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Radi onetry using an uncool ed M crobol oneter detector
FI ELD AND BACKGROUND OF THE | NVENTI ON The present
werodisent s rel ate to radionetry using an uncROI/ER004/000714
M crobol oneter detector and nore particularly but not
exclusively to obtaining norejaccurate results from an
uncool ed M crobol oneter so as to extend its useful
range of applications into areas previously only
feaS| ble with_the nore gower consumi and nore
asomelpisngAInsgeled Migrob aw@aer@%foaet ectors
detect the IR radiation emtted froman object, and
are used for non-contact neasurenent of tenperatures
in nany i ndustrial and nedi cal applications. These

app e tronic
u%zhgﬂﬁ%ot{@f%&.a éﬁﬁ}m survei |l | ance

syst ens including |ong range and ni ghttine ,
surveillance systens, fire detection, and portable
ni g hThevprgseahereéanpmtﬁ relatp o t?ét(éthr@H@eﬂ@émﬁWl?d operat e
el ect] [
MiFofihRERE e il o REREERNY Bl 06 LABLUBY 1§ BiteAHmore

ao@ﬁkla’téﬁf‘eﬁ\ﬂté ﬂdi?ﬁ an auicoeled Mickabdlomdtensal as Whextbnd s ﬁd&ﬁﬂ range of
pr.ocessed and anal yzed nd/or d|%pl ayed. | mag mglmmgand

appHERtioRs e grea%nr@ﬁloaglyp YoigrHble St the MOre peyriRpn
R, e RS (RS et i
emlitteé €ioar an ehject tandiacabidest forsmo-contact measeenzant ofrag:@eratures in

R HREALAG i %a%ﬁlgﬂﬁc'aék ThE Rl irgronchge sitsSdgstine
el BRI ESomHABRE, 3hdag hr?&faﬁﬁfé SfredlhdBRtentsSincluding

required |f the inten |on Is to nmeasure a tenperature
lohg eange Iaed mbﬁnwmaﬁnmc systems, firgrdetgctionsans nogableanalys
ik o m crobol oneter array. M crobol oneters are
PR 'é’]pgltl(’)n detectors that are fabricated on a

SUbSIR @dtectoigeidrally oika@by detegtint tael differenided in the thermal
fabrication technjques. M cré) ol onet er det Ector a ra

aﬁa@%@f \@g@as pjedieisascene [ icdiffersncs epaysrisd inteaeg lecirical

sff R 18 e tro P8 h oAbk B BYSE! Mprghfiraliileters,
such ek ﬁmndelodlmgtm (FLR)ckargs, utiliz enpaaﬁbﬁﬁbsenwls tio pavide
mcr obol onet r f

t
o PR RBT dhemihitigeo g fuctt ilhale fifesterd arm piselly nido
ploRfde 8 Hhagd) Eﬁl@é £ Sind A itk Dfar®er BR MENEF AbR Provides an image

which can be meaningful to the eye. However, generally more sophisticated

equipment is required if the intention is to measure a temperature from the received
radiation.

In many cases the sensor array is a microbolometer array. Microbolometers
are IR radiation detectors that are fabricated on a substrate material using integrated
circuit fabrication techniques. Microbolometer detector arrays may be used to sense
the incident radiation. Each microbolometer detector of an array absorbs incident
radiation which leads to a corresponding change in its resistance due to its change in |

temperature. With each microbolometer functioning as a pixel, a two-dimensional
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using a suitable array of the mcrobol oneters. FLIR
caneras have non-uni formresponses to uniformincident

wo pdosarads radi ati on. This is due to: a. small PCT/IL2004/000714

variations in the detectors' electrical and thermnal
properties as a result of the manufacturing process,
b. variation of the electromagnetic wave intensity as
a function of emtting/absorbing angle, c. optics
vignetting, d. optics change in tenperature, etc These
S BB ePT eSS oA Do REI SR bE] S DA TBRE b Eeneraied
SR ARl Blraf B e AniBBBlofctfs.COT rect ed to produce an
el ectrical signal wth adequate signal -to-noise ratio
for iHdBecamensdovs nep-anitbro regpomyes tdsmifermvisicidelnindrmreidn
.art, .of f.sef .and gain information associated wth
ré%%%g%ﬁphfshlédg%{oectors is obtained by a calibration
techni que known as neatluak@NIih YheCRidctS bRBirlcMAal thérthal
whi ch the m croboloneter array is subjected to several
scenes of UuBTOPEHES pnreatlt ehthgmanufaciirmgiproasss| s.
During regul ar uge -Q‘?” [l .1
obscure the m crgboﬁlgﬁrre er&adrl?%ﬁ&g&#%@fe%égjfi&%/ﬁ%e\?\l/gﬂy%a
"(FOV), so t finictioh bf @fittidpéatceibigy sgld,ew a uni form
tenperature scene. The response of each of the
detectors is useft t OPHEYV'§8MNEor r espondi ng of f set
val ue. The shuttgr igttd@RanaPRnes Ry mal i magi ng
operation is r.esur.rgé)?lThe deri ved'p%x?ﬁlgee’ts are used to
cor r eldiese men-vaifpmitiss in thermiseablolquieter responsdehagacteaigtics are
F er nor in order to conpensate . fqr the.optics .and,,
eI R o G P G FRHSTEARL W A0l ot Tato
fopiiRige phsvetsing &Rl digilget or itself is stabilized in
tenperature so that its response is relatively stable.
Wi | At inavedimopann Biegek offs and apiadnfprmatignagsocagied with each

A 4G5 LS b LGRSt
copreetianUChain Wkich dief microbdlonldier Biagrigbubtjéctod 0aeveral scenes

etector pixel is.checked to determ ne whether the .
OSélflge%rad%’fs?@ At ?@fef% fevPlan Bregybuse a pontyqlled shutter is
JRke %I HschietRd micoldtdtistet frd8s HNAREVRW ¥®V)0%0 thhfall of the

si gna
sensors view a uniform temperature scene. The response of each of the detectors is

used to derive a corresponding offset value. The shutter is then opened, and normal
imaging operation is resumed. The derived offsets are used to correct the response
from each pixel in the array. Furthermore, in order to compensate for the optics and
new temperature distributions within the internal camera parts the detector itself is
stabilized in temperature so that its response is relatively stable. While the shutter
blocks the detector’s FOV, an additional correction of the microbolometer array
response, known as bad pixel replacement (BPR) updating, may be performed. The
signal from each detector pixel is checked to determine whether the detector pixel is
functioning properly. If the detector pixel is found to be inoperative, or its signal
properties drastically differ from the average propetties, then the value of the

corresponding pixel is determined by other means, such as taking an average of the
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properties drastically differ fromthe average
properties, then the value of the correspondi ng pi xel
w0 goodet1aniri ned by ot her nmeans, such as taki ng BET/IL2004/000714
average of thesurrounding pixels. An alternative
technique is to performsorti I nstead of averagi ng.
There are several main obstacles related to building
an i magi ng radi oneter, especially when the instrunent
i's based on an uncool ed m crobol oneter detector array.
sunoyndipg pixghe ol dterative ttsbhigneisde parforay sartingstsrd gbes
a\)%gat in%gnt ain any radiation shield. That is to say in
t Dre sophi sticated detectors there are radiation
shi eTlgge wleiseverslmdin obsthdles @RkelctHh Ghildihg ah ikagiag raliorodter,
frominternal camera parts. The sinple detectors do
espefiallipyhen the dnseymgnigp éﬁeé,onrﬁamnﬁ@d?g@uﬁaw‘a@ét%ﬁ%wm
argggid. A Elﬁlp?@ﬁﬂc%ﬁleﬁ'lﬂpxlo%l’on{%gr G ALEGo! HGs o f\%n%dlﬁraﬁ}e
tector exchanges energy with the internal canera
ragiatioms skield. iThat is & sayrin geokageoplhistnatid detestirs themragé endadtion

206 adj ans_ | i1 _that_the detector al
s A G Broured o ettt e B IR PSPl e | he
SBIRIRICtorS @O HET Yoh@RAbuCHTAIsRickD Pitikigl thabatkag Aeth AR hAA the

detectors bl ock the detector field of view using the
onpiiss sienmernbitonesaingbiatahe Smpladeattcdor exrhpngpreenetgyewiththe

. radi ati i el k
infghfe) Aol B P s e Fihseh o RS it ok R Pttt
Ingésd it ¥ nokRlt tHAtth Getb Aot dMvafy éﬂ@h&%@ bREEPMSo At dofidfaasle of

most of the energy exchanged is between the detector
2mradianbdlowrver, nednverticmabmprersophistidatest radidmettit deteetorsrhledk

caner.a rts_are nmuch nearer than.the objec ei
tof ARREREr BEftio] v B bV erhon R Al BRI R it ity
the tadidiRneBRIdYar&XGH angesiitant RenpRainge ! Whick edbthefcf@t8bE e
scene it is _ intended to be jimaging, A very snmal|

comppenspied for rdaivebatasile  deturpiagito thersiraple dateglors gadrip dact most
othE% %rEeIrQ}; &cﬁ{&%(g_eﬁgi.gﬁéi&&e@mk %E@gﬁog Qf’i‘cﬂ&g i@ém%f‘cemf’e?ﬁﬁ g@v{s‘? After

S1 gha e average Vv ue an ne very
alf, tlequency canep@ardirs ndchtrearey tirhachesolgeus bedin anaped. Dnbna

the nj crobol onet er  det or. after the, processes. of NUC
very gnplbiaghion @F‘@ileua;wwﬁ’?)@@# dasensient %@h&z‘% By S fletecir
toL . . i I a
ool 5t O sPlneth KIRKMIBRBEC ARIARDA Vay SRR cARIEES. |
teoiperatiro pEthaintenns] can@oopats thertore vy phaduce & kage change of the
d&{ﬂéﬂ% ardov rhtt gi%re;gl olrhe %{fgr%éee xrfalﬁl\ele alngp t‘ﬁe %ng lgv?/ elqﬁ%(ﬂct)%’om%%nents of

the video signal obtained from the microbolometer detector after the processes of

NUC and BPR are greatly influenced by the temperature of the detector’s vacuum
package and internal camera parts.

One set of solutions is the cryogenic cooled detectors arrays . Cooled
detectors have the disadvantages of greater weight and complexity, as well as
additional power consumption for cooling, shorter lifetimes and greater cost.
Advantages of cooled detectors are that they can work at shorter wavelengths, say the
3 to 5 micron band and thus produce images having greater resolution. FLIRs based
on the cooled devices have good sensitivity even for relatively high f numbers (£#)

and have a very short time constant.
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addi ti onal power consunption for cooling, shorter
lifetinmes and greater cost. Advantages of cool ed
wa@ledosoianxs are that they can work at shorter PCT/IL2004/000714

wavel engt hs, say the 3 to 5 micron band and thus

produce inages having greater 4esolution. FLIRs based

on the cool ed devices have good sensitivity even for
relatively high f nunbers (f#) and have a very short

time _constant.On the other hand, the uncool ed therm

nmi cr @b thentberdand.theiyndealeddhermal misrebalemgetsr array has other

A RS R TR PR R B i

ardideivqrsveg corguitipie out put i medi ately after power on
have_a | on BFE (nean tinme between failuyres) relative
ot Hee wisrled dggeremes videioutpat igunrsiately pltehpoypaon, have a

loBYRIPBF (hBE: (RO LK EPHAIRRS) RIAIVE P thelcBblell 0B AR Pare
applications and those in Ich the greater expense

gangrallyehgapet.i fi ed and the uncool ed devices are used for

di hoy t appljcations and fhaose in i ch
oot aal e 0B it dsfrear Ricd P lon@Rne popliciats absen
wHRHE §lid %@ﬂeﬁé@@hé@@aﬁ He pisaAed 86H he ubkodled@vRIRE afdised for
6,476,392 by Kaufrman et al whi ch presents a

medigpeandishers Tange epplisationsound) these dm avhighrbudeets are lspidedat es

W th t [ i)} '

A R R R
Nar &476,390 siekaufimaa ef hlg sthiciepiesents 4 emipersury dewegident focal plane
i ndexed by the neasured tengi%r ature of the focal plane

arggy; thgt operiesgrthout o famperaturg stabgization coaiesand/gp Reglery Lyain,

offdet aHl§of bitk B&tedtion BRI REBlvide8 RS El%ﬁ"ﬁl@mblg& infxglr@ﬁ%ry pages

over the entire tenperatufe operating rang
indgxadiyshbinepduaei tagpetatirant thy focal placoatrayo | Thedzaby efifsetnd

o TP ek R SRR el SRR PR BRS
tha keftileabBperhisopudting GMPECTdr @Qm?;%ewﬂ&mgftﬁé Mrayiich used
e

by analog circuits to correct ocal plane array
conitoHerhe¥en and exymining the 6rThy £ resperegito 8 knpwn temaperatyre. The

.det i
S SETMAE AT ot R 0GR WAl ARyt o
folny atdeed by aadlo® tirduits det@edcotherfosid prane ageresponye., The data

d to other factors. Furthernore, Kaufman's patent
usgd el Forastionis deferghn PRse, g themrot vader RoFReL t he

ofElifiplBhdiiBRS RAlmARYEAI2dd hotSeduni Rt VHifation in detector

response over time, or due to other factors. Furthermore, Kaufman’s patent deals with

the detector response for the case that the detector does not have a fixed temperature
stabilized working point. In such a case, temperature measuring requires a complete
new data set for each small temperature increment . Such an approach is impractical.
An additional problem for imaging IR radiometers is that microbolometer
detector arrays generally have a finite spatial response. Two black bodies that have
the same temperature, but differ in size, or the same object at the same temperature
but at different distances from the camera, produce different video signals at the
detector output. A direct translation of the differential video signal into temperature is

relatively accurate only for large objects. More specifically, the translation of the
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stabilized working point. In such a case, tenperature
measuring requires a conplete new data set for each
w@pmblo1tieghper at ure i ncrement . Such an appr oacPCT/BL2004/000714
~inpractical. An additional problemfor imging IR
radi oneters is that m crobol on?ter detector arrays
generally have a finite spatial response. Two bl ack
bodi es that have the sanme tenperature, but differ in
sjze, or the sanme opject at the sanme tenperature but
video gigppldpiodemperaiusmic sybiestdarn peotiatreduced by dhr limited
[ ' i e - A
riabiaB % Pl 1R S UPYED rlpghapToP e hital Ahibres
i nt oThempee atrertly avaitdbld hvietge monberadfeuimmbledf micrblaigaeter
| ects. re specifically, the trangl ation, of ..
PERt St Pting Bt Grplis: G erHE  Jrg Bmbpof Applications.
TRESeVandelds' @At EEgRMr bR€od1dd ni @bdIBH Bk bR thANRS £t contain
function (MIF) response for high spatial frequencies.
amheadionegtiac shielde Rypigallyy slidse lotmeras bemeg avithuarstandapd lens of 35mm

