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WO 2005/032126 PCT/IL2004/000740 1 Infra-red (IR) Sensor with

w0 thopiradiable Sensitivity FIELD AND BACKGROUND OF THET/11.2004/060740

INVENTION 5 The present embodiments relate to an IR sensor and, more
particularly, to and IR sensor with contrpllable sensitivity. Infra -ted (IR)
sensors detect the IR radiation emitted from an object, and are used for
InfFlRYeATERGHYiSioN, PRREANIARS deRsrAjre measurement in many
industrial, security, and medical applications. These applications include
aircraft 10 imaging systems, human temperature sensors, surveillance
systems, fire alarms, and night vision equipment. IR sensors generally
E b AEONE MabeGRUIND (e IR AN BN I6BYmal radiance of various
objects in a scene. The difference is converted into an electrical signal,
which is then processed and analyzed or displayed. Imaging cameras or

15 rddfoRTEtEs CabeH SRR AR [N Fensn rydnaweemparisulatlizdmand

IR ¥R%aHR Ggﬁﬂgg@;@@ﬁgﬂ@gﬁ two-dimensional thermal image. There
are two distinctive sensor technoltégies:_thermal detection and photon

deteBtfrredHébnhsgrsere deiest the Hheadighnpsmitied Sosnansobiecteradore
gséaeﬁay%g} AAEH VIl ICHACHANGS: RXBRISIAR A JRIBHIRT fempRyature,

. to detect IR radiation. 20 Thermal detectors include bolometers,
Tt ReEINs AHerCAbapRlkr oRs e Thate apelicatings Piebidn dewaiors
imiERs §fadhe, Dhelan SaifRei e IR RGIOSIBALIARS I {RtGHEATBR: alarms, and
. accumulated, the current flow, or the change in conductivity is proportional
nighy isiOR:EEBacEE objects in the scenery viewed. Photon detectors
generelyBane:Bigher BLarmaneadbancoRBataRicteral grigtiprs.

with larger detectivities and smaller 25 response times, but generally need

ebureir s RSt Bsamserdhdiifornge i spusaigdinio an electrical
sigRRYOBNIEMIYHER pleddale alr ahaye-aaetadRNtag8sind hanlelechor

elements are usually smaller in size than comparable microbolometer
radiometers, such as forward-looking IR (FLIR) instruments, utilize an array of IR

sensors to provide a two-dimensional thermal image.

There are two distinctive sensor technologies: thermal detection and photon
detection. Thermal detectors use secondary effects, such as the relation between
conductivity, capacitance, expansion and detector temperature, to detect IR radiation.
Thermal detectors include bolometers, thermocouples, thermopiles, and pyroeleciric

detectors, Photon detectors translate the photons directly into photoelectrons. The

-chazge accumulated, the current flow, or the change in conductivity is proportional o

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 o be cooled to cryogenic temperatures,

Systems based on cryogenically-cooled detectors have several advan‘cageﬁ.
The detector elements are usually smaller in size than comparable microbolometer
detector elements. Shorter focal length lenses can be used to aitain the same required
spatial resolution. FLIR cameras based on cooled detectors generally have very good

sensitivity, and reasonable physicél dimensions even for long focal length optics,

-since high fnumber devices may be used.
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detector elements. Shorter focal length lenses can be used to attain the

w0 samespagslired spatial resolution. FUR cameras based on ceolgé 2064/600740

detectors generally have very good 30 sensitivity, and reasonable physical
dimensions even for long focal length optics, since high f-number devices
may be used. WO 2005/032126 PCT/IL2004/000740 2 Four distinct

gengigticnsel-FLiB-camaLas hare @ﬁﬁ&%ﬁ&@%&%&%ﬁ&) R HREEH

technologies developed during the last 30é/ears. The vartous’generations

detggiordeckanlagise dsrioned dHEnEPHIsHS @ At hoesiowsigenezations are

clagiBI4. debStangneralionmblR fameres:sedasnall %@?ﬁ% gajgetors
and a mechanical scanner 5 to Eenerate a two-dimensional image.

EenFgRtiRPS othvrPgsaT afeh DR ‘dpiestomandrmesdionaniocanner
to RlABRBEAWERALiIIRSGS08S 405 IOl BAMIRANY A SN W iheras

mechanism. After the sensor array is exposed to external radiation fora
congia s R-kiBaRTige ferdl plaae Araiid B serouTthatde mhbreanisoany
scadfidy angiaagsm out the signal of 10 the individual sensors composing the
senspy array in a sequential manner. Readout circuits are classified into
Ly

two iPRAAL TR FRRPYTR LBl ardiaiionciongshuetieadmoym as
theanghdviegaie, Wiledaad oM iiehiend RaR AR A TR IR nal of

ex oségre and sensor readout sequentially. The sensor array is exposed,

the 1ndividual SERIPEHEAMPARES e SeRNE 3UAY HhprsanenpatmameeseRsedout
cir@NpOaYrel astisdadeU S RaalelsRestesn Al sygeabidgom the

___previous exposute cycle in an analog_or digital buffer. FPA detectors are
Snﬂ@&?’rﬂﬁf&ﬁg’ﬁ‘)}%@?&éﬂtmﬁ%ﬁa}ﬁéﬁ?& t intddrarnrrpshivadons). In

detgeroe s iberéendadhtinevasiassitreihanyththe ﬁﬁ&?!&ﬁ%%@ e s
Foerfﬁgépm le the typical readoutfitrlne for a detector of 640 by 4585%% 4

CHRAY SO0 DR BEBFRISR ROTSsBITa W B ARt T @ad seadout
in HUREIEDBY SRIABIOMETEREDN AR FRIBCIRE HOMRRISISSRY &ele in an analog
or 1g1|i|t|§le§19§grs.' FPA detectors are commonly provided with an on-chip readout
integrated circuit (ROIC).

In general, the readout time varies directly with the size of the sensor array.
For example the typical readout time for a detector of 640 by 480 elements is about 10
milliseconds (10 second) while the readout time for a detector of 320 by 240 detector
elements is only 2.5 milliseconds. '

Reference is now made to Fig. 1, which is a simplified block 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 fime and additional variables such as bias current. The readout
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Reference is now made to Fig. 1, which is a simplified block diagram of a

WO peisroart #6_IR camera. FLIR camera 100 contains an optical ggortionod 4600740

which focuses IR radiation from an external scene onto sensor array 120
within IR detector 25 115. Optical portiop 110 generally consist_s of one or
more lenses, which maybe adjustable to control focus positioning or to

Sigpﬂrfgmemeﬂ@mﬁo@@@@%@i@d@ﬁeﬁ@\‘JHEEP&@%‘?@FQE% tﬁfﬁlfte IR
... detector 115 is cqaled. to the cryogenic temperatures required for photon
togg i AR RTOGERG 1 Al PE RIS TONOR I BG IS RROGE ORI o as

nogieadfbaulitheosestion AN pigidatadd iR IReaE IMPRNGRLBING video
detector 30!? eration mode cggntrol er 135, which is a register containing
PrORE YRS %Jg‘h?h COsRI8AA SO LIS FRSAh AR ISR 93PHhd location,

opemmmdmwmmmem%d %ﬁﬁg&%&%@w%ﬂsz
variables su bias current. The readout WO
e e T e e
deteteonentschviualitinffog. dbarepGoalrit itoge PesassHreREERIL.
h rocessir%g lements ene??l erts?rm sktg@%cha}]?gnon-uniformity °
P A RIS TS S TA s RS e o R i
is qurondssiing tarobiaire datitea signatfromithdspreaitarray isigRalautitissot
. b %ﬁre.%from an i cIrair(ed detector m e sub ivided_intott 0 parts:
1111%ngdocu'rren? gna QanCEuen .aﬁ?é %%&%%P%ﬁ?ﬁeﬁ?éfﬁé%m 8fise of
cartives creteetess tihictoreseiks frithpabgoggtaatfinfrared photons in the
det These phatons create charge carriers which be collected as
a pﬁ%f%%{u?%eﬁ at:%}(%r?g?l |§?3%%?§8§?Fe%§?tﬂff)iﬂ; s@ﬁﬁeéﬁ?’i‘gg'ut
limighicteisiprdgenPivion detbetalef®Rois imitd Gylsowinatediorne Diigietior
dar cyre t iS.Us a&l th%rmaFll citatiorgo charge carriers, a process
e AR R SR B e SRR i
of Serssos@r drpstdsd Batnragesitbldinhiteckse fisibtitindd haten Betector
ol e?:%g can only gbsorh a Iimiteday

o s T R R
the sensor array is discharged too frequently (due to a very short detector exposure
time), the SNR for a single readout is limited by the noise which is present even in the
absence of IR radiation. Ifthe exposure time is too short, insufficient photons are
collected and a dark image is obtained. Current FLIR cameras generally perform a
single exposure/readout cycle per video frame. The image sensitivity is therefore
limited by the ratio of the detector signal and the total noise associated with the
process. The noise contains fluctuations associated with the signal itself (quantum
noise), readout noise, fluctuations of the dark current, and so forth.

