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WO 2005/ 015143 PCT/ 1 L2004/ 000714 - | Radionetry
usi ng an uncool ed M crobol oneter detector FI-ELD AND
BACKGROUND OF THE I NVENTION 5 The present

wo 20880e4isents relate to radi onetry using-an URGAAkSFHi/000714
M crobol onet er detector and nore particularly but not
exclusively to obtaining nore accurate results from

~.an uncool ed Ivficroboloneter so as to extend its
useful range of applications into areas previously
only feasible with the nore power consum ng and 10 .
mRaicnetp! engracuwenied Mzgdolomhetér deteater (| R)
detectors detect the IRradiation emitted froman
obj ect, and are used for non-contact measurenent of
tenperatures in many industrial and nedica
appllcatlons These aoollcatlons i ncl ude stress
- 4 RE 8 g INVENLI)

t enper at ur e, survelllance systens including |ong:
range and nighttime surveillance systens, fire
_deflegirtsent erabudliperts adlhe to rglidmdiby wiing am uaumiiqshe nt. IR
. detectors generally operate SmdetecbFﬂ t he
Micreflotapighdatecton il andus gpmiemlarty 1 Bpkexc VPl toaining more

acowSd é? 1}7111% B HEEERER toexBARYR IsErl1 taBLr@ of
an electrica S|gna

|ch I's ten. processed and

qgmamnmgnﬁdanmﬂpnnmmmﬂymmuyﬁﬂabkmmwmihgnmmmponsrgmgmnmmgnnd |

moreopiglor, PRIUELRS. Tl R SEBEloRs detdhe B efion

emitted SlofPdn 4Hj89Snd HoSudBaI{Br AddTBditadl dlasiremenBéfRemperatures in
typically used to provide an inmage, since a sinple

manyindngrialrand amedicad apnhven@me | Thess aml@wmsdwluégstﬁﬁss tasing
whi ch can n r
electiEebefifons HEAHAL hifnad Rk REafiC surl BNENE! systems including

long i&fpeiane ﬂtgﬂaftn:ﬁélﬁlrtfdﬁﬂﬂi&l sgﬁems fire deration, emé pbﬂame mighiir e
fromthe received radiation. 25 In nany cases the
visiogeguigmetray i's a ni crobol ometer array.

M ﬁ(ﬁ&@&&g@éﬁ&éﬁy operate by detecting the dxﬂ‘erences inthe thermal
ra_dlance of various objects in a scene. The difference is converted into an electrical:
signal which is then processed and analyzed and/or displayed. Tmaging radiometers,
such as forward-looking IR (FLIR) cameras, utilize an array of IR sensors o provide

. a two-dimensional thermal image. The more simple detectots are typically used to -

provide an image, since a simple differential over the field of view provides an image
which can bé meaningful to the eye.- VHowever, gencrally more sophisticated
aﬁ@mn&nisnmmhndifﬁminkmﬁonish)nmmmnedﬁmnpmmumeﬁﬁmnbenxmhmd'
radiation. _

- Inmany cases the sensor array is a microbolometer array. Microbolometers
are IR radiation detectors that are fabricated on a substrate material using intcgréted
cﬁmﬁtﬁbﬁmnbnﬁxmﬁmxs.Lﬁmnbdﬁn&&xddbdnrmmgmnwybeuyxhnmnme
the incident radiation. Each microbolemeter detecior of an array absorbs incident
radiation which leads to a corresponding change in its resxstance due to its changé-ji;l _
kmqmnmmaVﬁﬂuﬁdumkﬂimkmxmxfmxﬁommgasépthahmy@nxmﬁamd
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are IR radiation detectors that are fabricated on a
substrate material using integrated circuit -
fabrication techniques.. M crobol oneter detector
WO 2003015ay% nmay be used to sense the incident rgdiatofibesris
Each m crobol oneter detector of an array absorbs -
i ncident radiation which |efds to a correspondi ng
change in its resistance due to its change in 30
tenperature. Wth each m crobol oneter-functioning as
.._a pi.xel, a two-dimensional WD 2005/015143
TmaggpEEUEsRICSeiaton otihe iacident infraired xadiation praydergentiatm
usine @f Lh&) J di ati on may be generated
?ngUS?%gﬁg SUIgabEéﬁQ%%§£ of the inicrobolonmeters. FLW-