Lcrobol gneter FLI forwar d oki. n
of 37 A5 et e P8 SRR i gt P2 o S0P fnd @ vy 10
upgpdld thesd @nstingldagReasGa Rl o O0E A theeghdvaldestmira defvbacks
L nicrobo] gneter sensors that do not contain any

o} thei wieeeled detegtog te alloypthen) foygive pecyirate Agrapeaatureomeasirqmpents
.d. G | ength or other
u’?%eza Ig[%lgttl IF%%F%?W@?%%G@C 0 find a way t

upgrade these existing caneras in order to overcone

t he above-descri bed drawbacks of the uncool ed detector
to allow themto give accurate tenperature

neas JUSRARS ofdeir (IeERE3ON ction of very mi nor

har dware noditi1catrons. SUVWARY OF THE | NVENTI ON
AccoAdpardingdo a fitst espectefibe presént iveniere theret is provédedi aprinfra-
retdher e. i sﬁlglr QVi (rllrsd an_ infrared i mgi ng canera

o the

PRSI SRYSALMPREES ed and unshi el ded det ect or

ar r angastobleddad anshi¢laéd detéctst LAALEYo Rt Mfiaded Bleddy)and
to carry out periodic calibration operations by taking
at | asalibrgpptocary pubperindia ealibration gperatiensduyr taking et lsesone
i ' ' [ er .
oS RAORp Gy B E P bt R iR B Bbragion pnegpouce
mebsusanchtubeinplsatieto vemecttenergy detocted arsadd gncoblet] séiisontcan

external scene, thereby, to enabl e ener at said,

digeauit Pty ROt e%axts'gyab“@éﬁgl&r%‘%mp &nam gnergy, i spid detector

10Oy e hd HMenfpRARIESes using a tenperature obtained from
id

sai
Preferably, said correcting comprises using a temperature obtained from said

calibration temperature measurement as an initial offset to correct temperature
measurements of said infra-red energy gathered from said external scene.

Preferably, said correcting is provided by combining a value from said initial
measurement combined with a second value taken from a second calibration
temperature measurement, said combining using a time-dependent function, to
produce extrapolations of said corrections for later points in time after said calibration
temperature measurements.

Preferably, said time-dependent function comprises a mathematical

extrapolation function from most recent calibration temperature measurements.
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calibration tenperature nmeasurenent as an initial
of fset to correct tenperature neasurenents of said

w0 pdosatyiexl energy gathered from sai d external BCENZ004/000714
Preferably, said correcting is provided by conbining a
value fromsaid initial neasurgnent conbined with a
second val ue taken froma second calibration
t enperature nmeasurenent, said conbining using a

ti me-dependent functi.on, to oduce extyapo] ati qns, of
el o SR PREE LY Sinceted S plke b0 Suttenn Weaen Sl set
vidth Bladuh@idntFTARENHPéHuE: MBASHIRREOE é"shlﬁ%lef)ie{a?&)éa?fneréai d
ti me-dependent function conprises a nmathenatica

ext r dp§ICAnPEMAUPReqndigured dorimake said comentiopalsingmatinitial offset
r I . be confiqured
T o T A BT Su SRE D i PRty el
i s aTha rcaﬂnbmrr_n&f havetacaperatheie] gerdeh eyl acﬁrst_&iuration, and a
Iﬁhgﬁ%er af Sﬁ%d,canera. The canmera may be confj gured
Wl ok sad cglibrgiiontemparatuss PsgsusFMPRF fiax be snads during paidh first
dufatidnf unction of a tenperature neasurenent of a
housi ng of said canera. The canera may have a canera
t her Pi¢lenablyesaid pbuality ikn ar lebs.st duration, and a
plurgl i f 1,0, calibr.ation,tenperature easurenents
may ?éef%!éa’g{’ aﬁ?it g‘&‘%ﬁ“&f i JqeBiPa i AR of pr {-8mgt §second
tiseRingbtoH isl lozhiel Ynia ek@Mmad burkRS of dEEAbLE Mudim FhckAdifd of said
thermstor is |located on a shutter of said camera; a
capegrad erbirdihsrmistar ds loeafed ewa ersingwuesouadingloptics dimeid of

c ol AL ' said canera and.a thi.rd
PR said SINATLR TGRSR BeasiBy R al AT Re R
fiowin emhdf s@deheamistord. sai d cal i bration tenperature

measur e co i ses taking readings fromeach of

sai d%rﬁgfﬂ‘ﬁ%tsﬂxﬁgimﬁré?@&’%?%s@% d shutter conprises a

shee : 80 SS4..Vi .1
'Prefgﬂéﬁlfy‘raflé Rhdet h&!‘ﬁ} %gﬁ%qtﬂf\tﬁ)ﬁﬁﬂuﬁw %33%(;{ rcg%ﬁg 1, within a

substanti ally approac Ina-s
spactrgLizempnearagge usedbybsgidsiziedtadet ect or . Pref erabl y,

coal | BAFRB il phRled snipe Aol e pahe sud e fhgation
tdniistrathileQleds @ ef BbFmesiutihg Fadidtlof R Bdid shisgird shutter

conprises a sheet having a reflectivity substantially
Preferably, said shutter comprises a sheet having a reflectivity substantially

et

approaching 1, within a spectral frequency range used by said detector.

Preferably, said uncooled sensor is configured to make said calibration
temperature measurement by measuring radiation reflected from said shutter, said
radiation being indicative of a temperature of said uncooled sensor.

Preferably, said shutter is mounted such as to have a first stable mechanical
position obscuring focusing optics of said camera and a second stable mechanical
position allowing free line of sight between said focusing optics and said detector.

Preferably, said uncooled detector comprises a microbolometer array.

Preferably, said detector is configured to obtain calibration temperature
measurements from a video signal of an internal reference unit.

Preferably, temperature measurements at said uncooled sensor from said infra-

red energy of said external scene are subject to an error introduced by a modulation
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approaching , within a spectral frequency range used

by said detector. Preferably, said uncool ed sensor is
weonnkiogusrd to make said calibration tenperat uP€I/1L2004/000714

nmeasur enent by neasuring radiation reflected fromsaid

shutter, said radiation being ffndicative of a

tenperature of said uncool ed sensor. Preferably, said

shutter is nounted such as to have a first stable

i cal sition obscuring.faqcusing optjcs o ajd

R nGRen 335008 Bk i Aienethsoid foled Blettor
baing@ghipfed toaretdofi safd oy bl iR SIS fvéraCsiSth8 thodulation

optics and said detector. Preferably, said uncool ed
tgasfectugetiongheiepSes a ni crobol ometer array. Preferably,

sai d r.l | bt ai n..cal i bratign

¢ erpay S e B o R A RS o ]
nigaswemenht at ah érteweleoofuimd lesPthah ethabhnerattiesipal find kenstant.

measuyr s at .sai.d uncopl ed sensor fromsaid infra_ .

rod: LHARBYoId dFiGetEs UTHRFS § BuHEbAPwelst B8 said somara being
@AlIch ot APUSURiR ¥aid ATRAM A b ABLIEARS TRhisul 4 bPDseile time

said camera for high spatial frequencies, sal
ap Ableingp per-enfomitysorgctimguingpia dot seidarsrycone sai d

erro | ncor par at i an.inverse of the nodul ation .

Cr andpetaplatiR tonlluld © BeF Eedieiahi Phevshis heion
foraallpikels 6046 gdyl. br ati on tenperature nmeasurenent at an

interval of tine less than the canera thermal tine

cons PEsierably; & slatteppl saidseampraistused fir neessyements tayenable bad

] t ef..:ar , said canera being further

pgzggﬁe?gdglr:@gﬁtogs%l taln said calibration tenperature

meas dceondittg tat sacandn®pdct oftha presbitdhventign there is provided
-non-yniformty correctjon matrix for said array. The
te&%ﬁ?é%&feﬁﬁve IAPRPTEHr 108 COBeEg agespante iagadipmetst in
ab QPR Wit 1661 Elh O thfiferfute, Bt BdRorlicr Elnthr iy

Preferably, a shutter of said canera I's us
meas an enshilded wnceolad idrasmd (JR )sehsorpt proeiding amimaga ireponse

. . According .to.a second ect. of the present,
PS8 o Ol R gt oo SR s R el Ph Shpging on
@ PR saisu s fitkl of AW GEIV))@nd r esponse of a radi onet er
in accordance with a local canera tenperature, said

r adi 8ABHLEY, fepeqntiolpbly obsgirina saiddQNecnntsml Bge of said shutter
fdrH{iﬂgaé fn%gmﬁél@nt ShitaR for gnoﬂlte%a(f Yérgﬁé]&u@r}efe?&%g ufu?;s ponse

said temperature corrector comprising:

a temperature sensor for determining a reference temperature using said
measurement surface,

a referencer, for using a local camera reference response and said reference
temperature to approximate a temporal effect of temperature drift of said local
temperature; and

a signal corrector associated with said temperature sensor and said referencer,
said signal corrector being configured to produce a correction to said image in
accordance with said approximated temporal effect.

Preferably, said reference temperature and said reference response are

determined during the obscuration of said FOV by said shutter.
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in order to forma tenperature inmage in accordance

with IR radiation inpinging on said IR sensor's field
we@boogioeuy FOV), and a shutter, for controll abl RCT/1L2004/000714

obscuring said FOV, an internal face of said shutter

form ng a neasurenent surface gor an interna

tenperature reference unit; said tenperature corrector

conprising: a tenperature sensor for determning a

reference, tenperature using said surenment surface,
Pty S0 1Y SSS0T FOmpr AR IO IoBE Bt or ence

are
r €S PPRF& 8P dsaf iR sen§bi o Red i Wi€robSlofRAOX 1 Mat €
a tenporal effect of tenperature drift of sal ocal

t enp8rederably; saithappaoxingtien iseonathernaticabfwotiomi egpruxithation
bé@h%n%ﬁﬁ@%&%ﬂ%&ﬁwéggﬁor and said referencer, said
r

signal correcto g configured to produce a

cor r dférably! @id@jplodin@gen istn&GFIAMBO M Br SRdkdsuccessive
approxi mated tenporal effect. Preferably, said

ICEAEIR PRCAFWRPERIL ure and sai d reference response are
det epjp ' : ' w2 . [
o Py i 5 G5O 0 Y

imager obol oneter. Preferably, said IR sensor conprises

an apr f mger.obol oneters,. Preferahly, said . .
appr gﬁ%ﬁﬁyﬁ?q%g%‘? AR FRLORS further ?Rﬁﬁ%iq? éﬁrg’m non-uniformity
cERREBX (NBU) Qinp 3458 theaturbinbivti sHacdreasur ed dat a.

Preferably, sard approximtion is an extrapolation of
two &he pinagates areynpdsetaaapiey Anving aphuslity ofipixels, said array

&h
BT 381 RERRS B FuPEPAT b o

asaygoalbtatotengetaires.s f urther operable to perform
non-uni formty correction (NUC) using said neasurenent

sur f htegerabiyesaidhpgnad cersectays Euthsr prssatie toaparfoymtbad pivgl a
I iédéﬂ%ﬁtt(BPR ugngﬁa{i?meﬁﬁirgmgﬁtrs@fa&e' ng configured to

se a sane Si 0 tenperature function at each
pi x ePrefdralsiy) sdidamessyrenenobirfica it smbgantilyraddack body for an IR

spectral frequency range of interest.

Preferably, said temperature sensor is configured in relation to said
measurement surface to measure a temperature thereof.

Preferably, said temperature sensor is operable to measure the radiation
emitted by said measurement surface.

Preferably, said measurement surface is substantially a reflective surface for
an IR frequency range of interest.

Preferably, said temperature sensor is configured in relation to said
measurement surface to measure a temperature thereof, said temperature being a
temperature of said apparatus. -

Preferably, said signal corrector is operable to calculate a difference between a
sub-sensor level and a respective reference level, and to add said reference
temperature to said difference.

The temperature corrector may be configured to produce said corrected image

using numerical processing.
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Preferably, said signal corrector is further operable
to perform bad pi xel replacenent (BPR) using said

wore@soranent surface. Preferably, said neasur er@niL2004/000714
surface is substantially a black body for an IR
spectral frequency range of injerest. Preferably, said
tenperature sensor is configured in relation to said
measurenent surface to neasure a tenperature thereof.
Pr ef;gl'labl sai d tepperature sensor i s _operable fo

meas GRS CAFRET Y, COMPEISR 8 SIBfiet senirolienton penralking a
SsitidrP6Baid B Rk n HALIHBIDYE fig IpBsition.
Psubst anta% ally a reflective sgiggggﬁﬁ)%ﬁg#p?&ﬁgﬁ%ﬂ%%cy

r ang&hegorrastas meayt conPrisé e filiot for cempehsatingensramedsletieor

L S.C -qu i.n relation t.o said measurenment surface
tr gﬁﬁggéwghggt?%ﬁaé?meﬁeﬁm%?y sai d tenperature

bei ngceortiiRpRes @it Hpedt of SebréRAFinAXntion € {s8réfAlyd a method
said sjgnal corrector_is operable to calculate a

fogicorresting ddetnonsiodlh radiometes dmacsordancayith Adocal teapeeaturpsaid

.. -and i . e. erat ur.e
S e PR an B IR S, P L S RS
owlertoi fgrm e derhyergturednmge fvacdotiandeewileR radi@©n ispinging on said

uneri,cal. .pr.ocessing. Th orrector may . further .
TR Sensor S eld 0L Righ @0 \Dotd LFGRT. fRicopBANRLY Phsigrieg seid FOV,
sdi@fletHodRoRprigiabd shutter between an obscuring position
and an exposing position. The corrector may conprise a

fi | t determiningowhidassid FQY is abseneedrbycaidashirtser, 4 refershaer
el oL o PRt i B G EE RO eghesi Bt s Shuti

arff ovi ded a nmethod for correcting a response of a
radi ometer in accordance with a |ocal tenperature,
sai dPiodusipgde@rectighie said imaesin peordeneewith smyl referenee |
tehferaRf@Vvi ding an image response in order to forma
tenperature imge in accordance with IR radiation
i npi Tigg mgthod neyicdmipRss detarmtin®g faitimhaldepbndene v féreAdérespanst
otﬁsgfcﬂ% %aﬁ%r ] rfﬁn§f oérl tﬁggltdrrggelre%gé %/en%gia%lljrg ,I arl]l% u%ialig(:lsailfl?gfergnacla d

response in modifying said correction in between determinations of said reference
temperature.

