEDSAR
cpmprissaanifimumS¥Rconpri ses a contrast detector, for
detecting a contrast |evel of said imge signal. 2 .
An | R sensor in accordance with claim?20, wherein said
~cont HRSIAL Y &hsGAARE G WiBVEIADR, GRRfifShd 18R processor
22. An IR sensor in accordance with claim?20, wherein
fiarthied comptisessa contress|deteotoprfos defeciingsmdontrast dowet ofssid image

| evel. 23. An IR sensor in accordance with claim 20,
Sﬁmﬁfein sai d contrast |evel conprises a m ni num
contrast level. 24. An IR sensor in accordance with
claim1, further conprising an exposure tine

cal c Ml attey IR senserdh eeqardance vadrpiaim 2y phereiresaid eantragigevel
cégph S%%%§%&gggmﬂ&%9Eance with claim?24, wherein said
sefecting rs=rn accordance with external scene total
radi ation. 26. An IR sensor in accordance with claim
24, wherein said exposure tinme cal culator is_operahble

to mEent™ IR seRsein pegpadanse matk chamcd, wherein saidcoptastigyl
c@hpﬁs&&%g@% {:Iﬁl\ét%tle\?el- An | R sensor in accordance
\M i)

clarm rein said selecting is in accordance
with previously obtained sensor exposure |evels. 28.
An | R_sensgr in accordance with .clagim7, .further
conprPsi ?Pna‘?}féPéﬁféF‘??n&? wilpeiaigh 2y Whetsiutaid ety level
cORPAs d BMfnimebRiradiidvel Pl € readout cycles. 25

24. An IR sensor in accordance with claim 1, further comprising an exposure

time calculator for selecting a sensor exposure time.

25. An IR sensor in accordance with claim 24, wherein said selecting is in

accordance with external scene total radiation.

26. An IR sensor in accordance with claim 24, wherein said exposure time
calculator is operable to maintain an average collected charge of said sensor at a

~ specified level.

| 27. An IR sensor in accordance with claim 24, wherein said selecting is in

accordance with previously obtained sensor exposure levels.

28. An IR sensor in accordance with claim 7, further comprising an averager

for averaging respective IR sensor levels over multiple readout cycles.



29. An IR sensor in accordance with claim 28, wherein
a nunber of said averaged cycles conprises a nmaxi num
w0 niosgaaizeiunber of sensor exposure and readout PCHUL2061/000740
included in a single video frane tine. 30. An IR
sensor in accordance with clai4g1, further conprising
an optical portion for focusing external IR radiation
upon said sensor array . An IR sensor in accordance
with claim, said sensitivity adjuster conprises a
node 29eA8CIRMdenkHin S¥dok ddhicd GrithIMRETR, d/hBicaa f@ibdriof shilly
operating node and a | owsensitivity operating node.
agragedcycRs semptises amadewpyEicger smberof sensorexpopure andr
readgff ég%ie@. AudBR4E a%ﬁl'rgffe‘:&i&éo fifhe Fiflet Ching between a
Irgh-sensitivity operating node and a | owsensitivity
operating node in accordance with said feedback
signal. 33. An IR sensor in_ _accordance with claim8,
g ) Oﬁ%agegl@% ) 1,

“furt REr ASolRpienaqriig age &taiwy L, figthes gpmprisingan optical
' 1669 r eadout
DR RS e B C B8 PO SR ohsblS [ T o

| owsensitivity imaging. 34. An IR sensor in

accor,dance . wth claim9, further comrising.a de

el 0D IR Sbagrin Ar<AiAdes HubA i I Ud SR BT ng
cﬁ{iﬁgﬁges%riﬁbdle RItRr O QRhitg: befﬁ&%%gﬂ-gédéitf\ﬁtg%gﬁéﬁﬂgﬁnode

gh-sensitivity and |l ow Sensitivity I mgi
andra bowrsensititympesiting malesensor array conpri si ng
multiple IR sensors, for collecting IR energy from an
external scene; a sensitivity adjuster associated with

sai d33eASOR Rh§A)n aécdkdansd WethicREmA 40 ukdlr ErAMRia f8de
provide a_required inmage sensitivity, and a video L
selecterctos syitching betwser s fighgseasitvits operatingaypodaandia lowesensitivity
' OiP%S . . C a conpri sing