In an FPA-based FLIR camera, assuming an ideal optics, tﬁe spatial resolution
of the image is determined by the number of pixels on the detector array. Common
formats for commercial infrared detectérs 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



15 of the sensor array detectors saturate and a blank image is obtained.
The sensor array must be discharged during readout often enough to
prevent saturation. However, if the sensor array is discharged too
frequently (due to a very short detector exposure time), the SNR for a
single readout is limited by the noiseavhich is present even in the
absence of IR radiation. If the exposure time is too short, insufficient

video 5igiBhstifeSRPCHIe ERPHHE JBErRHRAGER oBRallTRIET YRt foL /g f-number

systerﬁ@mﬁ“ré‘%&%&régbé%ifpf‘m@rééﬂlé.el@mgﬁﬂ&%ma@wtc@}{é&lmfmpdecreases
frame. The image sensitivi ‘&%/ is therefore limited by the ratio of the

the sigRbIQdidrgniatiand iHe. (DI RISK IR SIS PRI oREs S aFRK! Higs often
have S&¥Haisiygjuations associated with the signal itself (quantum noise),
readout noise, fluctuations of the dark current, and so forth. 25 In an
FPA-based FUR camera, assuming an ideal optics, the spatial resolution

ofiiigdmagrdsHgigEmined iye futaher lrixelsorithe Higsianaimieous to

Common formats for commercial infrared detectors are 320x240 pixels
have, @piRSA0ANSNIAD GONR) ARUCELONISHRAUA WHieEPBRches between
pixels in the range 20-50 um. FLIR cameras that have both a large field of
view (FOV) and a high spatlal resolution are 30 usually based on large
MMARLEF forRINVERY B4k 480, 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
foferRdingide s PIRRCH Sl e r iRpBIRUBVERIO I iRFTEfiEnAFRYfRfeR)) infrared

senscP@miRAw f5 W@&IaW%m\%ﬁr Gedimiledidetecinrdime sapylitdNror collecting

insufficient light collection, which decreases the signal to noise ratio.
IR enmsfrw@me@ﬁﬁmahscﬁm chArEdviDitAdbIRiEreROGiaIRsE Y iBTBRId BRSO array,

for acRRPHS YRR 2 HREIIS MW SA BTy é@ﬁ@gpmmss@omrm@dahavg%upmg of

hlghly advantageous to have, an IR sensor and IR camera devoid of
SEﬂS!m@aiﬁﬁ/@llﬁ%@i®§eWMiﬁRWWWE INYEN TTEOE AceeRends erafigured for

procelERSPEH N e R B SR IGYRRFOR RGECHSRQUdRR A5k IBEAK%or controliing said

adjusting, so as to derive a required image sensitivity.

Preferably, the sensor array is a two dimensional arrangement of the IR sensors.
Preferably, the sensor array is an array of photon detectors. in one preferred embodiment,
the photon detectors are photoconductive sensors. in an aliernate preferred embodiment,
the photon detectors are photovoltaic sensors.

Preferably, the sensor array is an infrared focal piane assembly (IRFPA).

Preferably the IR sensor further contains a readout element associated with the
sensor array, for performing periodic sensor array readout.

_ Preferably, the sensitivity adjuster contains a window selector for selecting a readout
window within the array.

Preferably, the sensitivity adjuster contains a grouping factor selector for selecting a

pixel grouping factor during IR energy collection.



sensor comprising: a sensor array comprising multiple IR sensors,

configured for collecting IR energy from an external scene; a sensitivity

adjuster associated with said sensor array, for adjusting between a field

of view to select a sensor array readut time, and a grouping of sensing

pixels to select a sensor array resolution; and an image processor,

configured for processing a sensor array output signal so as to form a

réuaiesRR sidiultaFeshBIBRD! S8 SHGRAMHGIBE WIRPINIR & SEGRt&yseIected
readollBBE&ENsitivity. Preferably, the sensor array is a two dimensional

arrangement of the IR sensors. Preferably, the sensor array is an array of

pRetrabtcbRrsafPUrRITReR it adRBIER e e tReP YIS det&ors are
PBAIRGAPIUHY R38R SCERHE AN PHCTRRIG REiRsreR RMbAdasnte the

photon detectors are photovoltaic sensors. Preferably, the sensor array is
aRwireey fobs priiiesirgeibly (|REPIPNSRIYERIyIHE TR Ve GV itFthefontrol

informS@RtaINs a readout element associated with the sensor array, for
performing periodic sensor array readout. Preferably, the sensitivity
adjuster contains a window selector for selecting a readout window within
the array. Preferably, the sensitivity adjuster contains a grouping factor
selector for selecting a pixel grouping factor during IR energy collection.
4a 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, Preferably, the readout element is an
integrate then read (ITR) device. Preferably, the adjusting is in
accordance with externally provided control information. 5 Preferably the
IR sensor further contains an image processor for processing a sensor
array output signal and/or readout signal so as to form a feedback signal
for controlling the



adjusting. Preferably, the image processor further contains an SNR
detector for detecting an SNR of the image signal. The detected SNR
preferably consists of one or a combination of the average SNR, the
maximum SNR, and the minimum SNR. Preferably, the image processor
further contains a contrast detector, for detecting a contrast level of the

image si%nal. The detected contrast level preferably consists of one or a
BRI 61 thacarerdyBNG MPAINS\R, TRBIM RGIRABPESItPASETETEY @ sensor

array Qﬁﬁﬁhgiéﬂmi%ﬂ%r%ﬁgﬁﬁté ' &5 @?E@%ﬁﬁh@ fﬂ%&%ﬁ%i&r‘féhﬁﬁ%@é‘%g the
an exposure time calculator for selecting a sensor exposure time.

adjustisgferably, the selecting is in accordance with external scene total
rashigtioahyPreierable the RResUIAHLPR SAIGHRIN NaReiakiade malRiiling an

an average collected charge of the sensor at a specified level. Preferably,

SNR o thedeagng R dteo fripREhRNR RwisR ) smAREE SERZE s GBRIHINAton of
the avSiRlS SRR BhGSARIRSRRSARIMAbSHiRRNIAINSNGR averager for

averaging respective IR sensor levels over multiple readout cycles.

PRaréeEBY, the iiRascPioreseridulrangetadthe priasLAstABitb & dfetecting 2
contr<P BRI ARENRYLXBASHFABULISALQ UbYSaS DS WS ULR SRR IHSRe or a

frame time. Preferably, the IR sensor further contains an optical portion for
combiRatipsirg] HgerManase ruamasnelfbntiseRisBMacaytRREedlyaRHdhR minimum
contraag sy further contains a mode selector for switching between a

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

Prerieany. the IKweemmag fiatitescestaiana wxposidddbam salcdigioafor selecting a
senso?@(%éﬂlé(ﬁmg. mode sglector switches between a small reado_ut region

and a large readout region and/or between a large pixel grouping and a

sieafgiBy greuppRplingsiSdBtRRSIGTEE PO WHR BitRINSE BRSO dadiation.
S%‘?@%@Y&éﬂ)ﬁﬂ@@ﬂ:}owr@ time calculator is operable to maintain an average collected
charge of the sensor at a specified level.

Preferably, the selecting is in accordance with previously obtained sensor exposure
levels,

Preferably, the IR sensor further contains an averager for averaging respective IR
sensor levels over multiple readout cycles. Preferably, the number of cycles 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.



5a According to a second aspect of the present invention there is
provided an IR camera comprising: a sensor array comprising multiple IR
sensors, configured for collecting IR_energy from an external scene; a
sensitivity adjuster associated with <d sensor array, configured for
adjusting between a field of view to select a sensor array readout time,
and a grouping of sensing pixels to select a sensor array resolution; an

iMEGerpIUL i3 SeCeuhAGHRSH IO BroEEsSg T Berrin PRNSEEAG R camera
comp:er@gs. t9 frmas eesbadksigaalionuaRMrelingsAgiadialpG0 B8 Killecting IR

erive a required image sensitivity; and a video processor, for processing

energyfiPReABOPEFFEY CIAPLR G ERMSEIIY 3 HsdRfe 285 gstatRdaniin [peidaRsaRer array,
confiteRehcoRiRinT AR ARtIsRLRRItoR tRefoeusing extesnab iR adiatiabuRAfR, and a

the sensor array Preferably, IR camera further contains a readout element
groupi gt aSetsivih pielsetsoreigia RRNIFEHRMMg BERBER s IMAFay Processor,
config§iRaapE- SrERIRIaRYY - BE-3BPSITUYAtIUE GRS £ANBIBS RWHHOW rReIREEeK Knal for

selecting a readout window within the array. Preferably, the sensitivity .
contradiifjgseait orBisling. gfousing Fa S Se @ ciBR fiiedelBaify Bepitdilyiodffhg video
proce AGIOFSIBEL IR  eneray Lollerton FialarallYoiR samesadydacr contains

an image processor for processing the image signal so as to form a

feedback signal for controlling the adjusting. Preferably, the feedback

signal is at least one of: average image SNR, maximum image SNR,

minimum image SNR, average image contrast, maximum image contrast,

and minimum image contrast. Preferably, IR camera further contains a

mode selector for switching between a high- sensitivity operating mode

and a low-sensitivity operating mode. Preferably, the IR camera is a FLIR

device. Preferably, IR camera further contains an image analyzer, 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 aspecg of the present invention there is
provided a method for IR sensing comprising adjusting a field of view and
a pixel grouping of a sensor array, collecting IR energy from an external

SERBRMIIY SHI SRS AR IBARSRKIARCEpNER SRRl JHRUBIRNG 8REmal IR
said field of view, and processing a sensor array readout to form a

radiati HBAR KNS RFTRAREBNtrolling said adjusting, so as to provide a required
inmagReMNsitNibariiefenabl, (BRtaMhrR sebRIBS e fudbes sieP ath the sensor

selecting a sensor exposure time. 7 Preferably, the selecting is to
array, {o4iReAlA BN SRS IC RIS BT @YaRRI8  the sensor at a specified level.

Prafgtatlyy thednsthegisparfpisnad tepeiitively ahiBid@lBiorater selecting a
permitted by the pixel grouping and the selected exposure time.

readopipieAIYVERE $8%c21iRY is in accordance with previously obtained sensor
GWQ%#%EJ?N%%e?w&‘?sf@@@&!}ﬁt@r@@%ﬁsc@"%@Uéiﬁ@%lﬁh@h%&@&@r%r selecting a

~performing periodic sensor readout. Preferably, the adjusting consists of
pixe! gagRiiEJasiRs sHOne WneR/taXBsieeierarray. Preferably, the adjusting

cpratatan] anelsriing fareHRRARCIaR RISiR BRIYe106 MR ELNGIBR image

the further step of forming a feedback signal for controlling the adjusting

signafgsngsrie SemsdfardrrsiitSereldrasninedinadapasivsiisal is at least one of:
a@@&%%?%%@bm@mm @QQ@%N&&E@'%&B%Q%&&‘BNR, maximum
average image contrast, maximum image contrast, and minimum image
imageghitkagninimum image SNR, average image contrast, maximum image contrast, and
minimum image confrast.