c AR gemicres davomenniifonmaspapes ke f@mUREKek Thirared
radiaﬁo”cjrﬂ;esm infrared radiation. This is due to: 5 a.
sﬁ‘al \}ﬁ\d}lea fons in the detectors' electrical and

thermal  propgrt isamdmranbes - CBAHLAG A
process, b. variation of the éfl%g%t?%tgrr%gne |8§\%§éherg‘al
i nt ensi t Progergs as yresult of thefmamifactinimy pdosegspi ng angl e,
c. optics vigpetting. 10.d. optics change-in

t enper at ur e, gﬁe]'t C vﬁ"ﬂ‘ﬁ%‘l ?Fotﬁe Gfr -FEmARRGHEFgvs tntgasity as a

m cr obol fuiefi®f of @BiRipF£hs6 gh@igi stics are

general ly corrected to produce an el ectrical signal

“wi t h adequat e®-si g’ﬂﬁ?swmh&e ratio for inmage .
b fset and garn CRerAEpRSin BBt (n cach 15
- oftheseanodatmiformitiosiis tehthiidtototiytcPrespbrsh cRirhQBristics are
8‘-’51‘5"%‘16[%%1]‘!{0_%@ t&,ﬁfw %ée ot ; ': ﬁ\gl @gg‘gﬁe gitgll:lztoéncise ratio
B O i g roqul ar use & contral led
sAgis well kpown intbeart; offedisind peint information aR0LiaRE I each
of the %%{eg%'rssis foib%l%dqy 2 éa%“’r&%%hn?&?mtkg%%m%slnogun&fg?nﬁw '
correction (NUC), in which the microbolomieter amay is sﬁbjected to several scenies
of uniform radiation at different levels. During regular use a ceﬂtmlléd shutter IS -
closed to obscure the microbolometes array’s field of view (FOV), so that all of the
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 oplened',: and normal
imaging operation is resumed. The dcrive& 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 pecformed. The
signal from each detector pixel is checked to-determine Whéthef the detcctur pixel is
functioning properly. If the detector pixel is found to be inoperative, or its signal.
properties drastically differ from the average properties, then the value of the _
corresponding pixel is determined by other means, such as taking an average of the
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sensors view a.uni formtenperature scene. The.
response of each of the detectors is 20 used to
derive a correspondi ng of fset value. The shutter is

wo 20036931 80ened, and normal i nagi ng operati on ipgT/L2004/000714

resunmed. The derived offsets are used to correct

t heresponse from each pixel,in the array.

Furthernore, in order .to corﬁpensate for-the optics

and new tenperature distributions within the

internal canera parts the detector itself is..
surrowidiig pixeled Analtenriiee aichinigue i fohriforhSonmgpinsteri ofS

relatively stable. While the shutter 25 bl ocks the
avefag’é‘gector s FOV, an additional correction of the

'ﬁz{e QBREAmh bBYaclE ERPAGPR b&ﬂﬁ(ghﬁ&a@a% fiifbRleter,
repl acenment (BPR) updating, may be-performe The
especiillynghenf the instamknids bestlom i weloled naiwbrlvtheteraletector

array,p?qg%,raﬂeyump? E‘%’E&PE’H‘% ector Pﬁ"?g‘f’%f%hﬁ%?tf unct i on| ng

radiafiGiORBEIA! NS is @ sdylif tifd 90R) sopmsﬁ@ﬁéd ﬂﬁ&t&*’s&ﬁérb e ﬂaﬂlaﬁon
differ fromthe averageig erties, then_ the val ue of
fra