° %%fc?}%rln\égg@oacg al rr?eéglﬂ?galug gir)ﬁcl:(oﬁ F1I'sing an opti cal
portion for focusing external IR radiation upon said
sensqQr array 37. An IR canmera conprising according to

cl aj 3?-3@!1 $18 AN AGERFIaNGgs wgﬁglm@aﬁd&mheépmﬁngamode

sﬁécct&cfg%;ﬁﬁc?ﬁﬂlm% Pet%f%leﬁj a S PadBit 1BY¥ion AR 2 BREL RbESRYegion,

periodi c sens
respectively to provide high-sensitivity and low-sensitivity imaging.

34. An IR sensor in accordance with claim 9, further comprising a mode
selector for switching between a large pixel grouping and a small pixel grouping,

respectively to provide high-sensitivity and low-sensitivity imaging.

35. An IR camera comprising:

a sensor array comprising multiple IR sensors, for collecting IR energy from
an external scene;

a sensitivity adjuster associated with said sensor array, for adjusting a pixel
grouping to provide a required image sensitivity;

and

a video processor, for processing a sensor array output to form a video image.



array readout. 38. An IR canera conprising according

to claim 35, wherein said sensitivity adjuster
w@eowpisdes a w ndow sel ector for selecting a reeduLen04/000740

wi ndow within said array. 39. An IR canera conpri sing

according to claim35, wherei aid sensitivity

adj uster conprises a grouping Tactor selector for

sel ecti ng a pi xel grouping factor flurl g.1R ene

col | 86t PErR caperagomisEg AL er cfadirdy SRS AT IsiRg an

gﬂ f’f&n biobile GOURAIR Ak LIRASIPLACGSRAY T Of

rocessi ng sal ge Si gna so as to forma feedback
signal for control ling said adjusti ng 4 . An IR

caner. onprisin accordln t.o cl a ereln sald
F o aB . AR e ke dtoraeio Ay, o
1dadB G 12hERt aSSR%IatBd R REE scabb? armynfdwe@fbmag é%%lc sensor

average 1 nmage contrast, maxi numinmage contrast and
array\readowti nage contrast. 42. An IR camera conprising
-according to claim35, further conprising a node

sel ector for switching between a high-sensitivity

oper 381 MG IRDEheheddEbnFprisSaa61dingviotclaiRiBs! dhereth sHdlgensitivity
43. An | R canera_conprising accordi n%pt o cl ai m 35,

adjwstersomprises a wRodaamealesterdhpralecting & readopt windpwevipiun said

I R canmera conprising according to claim35, further
cofipri sing an i mage anal yzer, for analyzing said video
i mage to identify specified properties of interest.

45. An IR camera conpri sing according to claim44
wher éPn ASIR AR oS IngARSPrdingsto £1 %‘%fiﬁe V&‘F@H’c@d sensitivity

.
o B s e e P B BT tbf”
ddﬂngﬂ%ene‘tg‘ycdltectian.carrera according to claim 35,

further conprising a head up display (HUD).

40. An IR camera comprising according to claim 35, further comprising an
image processor for processing said image signal so as to form a feedback signal for

controlling said adjusting.

41. AnIR camera comprising according to claim 40, wherein said feedback
signal comprises at least one of: average image SNR, maximum image SNR,
minimum image SNR, average image contrast, maximum image contrast, and

minimum image contrast.

42. AnIR camera comprising according to claim 35, further comprising a
mode selector for switching between a high-sensitivity operating mode and a low-

sensitivity operating mode.

43. AnIR camera comprising according to claim 35, wherein said IR camera |

comprises a FLIR device.