Preferably, said IR sensor comprises a microbolometer array.

The method may comprise performing non-uniformity correction (NUC).

The method may comprise using a same signal to temperature function at each
pixel of said array to obtain a temperature.

The method may comprise performing bad pixel replacement (BPR).

Preferably, said shutter comprises an internal surface which is substantially a |
blackbody at an IR spectral frequency range of interest, and said determining of said
reference temperature comprises measuring a temperature of said surface.

Preferably, said shutter comprises an internal surface which is substantially
fully reflective at an IR spectral frequency range of interest, and said determining of
said reference temperature comprises measuring a temperature at said surface, said

temperature being representative of said IR sensor.
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determ ning, while said FOV is obscured by said

shutter, a reference tenperature of a | ocation
w@edosotad i n accordance with an emi ssivity of B@i/tiL2004/000714

shutter; and producing a correction to said inage in

accordance with said referencejgenperature. The net hod

may conprise determning a tine dependent reference

response of said radiation sensor to said reference

te ature:.and usin id reference, response in

mod! 1 eﬁ’éetﬁ B% RPRER g SHE FaReHcdage RRaRsedns of

coRipdndatf RERRCRITIURRfat ure. Preferably, said IR sensor
conprises_a mcrobol oneter array. The nethod nay

conpricsarding e ffiinespactrof thei fresent inyentionrthere ispro(iNkd)n infra-
CarlE .conprise using a sane signal to

r%%nper%?%ﬁ%% iction at each pixel of said array to

obt aifecusingeipriey foi gatberiddiafiaatdatbrSPitomGRkter al scene,

per form ng bdad pi xel replacenent (BPR). Preferably, .

sai d B8Hpeqaled mEaped swsorgrangeddosigiect nid e rothensgy Som said

fSHR titably a bl ackbody at an IR spectral frequency

rangngqgfl I'nterest, and said deternining of said

r ef eadighepase fijter; sharetn Eoppratee meanAGHEnt gt said infra-red sensor
erat.ure.of said surface. Preferahly, said shutter

BB B0 54 ChordEphinid G pEksectanre Aot iuBs paarinEeduped by

afcuthiesa thedul@ioni tv@sRl fiRtibiRfo} MK shMial e IR Ysal PREE pls

i nterest, and said determ ning of said reference

filterbring configueeditp oversemersaid erpny mcomorating b ireverse of died

dﬁ} erat ure being representative of said

nﬁ&%agﬁgg?ﬁ%e rrgt ooﬁ%‘ifn%e&rpri se filtering said

cor r Pedfedblymidintaspd 8&oi 1 at QIRRIEEhL 2 S RnorMT F
cording to a fifth aspect of the present

ef f e%t Sf Qg' ]
i nvenfsigaPY niienia-1sd senserig an yngaeiedamiceebodemeierarray.
CONMPASHAG: i i t her i Lnfra-red
COTPLEt £ 5% AR O ARLARY] B8 T Pt et
of upradingan nfigendd irmaging emhers Srtnakiig Rmperhnes efedurbhents, the
- sal.d ifnﬁcus' nagnogti cs,. .and
eXiSting infra-réd caimera comprising:

focusing optics for gathering infra-red energy from an external scene,

an uncooled detector unshielded from internal parts of said camera and
arranged to detect infra red energy, and

a shutter, controllably mounted to periodically interpose itself between said
focusing optics and said uncooled sensor array to allow said detector to carry out
periodic uniformity correction operations from temperature measurements over said
shutter surface, |

the upgrade comprising applying at least one temperature sensor within said
camera for allowing a localized temperature measurement to be taken at periodic
intervals for use in calibrating a received image.

Preferably, applying said at least one temperature sensor comprises fixing a

temperature sensor to said shutter.
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a high pass filter, wherein tenperature nmeasurenents

at said infra-red sensor fromsaid infra-red energy of
W@ 200d/0extter nal scene are subject to an error iPCTORNGEH0714

by a canera nodul ation transfer function for high

spatial frequencies, said higHlpass filter being

configured to overcone said error by incorporating an

i nverse of the nodul ation transfer function of the

cane -said_d -red . sensor is an .
cincosressrapti Btk sl A Kol Ohl BplrBlehS a0y tomiies fving o
{sgtanperatareasenst?¢o sdid shutief; a0l ah additienal 8érsayto 2 ATEREdH hBGsing

0 si xth aspect of the present invention there is
Oﬁﬁa@m@&% met hod of upgrading an infra-red inaging
came : .
ot o Aol RS BEpBAREN B¢ KA o RcRITRS seheol Bgprises
corfigugimg|seidian tpastrone aenseritoemensyre shiddovad trengperstunravhencaide,
Al 00l edbdet ect ar, .unshi el ded frominternal parts of
dfer iierpases betyypen sqid foruging Sties aud;sas P¥Tred ener gy,
and PreFbrdblyefempeiict aleaaPbiedt® bR ﬁ@-r&?&ét&%%dh ¥aid
nterpose itself between said focusing optics and said
infracrsdicaerey of said external/seene aelsubijeei4p dn deorintroduced by arcamera
(Weloll, i.forait. i.on .oper.gtions f.ram
nftdhisBch bR AR AL At SR LR R 8 R BRe st
cotnprising praselicoahigh Pasofilep il ysodatdin Witldsdid edtfiera , said high

tegﬁergt,ure S ns% wthin said capera for allowing a_
PRYSCAleT Jins P@r’ﬁf@r fQro¥ercame Spid FERE by Bicprporaitag qn dnverse of said
cﬂﬁéﬂa%(ﬁdgﬁ%%ragf}{ﬂsﬁﬁl&;(ing.se in calibrating a received

i mage. Prefera , applying said at | east one
t enpéceerding te essEnticasppotiof e phésentigventioaiees Btprowded a

sensor. to said shutter.Preferabhly, applying said at '
R g sn B ib e CEr e Fhdgng s ¢ MRty oppgwes of
objesm &f AU YRAE Uie dGstm@iinhrbRidldeficior 0pAAngddi ti onal
sensqr to a detector housing of said canhera:

Pr ef E9caging optiesifar gaiharingrinfrazaddngrgyi feans an external scene, and
tenp r r ises configuring said at | east
one. B BctoRd RO BRGLSRranb el o Bl PPl Cngley, vilen
tesipetatare nheab@ements at &l iBaTed abtectbofois iiifa- il dne iy daid

sai d. sensor. . i )
external scene are subject to an error introduced by a camera modulation transfer

function for high spatial frequencies,

the upgrade comprising providing a high pass filter in association with said
optics, detector and signal processing, said high pass filter being configured to
overcome said error by incorporating an inverse of the modulation transfer function of
said camera.

Preferably, said high pass filter is any one of a group comprising hardware,
firmware, software, or a combination thereof,

The method may comprise arranging said high pass filter to compensate an
error introduced by the signal processing performed by said infra-red imaging camera.

According to an eighth aspect of the present invention there is provided an
infra-red imaging camera having a microbolometer detector array, the camera

comprising a variation compensation mechanism to form a non-uniformity correction
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Preferably, tenperature neasurenents at said infra-red

detector fromsaid infra-red energy of said external
wG@e®ae1dasE subject to an error introduced by aPCHIE20@/000714

nodul ati on transfer function for high spatial

frequenci es, said upgrade furtl®er conprising providing

a high pass filter in association with said canera ,

said high pass filter being configured to overcone

n%hﬂt@é\fe%oni%)’valnﬁ’ ?tvgé Qel@g grﬂ&’ ({18 gg%

nodul ati on trans cco
usspeame wanstdn éurmuen &ntconmramg teogived ﬁgﬁal it tepipRyAitate (fmasald

grading an existing infra-red imging
pg(g#eo?tg @éﬂ”ﬁgasure tenperatures of objects in a field
of VilRiW¢ss biterwisé 8dfined, eﬂf‘tte&ﬁucfa?gndjﬁtl gigrterﬁﬁ'méd 09 have

focusi ng optics for gat hering infra-r ener gy rom
ﬂmaﬁwmanmgeas@ommmbamdmmmwmmmmmdmu@ dmtantto

ARG ol BUBL, 1R B GAS A et il e papivatent

td thosa daséml&drmﬁbueaaﬂ@yusecﬂ irsthb @r@iﬁb@éﬂ@étm‘g%?'ﬁ% Fent
uced by a canera nodul ation

.subj.ect to. an ror i nt rod
inYERfiT avitabls Betheds FgmarEals s descibes et e
pHBAY PESHCATTR! in%ﬁ@ﬂlg@éﬁiﬂﬂ%@ iy ggfgtgcn Et?gxfdl ngqrgiatenals

associ ation wt ector ~and’
msthodsswd N@@mB]as are h]llg#ratms‘mlf bhd eot ibiehdgl t6 0B flingtinged to

o R B ek e
pEf@hfiae dbmpidting sBlth'éd RARSof étéﬂs%aﬂuﬁlh? %ﬂto%ﬁcﬁiyd Ar a

group_conpri sing hardware, firmiare, twar e
C%%ﬁ% therigof. Hépreaver, aucerdima ﬂowunhmswmnmtatml anireqn@megt

PR p o Bl Jra il PRESRRR G BepRbrhimrepyonaptpral

salcrdtafdastaspsd:ouﬂ&gl ingleafaRddy hafcnwrsl bﬁgy §dFrvidle 6 gﬁst Blperatmg
ﬁaﬁf%t[ of _.the present _invention there is provid an
sys Py firyEse ka compkipationdhereef. &W&%Imﬂ@blaénhétda’fare selected

StejRt &Qﬁé)ﬁwé{tfo%yoouﬁam e"ﬁ eﬁ%ﬁr | 1% @ o: 'réi%ts{)ﬁware

conpensati on nec orm a ron-uni
setestadestaps ofi thetinventipn conlé roe tmnplemanticd bl @ phﬁazattwae §bfﬁireif@ I's
conf.igured . to use

d b
indru@pE bt Recn B oy GroB AL RN g1 BePlepersiign aTsis, Tn
aryQaRE kelkete@ sttpy ofIBé Ahefbod 8he sitens 8f fhe ive@Mon could be described

as being performed by a data processor, such as a computing 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 detail, 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
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Unl ess otherw se defined, all technical and scientific
terns used herein have the sane neaning as commonly

wapaenstiabd by one of ordinary skill h the artrPeDINM0040100714

this invention bel ongs. Al though nethods and materials
simlar or equivalent to thoseescribed herein can be
used in the practice or testing of the present
i nvention, suitable nethods and materials are

. ' o | n,case. of nflict, the patent
R0 PR o ARG s e b shot il dedsfiat e 1
imction rmoteliRtalahed is @b&ssﬁfym%ﬁndﬁﬁ&téax&malsﬁﬁdiﬁ% ®f the
Jdllystrative only and not 1ntended to be IImting.

myephemdbs dasraniioprtalimeavithethn dnvangs mpking appirertt e thosesighied in
- ' ' | e N | ect ed
ko 0 T B IR, B BEPR SR e

conbilmteidoawinper eof . Moreover, according to actual
equi prent of  preferred enbodi nents

i nst EU nt at. on, agg. ) ; : s

of t & et hFERkfad Sirgraanshoringa simplified blockdisaram ef an infra-
T&PIRERIr 2284r8mke6a %Es\?\gﬁef&%ﬁ Gt SRS Phvention:

hardware or by software on any operating system of any

f i r mieg: @ ilbystrates emonerml ddomictételendter tased exsorpbieh a slsutter in

, | ect ed .steps of. the invention could be ]

tlliéan%gxe%[ep%tpé)gl%gg, agc%rmn&ecg | paefgqr?(g EFPF(_) niQfithe regent invention;

sel ebiged iBistiates €e sehidr ORFRND iR WhiUhd sttt fRLEFERE %g,

as a plurality of software instructions being executeéd
exRPsHedBedRRsE;  usi ng any suitable operating system In

. s f.th t.hod d { f. .
The FHE &is 2EhHHEES ABLER st IO e A B R O i
1 ginoedtich ptengeesae seB0LR phiced off MENHuttBhnAl @ bihef IBchi®ns within

]exg uting a plurality of instructions. BRIEF
OBTI ON OF THE DRAW NGS The invention is herein

des cpjgbgqls a Q}h_pYi’ﬁXd &fa&}%@m%%)ﬂh%{%o%lyﬁe{eﬁf erence to

the acconpanying dra ecitic reference now
t o t Hig. filawiratgs an exagilefdr FLIR ingerstmedidstibnt thabfet Rtction

i ¢ul S are by way of exanple and for
(I%E’Fpi)gcgsaa%@w%@geg%mtgéa& _)s/cussi _onngf the preferred
embOBigR i Sgraph {IRSrAIRIBO EnerBY %hﬂébd%Weeané%?eﬁﬁé%eagd the

presented in the cause of providing what Is
extemplview assyprng thettha loptesdifreguals ly under st ood

d i Pkt ON.; i nci.pl d t yal t
of -t 1 S el fttat SApPlRE e Beg SR e ESehdfi Sengor
arshthwvoptiestict ural details of the invention in nore

det aj | Sé\ha’n,i s..necessary_for a fundanental
undet&t Ak sigplified ¢iggran illustrating the exchange of energy between the

camera and the internal camera parts;

Fig. 10 is a graph illustrating view energy as a proportion of the total energy;

Fig. 11 is a plot of temperature error versus vacuum package thermistor
(temperaﬁlre measurement sensor) temperature;

Fig. 12 is a graph, which describes the minimum mean square error linear fit
to the Error value;

Fig. 13 is a graph of detector output signal against temperature, and describes

the output of the mathematical model;
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i nvention, the description taken with the draw ngs

meki ng apparent to those skilled in the art how the
w@ewsnsdl4 orns of the invention may be enbodi ePICT/IL2004/000714

practice. In the drawings: Fig. 1 is a sinplified

di agram showi ng a sinplified Adock diagramof an infra

red detector according to a first preferred enbodi nent

of the present invention; Fig. 2 illustrates an

ne. RS maRl TR RTRAED. SRRENRY SRonl o Pobpihed” "

eguhsidh;nent of the present invention; Fig. 3
illugstrates the sensor of Fig. 2.in ghi ch the shutter
i s ofigsorand bs eraphs which shavna thigdader patygpmial | 5
' gﬂ{ﬂ fiigd di agram showing a variation of the
a"?r odiar%elﬁ’t of Fig. 1, in which a tenperature sensor is
pl acEigs.drfatahe bshaigiaphs whidh shovot Heurtd erdert pabyromiat hi n
t he .det.ector; Fig. 5is a sinplified diagramshow ng a
a?ﬁrg’f% ?%rﬁ?fler; “Fig. 6 illustrates an exanple for FLIR
i nv ep%elmcaﬁaﬁepﬁaﬁs&aﬁﬁ&edan{ewﬁpm redfbhselih dyBles Ber3di,

by 240 elenent array; Fig. 7 is a graph illustrating
mﬁ@%ﬂﬁ@yd@ﬁ@m@eﬂkdﬂeﬂl%en the sensor and the
external view assum ng that the optics equals ; Fig. 8
is asimlar graph illustrating the energy exchanged
bet WBES CRIETEIN 3 TP PREFERRED EMBOEDIMENTSS a
simpljfied diagramillustrating the exchange of energy
bet whBHPTERE! emhedimenisdre plea mipded samera suchas ol kIR camega
; r [
W SRR S B kAR S B nE BOIDLRE afhy.
hasatadsrdvaptiosiandodoek ageintinde anystadiatibh einipledr aThe enbodiments

asurenment sensor enperature; Fig. i raph,.
o7 SHFueBierE Do I s e aeat o
distdunt BitdrhAl téﬁﬁ&ﬁtu_i@éﬂd%mﬁéﬁmé éﬁ&t%ﬁﬁiﬁr&&m@ﬁﬁgﬁ t&@hiperature
out put signal” agai nst tenperature, and describes

change response function of the camera. Regular optics means optics that do not

reimage the input optics aperture on the radiation shield. To date such an
arrangement does not exist for regular detectors.