Preferably, IR camera further contains a mode selector for switching between a high-
sensitivity operating mode and a low-sensitivity operating mode.

Preferably, the IR camera is a FLIR device.

Preferably, [R camera further contains an image analyzer, for analyzing the video
image 1o identify specified properties of inierest.

Preferabiy, the IR camera is a surveillance device.

Preferably, the IR camera is a targeling 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 comprising adjusting a field of view and a pixel grouping of a sensor array, coliecting
IR energy from an external scene with said sensor array, in accordance with said pixe!
grouping and said field of view, and processing a sensor array readout to form a feedback
signal for controliing said adjusting, so as o provide a required image sensitivity.

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



Preferably, the method contains the further 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 analyzingsthe video IR image to identify

specified properties of interest. In accordance with a fourth aspect of the

pFESERERlY IeRting I8 IorBANERAN iRTRIASE SelRTPE GhAsESIAGtg sensor at a
specifR@RQEArray comprising multiple IR sensors, for collecting IR energy from

an external scene; a field of view adjuster associated with said sensor

afrEsfefabhadiisirieeniaaiarmad BRaBlveY stiachaxseHsbraeragrmitted by the
pixel JRRARMY HMeiandaaryping QfrsSeeing pixels to select a sensor array

resolution; and an image processor, configured for processing a sensor

afPESfealint 519 salesding iniforrr ol feeap AiOsRIPEPHS \C BRtABIRAFSBRPr exposure
levels@djusting, so as to provide a required spatial resolution. In accordance

with a fifth aspect of the present invention, there is provided an infrared

(IRYeseredy, dbenprRiiey £emaigerkealfHaoslegteRnsbParfay tainpEIRC sensor
readolPultiple IR sensors, for collecting IR energy from an external scene; and

a sensitivity adjuster associated with said sensor array, for adjusting a

pikexfgrablyirigs adivetintheageiprodiearler!ina acmangurad e ptEsshasray.

ses AR anebaags e Luokadssdiashainaklpy contoling

said adjusting, so as to provide a required image sensitivity. Embodiments

oftreéaprbberitinvesition sqotussfiily Adthessigr ehismedmingieefiiask signal for
contr&ﬁﬁéqﬂg%gﬂg% Sl alaes by ygyiding an IR sensor having pixel

grouping control'to provide an IR image with controllable sensitivity.
URreseralthe rtbis degetineld  sidhgl chnit de asidosisieritifiy e6pats i0wsad HeiNgin maximum

imag@%@%hﬁirﬁﬁm %%Bi%ﬁ QQ%QQMA&Q ﬁi?ﬂ, Wa%ﬂﬁg?jirﬂ%%@oﬁhj%st, and

In the art to which this invention belongs. Although me aterials
minimgimilanage équitadént to those described herein can be used in the practice

orﬁr%‘?@%@f ?%@%&8@@8@%%9@%8&&%@ of averaging respective sensor

levels over multiple readout cycles.

Preferably, the method contains the further siep 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 properiies of interest.

In accordance with a fourth aspect of the present invention, there is provided an
infrared sensor comprising: a sensor array comprising multiple IR sensors, for collecting IR
energy from an externai scene; a field of view adjuster associated with said sensor array, for
adjusting between a field of view to select a sensor array readout time and a grouping of
sensing pixels to select a sensor array resolution; and an image processor, configured for
processing a sensor array output signal so as to form a feedback signal for controlling said
adjusting, so as to provide a required spatial resolution.

in accordance with a fifth aspect of the present invention, there is provided an
infrared (IR) sensor, comprising: a cryogenically cooled sensor array comprising multipie IR
sensors, for coliecting IR energy from an external sceng, and a sensitivity adjuster

associated with said sensor array, for adjusting a pixel grouping; and an image processor,



invention, suitable methods and materials are described below. In case of

conflict, the 8 patent specification, including definitions, will control. In

addition, the materials, methods, and examples are illustrative only and

not intended to be limiting. Implemeﬁﬁation of example embodiments of

the method and system of the present invention involves performing or

completing selected tasks or steps manually, automatically, or a
configeERAtiPlaBtas RSP RFGRIG\REFE R QLEPHINY LB SR ASIRStTRMeh efeRaggsional for

contr RHYRAIEHRIE B EE RIBRARIBSNIZ A Laemeibedrandigystem of the

present invention, several selected steps could be implemented by

h&aReFE6nisySdRGvaressnt AmeBietifgasidin atdpss fhmahaecemings of the
preseMBBAHCEIRIGatdRe 5 BrBREnd S RatWars o Bk siePe By control to
invention could be implemented as a chip or a circuit. As software,
providsesecid dretgpsintpentialieblgieestiviibe implemented as a plurality of
software instructions being executed by a computer with any suitable
instruction set, or by a reduced instruction set (RISC) machine. In any

caddese|etheavsie pieBnedapiplecanisdoane sttt ersthodraf deiaieave the
same SR RVERtQAR R, DS HESEIRE D ASREBE DRFFRFTeiPY2tH21Er to which this

' processor, such as a computing platform for executing a plurality of ‘
inveniigsthfifoas. SREEDESCRPFIO R @F 5 BiDia WIRG S tabagefigscribed

hereirb%reﬁ{nt%'e%%@geﬂ’ %"‘W&i&@@ﬂ%@i%‘%’f V@Q&ﬁﬁ;@%%o@%%ts_ of the present

accompanying drawings. With specific reference now to the drawings in

invenijenafivitabietiaibeds angt MipRSQiRESAHEWA BROYY WasSf eheaniid. dnei
for purposes of illustrative discussion of the preferred embodiments of the
present invention only, and are presented in the cause of providing what
is believed to 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 detalil
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, WO 2005/032126
PCT/IL2004/000740 9 Fig. 3is a sirﬁplified block diagram of an IR

patentC3pRRItbaReRONHIGHRAR deriigsnbreieresheabadisaanionl the PrasgRlls, methods,
invention. Fi}gy. 4 is a simplified block diagram of an 1R camera, according

and exgranfe IR disEHDSRME APBPIrRSERTMPB RIS Fig. 5 is a simplified

blagkHrakanoba SMehed BhpetieRis eI RNREhREaANGyaeaP NG Bresent
a first preferred embodiment of the present invention. Fig. 6 is a simplified

inventign sValugr AR R A GORRI PEFoTRIRRI IR ISR LersimGnagtoratigmatically.
or a RFBFRAAEPIRERERIMBIBOEMBREHHRE RISRENAINYRNIABNAIS R aRdigkent of

illustrate signal processing flow within an IR video camera 10 without and

preferippadinslivntadfiwarined geetrusipract sreinsagidnyRalipn. several selected

teps SBNQEBGRERHIBRPIESEREIVBIICR. K0 RRANSSRSNOBerRiigag8Rm of
Seps obtained witéw readoute\iﬁ\jfndows of 640 by 480 detecto@a‘gd 21%@@9 11£n o an

firmwajgtetcrs FemEanany theseok SCRIBAONEO BT HErdart-EFeieEpd steps of the
inventeoMBQIAMENT Sk Rigsens emBadimenis areQf sixlfzsenspdeat 48ps of the

_ detect external IR radiation with varying sensitivity. Specifically, the
inventisrasorict htb BemREIRE!RIIBF theWwBliteASSPEWAI aFTEivRaRanefsGHted by a

compRARGHIEH e iesHgH seas ity evel udicB ke Rassst R &SI 8chine. In

such as application requirements, external conditions, and the quality of

any offe| aisatRs oﬁ@ﬁe@‘ fRRMAE SRBeH IRt rrfcirR SgiacspanstisHsREnof the
inventB &9 HAGRY ARG d L NSRS eRbARKETEICE BRY bR Lalsk WidRrsioodomputing

with reference to the drawings and accompanying
platform for executing a plurality of instructions.

- BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the drawings in detall, it is stressed
that the particulars shown are by way of example and for purposes of illustrative discussion
of the preferred embodiments of the present invention only, and are presented in the cause
of providing what is believed to be the most useful and readily understood description of the
principles and conceptual aspects of the invention. In this regard, no atiempt is made to
show siructural detalls 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 tc a preferred

embodiment of the present invention.
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25 descriptions. Before explaining at least one embodiment of the

invention in detalil, it is to be understood that the invention is not limited in
wo %t(g)sé{%%ﬂ%gtion to the details of construction and the arrange}?ﬁgHPé?Qﬁgaﬁ740

components set forth in the following description or illustrated in the

drawings. The invention is capable of other 30 embodiments or of being

pra%ic?i.or carried.o tPi#?va%ous ways. Also, it is to be understood that
the 1t s‘éoﬁéb‘%}liﬁﬁege oo A SO fsramTasacnoming dpsolaths
prefiesdripibrlanenskaule paisbet iegarded, as limiting. WO 2005/032126
[ [ de to Fig. 2, which i
RS RS B R R S dmemap s
embeniincxtinedthoptbept ésestimvention. IR sensor 200 contains sensor
array. 210, which collects IR energy fram the external scene, and
sens}ﬁvﬁoﬁsa%f’lﬁ%}%%%%ﬁﬁﬁ%%%% & g%%ﬁgﬂ?&%ﬁ%m% iR BP38F to
sengingy ey tequiied predgesdensiddiymcRr ofetabhdRaansena further
coralgain% detector i%marﬁfolg ?node co%troller 215 andégqr readqut element
250 VI PR Co RS FAiaTy O BEHBPY (¥ BT TRIE R dMRgHer
sengtih, hotdsling tetertamdontieetings)dinciudiTalibpse astablisned, by
sensitivity adj £.220. In the preferred embodiment, sepnsor array 210,
sl i D e e e et e e
withotegrated tostorsitizity Rdjetentat reshicttiisisopueliekhipys seasitivity adjuster
em@ozdo' TQe f;:J[E%ferred %mbodiments presented below utilize two types of
plxﬁearguplng%?cﬁ%_ﬁ}g?%qf& grouping selects a sensor readout window,
whi€lpsd8temnal Sesstvavsnanages aptabeetbuitinneaddmitingitesrepsiby 480
W{ndowﬁ% as tgeée@gout tim a?grjconsequently increases the

demge%rﬁgﬁce ratey 4T IS the huniber 15 images which can be obtained

from IR sensor 200 in a given time period, Multiple images may then be

combined to form a higher sensitivity image, as described below. The

second pixel grouping divides the IR sensors in sensor array 210 into
DESEBIPEION OF THE PREFERRED EMBODIMENTS