shieldsywehigly pragect iafiopeframiniseal %@m@ﬂm@ﬁs The

Smplf&%ﬂe?@f%ﬁ@°%%ﬁﬁ%®%8ﬁ%3¥%ﬁg§g 2Pt malles ng

opticésinipidrebutahdanihptthatithc siupld Setectoperchages soerply vgih the
i nstead of -averaging. There_ are_ several main
interngl m@mm @fbﬁ%ﬂa%wmﬁbr% iapgalid Angle 28 215 sadians,

inde RSB Hp S Rl S bIRYE U s b BB Aot gl of

27 rakiags) crk@ﬂw& cwﬂeﬁm ﬁior@édp&ibtﬂﬂ%& Qh@ibniéﬁﬁﬁdd‘ﬁ@ftors block
contain any radiation shield. That is to say in the

the detpeter Heldf yievweugiegiths abave wentionediTadigtien yhields Fethermore

|
tho el Pl Ol £Ebnkdif (AAGRERRL iR BEBAHL OF
compwtatﬁbfdr adlatiwilebasily s IReainahmgmktha gmi;ﬂedq:iemdna@ad smﬁlct oSt
v e e N ooy
all, RAhlePn A UmbihaHa¥s SRUTMAAGAG Shid ihe W8 {teR tRRlp ithadBdll OnBia -

2u radi ans. Indeed It i s noted tha t he et ecCt or

very sinokh fociorangysabontelQg) of the eyeres cxehiangedipygthe detector
comes from the seene it is intended to be imaging. A very small change in

temperature of the internal camera parts therefore may produce a large change of the
detector output signal. i_'hé" aVefage value and the very low frequency rcom_poﬁeﬁts 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 vacuuin =~
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, s 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 ]ngh f numbers (it#)

- and have a very short time constant.
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2x radi ans. However, conventional nore sophisticated
radionetric detectors block the detector field of
vi ew usi ng the above nentioned radiation shields.

WO 2006013iH&r nore the radiation shields are keptp@imaeo4/000714
constant tenperature, which can therefore be 15
conpensated for relatively gasi ly. Returning to the
sinple detectors and in fact nost of the energy
exchanged i s between the detector and the internal
canera parts. After all, the internal canera parts

i Rtheremd cthe minegpledibenngleniceotivbinmger aragdds offieky -a.

aPr
- advantfh I enblcl ol PSS halos Rt BRkkonboizs dmwcn weishy

and lotviosvet ecnsutptienj Nagi ng. A very small change in 20
ot eratpyre of the internal canera.parts therefore.
P wgnlsd dexicrs iy videa gtpus fmmiediataeeRapomen ubgue a

fong METISR TiSe BUGFAH Fai Q&]Q ven ow frequency
BN onponent 8 of T he Vi ge%%sll gna‘fohcg% %Oll%ie vf"?eéﬁl’t%uﬁée'

generaflychedpst.onet er detector after the processes of NUC

d are.greatly influenced by the tenperature of
ta‘ﬁ‘é"‘gﬁ cwiwwﬁ%@@zé@gwmw andrikose in
which B® gréateéxpeli®e GRbehstdRh ﬁﬂaslrd&ﬁo NLS 5
. cool ed detectors g?rays %%ool e fggtgg%?%s?%%wgofhe
medivgy apd shert range sipplicaioessrel thoss ightvhiekHudpetydre Kinfiled, as
[l a itiQna ower .consuppti on for cooling,
K spocR spRLb e Mpl YetabelSpBln S et s Breont
No. 6, 4768 9byhefiad e aB hith élﬁ?ﬁtﬁﬁﬁh%feﬁkg& - = -
wavel engt hs, say the 3 ?fgs@-mpron ban Pnd tﬁ'ﬁ(}scg{plme
array that operetes; Withyatt a kampemfurgrstabilization sodlet arstfor Heutel! Gamed
‘ vices have sensitivity even
offsct, ABPb o Ao Rl 4 R 3 A By i ncnarppees
indexed by the mcamrabiesipanture WL f0cd pldhe hbrhy 4 The gain, offset,
dlor. CT/ILZO%[O 0714 4 _On the-other hand, the uncool ed
and/or bias forgachpirel aig dstrsmiied af pagh small temperaivre inprammengoser.
the entir® fenSpeiiteo ' r . physi cal
- size, | ower wel ght .ah%%?ég%ﬁglgﬁﬁ%%ﬂﬁp%@g#a a
controlled oven and examining the array’s response to-a known temperature. The
bias, gain, and offset data within the database are later read out, converted o -analog—
form, and used by analog qirclxits to correct the focal plane array response. The data _