A general description of the design considerations, temperature drift model
and the expected accuracy is presented. The embodiments enable temperature
measurement at a relatively high accuracy for an uncooled microbolometer based
FLIR, even if the; detector is not a radiometric one, by using the NUC flag as an
extremely low frequency chopper.

The principles and operation of an infra-red detector and associated
temperature correction mechanism according to the present embodiments 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 components 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
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the output of the mathematical nodel;Figs. 14a and 14b
are graphs, which show a second order pol ynom al

wepansilen; Figs. 15a and b are graphs whi ch sPOIMIZ004/000714

third order polynom al approxination; . Figs. 16a and
b are graphs which show a fourkh order pol ynom al
approximation; and Fig. is a Fourier transform of
camera i nmpul se response in cycles per nm including

' ' | PTI ON HE
AR IR R ARG e AL Ry B il s b€ Bpogee
of A¢scepti@thndasheuld motbéiregardad bt liRitigyrer a wi It hda det ect or

d i on hani I hat an uncool ed

i or SEEFOIREILIORRRLY 10 Fige st hiRRr e HOpLRELblak diagEmn not

il Ehtsteartiyra 8 i &bt @Qb% the ehfife bR qﬁ(ff@(ﬂﬁé afdl Aﬁ@@% the
such a canera to be used for tenperature neasurenent.
stter anchiddidatsetor). deskaul camprises Slcusiegpptiat 12 for gamblering infra-

rature effects b r QXi i ng. a tenperature
S Mt RN R R s T
nieaRaseapbriecst vitie isdenfellableindBfed td\&tc: ARUbcANEAgHS The
erture on the radiation shield. To date such an

fogiising gehesrire Bségably ortisiaed forjhe pperating spgetrd dragrencyaange of
RS AIRAARTR Rl Intor HE A AR ARIGRRRIAEAL. PToy i s

pr es éncatall behirel therbptiésnienis an anedol«l IReseassraUUYIEch is arranged to
TR e oo Dbl 554 e s
afd@he HeQendod aﬁlehe&ﬁlrns ‘i‘{l%l\;lv?#ama@ioﬂ Wt uﬁﬁlggeéec?xgm%_ Ecgls% not

flag as an extrene requency c
oplyilR dirformaaticanfiiors e senoaTivingaa theffoeusiracbpties Battabdo iaciddes

| ated tenperature correctio chani sm accordi ng _.
B2 o SR E Bt af i fags BELDERR et GesBEomnding
paitst O theed @i 6@ oRsilBEbI RN BN ARARACHREIPAIME 8% ne, and the
descriptions. Before explaining at |east one

cERHB i ynsaeledrthe prergyexohanged tiehwetatthe dotedtor dnd thocdmera

; I | pvent i IS,not limted in i.ts
nfg%gﬁpggttg %%ﬁ%ﬂg%gﬁlg%% %?éxiag E‘om the Séene! "As mentiched it the
background the energy exchanged between the detector and the camera internal parts

including the optics tends to overwhelm the signal collected from the scenery in an
uncooled detector by around ten to one.

In between the optics and the sensor is an internal temperature reference unit
16. The reference unit comprises a shutter which is controllably mounted to
periodically interpose itself between the focusing optics 12 and the uncooled sensor
14. Mounting 18 allows the shutter to move between a position in which it interposes
between the optics and the sensor and a second position in which it does not interpose,
and control is provided, typically via a computer controlled actuator so that the shutter

can move between the two positions with a frequency which is high enough not to

~ obscure the view. More particularly, the shutter is moves sufficiently fast so as not

to obscure the view for any significant time period. Furthermore the shutter stays in
the closed position for a period of time that enables collection of at least a few frames.

The period of time between one shutter image obscuring and the next one is usually



10

15

20

25

30

construction and the arrangenent of the conponents set
forth in the follow ng description or illustrated in

wo b@sdrsaws ngs. The invention is capabl e of ot heCT/IL2004/000714
enbodi nents or of being practiced or carried out in
vari ous ways. Also, it is to bHEunderstood that the
phraseol ogy and term nol ogy enpl oyed herein is for the
pur pose of description and should not be regarded as

bl ] . ‘o Ei ohi .

o e g S o bR R0, Bl end s el e fhan

tibetaemetrothefiiAl tinse tdnetast) The earh@akLelf iswehled] AsH thashadd i cs
.the detector). Seeker 10 conprises

h h
rqIEEYRLY g Sparmabiims Cobsang derEmporaturenones.dxblenBralyie ord of
hal aRRb& MBHe sHERDan MERLEA) thive tteglﬁgxfag.‘#g a}]elggﬁgrﬁéﬁtg Say once

conpri ses one or nore [enses,
cEatitie o ninwey anvothen awke o calitireion theofadhé timemgtihthe fbet

' ' f bl timzed f th
iSSP 538 s S S b5 e  miieeictl g v B e
caudéht d6d pRivivus M siremehtd © TRRAS toPday TRSRbdthdl Qﬂmﬁﬁﬂﬁhg ﬁ%‘ae a

Locat ed behind the optics is an Uncooled IR sensor
teRpReEduies angl thatfgagenabire Suetates. nffven in gk @xepfithefargest tikely

Jnﬁ]fe j LGS, - re i radi ation, shield

tepRs ng t I%H%gﬁésoéﬁ%% %@P@ fsl%&(e%h? Fang & t?‘% fmneragirechagees
withi thg eamera sk EmEeMBP 8 cei3aifl GineWdhitahtRol tRétQE 16Hg 8 ReripéPibure
the scene arriving via the focusing optics but also
meARIeRIRds aivdnasie mors fegnentlyhen this tae censtmt theanesgwements
r@aiNehiia. Furthernore, as the surrounding parts of the
camera are considerably closer than the IR sources in

t he Fbenmechaninn ahevethrderctios touacyalue geriddie catibeatity operations
e canera internal

h .. bet t he detect dt
b PP o R csf G b (eBPeTHEe SebAeacs unit
artatGEiY: ipeiieson thelch@cRatkYEOMB defehir SREME Ynt@#ﬁﬁw the

between the detector and the canera iInterna
camperp.oEhab i tolsey Bistteroperatwraief thostowter aibothert foénts isgnedsured and

[l .t he scenery. i n.an uncogl ed.det ect or by
oG8l S L ATLEDE FRDE b B AR i S
apsptied 06 theletidtor BigRAINBIdidosuM ethaliHAlGerc8 LERARS ddRicka Pfts.

The ref e[ggéqnce unit conprises a shutter which is
Thgvite glodymdydeigstipn signalsap pravids assicoyraterfemppretise egwirgment

oBSIANERLIR HGELE) 4 SRLLE O SRR
epuws thad the intentsl tdmperatiretrefopas e anip atedsen bt hica peiticisofand
o B si ATl VS AfedRonly. O |1 W oh Tt does ot

Reference is now made to Figs. 2 and 3 which show uncooled microbolometer
based sensors 20. with shutters 22. The optics are removed for simplicity. In Fig. 2
the shutter is in position to interpose between the optics and the sensor and in Fig. 3
the shutter is out of the way, exposing the sensor. The shutters and sensors are
mounted within housing 24, and shutter 22 is attached to the housing via controllable
mounting 26.

The internal reference unit is made up of a shutter and the shutter is typically a
flat sheet. The sheet may be metallic or made of any other suitable material. The

sheet is sized such that when interposed between the focusing optics and the uncooled
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and control is provided, typically via a conputer
controlled actuator so that the shutter can nove
wheirdeen43 he two positions with a frequency whPChIL2804/000714
hi gh enough not to obscure the view Mre
particularly, the shutter is nilwes sufficiently fast
so as not to obscure the view for any significant tine
period. Furthernore the shutter stays in the closed
b 4k f [ col |
SO PR Ao By oBls hd e on e SR URR no

nmwsasi{hja bbsenre inegel siostutes oftha ﬂﬁtcbﬂaﬁ A&y;gcal;sﬁem relaﬁlon to the
u set to a fewmnutes. This period of time has
r?s &ll}e dgfegior Fpsshoys in %98 f r“sfﬁrGP‘F“éir gHeH? ¥ caner a

ther mgbnd &R ﬂ&?%ﬁﬁﬂ&meﬁp&le(iﬂ%ﬁﬁsdﬁﬁﬁ b the $hfd hEfan

and thus has a relatively long thermal tine constant
em@ﬁsmterrvﬁedatsws closhagyomssibley i d aivblythef sprebmal dreceencyfrafpelused

shutter .can t ore ke tenperatu

b el oront ot 00 58 2 Buip il e Costiad o kb gk
badLpdobertias bwdt thgioy §ectrdl efr&ddéﬁc;“fhhgé nf WEich 8 microbolometer
nmeasurement can be carried out, by making a
defgetak preahrRees TedlatioRsBELEi on from t he current and

revi |nt rna
C oo ST AOORA fro bBBUIed Sort S RRM helfod QnfhBp gy make
tlfel calibrative B:mIEr/amrel meatsi‘ilemeﬂlslﬁy méastrhﬁg k-t gRatfrdnh KRl Black body

nper.at u e fl uatrons in the environnent of the
s gﬂfﬁf’&ﬁ‘% Bitere nihat 15¢Q pay the %%SIWﬂWg%@eébW as #rwould

alstdileaBE cOiYveits IR feddied infige G0 ﬁtt%'gﬁerétﬂret th8%h t%'i] % éﬁﬁlack

t enperature neasurenents-are nm nore trequen
bedy thus haring s;ﬂstaamlly iereflectiom; thegempernimpEmoasapdd e:k:erffdﬂky

nec al | t he det to.c out peri odj

o AR s Feriobnae o] Bekli 163t BreatRarotnding
daFRL TAE YoM AR R Rire® V@&btﬁlﬂ@eﬁ‘%@tﬂﬁs@réﬁrﬁé’ €56 S
unit and at other poinhts on the canera such as t

vigee signeJrofdlriintareal irefersneenibody of the camera. That is

f { hutt th {
o nRbihoq SR RANIRR] 4, o G 4 Rhp RN RebE PR
vmamomfdepemﬁmmfoffs@t lvﬁﬁlv&lﬁclﬁatbnﬁﬂ&ﬁu&%eﬁdw B0 esﬂplh@ed on

t?et ector signal to discount the influence of
B¥Hal camera parts. Thus the nodified detection

Bt gn@he Rl sURoAMARECHE: HIRGH A HBARHLRIE For o

of an ob ei ng | mage
blabk b<|>d}ythc intenntk tempbmtuze hryditcabiaior mmpﬁﬁmtehﬁé thelseme, so that

R TP ShSh SEES bl SR e

tdrrl’jfefa@rﬁi‘ée Alnl Additional temperature sensor 32 may be placed on the housing.

In an alternative embodiment the shuiter has a reflectivity as close as possible
to 1, within a spectral frequency range used by the detector. That is to say the internal
surface of the shutter is a mirror .. Again, the uncooled sensor is conﬁguredAto make
the calibration temperature measurement by measuring radiation from the internal
reference unit. In this case, the radiation, being reflected, indicates the temperature of
the uncooled sensor itself. In the case of a reflecting shutter the reference

temperature is the temperature at which the microbolometer is stabilized. If the
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Reference is now made to Figs. 2 and 3 which show
uncool ed m crobol oneter based sensors 20 wth shutters
WQ@20050ka4Dpti cs are renoved for sinplicity. | nPEI/L.20@4/000714
the shutter is in position to interpose between the
optics and the sensor and in Hi8y. 3 the shutter is out
of the way, exposing the sensor. The shutters and
sensors are nmounted w thin housing 24, and shutter 22
[: s N Lha CO ol labl e untin
nl B R BEE Hotb ot ASBINEH A8 Hh A SRt B g e roftronce

tenimerdtere iafided 1] @yblttb S0 degrebyQbleiak! y a flat sheet. The
sheeﬁ{I ggf be netal lic or made of any other suitable
mat e REEFence kenayypede fostig; S adhiduiste siRplifighdingram shpyings

nREbYESRelel QO.fIQ?dx‘gﬂqT%P?tsfs ioageswﬁﬁgrsﬁgtéﬁ af It ?é}lsggsaﬁﬂ %%E] be made

array, It substant scur e external sc
smpldend parkedimioarriystso dit sachomionetmésmeter is v pived otifag array type

.internal strugtures of the detector. A,typical size in
b SERR ¢ Thq SbithEe o] bk Bt Blsrot oo Bt st iHown to
tRbRURdpREsehenced figures 2 and 3. In one exenplary
enbodi nent the internal surface of the shutter has an

eni s$he temperpremgasurgments sade abthe asstdbédsensorrosubject tean

e »an ed, by etector. That is
oSO M el M ANeRL SRERMHASE el ndonr T G5 ey
emboditneakofithelyrepsmn pBichii@sthe watodlétselbot e e §RRSId 8 bvercome the

f(;(rgg]u,enc range in which the mcrobol oneter detector
e JRGUBOTHAE AR {nyRrse RE fhgynodulationdranalsr fmstien avkthe respective

FEIEERh&Y. ﬁ%? 8 PMiushhRS Eﬁch%n@&s&ﬁﬁ%%? %éigg Bp?%g el

cal i bration tenperature measuremnen
anrapdi Bhel fonctiondmirhplembntad ks bbiph pasy filage of the shutter.

e b Gmé B IhiReR upesheds brBea e e i
udedt SRALRIHY &n—ﬁﬁféxﬁﬁy%ﬁﬁf:étﬁ)‘h thitrif f&lt i€ Endotd ehib3. That is

having substantially ho reflection, e tenperature
torpagstinesdheshugienisinoyin focww gih pixalii ioiaiog thesshutter should obtain the

th hut.t i tsel.f t of ) )
sepfTRGL . gt 5 SR E belaleR e RSl der Bl o apisormaity
carhictibm pioesggisduy kEtheRawHERpaBiube dik@Butol bR idtelRburBices
O%ﬁge internal reference unit. Reference is now nade to

§ vagrumpackpes degause Hisi nrimasy nan agifermitirestionge of the different
038l ol e SRS Tl oy Byl Sein
process. A matrix of variations between the pixels may be built up and subsequently
used to correct the received image.