0T IS

The present embodiments are of an IR sensor that can detect external IR
radiation with varying sensitivity. Specifically, the present embodiments tailor the
sensor’s light collection and readout properties to the desired sensitivity level, which
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 Jeast 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 comiaonents 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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containing a fixed number (denoted herein a grouping factor) of IR

WO §(ﬁf§ﬁ85§2&rhe grouped sensors collect IR radiation jointly dulgm 4000740

exposure time. Detecting IR 20 radiation with grouped sensors enables
collecting a greater amount of JR radiation during a given exposure cycle,
as more photons may be collected withbt saturating the detector. As a
result the signal to noise ratio (SNR) is improved, and a greater sensitivit

signBristepesieen ' madrdofpsLorgish pifgEmpitehbietk diagramet an
ser28NSRESAHRIRDs Mav-Redsad odenandentlyRkigoaihaiihen Ysadinoo

combination, 25 sensitivity afg%ﬁster 220 selects both a readout window

COTHARHSGRERIARG YackBr Whigib eatedsdBsrrrase Fromy e eiemaks s a7

sendilR 160 AHRNAR IS AdRIh IR AW SR MERET BFOURIGIATG F&H T8 vide the
available. Preferably, sensitivity adjuster 220 stores the selected settings

reqiIqe ERASE SHRYANGY niuaErbiT Siernsss 208 Jutha wtains deiglor
op&eiienioayababie enials prayisievidsiawissand’on WRisEsaupRasor

capabilities. As discussed above, IR detecg)f%are available which allow

reagQirty SRPiRF | BRPLEHAR dRRFHER IR &d SBelis e firiesinn gamito! settings,
incHidIBRHIRRE ediiiAianied, IR WatesiarsaitkePEl G gH pRGagae sl bhalluhiber

. user to select between WO ,2005/032126 PCT/IL2004/00Q740 11 several
Se{EF ABAY S GROTHRTRD SRR MY AT BHGE O ot gradshsRaEl dnf are
int&RraRACGH fodis) aft MR e FoEUPERIIR eI EleMBNésHunctigndia®@r 220

super-pixel that collects a quadruple amaount of, charge, with a resultant

redutBE RS ERTET STBROAIRBYS BIeserinh Selom iR SRS AR pRCn

grapessDiTeaLTed o dairaiphihaticoniairs o FARMutRhaRmeilichehaves

like a detector with 320 by 240 detector's elements but each element

deleHmdnes TP IRIARHEF S BRGNS SR R T BIR FATO WS YERdRw AT TARes the
reafdnaifstald briReqpeeley e embodineauarRRIENIYhativstemddther of IR

contains window selectqr 230, which selects a readouyt windqw, and/or

ImAgER RSB P ARIABrO HEM I8 GG 2O BB AERS, Yl
imegeyratignieibeihdhasalestonts Ahiesedbes ivity image, as described below.

The second pixel grouping divides the IR sensors in sensor array 210 into groups
containing a fixed number (denoted herein a grouping factor) of IR sensors. The
grouped sensors collect IR radiation jointly during the exposure time. Detecting IR
radiation with grouped sensors enables collecting a greater amount of IR radiation
during a given exposure cycle, as more photons may be collected without saturating
the detector. As a result the signal to noise ratio (SNR) is improved, and a greater
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 épcration mode confroller 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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more fully below. Preferably, sensor array 210 is a two dimensional array

WO ﬂfcgfgg%gctors, such as an infrared focal plane assembly (lﬁﬁ‘?ﬁ}oomoowo

Preferably the IR sensors forming sensor array 210 are photon detectors,
either photoconductive or photovoltaic sensors. 15 As discussed above,
photon detectors generally require cryogenic cooling for proper operation.

The follo embodiments are ecIe at an.IR sensor with nanl
S e A LB S ESRE AT ST MR O N STORBB AT (e
eachende). diBeuad demipsiiciatssan er@mnfsvfdamsug tiakfianeapxdridefined
rame rate, H Wever the.20 embodi ent a standalpne |
coll e OB AT By SIS AR, Bk B B by
mewﬁﬂﬁtfabmso@ffgmafahaxmm me@m@ﬁu@@h hodieedticeasttivityoaditster
ins wi W ctor 0 Win select a se
640 S N TR GRS AR P £ R e SIoE el Bt
eacsmdsiemadmmwmlfbth@ﬂ@@ﬁz&xb&h&@émﬂdzﬁmmmhmmmtmdﬁ@déﬁﬁhd

%X np ixel portion, preferably located anywhere on sensor array 210.
% sor readout time is a unique function of the number of detectors

readintitd foeffRdade)dbnthe kergstivahdinieha20 roattiexpisdoey
scifSiedncing 1epdout e, (oC IR deieriorsl, e sk e sefispr Y

fergo more  exposure ¢ es‘gtmng a € perio
whinlamfdets mgrmpdrgtfahme a’Be WWM|MW\EM@ﬁmsdasmbed
mdlr 10f 640X480 is approximately a quarter of the original time required
XS 1S3 e entire detector. WO 2005/032126 PCT/IL2004/000740 12

The Biufzinahlesspgpremey i Mémﬂhmm&weﬂﬂﬁi&iﬁeﬁdmmum
“rgi%sﬁ:e%?é’d P‘caf do“t tec'bri'qgﬁfrp ) f%%f'eré’bl‘{rv é’ffnrs‘f‘o?syf&%’}f‘?g's’
guence ra eIs:’5’Sequence”_
sensor array 210 are photon detectors, either photoconductwe or photovoltaic sensors. .
As discussed above, photon detectors generally require cryogenic cooling for proper
operation. |

The foliowing embodiments are directed at an IR sensor within an IR video
camera, such as a FLIR camera. The IR images collected by the IR sensor are used to
build a sequence of video signal frame at a predefined frame rate. However, the
embodiments apply to a standalone IR sensor and to an IR sensor incorporated within
other types of devices, without loss of generality.

In the preferred embodiment, sensitivity adjuster 220 contains window
selector 230, Window selector 230 selects a sensor readout window, which 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 unigue 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 640480 is approximately a quarter of

the original time required to readout the entire detector.
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WO {Pm%q?%e S%lez(% sequence rate is: 10 Sequence_ Rate Max(Epr%rﬁlmow

Exposure_time(scenery radiation)+Readout_time(m,n) (1) while for IWR
g ey ) 06740
enery_radiation), Readout _ time(m, n)) (2) Reducing the readout
time thus increases the sequence rate for ITR readout, and may increase
the sequence rate for IWR readout (if te readout time exceeds the
detector 15 exposure time). Preferably sensor exposure and readout are

repehiepHiintbln sravenaedath SRadaes Brssimestse e & tine and
theQEAHBIRG: HARBEN SR leNals SO MiNAGHIRIe nE KR QSHIE: &Y GRS HR A 9518 Sor
combined to obtain a higher sensitivity image than that obtained from a
ITRipgdedsposure cycle, as described below. 20 In the preferred
embodiment, IR sensor 200 contains readout element 250, which
performs sensor readout for each exposure period. The readout time
g§5l‘fﬁé’ryé/e vyayies with the size of the selectdd readout window. Readout
element 250 may Egeodine [TRe(sctTetyVRdEdunu &s; adbwr aiosimg ihe
I technique requires the addition of appropriate buffer circuitry. 25 In
the’ preferred embodiment, sensitivity adjuster 220 contains grouping
factor selector 240 which selects a grouping factor. The grouping factor is
tije um%r of .detectors which ate combined during photon detection in
Whil) dé}r Iﬁ%?%%é%?u%%ﬁﬁfe 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, 30 if the grouping factor
egg@j&lﬁéuw of four adiacent-pixels are formed.over the \WQ
2005/032126 PC¥rbmpane 7 4oeisaraondaiei cThars NiRegn, n))

ir&tjroved by a factor of essentially two, however the IR

Reducing the readout time thus increases the sequence rate for ITR readout, and may
increase the sequence rate for IWR readout (if the readout time exceeds the detector
exposure time).