w ah ¥

used for signal correction js determined ony once, and then not under normal

- operating conditions. Kaufinan et al. do not account for the variation in detector

response over time, or due to dther,factors. Furthermore, Kaufman’s patent deals with
the detector response for the case that the detector does not have a ﬁxed temperamre :
stabilized working point. In such a case, temperature measuring requires a qompleté ‘
new data set for each small temperature increment . _Sucli an-approach is impractical.
An additional problem for imaging IR radiometers is that miérpbolometer{ o
detector arrays generally have a finite spatial response. Two black bodies thathave
the same temperature,blr{dlﬁ‘er in size, or the same object af ﬂl‘ﬁr'same.te iperature
but at different distances from the camera, produce different video signals atthe .
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




N

~~The. uncool ed devices give video output inmrediately
after power on, have a. 5 |ong MIBF (nean tine
between failures) relative to the cool ed devi ces, and
are generally cheaper. Overall the cool ed device

WO 2003#5ied for | ong range applications and thB%@W""“O‘m‘

whi ch the greater expense can be justified and the
uncool ed devices are used fo¥ nedium and short range
applications. and those in which budgets are limted.
10 A second solution to the above descri bed problem

videq FIBER SR8 Sorhrituie is 5ty Etn sl BirpCinibuckay ik RN ©
modilhidiEiramidfdr ®ndida (VIR li‘@i)@ﬁse!/ﬁ)i' hights;)mztl dreqasidsl e

stablllzatlon cool er. and/or heate Gai n of f set

Hhase a7 gyrrerily exailable o ddsrassnup p?%w‘a%%cd snigropplometer

FLH?E%%%%&tE@%ggﬂﬁﬁﬁe ?ocaf pl aneﬁﬁ?ray Qﬁg&%ﬁ?ﬁﬁ@ﬂhaﬁunm

5 'HﬁsekmmamschMHnd@uhmbnaaﬂ&bnmaahﬁopwkmmmune;ﬂmtdoumhednmn

S S I, s oE SHRR g S 4

or 50 Hﬁn%é@ﬁﬂeﬂg@h dr o tb&1 1&EhiR \plic N8 PRSI Y ﬂxﬂea way to.
array"s response to alatown tenperature. The bias,

upgrayki ﬂmmtwgﬂ@wm@auwrdm to levarcome the pbonesdesaribed drawbacks

of i 8oR A 4oRERY 30 LB ReR Bite pdidle GRRGIREY pifpsurements

10 mdefﬂﬁ:ﬁeﬂﬁeaonTmmorha&Qmsﬁﬁdxﬁ@ﬁoﬁs gnal : correction
' is determ ned only once, and then not-under nornal

operating conditions. Kaufman et al. do not account
for the variation in detector response over tine, .or
dueé to other factors. Furthernore, Kanfman's patent
deﬁUﬁﬂMMEhfCH%EIEQN&%@EMI»ESponse for the case that
“th d i ect or, does not _have a fixed t erature
st B0 RtenRrh ot e PrespaER g TR S RNJEH a e
15  red ifB8RY chRgrd @ffidshp: & conpl ete 25 new data set. for
each snal| tenperature increnent. Such an approach IS

i npm andooledand unshieldod détostar arenged ledeteas infiatndi angreyrond

R PR o PRI B Sl e
cahbbﬁﬁjn&smp&aﬁnamwxﬁ@t DeBEsalEoRRsa] suie calitiioicidpefature

in size, or the sane object at the same tenperature
measurements being usable to. correct energy-detected at said uncooled sensor to

C

20 dmmnnﬁenmgynmﬂhxnanexmnnﬂsunm:ﬂm&bytoenﬂﬂeemagyatﬁnddﬂmmnr'
tobeteadasa temperature.