During the same period of time that the reference pictures are acquired for the
NUC updating process, the reference temperature is measured and associated with
the average video signal named AS,. The video signal after NUC and BPR is used for
the average calculation. |
Subsequently, when the shutter is in the non-obscuring position, the
temperature at any point in the detector’s field of view can be calculated from
Tij= F ( pij- ASn , E;j, temp_amb , etc)+ Reference_temperature

in which:
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The tenperature sensor nmakes a contact type

tenperature neasurenent. For a black body the internal
wao eosperasre and its radi ati on tenperature ar ePCTEL2004/000714

sanme, so that in this case, a contact type neasurenent

of the black body indicates thE shutter's tenperature,

An addi tional tenperature sensor 32 may be placed on

the housing. In an alternative enbodi nent the shutter

has Chl Vi as_cl ose.as possible to idhin a
spec ti}ea%&#cge%{ﬁiéﬁ%én? KRS e rﬁ%’r?fﬁg Q?}g?eéﬁqltﬁ (.Y‘\géﬁﬁgt i's
hereirmbyvd;he i nternal surface of the shutter is a mrror
.. Agai.n, the chooI ed sensor is configured to nake
t he cOWiTBRIEientihe Empsraiygvalugassog pachrang of tern.j
i@l internal reference unit. In this
Vg:%ges?én?ﬁgeélg’gimg%dlég’n, being reflected, indicates the
t enpepidtenresents etther thercidod signalefstement siedffer nbmuhit@ndsse
cof a}irefl ctin 1shlljtter the reference tenperature is
Pie° Ognfiﬂéfbﬁfil?r‘ LPREAMERE Phe ni crobol ometer is
st abi diij 2g§flesehts thd VRS 4 i liformi ‘
ot bl e e D Rt e Eh Ol By correcton,
bad pixelsreplacemepbanst MAE inversd filéat; and equal to 30 degrees

0o oo BB R PR e B bl ol ehonsy
M cr cdoap ambirepesentscthvbahblert effdratre bRIBAAGHEBEsBAGH CAHA

be rrgge smal | and packed into arr a%s so that each

mi cr Sbot SFREeWRisiagenerg] fuartienthatiranslatey the drieqteragdeo signal
; r4; ' t .
st D har B AR N QR a8 o sjempl tugyerase
vilee sigaalpeeamtred curing therNiTEnipdatirgrisroadss | the eufiesdatye the ambient
Sensar are.subject to an error introduced by the
TIREFWCLpdul ation transfer function. In an exenpl ary

enboghaBhhe ﬁ’kastuﬁﬁ% Bf&%%%“i’wﬂn% rt‘%%&ﬁsérrb‘ﬁd lﬂlglf/ﬁ@n?ﬁ reference

sensor is _equi pped to overco e error
unih cgrnpives tinaging theishutterde endble beal pivelubplhcenrent. r Hinsf 2wy pixel

' f .the respecti LIR.camerg. Fig. 6 .
ALy e iink BB AR Subq et disediniga gya s gjenal
betepiasd, far &@ynpldbyeart m@ag'e@messwasahﬁﬂg phe@. as a high

pass_filter. At the sane tinme as the Tocal tenperature

i s b8 g fellavargiarelativelidetaled merdel; for thesdengy enghiaed bétween
= LA Lt I.QF i x.for the.uncool ed .

URBcRMol Rl de R e bitics S RE e parts

giverus matliemagicaleh@del thagdesgribdsahes Betedter sighud wbdudtatgt n

t he same asur enent hus any vari ati on between the
OGS 1SS BP R TS i PERVBYA model for temperanie

measurement. The soluﬁon implemented for reducing the measured temperature drift,

as outlined above, is also discussed and an accuracy obtained.

Energy exchanged model
The video signal at the microbolometer output is generated by the energy
exchanged between the detector’s elements and:
- The view
= The optics

= Theinternal camera parts.
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correction process, is due to the new tenperature

di stribution on the internal surfaces of the vacuum
w@amRatga4because the primary non uniformty reBEDIR@040f00714

the different detector's elenents is corrected by a

di fferent and nuch nore conpl €0 correction process. A

matrix of variations between the pixels may be built

up and subsequently used to correct the received

I magey [ I ' t N

rof onde S AR WA BE 2 Ashy boBRe RANERE ft theeadout

pproesseis snteriyeed, dheerengye exohamer tak esrpadeuntit a SteadylstateGituation is

a@ﬁSﬁ&izﬁed with the average video signal naned AS

EVEFr (180 SR S ChaRgeRrofgSE T FORMRAL i§ equab bp the ratiq feetween the

sEpRAGASUBBNEL RhBN CaptBs RHY Ebrmial CONGILAAS, Shutter is

in the non-obscuring ‘position, the tenperature at any

point in the detector's field of view can be

cal cul at fr AS , tenpjxnb , etc)+ Reference

JenpanaL&%é”Wﬁqkﬁﬂ%ﬁmﬁpferen&&ﬂtenperature represents

t he ref hamoé_Cengertatasr e defi ned herei nabove; Tij

represents the tenperature val ue associated with each
one of the pij video signal elenent val ues; pij

repr asaphHgCld BRAmitEE tihd %ﬁeﬁhﬂﬁg‘é a%unﬁhg rfﬁ?tt tHel vigh! & be
non uniformty correction and bad pi xe epl acenent,
mndelsidj ay epBlaskbndy radationdemired demissivityel e thentndrpy afxtleanged

non. _uni f 1ty rrection, bad pixels replacenent and

bR MRl i B gt i Popriicet &8 oihe BEROTE o

the surface seen by the detector at location i ;

tenp_anb represents the anmbient tenperature of the

MighrATSHpnery, and F(. . .) representsa genera

function’that translates the detector video signa

into tenperature using different input variables such

ASy tfaed deo signal, the average video signal measured
j E( NG o Btrig LOY, Doyl - Trahsh epaed Y sd(R) -eyp—-Jae dA

_ )eantenperature etc. The same neasuring process
Bqidelby 1 Bnérd$ i fRAEY, eXHAnkEEbbtNeth PR dBEBT §AE Bhe view.

P _view represents the energy [in joules] exchanged between one detector

element and the scenery;

L(A,Temp, + ATemp) represents the view, modeled as an average Blackbody
radiation source in Watts/(srm® );

Temp, represents the detector’s suspended structure temperature in degrees
Kelvin;

A _ det represents the effective area of a single detector’s element in m?;

f# represents the f number of the optics;

A represents the wavelength in meters;

4 1 represents the lower integral limit;

A_2 represents the upper integral limit;

Trans _optics(A) represents the transmittance of the optics;

&(4) represents the emissivity of detector’s suspended structure; and



unit conprises imging the shutter to enable bad pixe
repl acenent. Thus any pi xel determ ned by the inmaging
w@e@sesd4not to be working can be di scounted aPdi/iit2804/000714

signal be replaced, for exanple by an average of the
surroundi ng pixels. In the fol3dlowing, a relatively

detai |l ed nodel for the energy exchanged between the

m crobol onet er detector and the view, the optics, and

t he kn%&gé;@gthgﬁﬂﬁrlﬁs%ﬁasﬁ is given. A mathemati cal

nodel that describes e detector signal versus target
tenperature is derived, that results in a polynom al

node e neasur, The sol ution
oot SRl ARRBER Tt e M2 HESE dht ey rpbehasd etsvoen one
detectbi’s clmettird the dieatis Wescribsd BY &R HilGH 2 ﬁgﬁs&% an

accuracy obtai ned. Energy exchanged nod e video
sirsplarDehe ni crobol ometer out put s generated by

5 t he energy exchanged between the detector's el enents
and:  The,view The optics The internal canera

%é“t@@%a Lhgehh L it R, 202,700 Sl

interrup ted, the ener gy exchange takes pl ace until a
st eagy St, ate situation is achieved. The energy

exch&AYatio ddbaeray indoudesnexchangedbesyeen theodeaténsor and the
viegt ween the suspended structure Thermal Capacity and
Thermal Conductance. Thernal _ Capacity = - [sec]

Ther mal _Conductan ce Assuning an unlimted tine
i nt eFigare adescrbesithe enprghatchbiped bietveen alte dreecmrdal g vew
L%ﬁkbody radi ati on source (em ssivity=l) the energy
BBYC nged between the detector and the viewis
expressed by the followng fornmula: P_vie\( DTenp) =
10 | 2 1 Jesp Tefimber eqid®dny) ) - Trans_optici 1) e |) )dt
dl

. high transmittance optics (93%)
. detector emissivity equals 0.8
. effective detector area equaling (41*10°)% meters

. a spectral band ranging from 8%10° to 12.5%10 meters

15 The energy P_optics(ATemp) exchanged between the detector and optics

assuming similar conditions to those described hereinabove is given by the following
mathematical expression:

P_optic(ATemp) =

A_2

wr- A_det (sin@))* I(L(}‘L, Temp, + ATemp) — L(A, Temp,))(1 —Trans_ optic(A))e(A)dA

il
20  Equation 3. Energy in Joules, exchanged between the detector and optics.
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Equation 1. Energy in joules, exchanged between the
detector and the view. P_view represents the energy

wQ pwsjoakes] exchanged bet ween one det ector el POEIL20@H0714
the scenery, L(I,Tenp + ATenp)represents the view,
nodel ed as an average Bl ackbo®y radiation source in
Watts/(srm) ; Tenp represents the detector’
suspended structure tenperature in degrees KeI vin, A

det se f
s 01530 B LS B e e s
extdrnalRgevopind Fog. 8lis & inike griph illlstratiny theengrisly ekchanptdbeween

represent% the lower integral limt; represents the
the, senser anektBgPBICS i nit; Trans_ optics{l) represents the

Lo oL, b AGhrhfIEoBRki She oBicrhuofefas urazv&%%(?lackbody
ra@fﬁlﬁéﬁmu?cé ﬁaewaﬁ?grhﬁ%%&&&mm?e %ﬂg ng )9>r

e tine varl e energy ex
detector's element and the view is descri bed by the
foll ow ng expreSS| on P view(JSTenp) = - J(L( I, Tem
+ ATgnp)- &]é Trans _optia{l)e{l) dl 4(/#)
Equat| on ‘s, neyy |n joul es, exchanged between the
detector and the view Figure 7 describes the energy
exchédrrgendsdnés hodof théplankstcone anglaralatedite the HghtpeHeqtiony:

f nu ual s 1 h gh transmttance optics (93%
det egbg{d’@?ﬁ @J@ qual s 0.8

Fig.91s a sunphﬁed diagram illustrating the exchange of energy between the

camera and the internal camera parts. The energy P_camera(ATemp) exchanged

between the detector and the internal camera parts assuming similar conditions to
those described hereinabove, is given by the following mathematical expression:

P _camerd ATemp) =

zr-A_det (1—(sin@))") I(L(/l, Temp, + ATemp)— L(A,Temp,))- e(A)dA

A_1
L(A,Temp, + ATemp)represents the internal camera parts, modeled as an

average Blackbody radiation source in Watts/(sr-m3) and emissivity equals one.

The energy exchanged between the detector and internal camera parts is the
largest factor, followed by the energy exchanged between the detector and the optics.
The energy exchanged between the detector and the view is the smallest factor.

Assuming, simultaneously, the same temperature difference between the
detector and the view, detector and optics and detector against camera internal parts,
the amount of energy exchanged between the detector and the view is about 10%. The
situation is illustrated in Fig 10 which is a graph illustrating view energy as a
proportion of the total energy.

Analysis of the results obtained shows that the ability to reconstruct the

view temperature from the video signal collected is very difficult, since the view

. energy is such a small proportion thereof. The energy exchanged by the detector with
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effective detector area equaling (41*10 ) neters a

spectral band ranging from8*10 6 to 12.5*10 6 neters
wabh@semasy)yP _opti cs( DTenp) exchanged between PEEIL2004/000714

detector and optics assumng simlar conditions to

t hose descri bed herei nabove i 23gi ven by the foll ow ng

mat hemati cal expression: P_optics(ATenp) =1 2 pt A

n ) | IJerrp +&Xerrp) |, TenpJ) @ Trans optlc'{l))e I

3 S, .excha
gl SO Sy S P o S S P SRS P s
ptiﬂtfe 'Iﬁhﬁhgﬁﬁbﬁbﬁﬁhfsﬁ@e dorbﬁn\tyﬁﬁl@ tb e RENGAN thaREmEMASs thermal time
external view, and Fi 8 is a_sim]lar graph

AR (bouikalEyjn B and Al e erviromenasist senditions
aﬁnﬁott Qt%bl%pf hLIQ)h T ad AT \%EF Eﬁ?@g@@ﬁr@ta%f)h%lebased on the

optics, el aver age ion
tmﬁrat@m dlsﬁdhuttm Qfsmtan)al aatheenpatsi 18itdy cagplidated dnd beyond the

T t C = arc tan ent,s hal f
cpBilig B P ehtsd, by i pstinchentthen dhprelag in the presently
pfe@érl‘éﬁcérhlﬂfﬂlm&lt@ iofor- ﬁﬁf(ﬁﬂut?q,ronfegtrdn NUE) uiliatS pfdeess is used

r%él fied diagramillustrafing the exchange oP ener gy
1 B

éf eﬂln?énaferthfr inflaerice pE intemel parhere grags.aTpaflag . (off Iskutter)

B, e O B o SR DR R RGE e T e as an
emnhly |1m.$ret1@edcmﬁepp& STHd ﬂ@gis bafRietake %ﬂae deteclidrvi@lly BY one
e follow ﬁag? mat hemat i cal expreSS| on:

B( berkr @a@p@t m(qrder tp hz(\@)qS)close Aq'@ﬁgslbly to an ideal

I
Sy P R v R
theadistotrs Qo). (ﬁda@):may ﬂleﬂ\bbmmta(lkdm B feliwlviagiationst y

o B H R RS et 0 oot

One thermistor 34 on the external surface of the detector’s vacuum package

Two thermistors (only one shown) 32 are glued to the external optics

metal case.