Preferably sensor exposure and readout are repeated at the maximum sequence
rate possible for the selected pixel grouping. The sensor levels from multiple
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. '

- 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 dﬁring photon detection in order fo 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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image consists of one quarter as many pixels as with ungrouped sensors.

ili pixel grouping factor thus trades of sensitivity wit] i
wo fgété%u |o%. Note that when both types of pixel groupings aregég]r@g%%éﬁegmo

readout window, consisting of all or a 5 specified portion of sensor array
210, is selected along with the grouping1 ctor. Reference is now made to
Fig. 3, which is a simglifie,d block diagram of an IR camera, according to a

diveRtayethedaeiat il evaatialin twanhensesgbthe IR
imE0H RGBSR 31 B ARRSIHHMANUSA! $2R0RRM QBSOS a

. detector, operation mode _controller 315, readout element 330, exposure

PR RO T S SRR I i Hh HRgs AR ks ot i gfben
botH 1gyed B fIRIEEietFIReEalie Rombided aEale i3t mdsn YN Bl WSt or a

320, and readout element 330 opergte essentially as described above. In
SP%@%%@W@& ehiBBERRTEHY H#%Aﬁélﬁ%ﬁ%aﬁ@awé%@g%%&@m
calcafereradls whichseloe FTRE Sansel B sheNRasINasiRNdisasons IR
above, the detector 15 exposure Gﬂme affects the frame rate which maé?c?e
r

AR AL ECHIRE (A R RRE RIS T R PR BHOL A Sursrah inHratittte
caf¥pOS00e:Enens santoladyaahungdsitdiby.djsiesed doandbat Bausaing:

S R R U R S R R
34pdintiarele3sts heinggeiprieskiy S60SFeasyadif 3Thederpesspdtmer20
gl S G R O TSR S P L g Lapeie.
esﬁ&n@gglwl@ém;ﬂfb@ Stoves the selected exposure time in detector

crer el Sl Slol Sie, 4 sech o s Land ekt
34andiiaystlecante theseeatenespaiertoihé/RAbreadoadvar htector
G S DN AT CE
thelprrasdd-abidinkonpabeidtbnecalsubaten3ne e reuirslddaidapiaxiyn
aduTher ol xposuIc eYcles perunt o impe ey be performed, whle
percentage of the well capacity. The selected exposure time therefore depends upon
the total IR radiation levels being detected by sensor array 310. The exposure time
for the current exposure is preferably determined from the 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 timne 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 coliected
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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sequence obtainable from IR camera 300. Enough photons are detected

WO %%]%5/% 3(%ilf'f:(grentiate between bright and dark portions of the "%Q%L‘Q’AM%(LE‘%@
C

argé collected does not saturate the detectors. This is in"contrast wit
many current FLIR cameras, which perform a single exposure cycle per
frame for a fixed exposure time. WO 2065/032126 PCT/IL2004/000740
14 Ip the preferre%%;nbodiment IR camera 300 contains averages 350,

whidht e REstRedamboshmen: K somiergingd cepiain avaeseniol-SiHshs
gerRySe s iRl emexp BSURRIFRAHBR HEGEIE Fe TR BiBQ0HIR: ARG IANR ager

e%gtes each video, frame_hy averaging together all the fu

350 ly .
e@@&ﬁ%%% B BHatie WAMSIAHLHD SRR 2VatReRE IR SrReres frgngdeo
frapergtafepigngmplehdt Ethyuy \deeptasd akin e FANRSREEIEEcaRthd

the video f Is built hy averaging the fully-performed .
o RO BBy e Hor i FTBR LA R i e 1 30
frafeenssaliycdhe, thuribdes ehaycle buihish @sf&@gi@ga@@ffdﬂy‘lgéﬁ@ﬁﬁw}t, but
depends on the incoming IR radiation veraging the sensor values
S RETHENS B APy hs PETACHY i O LB R O erearly i is
nuableofag Hyshéivbnsonasrayeddiasioteniiaat SHiR dehbdi® mstHE fgetRing IR

d'Lmla e is proportional to the square root of the number of exposure cycles
radsy ged. When window selector 230 selects a smaller readout window,

the Avesigingliexpmsureihrddrimynidspibintposerpestoenetiatiadiven
e BE PRI s cReged, sty ycsong sy e
thefresul 640 K 80d0:32 g20péttiesmi te this sguareabistinBealdhtb awnbes sfure
or g T BB BBt e ot
nuiERY eff dhgofiiiteainareytichwiseleate gatstiondithgivengentosused an
inc?reﬁagg e’r g%ggz %&%%%Véeg gg]:%% ggn?s?&%%? i?z?eltgg\./ ’ ]?3 ﬂ{% r{‘ﬁ}eigmsa?:?g gi\s/ggssed
above, reducing the detector readout window from 640X480 to 320X240 resulted in a
quadrupling of the number of exposure/readout cycles which may be performed per
frame. |

In a FLIR camers, selecting a sub-window within sensor array 310 limits the

FOV of the FLIR camera to the selected portion of the image focused on sensor array
310. However, as described below, a higher sensitivity image may be obtained,
which in many applications is of greater importance than maintaining a large FOV,
For example, in a vision enhancement application for aircraift the 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 adjuster 320 determines the required

sensitivity level from externally provided control information, such 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 feédbaok signal which is

used by sensitivity adjuster 320 to adjust the pixel groupings (i.e. readout window
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which in many applications is of greater importance than maintaining a

large FQV. For example, in a vision enhancement applicati ircraft
wo JSRERY F RO A0

era may use the entire field of view (FOV) during goo
atmospheric conditions and a limited 25 FOV during poor atmospheric,
conditions to improve image clarity and 2letail. In the preferred
. embodiment, sensitivity adjuster 320 determines the required sensitivity
dimgRaipnbrntlaestan iSRS URTIBP IR [BaER RIo eipess 60 may
folislesieRyel RerRNR AR TRlian MAaYABRRR RIRUARdPYRIDR! Sisiem
components, such as altitude and weather sensors in"an aircraft. 30 In the
330, Brage drermsern AtheroresssmtialBotrasn eh i asmsrdiaee S5uh aedyzes
imadDhRIQERSIESIRE SPRAGE AHrRYAHRY! TR0 al-and farms pdearback.

signal which is used by sensitivity adjuster 320 to adjust the pixel

PrOgRRRBings 1n Bseb by STRSHINHB AANRFRO6S foBLi vy Piasl/arownRint rtstans

in dliBeRsHNsENE REalanRL QuSRRSOF (rouping dacion HRRSSRIRE8S 8O
360 may follow averaaer 350 as shown in Fig. 3 or may connect directly

maygeducfotie R IR g8 %e&%%@%@%bﬁm@sﬁé@%ﬁ@ijhrﬁ%@ or

image thegreReRdanth oA INMRAYR shatas s PHES SR 8ITR Betidor
hjg; ntrast. The feedback signal from image 5 processor 360 is used by
W gﬁgq

RIS g Mg Y812 P ixety POUR i GFio R BT steht Bpyaiagle or
weightainchittilesiatinaos NHRiNg: mObexamMe e\ RUURIBH340h

may reduce the readout window if the current SNR is below a specified

. SN aier48h Breferred embodiment, image processor 360 contains an

- SNRieiesiefernddiehBeiaHRIAAHHIE FRAGSSINNEY SMBid EcoltR At
ay detect any single or 10 weighted combination of the following

for gﬁémgrﬂlsd@ﬁmmﬂwgw@mgﬁﬁq B Rt e ARtoshany single or

weipteid toghBAHIPE: BIaga R JeasserizhRaniainea contias! detasian

for detecting the image signal contrast. The contrast detector may detect

CoOnASts g1 &G e fgRE T combination of the following factors: image
Maxi e EeRkiagleMBOUTHERL, sensitivity adjuster 320 contains a mode selector

which switches IR camera 300 between two or more predefined sensitivity modes,
where a mode consists of a prespecified readout window and/or grouping factor, in
order to provide higher and lower sensitivity operation as required.

Preferably, IR camera 300 contains an optical portion, such as a lens, for
focusing external IR radiation upon the sensor array.

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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WO altirdial

15 contrast, and average contrast. In the preferred embodiment,
sensitivity adjuster 320 contains a mode selector which switches IR

%%)O between two or more predefined sensitivity modést/Hidtd Y740
mode consists of a prespecified readout window and/or grouping factor, in
order to provide higher and lower sensitifity operation as required. 20
Preferably, IR camera 300 contains an optical portion, such as a lens, for

focuBHeéFEatLIR et 400repaintina optisel pertipnRukdreneddssnbw
fodRade éﬂtgﬂgaﬁRVny@&Qﬁi%n%ﬁlgﬁQﬂg%gngmygram of an IR camera,

according to a preferred embodiment of the present invention. IR camera

400 CHRHHIY sdiderotra\preforagbicamiebiserdtdoniolistonAtdned 15,
sehsiiMiyRdisten2ad20 aadieadaielement 450, which operate

essentially as described above, and video processor 460, which

procBsSeistesed ssrbafimpatipRiormerat 80 raadeinygrimpgefenaligerR
wESMREAYIEOR A TR GAMGIR e B PIREES 305 AA0,0REYNG, R RRAHE NGRS,

detector output levels, and processes the détector levels'into a
sPeGiGedimTenerERnPiinigesyides frodesionabomhedinensdRorARmaOB iR,
suRRHINBEHIARKS RERHRS: QEONVRH SR saRs A6 YRls IARRLACE WA Rion

image. Video processor 460 preferablggobtains the 'detector levels from

defecteoJpciartsimisisrigdsmbodingsh 2B panrore 400 4rootvemsingyievice, and
vidResfesakior Re0ams 21400 ptains AR PO RATHE M SHER aS:a oS or

focusing external IR radiation upon the sensor array. Sensitivity adjuster

420 prefabbyy dhremesdiftecniaing abrabondarity SFBPhgawpreferred
enBRIGGEAEIR cameisqesRshab v an dike lie-Refaned.amhodimeniniRee the

?

. camera 400 contains an image analyzer, which analyzes the video image
mm&@@@%@&&%&%%@@?ﬁ yierdhes sqrAlfignspecified properties
of infesfspbnle &HSHRHRIGIBFRITDRWREANS ARGHNAER SRRISEagram of 2

method for performing IR image sensing, according to a first preferred embodiment

of the present invention. A single exposure cycle consists of step 510, in which the
Sensor array ﬁi);ei grouping is adjusted to provide the required image sensitivity,
followed by step 520, in which IR energy is collected from an external scene by a
sensor array in accordance with the selected pixel grouping. In the preferred

embodiment, adjusting the pixel grouping consists of selecting a readout window

and/or a grouping factor, Sensor readout is preferably performed for each exposure

cycle.

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.