Preferably, said correcting comprises using a ternpetature obtained from said -
calibration temperature measurement as an initial offset to correct temperatare
measurements of said infra-red energy gathered from said external scene.

25 Preferably, said correcting is provided by coutbining a vatue from said initial
 measurement combined with a second value taken from a second calibration -~
temperature measurement, said combining using a time-dependerit ﬁmctmn, to
produce extrapolations of said corrections for later points in time after said cah‘braﬁon
. temperature measurements, '
30 Preferably, said time-dependent function comprises a mathematical -
extrapolafion fuaction from most recent calibration tempetature measurements.



~but at different distances fromthe canmera, produce T “
different video signals at the 30 detector output. A
direct translation of the differential video signal
Lis943 tenperature is relatively accurate r
wozooillgsgg objects. Mre specifically, the tran%%gar%il]‘%oﬁfm@fy“ ,
t he WD 2005/ 015143 PCT/ | L20%41000714 5 video signal
into tenperature is subject to an error introduced by
the limted nodulation transfer function (MIF)
response for high spatial frequencies. There are
che exmem mapbe emifigueed|ta npie saiftrerrection WSRO ERifial offset
wmm%ﬁﬂﬁ%%%?agf F Réforvvard | ogki infra -red)
caneras, cov ?"FP@‘L’%" WPGESRAM of a shuities of paid cpmeg- 5
TihS eamanBiasheammpuitd e tka il eRebesh U APRLAIBESE
. ,Sensors that do not contain any radionetrit shield: - : .
“&“m¢§ﬁ%8§PP9Pfﬂﬁ@ﬁﬁﬁ@ﬁﬁﬁm§§NSEM@ﬁmfahmmmgaﬁmﬁﬂchﬂﬁms'ofr- - .

5 3P aRE ]n%%f cal Jenath.or other focal length
optics. Iﬁ%%l ol g%ﬁ%@efagtﬂmgglws%ﬂto%ﬁ Mpged a
pluraliéx pBsaidh calibaatboraieniperairel fleadr@eBvas G belRAle during said first
dm_aﬁabove-descrl.bed drawbacks of the uncool ed detector
ARy Al ow themto gi ve accurate tenperature
NBREHEBITERES pluldity RASHK of A& restriction of very mnor
har dwar & rmd?fuiil%a'lons?I MARY OF THE [ NVENTION -
: AreEarablyion ficst thetmistir inkopated ooh shiierUTes@nicRY 8 8tdoad
there i rovided an infra- 15 red imagi ng canera '
10 mm%@ﬁbsﬁogﬁaﬁ‘g?naﬁeﬁﬁ?@&gﬁ’égﬂfﬁﬁﬁdﬁﬁ%ﬁf e Veeumypackegiog of said )
camer® i G861 thermiSlor & lobAdd én nglﬁﬁ—% d%. i8S of sai
calibrator to carry out pﬁeral%o c call _&%Plngsn(’fsald
camerg gd spid sabmiion thuipegatate hessienentcompriseh kingdRadings
E;japgﬁ re neasurenent over said canmera; said
from ca r#%wlg Me”%

erature neasurenents bei ng usabl e
-t Breferablye sdid ehitef Yoflplifgh@flest! Sai d uncool ed sensor