Temperature measurement description

Let us assume, just for simplicity, that the influence of the optics is negligible.
(Later on we review this assumption). Since the NUC update process is periodically
performed, we may assume that during Process #n, the average detector signal As, -
after NUC update and bad pixel replacement (BPR) have been performed - has been
calculated. We also assume that during the same NUC updating Process number #, the
temperatures of all the installed thermistors have been acquired.

Tf, represents the temperature measured on the flag during the n NUC update
process,

Td, represents the temperature measured on the external surface of the

detector’s vacuum package during the number n NUC update process,

To, represents the average temperature measured on the external optics case

during the number » NUC update process.
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| argest factor, followed by the energy exchanged
bet ween the detector and the optics. The energy

we@hangesl bet ween the detector and the vi ew i BCT/12004/000714

smal | est factor. Assuming, simultaneously, the sane
tenperature di fference between4the detector and the

vi ew, detector and optics and detector against canera
internal parts, the amount of energy exchanged between
t he ﬁet ect or d the view is about_. 10% The situat ln
o, PG B O Frorogh emperanas 0B AhiaGs Falfiay lrse

anth 8MRREdt Ghe ASTRpRHRRPHAI BOmBhtJHRE 1416t h@:{‘ﬁ)rtﬂ%neasured Let
Anal ysis of the results obtained shows that the

uaﬁirﬂm apsumoe that hespedified arhebelprgy to enpterbBlackbady aadiation
eo signal collected is very difficult, since the
energy is such a small proportion thereof The
ener ed t e det ecto wi t ht he i nt er nal
cane?ii Bt Ao austins' Grine SIS (PR e s rpregddy Tavlor
sdrfeg: i nternal canera parts. This distribution is not
constant, due to the fact that the canera's thernal
ipB_constant is very |long (about half an hour) and
asual |y t:?e egvgr onnmental conditions are not stable
omg{48r f time. A dynam c nodel based
fg"%@?enp&qﬁtur(‘gg frl bution of internal canera
parts is too conplicated and beyond the capability to
be inplenmented in the existing hardware. Therefore in
t]hdzzprne@(eﬁ) pr?{ erred enbodi nents the non-uniformty
Czpﬂ‘%‘o‘n'@y SJupdat e process is used in order to
i m e the influence of internal canmera parts. The
flag (or shutter) inserted in front of the detector
U3 NUC update process is used as an extrenely
LT S;g-e{hﬁpper The flag's surface facing the
det ecd may i n one enbodi ment be treated and coated
in order to behave as close as possible to an ideal
Bl acwbemty 15 umbacepreseats ¢he fisyappo@iimation ofthe erebnutedrent
of Fig. 5 a few very accurate thermstors (O. 025C)
tERPFIA¥En be installed at the fol l owing | ocations:
t herm stor on e rear
One therm’stor&g4 on thelfegie?%}téng?egsur?%g{éﬁh&fS@wgﬁl&%c
det ect or ' andvBRR uﬁtheameagfenfémt mbetioned bboe, asvinye @ik in time

shown) 3 ued ternal optics netal case.
Tenper at ﬁ?%wﬁ“é’%ﬁ P ﬁfF i Eﬁgﬁ( yndategprocesses.

We define As to be the average detector signal value measured on the flag

S

during the number » NUC updating process. Therefore by definition:
T _mes(4s,)=1f,

T _mes = F(Sig—4s,)+1If,

F(Szg As,) = Za, (Sig — 4s,)

=0

Equation 4. First approximation of the measured temperature

where:
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Let us assune, just for sinplicity, that the influence
of the optics is negligible. (Later on we review this
wa@s®soptiedn) . Since the NUC update process i s PCT/IL2004/000714
periodically perfornmed, we may assune that during
Process #n, the average detect2dr signal As - after NUC
updat e and bad pi xel replacenent (BPR) have been
performed - has been cal cul ated. W al so assune t hat
during the sa NUC, ' Process,.n er n,_ the .
tenperatures of all re#& E%gillt%s a'inllnéio%@? §’fsi?rt§g the yieo signal
been acquiortediperafur¢.epr esents the tenperature measured
on the flag durin he n NUC update process, Td
r epr S4RH100 "¢ preseptifhe geperal iieasqfr sing any ehopper easnareference
sGu#Ed. aBe ¢ Iis ur | the
nbor o gal"E v Sas SuN RGBT AR Reurec.
In ripwextadiéfermtslmessucmdnés perf@ntedl DS V8o SRR Sig — As. is
during the number n NUC update process.lLet us assune
treprdated fie teaviperagyee tadythe atffsele valie SOffes inbily 23886, This general
relatively large area of interest (the MIF problem
aiprpachyeories vefyowell in dhecasoribathds, and Foarceasustesdnstel bdfween
further assunme that the specified area belongs to an
sycqessive srEpkaso Bhp viesen a8 icsplaingdiabeve e i notsthe case. The Error
' ' t red, tenperature s expressed
P et el  GfpBRRRY £ JES e fieq o RS et
apptexiMatien Agjnula, was plotedivgrshs the2lemppbiatitd $e@surdd o ®fe external
_rgqrefgr{ts the first approxination of the measured
SYriTh ot detacters §f‘°@1‘1¥‘bb€}¢§§$‘n@’§) fiwdng ¢ eerig of myewthen dAahinutes.
T £881tsNIPE sBPh t | rest nentioned
above,t at SS one%ggn)zl l’i Vﬂﬁ{:}?%{é@pﬁt of {ghﬁ)e?a%u.re €ITor Versus vacuum
package thermistor temperature. The plot described in Fig. 11 shows typical behavior.

Fig. 12 describes the minimum mean square error linear fit to the Error value.
However, the slope of the linear best fit is not constant in time. A high slope value
means that the camera is far from thermal steady state situation and a very low slope

means that the camera is in thermal equilibrium.

Each time the NUC update procedure is performed, the error of the measured
temperature T _mes caused by the internal camera temperature fluctuations is
eliminated. The typical behavior described in Fig. 11 and Fig. 12 suggests that by
adding an additional term to the first approximation ( Equation 4) a better

solution can be obtained.

AT mes

T _mes=F(Sig—As,)+1If + =~(Td -Td
(Sig = ds,)+Tf, 4= =2 (1d =74,

Equation 5

‘ where Td, represents the temperature measured on the external surface

of the detector’s surrounding vacuum package during the n NUC update process.
The general idea expressed in Equation 5 cannot be directly implemented. An
approximation of this idea was implemented using the values As, If, and Td,,

producing Equation 6:
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between the n and n+l NUC update processes. W define

As to be the average detector signal value neasured on
wao b@s0isg during the nunber n NUC updati ng pr oR€BB.2004/000714

Therefore by definition: T _nmes(As ) f T _mes = F(SIg -

s ) +Tf F(SIg - As ) a (Slg - 265 ) 1=0 Equation 4.

First approxi mati on of the neasured tenperature

where: F represents the transformthat translates the

video signal to tenperature. Equation 4 presents the

general idea of using any chopper as a reference

source. The chopper's vigen signah._i racted from
t he vi (Tednéﬂi@ﬁéﬁl%t"oAhé *negbﬁl =y (de~Td,,)+m
differential mnmeasurenent is p%o‘r%d. The vi deo val ue
Sig- As is translated to tenperature and the offset

val ue Tf is final IEquatiad. STéansd Appreaxithatigpr oach wor ks

very well in the case that As and Tf are al npost

hVe. es. wever, as
excp! AR RER (Fh A D Sirp AR e el BRiE B et Terperature
' ; i A B n e .
rREANEER, HBOCERL RS b SR AR AT Gert o
cataera phuts Chedgy artsmperatvee tehthe k@il dh oo bR tidfRg’ BmbB@ture.
external surface of detector's vacuum package (Td)

duri Mg aoweddabdvitf Frivmetid approkinitiRe. Al RSuKeRSHchISmRHS that
[ 11, which iis a plot of tenperature error

shq n _Fig. ; L
AGErRhG Aelstiprs ataeah caR eV e sme BRIL prasesseurieas Pl st
: . g Coal Cor. Fia o
edes cér :tﬂt%:%pth é@ma)nfr%&%%%eynﬁg%aﬁat? 28@? ér/r%@n?' iPE%'%F ]T]“.‘i’ v ht‘%n 15 a
grapke & degectombuipnt signely egaingt hempbxtaﬁﬁepflesbﬁbesl ltHéealﬁtp{@tesf the

fit i ot tant in tine. A high sl ope val ue neans
wpfheafical model, Hhis Suatbamaticg et e usefl dn pydegtigripvestigate the
i ti I I h :
o5 140 A SAAS SY0E B8RO oSGl o
approaBgtion to ﬁlefjgpde(bfpd‘r’ddﬁo sigealeFooa rahtivdlp smehsiynadic range of
aéo?%é :(%t%té:eg CHS@%? 3 getacgggi g)rcFe\é pto y%o}nri]éleerxgglllsignagnﬁlgg an acceptable
accuracy. For example, a second order polynomial expansion is adequate in order to

model the optics contribution to the video signal. The third order polynomial
approximation covers, with an acceptable error, a range of 300 degrees Celsius, while

the fourth polynomial approximation spans a range of about 400 degrees Celsius.

The minimum mean square error polynomial expansion of order L that
‘samples the data at Q different values, requires the solution of  +1 linear set of
equations. However, the arithmetic used in order to solve the linear set of equations
has to be carefully chosen. The minimum number included in the linear set of
0
equations is O, while the largest number is ) Sig}” . Figs. 14a and 14b are graphs
i=1
which show a Second order polynomial approximation. The normalized error is
shown in Fig. 14a, the temperature error in Fig. 14b. Figs. 15a and b are graphs
which show a third order polynomial approximation. Fig. 15a shows a normalized

error and Fig. 15b shows a temperature error. Figs. 16a and b are graphs which show
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el imnated. The typical behavior described in Fig. and
Fig. 12 suggests that by adding an additional termto

W b@s013183 approxi mati on ( Equation 4) a bett ePCT/IL2004/000714
solution can be obtained. AT p T_nes= F(SigAs )+Tf +
-J*' (Td- Td ) Equation 5 whepp Td represents the
terrperature nmeasured on the external surface of the
det ector s surroundi ng vacuum package during the n NUC

e pr The gen i ressed uat i
o BB orsE DR arRieL ey g anEla Toe S dpraRlifaiarn sof Fie.
1gbr§h§wggegmy@§mfergg}oeﬂent ed using the vaI ues As , Tf and
Td , producing Equation 6: T_nmes = F(Sig- A) (Td Td

+Tf i: O e j [
) lripled BRI, | BEGAN FARPA SRS | AT Figh 06 g and b
havepear edlcurlatedrasing hipth dm,thmbtmoadzl ed:cemaogr A poantiva rsolutms might be
val.ye contains the error ca he i nter canera
todBVIE A TARRE TS HoRs P ATEbRr af Sl Teiant EReh e e hall
ovetiag' b%t\x/@eﬁpﬁé%%ioﬁs) \&inBoyv léiﬁé’tj-ofd’éxt Bol SMDE telxPihsion at each

appr oxi nat i on hemati cal nodel at describes the
regionelp do this poighthl tth@awmmﬂamemmmmme deebeenjigsored. The

i AT LR S R i o

infherte o€ eHeptiosit put  si gnal agal nst t enper at ur e,
descri bes the out put of the mathematical nuodel. Thi

ot HERHETERIACHB BRSPNdaRPTOXE iR deyceibed trquWe%@l@‘a%s 3 on the
eﬁagnc%%?ldrf&ﬁ%loh Matci:@aﬁs fes ‘ﬁ@&"c&%{ apﬂlt(me:Hg
guare error polynomal approxi at no eI ed

VI deo si gnal . For a relatively small dynam c range of:
about 60 degrees Cel sius a second order polynom al
expansi on gives an acceptable accuracy. For exanple, a
second order pol yngjr&gl ﬂexgs(gfl %}r) )I s adequate in order
to t P} G s, O d vi-deo signal.
Then?gﬂ P’&y ‘J él ynonial_zappr oxi g%%l ézr? ggvers W th
an acceptabl e error a range of 300 degrees Cel si us,

while thesfourth pql ynom al approxi nation spans a
F@ﬁgé&.@f% og 240 degrees Cel si us.

Equation 7.

As was explained hereinabove, the amount of energy exchanged between the
detector and the optics is not negligible. Assuming that the optics temperature
influence can be expressed by a polynomial expansion of order R and assuming that
the detector signal translation to temperature can be described by a polynomial

expansion of order L, the most general form of function F is given by:

F(Sig,To) = Z(Za,, .To")Sig' [Temperature in degrees Kelvin]

=0 r=0

Equation 8.
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The m ni num nean square error polynom al expansi on of
order L that sanples the data at Q different val ues,
wo e@paioras3 t he solution of L +1 linear set of ePCHEIL200000714
However, the arithnmetic used in order to solve the
l'i near set of equations has tggbe carefully chosen.
The m ni mum nunber included in the linear set of Q
equations is , while the |largest nunber is . Figs. l4a
and 14b are graphs whi ch show a Second order
pol y%%mn@ﬁpnm ﬁﬁwe error adgonidnean Lelpulate e q:@stants a,
shown jn eterrgerature error.in Fig
asEying th!sfathsrﬁi&testoarseﬂ@;abbﬁ% Gt eduaRd fpradifiereny ve% é?d optics
e L I S L R
(Li8x(Rarid b Ari2-bit dplatingpoutt stimeti¢ anittdoep rnd»la rprovide adequate

acgplpér(] ‘Er?&"ltﬁggk ’E’her;g %Q?\gre ge]?agﬁtﬁ 6%{1%}5/ elgp?ra P gﬂ A ée optics
mﬂﬁé{b@SInBt%&d; 8Mshd Shefikhle F]tﬂﬁctﬁ‘)ﬁdth@re &b Ssveral %oﬁﬁﬁis PTo(szg)

and Figs. 16 a and b have been cal cul ated using

thairqow wpms i ent demperatupa rangs inaimaloteps od A dngi@ha be
to divide the tenperature range into a nunber of snal
regions (including some small overlap between the
regions), using a |ower-order polynom al expansion at
each region. Up to thi t t, erature
i nfluence of the opt|c§'ﬁ9§9 ;;p&1g§ ed. The
foll om ng paragraph describes a further solution in
order to deal with the tenfauation® influence of the
optics. The tenperature second approxi mation descri bed
in Eﬁlmatoptws @hatgeba'sednpﬂatuh@ iexicktizelyeslow. Cdnsaquenty, the

ol PR 5 e iy i
hﬁéa@uﬁe%ﬁﬁat]bn e cRulired aH) o tERURE ety oﬁﬁcsvﬁﬁlperature is
expl ai ned her ei nabove, t & amount of ener gy exchanged

m%f&ﬁﬁfn the detector and the optics is not negligible.
sum ng that the optics tenperature

In order to build a real radiometer, additional variables have to be

taken into account, such as the target emissivity and ambient temperature influence. In
particular we mention the influence of the system modulation transfer function (MTF)
on temperature measurement accuracy. Due to this influence, a given object, even
though it is at a constant temperature, Wﬂi show different temperatures at different
distances from the camera. The MTF influence can be compensated, at least for some
limited spatial frequency range.