Inthe 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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surveillance device, in which case video processor 460 may be designed

o %&@oygn detector. In another preferred embodiment, IR cameraﬁ40{())0(i}s740
a argefing device, and 10 video processor 460 may identifﬂ%i@%gﬁf

targets based on their IR characteristics. Preferably, lit camera 400
contains a head up display (HUD). In tHe preferred embodiment, IR
camera 400 serves as an aircraft visibility enhancer, to enhance the IR

imade heovielsared prhedimaet At Prsaead s oRerdrlieR i
fecARWIMARATIAF i Rs iy ‘Eﬁbiﬁiﬁéiﬁ&ﬂﬁﬂ%b‘?ﬁk fiagran 9kaa1indpethed
r

for performing IR‘image sensing, according to a first preferred )
Hescifmage chameisiadisrinrlidingnayesag e SSiRe BRSIEEshERIESof
SNReRiaBuiA ¥igh sm%%m@wwmﬁmm%g donRtyidad

.the required image sensitivity, followed by step 520, in which IR energy is
TIREHEEERAFE FPEH®kternal scene by a sensor array in accordance with the

selepteghRie! gfpﬂpid?lﬁeérh&}ﬁda@ﬁ@m RS BNt QO IRNGRRS.
e

pixel grouping consists of selecting a readout window and/or a grouping
Thepese BeHupesangnthar b analiprg foifsoHiiy sorabed Riepetineoidpimeest,

sudi dhevpeierred embodiment, one or more sensor readout signals are
processed, preferably by averaging several readouts together, in order to

fornt Hifamablyis the.fyeramt inethedrerins Ao firsstenoh auichnechstueen
twdhe fstaeipstenyf SRIG6H v S LRGRESP PHEEHTDITRACHRASIRE HR S

.preferably selected to majintain the IR sensor's average collected charge

Wity eSS IH61¥ % Smple 70%. The selection may be based on
previifistyRBRIRe SEAGOTERROsIHhIoN el 3RRIE esahbokaeSmosete

cycle.is performed repetitively at the maximum rate permitted by the

e 0T BRI SRGRB IRy REFoTo RS IREL AEr AR A RFRO A BT 9B88%0321 26
emBS&dT#R QPR L4t Ifvknihe PRfe Hadkambegisientichs tReiMagBd%  Fig.

procegsed in order to, form a . . .
5 by combining several of the steps described above, in order to generate an IR video

image for a FLIR camera. The FLIR camera is based on a two dimensional array of
photon detectors, which convert photons info photoelectrons. Photon collection is
performed with a closed-loop exposure time that maintains a constant average
collection of photons independent of scenery radiation. After phbton collection, the
electronic readout circuit reads out the charge collected by the detector 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
trespectively. The decision to change the window size may be performed
‘autoinaticaliy or manualljf. The criteria for automatic operation may depend on IR
image qualities such as SNR, contrast, or a weighiing 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

ouiput format, since the video frames are generally formed from multiple sensor
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WO B)%s%sfﬂ%t.'on of image characteristics including: average m}@&%

feedback signal for adjusting the pixel grouping. The feedback signal may

NR,
maximum image SNR, minimum image SNR, average image Con%}}gg{(’mouo
maximum image contrast, and 5 mininl1 m image contrast. Preferably, an

e

IR video sequence is formed from a sequience of IR images. The video IR

o eymay t be analyzed to.identify specified, properties of interest,
roe R A0 o EVAER) B AR T GEEL A e TRANGP S
video/fivhingthesiveprovifhtinesge sansttioper Riegerabiemhaviier eSpaaties
ixel ings.to yield IR im with respectjve sensitivity levels.
avef L U i e o, smsriesendo e e e 4 e
videodfitaor fimperforming IR image sensing, according to a second preferred
emhbdiment e.present invention. The current method extends the
me:ﬁmgf@ ‘alPB§/ﬁ(§t)?n%FnW13 SRS éfgb%ﬁaﬁg& R H80., in
prooragngdlgeneittoan IRwittec:dmageataoaifid B camekarebhadbdBment of
:] ed qn a two dimensional array of photon detectors, which
e R e, D5 R IO pREF et
perfouisbwilbopaexifosametivditivat seanithiitg adfanstamt deravds eall@etion
: mﬁ' e of.scenery radiation. After. photon. collection, the,
20 électron@%eaﬁoﬂtggé%%ﬁ\r@g sjgf’???ﬁ%tocrﬁa%gg 8%%?&"{@&“6?/ PRty
flowlements in the array, in a sequenced order and from a controlled readout -
win \9(9{-% pixels | any.where on the focal plane array.
Detection ?/&gggﬁgr%foi?nm%%gﬁggﬁﬂﬁgﬁ%r 6%181?%6%%%%6?8111
deteping aifheeaudof winblewpasersglentdd Brstepadif sinab20thRE processed in
tel S SHECHMELY. 2cision t e the windaw size may be performed
e el e o e
700depaalymd Jrdithagemusatitidsisuetiag BNRedodtadtmlrdueighting of
d té@f%?? [ . ton tion is performed for the selected
€ exposaﬁpé%?%ng?f%/ %%gg%;ﬁﬁle UBPEAR periormed as is common 1n the art.
After BPR a crude video image is available, which is not comprehensible to the

human eye but which may be used by tracking systems, motion detection systems and
the like. The stream of crude video images is analyzed by statistical block analyzer
(SBA) 730, whose results are used in step 740 to provide control information for later
signal processing steps. The video signal is high-pass filtered in step 750, 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 fumctions 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 adjusiment. The processing
flow is similar to Fig. 7a, with the difference that the detector feedback control
previousiy petformed 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

setfings. The sensitiyity 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

e:{posure time before selecting the sensitivity adjustment settings, since under
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step 640, the detector levels are read out at the maximum sequence rate
permitted by 30 the closed loop exposure time control and the window
O X483t dfhe (as determined by the selected readout windowjCRIBRHHA0740
the sequence rate is independent of the video output format, since the
video frames are generally formed from¥ultiple sensor WO 2005/032126
PCT/IL2004/000740 18 readouts. In step 650, an integer number of
codditiotorabaiquiscdimminatige dio daposaeiveoniiahtdetbushithprasing

o itjvity..Preferably th I outs averaged is t .
Sl i R L S S Rt gt S

théraave cimizolSetiggs7 Dateb b dustehtedh elsmeth ansafisithation giosticeit

dﬂ%c@%g@r?%%a .essing flow within an IR video camera, according to a
preterre odiment of the present invention. Fig. 7a shows an
example of the signal processing steps performed within an IR camera

B Eensitivity adjustment. Fig. 7b is a non- limiting illustration of how
sensitivity adjustment may be inserted into the processing 10 flow.
Returning to Fig. 7a, in step 700 an IR readout signal is obtained from the

IR dq&%&ien@ﬁﬁg%&?g% ggﬁ&‘?@‘&%%%&%ﬁ%éﬁ%%%%{%%h%s

then processed in steps 705-770 as follows. In step 70z cessed
repdadbwindgnaisbtanespinest8) inrapng waslpedarmaed with esgslsstireitidoavs of

64apiuRg leokRead and %pa&gjﬂgmsﬁ&&éﬂ%%géa'ﬁﬁ {12ang, (20,

NUC and BPR are performéd as is common in the art. After BPR a crude

imageyaneejlepicd\ailagi & wimitres FdiBommanewnith ntbntmbisunfahfeye

but whigh S Pey SRAIIARINS SYRIGHS JBRIPTAR 3L AR Y HE ey

and the like. The stream of cfude video images Is analyzed by statistica

sepriEkiGrazecisBAg Yt aredeviesiidowro{Ekily 486piTuoton grovidis,

whAa! infompation et date! W gggf&@%&%@%ﬁ%ﬂm IS¢

high-pass filtered in stép 750, a am of fi IR Images is

2lénkyyLebdstrson glamentstel raBeEihalyign Shapmanaa limited portion of the
image shown in Fig. 8a, but with greater clarity and detail.



non-linear transform is performed on the image signal based on the
statistical information obtained during step 760. The transformation

wo 6%%/ Srif¢$unctions such as dynamic range compression an’é%&%é‘f%“?ﬁm
order to transform the video signal into a 25 signal comprehensible to the
human eye. Fig. 7b shows the processigg flow with sensitivity adjustment.
The processing _flow is similar to Fig. 7a, with the difference that the

SUBd&ettor feedback MWEMI@B&@WM@M@ YOBNBQSVING MODE

Pic %’éﬂé“e” during S 728G el R mine ﬂ?ﬁ""ﬁ[ﬁ:&gtié' or

l.e. pixel grouping |n a ition to the exposure time 30
sensitivity settings nay therefore be based on statlstlcalailmmyathered

Dete%‘t‘c'n’ g #re ﬂ%&lb V\iUArfi&lilﬂlB% gbﬁdﬁewuu' readotit auginfu 7 mI[ﬁItSCICII?d.éIC

to sele € _exposure time ore selecting the sensit VI'[y adju

Detepduti m@l@hﬁm«u ndPIiU\LE 2605032426 PCT/1L2004/0 )@Mseconds

bUIIUILI TS UI at IUIIIIII TOTT 1T C)\IJUDUIC I.IIIIU T CTouC Llla.l.
Maxno se#g? wfy agfllcfghge%i IS ng%essary The subsequer m%%gsé fhus
ITR deddeted with the new control settlngs Detector contrgl may also rer on

Aiiriaa

Arormaton I VI T \DLCP IOU) J I_/\l"‘\IVIF 1ATC IUII VIll
exampﬁe presen'ils th%é;gs S é%?alned for IR imaging W |t€f;6 Orga%[gu?
TWRnmstzw pixel group1|ng IR |mag|ng was performed withireadout Wlndows

- A9, o119

SWI&%? ou ary :Sm 124 HIUUPIIIU factor-of-one F“%ug t fer-both
R

ases. the image was collected by a 3 to 5 micron FL with an

modknumber of 1.5. Figs. 8a and 8b are IR images of a moving object. Flg
awraadant vwandoanag A

cancitnabrimana-abtainad st
SNI%%B- wléelt\getc re ement;, Whuile Fig. 8b shows the“ﬁdléhgﬁgensmwty

image obtained with a readout window of 15 216 by 112 detector
elements. It is seen that Fig. Sb cont%jggigiimited portion of the

Limiting the readout window decreases the detector readout time from 10.25
msec to 0.81 msec, consequently increasing the sequence rate for both ITR and TWR
readout modes and improving the SNR by a factor of approximately 2.6.