(D

’ t 0 .discount energy not from an external scene,

15 tﬁr@é&ﬁm@e shrgbhas anfmiggivit subsiagtiallt appraachited, Indthiead
ctrA SreBudiRIRER AL W68 by Bk y, said correcting
°pe cor;.g}'rl'i 'sés I ng gyts{le@rpdg{reg{&t'r'e obt ai ned from sai d

- Preferably, said uncooled sensor is configured-to make said calibration
temperature measurement by measuring radiation from s‘aid.‘shutfer. : o
_ Preferably, said shutter comprises a sheet having a reflectivity substantially .-
20  approaching 1, within a spectral frequency range used by said detector. - :
Preferably, said uncooled sensor is configured to make said calibration - _
temperature measurcment by measuring radiation reflected from said shutter; said |
radiation being indicative of a temperature of said ._uncdol,cd-scﬁsor.- o S
Preferably, said shuiter is mounted such as to have a first stable mechanical -
25 posiﬁon obscuring focusing optics of said camera and a second stable mechanical
position allowing free line of sight between said focusing optics and said dWOIa-- -

Preferably, said unceoled detector comprises a inicrobolometer array.
 Preferably, said detector is configured to obtain calibration temperature
measurements from a video signal of an internal reference unit.- IR
- 30 Preferably, temperature measurements at said wncooled sensor from said infra-
red energy of said external scene are subject to an em::iutro&uced'-by.:a‘médnléﬁon .



N

10

15

20

25

30

calibration tenperature nmeasurenent as an initia
offset to correct tenperature neasurenents of said
infrared energy gathered from said external scene.
25 Preferably, said correcting is provided oy
““’”@ﬂﬁﬁ?ﬁlng it value fromsaid.initial neasu?gﬁ@hooymm7“
conbined wwth a second val ue_taken froma second
calibration tenperature neagurenent sai d comnbi ni ng
usi ng a tune-dependent function, to produce
extrapol ati ons of said corrections for |ater poi nt's
Jnnﬂﬂ&ﬁﬂmﬁ@nmﬁkﬁﬂc&&bﬁjbﬁh@h@ahk@ﬂﬁ@ﬁﬁﬁﬁ%ﬁ&ﬁﬁﬁmmxﬂalmﬂbdbr
bei measur nts. 30 Prefer , said tine-dependent
being ﬁﬁ%‘?l’"éﬂg QFFRSPINS said, &%Sﬁ HIFRIMAEing adnyerse phibe gipdulation

trandfeiYakdion the86p NOst recent calibration tenperature
measurenents WO 2005/ 015143 PCTI 1 L.20041000714 6 The

cai¥be camery nigy bccumbra@lﬁtemako saidicalibmatidn tanpeegitiieon

usi n |n| ffs h |s a_ functj.on of a
meafiZesnhs 3o Wdriclof Bk s b € o el g R
The e @aBl SsaltbdettRorCRip r@b&lﬁiﬁ% ﬁirﬁ!y r(%ﬁiekaoﬂeing
usin an'Fyl nit |e§I (c))ffseli wv\%ﬁlg]clz(%] is a%eﬁnctl ocsﬁmof a
ﬁlrtheéwgi@mﬁlrte ohtatseaid palibration tempergbire, gaeam'emmt@t & darne time
& hav C t he ti me constant
as oblaih i SRRty U Eoin SRIRL Bot R {8l 1 ' 2, € f

caflhbéaiﬁd:ra mdympﬁhﬁgm tBR e e ﬂwﬂ@eraﬁﬂéﬁmcuon
fOrag‘urlng said first duration. Preferably, said

|RE¥AS 9 %ﬂq%ﬂmﬁen or less. Preferably, a first

secon(ﬁs?b thermstor | sr€ocat e on&%\'#%ef tgﬁﬁal bzﬁl

_ﬁxdhwphamnmﬁkfdaﬂan&pr s vacuun1packagihg of said

ra.and a th|rd th \stor is |located on a casin
ookt s PreSgHdpYEniia ﬁ?ﬁ%ﬁ@wﬁo& ’
tem;fe@éﬂnlarcahba{bnta%ﬁ%ﬁﬁ £ BoffEARP GERRhs COH P altitAfetdak | NI
readings fromeach of said hermi st ors. Prefera ly,