48. An IR canera according to claim47, wherein said
I R canera conprises an aircraft visibility enhancer.
wa 05432126 hod for | R sensing, conprising: adj uBCT/IQo@/000740
pi xel grouping of a sensor array to provide a required
i mage sensitivity; and collecting IR energy froman
external scene with said sensor array in accordance
with said pixel grouping. 50. A nmethod, j ccor dance
wi th 4 Gemord C QTS IR, RSP IR U Ayt CaREgpe an
PO et fBmaR zingRAa B A inldde 86 RRAEBNPECiAbd Propbicsbf
49, wherein said s€lecting is to nmainfain an average
imtetesect ed charge of said sensor at a specified |evel.
52. A nethod in accordance with claimb50, wherein said
method is perforned repetitively at a maxinumrate
per m4st egh IRycasirslcdhpidlingdaRUilinStodMmSH, vheRfiesli@ R camera
exposure tinme.28 53. A nethod in accordance with claim
cemprigpser wrveiliameeldede®ect ing is in accordance with
previ ously obtai ned sensor exposure levels. 54. A
“method in accordance with claim49, further conprising
per f eemANIRp&IiMepdlcamprivig®iccorniOt claimb44, Avherdiedd IR camera
accordance with ¢laim49, wherein said adjusting
COBRHSTSAarestingdevi¢ly a readout window within said
array. 56. A nethod in accordance with cl ai m 49,
wherein said adjusting conprises a selecting a
gr oudi7ndhif Rctanrera &Zordingriet digich 35) fiartheo comprsingva hbadhmdisplay
wherein said adjusting conprises a selecting a
ping factor. 58. A nethod in accordance with claim
54, further conprising form ng a feedback signal for
controlling said adjusting fromsaid sensor readout.
59. A8mémhiBocameraaesordiagitoeclaiint 47, stheiain 58d Rveametiarcogwrides

f eedback .si.gnal. conpri ses at | east one of: average
apﬁgﬁléf‘%éﬂﬁ?ﬁlﬁh image SNR, m ni num

49. A méthod for IR sensing, comprising:

adjusting a pixel grouping of a sensor array to provide a required image
sensitivity; and

collecting IR energy from an external scene with said sensor array in

accordance with said pixel grouping.

50. A method in accordance with claim 49, further comprising selecting a

sensor exposure time.

51. A method in accordance with claim 49, wherein said selecting is to

maintain an average collected charge of said sensor at a specified level.

52. A method in accordance with claim 50, wherein said method is performed .
repetitively at a maximum rate permitted by said pixel grouping and said selected

exposure time.



i mage SNR, average i mage contrast, mnexi mum i nmage
contrast, and mninmumimge contrast. 60. A nethod in
waewsnstance with claim54, further conprising BUBEH2004190740
respective sensor |evels over nmultiple readout cycles.

61. A nethod in accordance w tf, cl aim49, further
conprising swtching between i gh-sensitivity

operating node_and a | owsensitivity operating node.

62. A3mbimethod in accerdaneniwith Glajm 5@ wherewoaidesglacHig is in
H H A . R . . . . d . f
St atinal g it

spec perties o

54. A method in accordance with claim 49, further comprising performing

periodic sensor readout.

55. A method in accordance with claim 49, wherein said adjusting comprises

selecting a readout window within said array.

56. A method in accordance with claim 49, wherein said adjusting comprises

a selecting a grouping factor.

57. A method in accordance with claim 55, wherein said adjusting comprises

a selecting a grouping factor.

58. A method in accordance with claim 54, further comprising forming a

feedback signal for controlling said adjusting from said sensor readout.

59. A method in accordance with claim 58, wherein said feedback signal
comprises at least one of: average image SNR, maximum image SNR, minimum
image SNR, average image contrast, maximum image contrast, and minimum image

contrast.

60. A method in accordance with claim 54, further comprising averaging

respective sensor levels over multiple readout cycles.

61. A method in accordance with claim 49, further comprising switching

between a high-sensitivity operating mode and a low-sensitivity operating mode.

62. A method in accordance with claim 49, further comprising analyzing said -

video IR image to identify specified properties of interest.