IR imaging is an important tool used for many and varied applications, such as
medical devices, industrial process control, aircraft navigation, and surveillance and
targeting systems. The above embodiments describe a system and method for trading
of{ IR image sensitivity with FOV and/or resolution. Systems can thus 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 mods, and FLIR camera is intended to include all such new
technologies a priori.

- 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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image shown in Fig. 8a, but with greater clarity and detail. WO
2005/032126 PCT/IL2004/000740 20 SUBJECT ENTIRE FIELD OF

0 FMDE WINDOWING MODE Picture size 640 by 480 Getteili/000740
elements 216 by 112 detector elements Detector exposure time 1.47
milliseconds 1.47 milliseconds Detectoteadout time 10.25 milliseconds
0.81 milliseconds Maximum frame rate at 60 Frames/Sec 420

wirgh gesiodererity Aewsindimberranisd ehtesingo anbeigrgucBapalso be

pr&xﬁawﬁﬁ&tch‘gﬁ {H%ﬂﬁl ShELIAURIRBRPIR 2.6"SNR mode SNR for
IWR mode SNR 3.3 *SNR Table 1 L|m|t|ng the readout window

. decréddwyghdhsansaniion bas betmiesrsived Openiinstion ouish speeific
enfHIAEIHR Y NG ¢ARIRGi HRR: SRAURREE ARLELOERRNT RARG N B Pvariations

readout modes and improving the SNR by a factor of approximately 2.6.

- wilRmeapmigristapap sietad ischasel deseripaindiisinindsslisgmhmee all

sudhERASa e IGA ARURRDS RN S RIRCARS LANHRhRIREATL PRIGRHRRI
and surveillance and targeting systems. The above embodiments

scopssefithe appgadad dammetbRudlicrlansy Patews And gatediarlicptions
mdr@dhant{hiesQlLRAHSY aleMeSaNdbMS Hadal Al eRkle Y REQidedRrence

. images wijth varying characteristics under different operating conditions, a
inedpasRrGIATRANSID HERSBNSiGRIRREATY FaF% BRAiNiAYd puRlinsisysatent or
paRBHOSPIRAGS tis Resielyihial ShiRaReHiR.akHE RARTLIRPNrated

relevant IR sensors, IR detectors, photon detectors, readout circuits,
herein s tetsomes. dr@ddifienshtian qrijdentification of any reference in this

application shall not be construed as an admission that sach reference is available as

prior art to the present invention.



be developed and the scope of the term IR sensor, IR detector, photon
detector, 15 readout circuits, readout mode, and FLIR camera is intended
to include all such new technologies a ptiori. 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, WO
W%Q\Qﬁ/é)g;\%@g&@lL2004/OOQ740 21 which are, for brevity, described in
the context of a single embodiment, may also be provided separately or
in any suitable subcombination. Although the invention has been
described in conjunction with specific embodiments thereof, it is evident
that r%%ripy%ﬁ r?larhs\%gf}m ddifidations and variations 5 will be apparent to
thosex skithksd dmapiecarprisivgordiinity RisensaterafagasHs caiecandsiiceneray
alternatyes -padiicatigns and variations that fall within the spirit and

broad scope of the appended claims. All publications, patents atent

PSR i R e e i

their esitingtycoytoefeeeneecinto dheyspadifittittenand twamping @esingpife!s

each ﬂé‘QéYQttﬁaé Q&?P%ﬁ%%%%%t gr4L0 patent application was specifically
i ally indi Tls

and individu icated to be incorporated herein by reference. In
addithiAeRBRSE e FEHIBR 1B BRGS SRS M AT FEARSIF SiAP ©
not beeARTEARAGSBAAGMIsSIRNbakisuchutiferencs is dvdileblecasepintage

art toéhﬁsiﬁ\gu sent invention. 77 WHAT IS CLAIMED IS: 1. An infrared

senso comp}'r'ising: a sensor array comprising multiple IR sensors,
configured for collecting IR energy from an external scene; a sensitivity

adiuster associated with said sensor. arra}’lv, for adé'u%tin betweena .
. An IR sensor in accordance with claim 1, wheremn said Sensor array comprises a

two dimensional arrangement of said IR sensors.

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

an array of phoion detectors,

4. AniR sensorin accordance with claim 3, wherein said photon deteciors

comprise photoconductive sensors.

5. An IR sensor in accordance with claim 3, wherein said photon detectors comprise

photovoltaic sensors,

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

an infrared focal piane assembly (IRFPA).

7. An R sensorin accordance with claim 1, further comprising a readout element

associated with said sensor array, for performing periodic sensor array readout.

8  An IR sensor in accordance with claim 1, wherein said sensitivity adjuster

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



field of view to select a sensor array readout time, and a grouping of
sensing pixels to select a sensor array resolution; and an image
processor, configured for processing aXxensor array output signal so as to
form a feedback signal for controlling said adjusting, so as to derive a
required image sensitivity. 2. An IR sensor in accordance with claim 1,
wherein said sensor array comprises a two dimensional arrangement of

sgid AR, BENSALS 1320 BREREY R ACTAIMBRSGE WIS, dufisisin said

sensor array comprises an array of photon detectors. 4. An IR sensor in
acCORIBAEERAEIBHRIRY BAPheREHAR TR detivetgre ianiprigedurng IR
photegggdusidggensors. 5. An IR sensor in accordance with claim 3,
wherein said photon detectors comprise photovoltaic sensors. 6. An IR
sensor in accordance with claim 1, wherein said sensor array comprises

afpinfratedSocalPIRRs @SN (AR P Akd rABJR SENSHI HAVRECOFSRNLE

with claim 1, further comprising a readout element associated with said
sendBPYRIERR M ROFR MG B%ﬁ%ﬁ?cr%‘?ﬁ%ﬁwgwgvreadout. 8. An IR
sensor in accordance with claim 1, wherein said sensitivity adjuster
comprises a window selector for selecting a readout window within said

alfay\ D AR IRASEREBRGH WL BRI & IR R SRR BTRES ARG mPrises

sensiivitegaidtalCcempisss aegikeuping factor selector for selecting a
pixel grouping factor during IR energy collection. 10. An IR sensor in

accordance with claim 7, said readout element having a readout time

vasiabla i aosizeQinisalesifg sRAHULWIIEAWaE FABURRIERRPOEMprises

accordance with claim 7, wherein said readout element comprises an

inteRABIHFAIE HReR PR RIoHE

13. An IR sensor in accordance with claim 1, wherein said adjusting is in accordance

with externally provided control information.

14. An IR sensor in accordance with claim 7, wherein said image processor, is further

operable to process a readout signai.

15. An IR sensor in accordance with claim 1, wherein said image processor

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

18. An IR sensor in accordance with claim 15, wherein said detected SNR

comprises an average SNR.

17. An IR sensor in accordance with claim 15, wherein said detectad SNR

comprises a maximum SNR.



12. An IR sensor in accordance with claim 7, wherein said readout
element comprises an integrate then read (ITR) device. 13. An IR sensor
in accordance with claim 1, wherein sai¢ftadjusting is in accordance with
externally provided control information. 14. An IR sensor in accordance
with claim 7, wherein said image processor, is further operable to process
a readout signal. 15. An IR sensor in accordance with claim 1, wherein

a0 MRAYSREACFSIUoHHABE LR TMFSES AR A IRaIRIdOERAReCting an

SNR of said image signal. 16. An IR sensor in accordance with claim 15,
wheRAMRISRE AU SNR: comprises an average SNR. 17. An IR sensor
in accordance with claim 15, wherein said detected SNR comprises a
maximum SNR. 24 18. An IR sensor in accordance with claim 15,
wherinBgiengefde R SRARCEOWIP IR niARFRIASSIN RNATE MAIFESENSOr

in aceRfeaNeAMiE:slainbAryehaEeiRiSAIch AR TN cessAradUItNer of said
comprises a contrast detector, for detecting a contrast level of said image

sign 1385 98 sensor in accordance with claim 19, wherein said
contrast level comprises an average contrast level. 21. An IR sensor in
accordance with claim 19, wherein said contrast level comprises a

neExifiutR B8RRI AFERTSaNEH W SEIAED iR AURRSRIA R R ERSEY D)

whergimgaiskeanirast iayelcoomagtisgagn minimum contrast level. 23. An IR
sensor in accordance with claim 1, further comprising an exposure time
calculator for selecting a sensor exposure time. 24. An IR sensor in

ageorgancaMith Claige 23 auhereinrsaig selectingei®in said contrast ievel

comprises a maximum contrast level.

22. An IR sensor in accordance with ¢laim 19, wherein said contrast level

comprises a minimum contrast level.

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

time calculator for selecting a sensor exposure time.

24. An IR sensor in accordance with claim 23, wherein said seiecting is in

accordance with external scene tfotal radiation.

25. An IR sensor in accordance with claim 23, wherein said exposure time
calcuiator is operable to maintain an average coliected charge of said

sensor at a specified level.

28. An IR sensor in accordance with claim 23, wherein said seiecting is in

accordance with previously obtained sensor expesure levels.

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

for averaging respective IR sensor levels over multiple readout cycles.



accordance with external scene total radiation. 25. An IR sensor in
accordance with claim 23, wherein said exposure time calculator is
operable to maintain an average collectéd charge of said sensor at a
specified level. 26. An IR sensor in accordance with claim 23, wherein
said selecting is in accordance with previously obtained sensor exposure
levels. 27. An IR sensor in accordance with claim 7, further comprising an

BETARGR L[anaverRging FasRECINE: IRAENSPT IRVES OUSiIMIEPlS teadout

cycles. 25 28. An IR sensor in accordance with claim 27, wherein a
numBE 8P Rty alRS £9EPEFER S FBRIHNEEL RIFREGRUMARY SPASRTber of
sensapes(pessie asskmadaguiaytler twludes dmal singleovicenddme
time. 29. An IR sensor in accordance with claim 1, further comprising an
optical portion for focusing external IR radiation upon said sensor array.