Such a response is illustrated by Fig. 17, which is a Fourier transform of
camera impulse response in cycles per mm, including optics detector and electronics.

Figure 17 describes a typical two-dimensional Fourier transform of an
uncooled microbolometer camera. In order to compensate the MTF degradation
versus spatial frequency, an inverse filter to the MTF response was designed and
implemented in software. Fig. 6 above represents the high pass frequency response of

an inverse filter designed in order to compensate the MTF degradation.
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i nfluence can be expressed by a polynom al expansion
of order R and assumi ng that the detector signal

WO e@nsiHed on to tenperature can be descri bed bRCHIL2004/000714

pol ynom al expansi on of order L, the nost general form
of function F is given by: F(S29,To) = To )Sig

[ Tenperaturei n degrees Kelvin] /=0 r=0 Equation 8. The
m ni mum mean square error algorithmcan cal cul ate the
const assum ng that the detector's signal has
been acquired for different view and optics

tenpefatures. The n er. of Jinear, equations that have
to be L HbRRisAEAEa B To i des iRl Sihed et wes cppitiicied to
prbviaé iaAgnfifiinint A¥ebichePtd ettt AurkRLBeilN sFQMgdBom fever. The
.adequat e agcurac% or such a task. Thérefore we

1
13epuRent monkers\thepop éempreratterandfanyrareahia thpimags which is above a

' alel=} i ingle F f ' .
Y
ingituneent anlyi reeds foesper atdlitvel PNge shiallse@bératik€RMmgef A Range of

egrees. F {Sig) Sigi Equation 9 The optics change in
@eﬁp@r%ﬂﬁeéhe Tysdf Harg dhap adegipte ophe@disesovesed wilpan accuracy
@i Asi RRA u@rhlpesfumgﬂ%btaxrﬁ Engll Ppliddtions Wse in ai
processor e? DSFS‘) Si n order to 1ca Cll} a%g?@%lfﬁ%l negsmalrports as
g ernyepiehtaandomn-invasiveedetectedfon screasing fois cdrderstdfeS ARY and like
ix?f%tii&es tenperature is negligible. In order to build a

S8 r’ga?sg ter, additional variables have to be taken

into 'laféQﬁbiBbon&?ff‘éT te@péidfird AeSlterfiht 88ihY b r¥n@dincooled
anbi ent teg{pera ure influence. In particular we
e

misrpbplomeateraletestor issthueprovidedeThpyadddronaldtudware oequired for the

' E) on.t. er,at ur e nmeasur enent . .
BT bGP D P B g ysin
detoegio Heteasiby wigraed Ol $ RMonkIBREE el that thé bdpabiiMo measure
.di fffrent tenperatures at_different distances fromthe

gtRet emperERARd s fupinyidedbgmasessabiinatnsasasion veill expansk the
a1 gl RSO R RER PR o

t r andfisenpasted that during the life of this patent many relevant microbolometers

and other infra-red detection pixels and arrays will be developed and the scope of the
corresponding terms 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,
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 many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims. All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference

into the specification, to the same extent as if each individual publication, patent or



canera i nmpul se response in cycles per nmm including
optics detector and el ectronics. Figure describes a
WO y@so8143 wo- di mensi onal Fourier transform of BEI/IL2004/000714
uncool ed m crobol oneter canera. In order to conpensate
the MIF degradation versus spa( al frequency, an
inverse filter to the MIF response was desi gned and
i mpl enent-ed in software. Fig. 6 above represents the
' PN D . ' e.filter
D e B N SR AR BB iR 6 dnch forated
h@@gﬂadlzgférmgeEhgathirirg&g Aﬁaﬁd@r&'d&mﬁhﬁﬂimﬁlﬁlygb@rence in th_hs
ahove- descr | enbodj nent s constructed to praovide
Bt Pl el Dt S Hate © et uen aaeh pelbiges s avalabie s
peibf &refol th@ pfek&@NifRY86n. The instrunent nmonitors the face
tenperature and any area in the imge which is above a
predeterm ned tenperature threshold is nmade to
flicker. For such an application the instrunent only
needs to cover a relatively very small tenperature
range. A range of 30 to 42 degrees Celsius is nore
t han adequate and can be covered with an accuracy of
0. 25 degrees Cel sius. Such an enbodi nent has
applications for use in airports as a conveni ent and
non-i nvasi ve detector for screening for carriers of
SARS and like infective illnesses. The basic concept
of tenperature measurenent using a regular uncool ed
m cr obol oneter detector is thus provided. The
addi tional hardware required for the tenperature
nmeasurenent capability is limted and i nexpensive,
thus allowi ng existing devices to be easily upgraded.
It is reasonable to expect that the capability to
nmeasure internal tenperature and thus to provide the
necessary conpensation will expand the applications
span of the regular uncool ed m crobol oneter FLIR
caneras. It is expected that during the life of this
patent many rel evant m crobol oneters and ot her
infra-red detection pixels and arrays will be
devel oped and the scope of the corresponding terns is
intended to include all such new technol ogies a
priori. It is appreciated that certain features of the
i nvention, which are, for clarity, described in the
context of separate enbodi nents, may al so be provided
in conbination in a single enbodi nent. Conversely,
various features of the invention,



which are, for brevity, described in the context of a
si ngl e enbodi nent, may al so be provi ded separately or

WO p0oanysi1gdi t abl e subconbi nati on. Al t hough t he PeWwBERD4ONN0714
has been described in conjunction wth specific
enbodi ments thereof, it is evident that many
alternatives, nodifications and variations will be
apparent to those skilled in the art. Accordingly, it
I's | RYAA Hgﬁb e all such alternatives,
modi f i ca?ﬁgn%p%n vg§i ations that fall within the

~ spirilt andnbnbadedsinmgigdanterecappesiged cl ai ms. Al

et PO RSO 4o e Red ettt aigne o siait fnba red energ, and
| NCOR RARLRE!td Shriyl N perbdtié EtfbYatlh JpBIBDAGP1aldHaht 148t one

specification, to the sane extent
calfyrtiandempenstvin measurement puerewid wneet pvaid eqliptdtivattémperature

i £l d_individu i.ndi cated to be
o T R T LN
disbduait emergphot fusntah ekieatal n)fth@Bdy fodn8hRRAE gl At §4M Setector

|ication shall not be construed as an adm ssion
t({al?éﬁeaéﬁ%ﬁtep@e%ﬁce is available as prior art to the
present invention. WHAT IS CLAIMED IS: . An infra-red
i magi ng canera conprising: an uncool ed and unshi el ded
det e2t or &he triigedd imagiag eaherh of tlain @ dwhareingyid citbcting
C(():al L. brat.or to carr %ut. &ﬁéi odic calibration
SRREE HER8 2l R ingdolzam sgidecalibiatipn fpmpgrature
QPG 4§ 8n HRAR oS &arﬁgg | & caid infra-
cal i bration tem%ﬁ?goﬁiggur err%ﬁt S glﬁrﬁéneg%églsaeldtl%ﬁa red
encsgy gatheredh Bpmysattbexdernddicerte. sai d uncool ed sensor to
di scount energy not froman external scene, thereby to
enabl e energy at said detector to be read as a
t enper at UTke infra-r&d @nagihg Sarh @8l of BRMH DOWEGBRIBidoreb@d s
1,. vvhsr ein said correcting conprises using a
Progided Py combining av#eelfipmesidsaitiol mepdvberacit sombiep evithtaseeond

BN RERAL bt fset to correct . -
‘ Vt. enper at ur 6 %g%@?ag rBr#sa?}lt() glteo e§%|ur(? ERtinatey Pgﬁ saiff ppbining
usifeg m_tinleeﬂeperﬂiensﬁli]?dticlfn,( ft(eprg&h(\:lc\ahsdx&apolaﬁon_'ﬁgﬂ‘ shifl fcbAedtRAs for
magi ng_canera of claim 2, erein said correcting is
1at?F 83&“&“3&%‘6'% wiinseid CAUPTatiQ-iepcTaf iR meAsHemaNts.i al
nmeasur enent conbined with a second val ue taken from a

second cal i bration tenperature neasurenent, said
contf-ni nglhssinfrg-red imagingiempemnaentlainAcvheein shid thiedepeadent

fuﬁét&d’na&%llpar}sleso g rsrlaﬁiem%?llcg e%t(%ggo act}olnotq.lsncgigr; from most recent

calibration temperature measurements.

5. The infra-red imaging camera of claim 1, configured to make said
correction using an initial offset which is a function of a temperature measurement of

a shutter of said camera.

6. The infra-red imaging camera of claim 1, configured to make said
correction using an initial offset which is a function of a temperature measurement of

a housing of said camera.



|ater points in tine after said calibration
tenperature neasurenents. 4. The infra-red i nmagi ng
weaenssiad claim 2, wherein said tine-dependeneCT/IL2004/000714
function conprises a mathematical extrapol ation
function fromnost recent cali¥dation tenperature
nmeasurenents. 5. The infra-red i maging canera of claim
1, configured to make said correction using an initial
of fset which is a function of a tenperature
measurenent of a shutter of said canera. 6. The
i nf r &- r ed Theifraspddmaging camherl ﬁ:cmir?fl(; tifih Hbﬁﬁe&@hdﬂiﬂéﬁ
sai d correction, using jnitial offset whichis a
R CpFaH oo b e aR olseideaibusong of
t@ApeilatGRIBERurtmehBi@rd MhASINSRE éafﬂaﬂﬂsf‘@urﬁﬁtgffr a of claim,
having a canmera thermal tine constant of a first
duration, and wherein a plurality of said calibration

tenpgratu surenents are made. duri said first
dur a? i on. F[gle ﬂ%e}éfig?j?%% & %Fﬁ‘b}“g aWBg’ﬁ IQ:IPIHYZ%{WI,S ten
omless.ein said plurality is ten or less. 9. The
infra-red imaging canera of claim1, wherein a first
therm stor is located on a shutter of said canera, a
secopd th ' S ds xternal surface of .
dot cct or " anguetied ot e Bt 3P i T REIR o F 1R3FRsRyis
lachted wnsitsbuttérofsaid atmerapn sevond diengissotis LUNSE BE af BhiekHl
sai.d .canera, and erein_ sajd calibration ] )
S‘ioljéar%ﬁgfg?tﬁﬁaf TdmRACRSiR AR e pid vy thid dherrgsor is om
logated oftfa cagihfl shrRmInSlPkiSs of saﬁ‘%nﬂ%é aftd s3lrdi BEY Blibration
canera of claim5b, whérein said shuitter conprises a
tegpegature mepperemantrcempsides takigis nepdirmsdom edchaif adithtifermistors.
wherein said shutter conprises a sheet having an
em ssivity substantially approaching 1, within a
spect@.al Themfarey iSRG i@t oPYladdh dwAG LR Ghil shutta-
The.infra-red i maging canera of claim, wherein said
RSP adhestnsor is configured to make said calibration
t enper ature neasurenent by neasuring radiation from
said shutter.
11. The infra-red imaging camera of claim 5, wherein said shutter

comprises a sheet having an emissivity substantially approaching 1, within a spectral

frequency range used by said detector.

12. The infra-red imaging camera of claim 11, wherein said uncooled
sensor is configured to make said calibration temperature measurement by measuring

radiation from said shutter.

13.  Theinfra-red imaging camera of claim 5, wherein said shutter
comprises a sheet having a reflectivity substantially approaching 1, within a spectral

frequency range used by said detector.

14. The infra-red imaging camera of claim 13, wherein said uncooled

sensor is configured to make said calibration temperature measurement by measuring



The infra-red i magi ng canera of claim5, wherein

said shutter conprises a sheet having a reflectivity
wausvenes al |y approaching 1, within a spectraPCT/IL2004/000714
frequency range used by said detector. 14. The
infra-red i magi ng canera of cl3 m 13, wherein said
uncool ed sensor is configured to nake said calibration
t enper ature neasurenent by measuringradi ation
: sai tte id,radi.ation bein

whE Rt USR8 g R0h 05 Bl A erfgoperature
of Said Theoaled sedsdred | magi ng canera of claimb5, wherein
said shutter is nmounted such as to have a first stable
mechani cal position obscuring focusing optics of said

caneng an : I I: Lt .

ol ourng rreateRalzakRY mBRLIRIa%, wRRL b gt is

ngpmiedssuginas odiavte d irs ctable. mddhaniChlepoisition absaaling fe@isitg optics
ra of claim, wherein_.sajd uncool ed detector )

of S itudia a4 Aiskiand Steblepeshagionlgpsttion pllgwing . inecof sight

betfwgh 88id F6EHRing o%ﬁc@&xﬁi dMd qepgsrei n sai d detector is

configured to obtain calibration tenperature

measurenents froma video signal of an interna

ref enence I The infra-red imagi ng canera of
cl ai r%g', wABe é‘?%a"feéir%%l %gﬁa?@ewgiglﬂleﬁe refy saidpgpooled
detectont@mprises a afiiciobolnfbdrAriatif r a- red energy of said
external scene are subject to an error introducedby a
nodul ation transfer function of said canera for high
spatijal f HERLS Al I e i .
equi 53@ d :[gl 0 over tegsinrga%glg galg%g)? c%)%nﬁhgvglg%% %a?‘f%‘gg"é?{ 18
chmi@reietombtain ealibpatidnatinperaturamsfsarerheic fromn & :ﬁ%{a-l of an
iIghealin%{ra-red.detector of claimb5, operable to nmake
SR EHTFIP #Mton t enperat ure neasurenent at an
interval of tine less than the canera thermal tine
constant. 20. The infra-red imging canera of claim1,
wher é8.n sdhe infetrsd tmagiog vpnes ef chimil cwherelmteriperature

.d_caner ein urt her. confjgured to. obtai
it Bna W ol RO Biet Serbl bl sniinfiP e et ofsoicrpiems
stene@retibjebt toianici@r shtfddicddtyf LmBAEMtion transfer function of said

camera for high spatial frequencies, said uncooled detector being equipped to

overcome said error by incorporating an inverse of the modulation transfer function
thereof.