38 AR IR senseiinasseiaaceivihislaim kiaaichsanaimginasiusiebortion
comprises a mode selei%tlgar for switching between a %l)?h-sensmwty
oper B R IBBE TR I ELRHRIHT GRNSTRG IR 31. An IR sensor

in accordance with claim 1, further comprising a mode selector for
switching between a high-sensitivity operating mode and a low-sensitivity
oBRrANIG FRBER 7 BEEoRRREA IR (ERHAER SN AT AP TROSEoBr
in aceetdaRewith ciaimBndwiheseompsisisghsitvigdsyeeltatonoy and a

switcfcr)lirl% br%tl\{}(((?tenoa sr,,mﬁll rnggcgieout region and a large readout region,
respe@five ytop onde hi&h-senSitivity and low-sensitivity imaging. 33. An

IR sensor in accordance with claim 9, further comprising a mode selector

for switching bety large pixel grouping and Il pixel grouping,
BB BB AT IGRES HGITRY W SRR MG SO AT

IR camigrhirephginsirga high-sensitivity operating mode and a low-sensiivity

operating mode in accordance with said feedback signal.

32. An IR sensor in accordance with claim 8, further comprising a mode seiector
for switching between a small readout region and a large readout region,

respectively {o provide high-sensitivity and iow-sensitivity imaging.

33. An IR sensor in accordance with claim 8, further comprising a mode selector
for switching between a large pixel grouping and a smali pixel grouping,

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

34, An IR camera comprising;
a sensor array comprising multiple IR sensors, configured for collecting IR
energy from an extemnal scene;
a sensitivity adjuster associated with said sensor array, configured for
adjusting between a field of view o select a2 sensor array readout time,
and
a grouping of sensing pixels to select a sensor array resolution |
an image processor, configured for processing a sensor array outplit signal so as to
form a feedback signal for controliing said adjusting, so as to derive a required image

sensitivity; and



a sensor array comprising multiple IR sensors, configured for collecting IR
energy from an external scene; a sensitivity adjuster associated with said
sensor array, configured for adjusting Hetween a field of view to select a
sensor array readout time, and a grouping of sensing pixels to select a
sensor array resolution ; an image processor, configured for processing a
sensor array output signal so as to form a feedback signal for controlling
sl aslbrotings $0ras IR ERIYR) *4RULERSHINEAEE coensithiboadidé mnage.
video processor, for processing said sensor array output to form a video
image. 35. An IR camera comprising according to claim 34, further

GRMRLisingLAR apticALRGHILA IO dpcUsing X ter NaHIR radiatian-yner.said,

sensor array. 36. An IR camera comprising according to claim 34, further
conAERIGH fecRitd ismenthdigisr 4RARPLGEHR_A Rtray, for
performing periodic sensor array readout. 37. An IR camera comprising
according to claim 34, wherein said sensitivity adjuster comprises a
WhhdswRersaeor arsrristunereordadcatad@ntsdy Withat saeprisingye sdaut

IR CaRIRER ARG Aeco5stinG A8 aHa B foRERINISISEREBSIUYHYor array
adjuster comprises a grouping factor selector for selecting a pixel
groUfAtg¥ictor during IR energy collection. 39. An IR camera comprising
according to claim 34, wherein said feedback signal comprises at least
one of: average image SNR, maximum image SNR, minimum_image
SNRAHTET e g CIPRrASTOAR IR BRI 4g WSSt 48t aRPIYIRImum
imaggjgastashpiteL MR RAMBIECRO MPEsngRCeosdgitaictamvadhin said
furthgnr,a%omprising a mode

38. An iR camera comprising according to ciaim 34, wherein said sensitivity
adjuster comprises a grouping factor selector for selecting a pixel grouping factor

during IR energy collection.

38. An IR camera comprising according to claim 34, 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.

40. An IR camera comprising according fo claim 34, further comprising a mode
selector for switching between a high-sensitivity operating mode and a jow-

sensitivity operating mode.

41, An IR camera comprising according to claim 34, wherein said IR camera

comprises a FLIR device.



selector for switching between a high-sensitivity operating mode and a
low- sensitivity operating mode. 41. An IR camera comprising according to
claim 34, wherein said IR camera compfises a FUR device. 27 42. An IR
camera according to claim 34, further comprising an image analyzer, for
analyzing said video image to identify specified properties of interest. 43.
An IR camera according to claim 42, wherein said IR camera comprises a

S VRHIRDESHLY IS Mind\B HRiFRTISHRAS SN IR BiRimag2 cndiprginsaid

IR camera comprises a targeting device. 45. An IR camera according to
clairA"BA/A0R AR YR IRALS P IREITY SRASHRG PRROBTS #6 MEE% camera
according to claim 45, wherein said IR camera comprises an aircraft
visibility enhancer. 47. A method for IR sensing, comprising: adjusting a
fribal AT (Respnaaiel A GiROBRM FH M BRI AIREPMYI RSO e Energy
fromzanexderaakseene with said sensor array, in accordance with said
pixel grouping and said field of view; and processing a sensor array
readout to form a feedback signal for controlling said adjusting, so as to

PiQVIde A EERIAred NRGR SeRSIY LY. dfeRIMEHIGR IRACROMANFRAVIN

claim 47, further comprising selecting a sensor exposure time. 49. A
metHB@HINELE eRince with claim 48, wherein said selecting is to maintain
an average collected charge of said sensor at a specified level. 50. A
method in accordance with claim 48, wherein said method is performed

répefitiVBlpameiEmaseming teateipetin iHatebyosantissigd thet Bing st said
selegtpsh),

48, An IR camera according to claim 45, wherein said IR camera comprises an

aircraft visibility enhancer.

47, A method for IR sensing, comprising:
adjusting a field of view and a pixel grouping of a sensor array,
coliecting IR energy from an external scene with said sensor array, in accordance
with said pixel grouping and said field of view; and
processing a sensor array readout to form a feedback signal for controlling said

adiusting, so as to provide a required image sensitivity.

48. A method in accordance with claim 47, further comprising selecting a sensor

axposure time.

48, A method in accordance with claim 48, wherein said seleciing is to maintain an

average coliected charge of said sensor at a specified level,

50. A method in accordance with claim 48, wherein said method is performed
repetitively at a maximum rate permitted by said pixel grouping and said selected

expasure time.



exposure time. 28 51. A method in accordance with claim 48, wherein

said selecting is in accordance with previously obtained sensor exposure
levels. 52. A method in accordance witR&laim 47, further comprising
performing periodic sensor readout. 53. A method in accordance with
claim 47, wherein said adjusting comprises selecting a readout window
within said array. 54. A method in accordance with claim 47, wherein said
ag|UliRGRAIMPHSEFAnSe PEIIBGIA: GEOUPKISIFRGIRNsaS:iAdRENRE dRtance with
accordance with claim 53, wherein si\%ﬁdjusting comprises a selecting a

groupiRY Y S BECASHEHSHRT KRS Rice with claim 47, wherein said

feedback signal comprises at least one of: average image SNR,
maximum image SNR, minimum image SNR, average image contrast,
nfaxifiiaiTPR AR accariRace, WiC A UTARER BERa e BRGNS in
accogdagigesadth,claim 52, further comprising averaging respective sensor
levels over multiple readout cycles. 58. A method in accordance with claim
47, further comprising switching between a high-sensitivity operating

made angadanssensiiuianeiaingmadepL A REIbAE bApaesdance
with claim 47, further comprlsm%gar%agzmg a video IR image to identify

spechfitF Y AErAae bR T #Aifthfrared sensor comprising: a

sensor array comprising multiple IR sensors, for collecting IR energy from
an external scene; a field of view adjuster associated with said sensor
afray  IOFRARIStiRRF SRS AVED claim 47, wherein said adjusting comprises a

selecting a grouping factor,

55. A method in accordance with claim 53, wherein said adjusting comprises a

selecting a grouping factor.

56. A method in accordance with claim 47, whersin 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.

57. A method in accordance with claim 52, further comprising averaging respective

sensor levels over multiple readout cycles.

58. A method in accordance with claim 47, further comprising switching between a

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

59. A method in accordance with claim 47, further comprising analyzing a video IR
image to identify specified properties of interest.



field of view to select a sensor array readout time and a grouping of
sensing pixels to select a sensor arrayzéesolution; and an image
processor, configured for processing a’sensor array output signal so as to
form a feedback signal for controlling said adjusting, so as to provide a
required spatial resolution. 61. An infrared (IR) sensor, comprising: a
cryogenically cooled sensor array comprising multiple IR sensors, for
éblléctinfgaifl earsgydrowriangxternal scene; and a sensitivity adjuster
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image processor, configured for processing a sensor array output signal
so W AYFEIeedback signal for controlling said adjusting, so as to

pro\ddela deairadiusragessearitiwiy, Gid damilr sengdoiadesivrvateearith
clairy wherein said exter royi , l] J [
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saidxepEstiA§esIer atepraspieerivaitexternally provided control
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externally provided . control information comprises a user selection. 65, A
T B PO B A S o R e A e

extespaily rggoviided control information for performing said adjusting. 66.
A method in accordance with claim 65, wherein said externally provided
control information comprises a user selection.

81. An infrared (IR) sensor, comprising:
a cryogenically cooled sensor array comprising multiple IR sensors, for collecting
IR energy from an external scene; and
a sensitivity adjuster associated with said sensor array, for adjusting a pixel
grouping; and
an image processor, configured for processing a sensor array oufput signal so as to
form a feedback signal for controlling said adjusting, so as to provide a required

image sensitivity.

82. An IR sensor in accordance with claim 13, wherein said externally provided

control information comprises a user selection.

83. An IR sensor in accordance with claim 34, wherein said adjusting is in accordance

with externally provided control information.

84. An IR sensor in accordance with claim 83, wherein said externally provided

control information comprises a user selection,

65. A method in accordance with claim 47, further comprising inputting externally
provided control information for performing said adjusiing.

66. A method in accordance with claim 85, wherein said externaliy provided

contro! information comprises a user selection.