19.  The infra-red detector of claim 5, operable to make said calibration
temperature measurement at an interval of time less than the camera thermal time

constant.

20.  The infra-red imaging camera of claim 1, wherein said detector
comprises a microbolometer array, said camera being ﬁlrther‘conﬁgured to obtain said
calibration temperature measurement at a same time as obtaining a non-uniformity

correction matrix for said array.



correction matrix for said array.2 . The infra-red
i magi ng canera of claim20, configured to use a sane
wGer@sals1ed tenperature function for all pixel SPOFII2004000714
array. 22. The infra-red imagi ng canera of claim 20,
wherein a shutter of said canmg¥a is used for
nmeasurenents to enabl e bad pi xel replacenent of said
array. 23. Tenperature correction apparatus, for
corregtin ; . i t I ne.accqrdance
W thog | oakp rEERATSELRL club A RURLN, [ RRGREIL AN Frame
sigoalgo itepayatusenfunctivhi fot slegixeRodediddranf ra-red (I R)
sensor, for providing an i mage response in order to
forma tenperature image in accordance with IR
radi abi onTheRAG ' { ' Lel d,of Vi
(FO anaraiiRetelimagipd Suflera SrSHRARD, Pork e de3ha
cqrra iswsell doram eashireheents tofenakde badspiutltreplatentant ofjsatd array.
nmeasurenent surface for an internal tenperature
reference unit; said tenperature corrector conprising:
a t eppeTeahpératu@EtRICctibPipfaeitsy, %ﬂoﬂgctﬁafgr Sle§SNEEf a
tenperature using said measurenment surface, a
radgqmastenip @pcordggice wethpglogalcamara tempereire, shidradiometer
oo e and said reference tenperature to approximate
a tenporal effect of tenperature drift of said |ocal
t enpen atshicddedandoeled irfriated ¢IR)seado8) foRroORlinat @pirryaﬂgb Response
. sai.d te%{;%frature sensor and said referencer, said
inqrderdp Tegh  buansyatyisiimges Bracrefdress with B mdiasien smpinging on
s i bk LIy accordance with said
ﬁ%ggﬁﬁﬁg?ggmt"z%%% gf?%l%:t. 24. Tenperature
cor r @shiitisn faperatratlaldy abscoridg sajd FO laaiineR3l faskief Lidishutter
fo%%imd referencette?%)eratur.e and said reference response
HEE LD ST AL FUFHCH Jor apdn (RS Epredetesareupty by
sai dsasdtshtpRraturd 2orrd @GR risf: COr r ecti on appar at us
according to claim 23, wherein said IR sensor
conp? feamsraiurgisenseb dbiodateranning a rafergpes winpemhwo usiag saidn
mRRRAA Y SuRREOr ding to claim 23, wherein said IR
sensor conprises an array of m crobol oneters.

a referencer, for using a local camera reference response and said reference

temperature to approximate a temporal effect of temperature drift of said local
temperature; and

a signal corrector associated with said temperature sensor and said referencer,
said signal corrector being configured to produce a correction to said image in

. accordance with said approximated temporal effect.

24. Temperature correction apparatus according to claim 23, wherein said
reference temperature and said reference response are determined during the

obscuration of said FOV by said shutter.

25. Temperature correction apparatus according to claim 23, wherein said IR

sensor comprises a microbolometer.



27. Tenperature correction apparatus according to
claim 23, wherein said approximation is a mathemati cal

wo eovspiamnl approxi mati on based on previ ous neERSUIR004/000714
data. 28. Tenperature correction apparatus according
to claim 27, wherein said appr3ximation is an
extrapol ati on of two or nore successive tenperature
nmeasur enents. 29. Tenperature correction apparatus

accor,di to claim?26, wherein said IR sensor array |s
oper &8 gg{‘%er?)t}u:ﬁﬁoﬁli?c%dr{ W?f”éﬁ%f?é’ﬁ%‘?ré%l to icjrsi’ﬁ'@ &3, wherein'said IR
s&@ﬂp%@ﬂﬁega@@i&ﬁegﬁm%mg&%ys according to claim

23, wherein said signal corrector is further operable
to performnon-uniformty correction (NUC) using said

measyre . rature.correction ..
appa ?Z’t %ﬁgg%g{r% ?ﬁ‘g"“’% gn Cf}%ﬁ%l@%ﬁmﬂw& {?ecﬁm‘&’o#p whereip,said,
approgimdiauingmathenatied]iftnyctiohalpippedamatieh Based bayrdv@iRd
configyred to use a sanme signal to tenperature
qei?rﬁ‘gf"?g 3at each pixel of said array to obtain
tenperatures. 32. Tenperature correction apparatus
according to claim 23, wherein said signal corrector

i s fdBt hempepewabiresction peyatarunadoarding toalaime)y, aberidaid

PR)_using said surenment surface.  33. Tenperature
R P o Bt RS L o maote Sockistvh (omperahies of
masde@@sur enent surface is substantially a bl ack body

for an IR spectral frequency range of interest. 34.
Tenperature correcti on apparatus according to claim

33, erel .0t rature sensot is confjgured.in,

vol attoncpBea ek ARG BallfoCRPoding B ST Acc b oin said IR
s¢nsomEraytisioperbbie teplovidd%. twbIHRehiabsl BngRl r ecti on
apparatus according to claim 33, wherein said
tenperature sensor is operable to neasure the

radi g i j . Sg] urface., 36. .
ooy oy s e e iR U RRALRR Y G 28 et i
sigaal cotrected in fudied operable te perisrnsnont-ad foringty soRsdRANVIA) ising

a.reflective surface for an IR frequency range of
said meéasurement su&ace. g y g

31.  Temperature correction apparatus according to claim 30, further
comprising an array having a plurality of pixels, said array being configured to use a

same signal to temperature function at each pixel of said array to obtain temperatures.

32. Temperature correction apparatus according to claim 23, wherein said

signal corrector is further operable to perform bad pixel replacement (BPR) using said

measurement surface.

33. Temperature correction apparatus according to claim 23, wherein said
measurement surface is substantially a black body for an IR spectral frequency range

of interest,



interest. 37. Tenperature correction apparatus
according to claim 36, wherein said tenperature sensor
w0 g00sorfisyjured in relation to sai d neasur enent PGUI20@k000714
to nmeasure a tenperature thereof, said tenperature
being a tenperature of said apparatus. 38. Tenperature
correction apparatus according to claim?29, wherein
said signal corrector is operable to calculate a
di ff r r t. e
et o bnLaip AR AR loob iR 1o Bt 35, FRAEE C
tepesadtird selisbf 'Broemﬁglre(ﬁﬁl relatibe tpei dinetisirenadnt emifalfe to measure a
accor d| claim 38, configured to produce said
e DAt rgﬁege usi ng nunerical processing. 40. A
tenperature corrector according to claim23, further
conprising a shutter controller for controlling a
pos i 33.drenpkeragae dosmllloneppdmmﬂ\mrmng tbdgiur 3 gvheosn saidn
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erfabger for renoving or conpensating canmera nodul ati on
transfer (MIF) effects fromsaid corrected i mage. 42. A
met hod for correcting a response of a radioneter in
aCCO8EMbebliied At @R obRIRE LG x 1 3hith 2 9RRGh g
conpri'sing an In nsors "t or I'ng-an

mieasmgamene Sydas és $dbstaﬁtﬂaﬂy 4 mﬂéafvm sﬁrfh@’ﬂ@ﬁ B IR frequoiiBy EangB of
.accordance with ER radiation inpinging on said ER

or's fieldof view (FOV), anda shutter, for
control l ably obscuring said FOV, said nethod
conprising: determning, while said FOV is obscured by
sai d3Bhlicrthperatuee qoefecti@nappatabypecatiingao ofaim 3bowhdreimrsaid

e R RGE SR P ONEET  ToHOR FoEkd BReperad S e mepure
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nmet hod according to claim42, further conprising
determining a tine dependent reference response of

and T nptelRlte SERRRion BoRfuf ab LR, b I Rl o

sigmel icegédtonis bPerable to calculate a difference between a sub-sensor level and a

k=0

respective reference level, and to add said reference temperature to said difference.

39. A temperature corrector according to claim 38, configured to produce said

corrected image using numerical processing.

40. A temperature corrector according to claim 23, further comprising a
shutter controller for controlling a position of said shutter between an obscuring

position and an exposing position.

41. Temperature correction apparatus according to claim 23, further
comprising a filter for removing or compensating camera modulation transfer (MTF)

effects from said corrected image.



bet ween determ nations of said reference tenperature.

44, A nethod for correcting a response of a radi oneter
wW@ewsntimy to claim42, wherein said | R sensorPCT/IL2004/000714

conprises a mcroboloneter array. 45. A nmethod for

correcting a response of a radiyoneter according to

claim44, further conprising performng non-uniformty

correction (NUC). 46. A nmethod for correcting a

response of a_radi onmeter according to claim45, .
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[ . e ’ .
el b o Aot B b Yt SHREH Ay P BRI e
ahdr correcting a response of a radi oneter according to
claim42, wherein said shutter conprises_an, jnternal
sur f BEoduging gporrectione F%la 1339 1) aperyance é‘flﬂ’é@td PETECCan
tdihesiiget ral frequency range of interest, and said
ermning of said reference tenperature conprises
measuring a tenperature at said surface, said
t enper at ur,e_bei represent.atijyv f said.l.R sensor.
50. " Amet AJCB] deegrdRe (o L Suisn Samprsit Adardines
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said corrected i nage response to conpensate canera MIF
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hi gh pass filter, wherein tenperature nmeasurenents at
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45. A method for correcting a response of a radiometer according to claim 44,

further comprising performing non-uniformity correction (NUC).

46. A method for correcting a response of a radiometer according to claim
45, comprising using a same'signal to temperature function at each pixel of said array

to obtain a temperature,

47. A method for correcting a response of a radiometer according to claim 44,

further comprising performing bad pixel replacement (BPR).

48. A method for correcting a response of a radiometer according to claim 42,

wherein said shutter comprises an internal surface which is substantially a blackbody



a canera nodul ation transfer function for high spatia
frequencies, said high pass filter being configured to
w@@sooes sai d error by incorporating an i nverBET/T2004190714
nodul ation transfer function of the canera. 52. The
infra-red detector of claim, 3therein said infra-red

sensor is an uncooled infra-red sensor. 5 . The
infra-red detector of claim, wherein said infra-red

[ led m\.crobol oneter, array. 54...A
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t enper at ure measurenents over sard shutter surface,
tempperaivigbsine reprepaniativa of sgid IR sengomt | east one

tenperature sensor within said canera for allowng a

| ocal i zed tenperature neasurenent to be taken at

peri 60l A methed falcré@inguSespoliss st d RERBRG aBcdr8Rh 1ty 8Him 42,
sl page. 55.. The method of claimb54, wherein applying
Tyrthepcompprsing ity sakhosiesied imagasesnsmse tonpempensateicingg
MTH §fREr ature sensor to said shutter. 56. The method

of claimb54, wherein applying said at | east one
tenperature sensor conprises fixing a first

tenp {ature.s nsor to said shutter, and an additiona
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et h@ughg 6piids %5%5&%@&&5&6?1%%&%@&&1 laf} gx%ﬁiag ?él%h%

| east one tenperafure Sensor conptises conflig
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r en said shutter interposes between said
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bptics and said sensor.
ahigh pass filter, wherein temperature measurements at said infra-red sensor

from said infra-red energy of said external scene are subject to an error introduced by
a camera modulation transfer function for high spatial frequencies, said high pass
filter being configured to overcome said error by incorporating an inverse of the

modulation transfer function of the camera.

52.  The infra-red detector of claim 51, wherein said infra-red sensor is an

uncooled infra-red sensor.

53.  The infra-red detector of claim 51, wherein said infra-red sensor is an

uncooled microbolometer array.

54. A method of upgrading an infra-red imaging camera for making

temperature measurements, the existing infra-red camera comprising:



58. The nethod of claimb54, wherein tenperature
measurenents at said infra red detector fromsaid

wo pdosatyiexl energy of said external scene are sPWJ/EQDOH0714
an error introduced by a canera nodul ati on transfer
function for high spatial fre@gencies, said upgrade
further conprising providing a high pass filter in
association with said camera , said high pass filter
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function of said canera. 60. The nethod of claimb59,
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temperature sensor comprises configuring said at least one sensor to measure said

local temperature when said shutter interposes between said focusing optics and said

sensor.

58. The method of claim 54, wherein temperature measurements at said infra-
red detector from said infra-red energy of said external scene are subject to an error
introduced by a camera modulation transfer function for high spatial frequencies, said
upgrade further comprising providing a high pass filter in association with said
camera , said high pass filter being configured to overcome said error by

incorporating an inverse of said camera modulation transfer function.
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59. A method of upgrading an existing infra-red imaging camera to measure
temperatures of objects in a field of view, the existing infra-red detector comprising:

focusing optics for gathering infra-red energy from an external scene, and

an uncooled unshielded detector arranged to detect infra red energy, wherein
temperature measurements at said infra—red detector from infra-red energy of said
external scene are subject to an error introduced by a camera modulation transfer
function for high spatial frequencies,

the upgrade comprising providing a high pass filter in association with said
optics, detector and signal processing, said high pass filter being configured to
overcome said error by incorporating an inverse of the modulation transfer function of

said camera.

60.  The method of claim 59, wherein said high pass filter is any one of a

group comprising hardware, firmware, software, or a combination thereof.

61.  The method of claim 59, comprising arranging said high pass filter to
compensate an error introduced by the signal processing performed by said infra-red

imaging camera.

62.  Aninfra-red imaging camera having a microbolometer detector array,
the camera comprising a variation compensation mechanism to form a non-uniformity
correction matrix to overcome variation between pixels of said array, and being
configured to use a same transfer function for converting received signal to

temperature for said pixels of said array.