withietlecal canermitgaperalush 64l radiometer comprising:
an nnsh;elded uncooled infra-red (IR) sensor, for providing an image response

in order to form a temperature image in accordance with IR radiation impinging on
said IR sensor’s field of view (FOV), and

a shutter, for confrollably obscuring said FOV, an internal face of said shiutter
forming a ineasurement surface for an internal temperature reference unit; '

said temperature corrector compiising: :

- atemperature 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 Jocal
temperature; and - |
' a signal corrector associated with said temperature sensorand said referencer;

_smdsugudconemnrbmngconﬁgumdio;noduceaconecnonu)&udunagenx |
accordance with said approximated temporal effect.

. Preferably, said reference temperature and said reference response are -
determined during the obscuration of said FOV by said shuiter.
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wonm%ﬁﬂ

15 Preferably, the sheet has an emissivity
substantially approaching 1, within a spectral
frequency range used by said detector. Preferably,

rati on tenperature measurenent
bynmeastring.radiation fromgaid. shutter. Preferably,
said shutter conprises a shBet having: a reflectivity
substantially 20 approaching 1, within a spectral
frequency range used by, said detector. Preferably,
s&reﬂambiy:,(micbﬂ{ SBMaonBisePNigubsiomeRr.nake said

I tion enper at ure measur enent by nmeasuri ng
rcg'& ﬁw SRPAFOMPEISESH} ratRfpisrobolnmegers.

ORI S R Bl oL RO ffligtion

basedmpmvwsgmmm have a first stable nechanical 25 -

n curln ocusin tics of said canmera and

2 ﬁqg» Sempe %P@&lﬁw‘t}??‘ﬂ (P8I ST guacresive

tempeianﬁ_eu@ﬁs@émmtsbetween said focusing optics and, said
‘detector.._ Preferably, said uncool ed detector

c%ﬁfﬁi#@wayl I8 sepsyamap isoparable tagrovide prtwbeatimbhsionad ai d’
detector is configured to obtain caliibration '

£®; tenperature neasurenents froma video signal of an

IFl’eﬁ:lmiﬂjf saiell sifrah c@rretidrlis ﬁﬁt@fﬁf)&ﬁﬁbw?ﬂf d ty
rom sai [ n )

mé nts at sai d uncool ed sensor
conec??}ﬂ %@%H%W@i‘tmene are: subject to an

PCTI LE%%SISQE%’:% tran ?] uf?\c{:{?fi%tgo 0 148‘5"93%%.

being Mgmegho s sahe Siged mmmmmmﬁaomq)mbf sdiQr
arra t ui pped to overcone said error by
Y ?ﬂ ﬂﬁ?@ﬁﬁﬂ%n i nverse of the nndulatlon transf er
SN coror G MRiE: BRaLIE fadicdeke
measur

sal d cal i bration tenperature msnt at “an
replacqmgng (RBR) wiing saik measkembntisutfhace. caner a thermal tine

B i
speciral frequéncy range of interest. : :

Preferably, said temperature sensor is conﬁguredin relation fo said
hleasmement 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 smfacc 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 béinga
terperature 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 o produce said corrected'i image '

using numerical processing.

gmcool ed sensor is configured to ”erpﬁnﬂzommoo’m

[t
N
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further configured to obtain said calibration
tenperature neasurenent at a same tinme as obtaining
a non-uniformty correction matrix for said array.
nera may be configured to use a sane §j [t
W‘”"i{%ﬁ’p’i ature function 10 for all pixels of Jgprgiomm%mm
array. Preferably, a shutter_of said canera is used
for measurenents to enabl e Bhd pi xel replacenent of
said array. According to a second aspect of the
present invention there is provided tenperature
C OTHeP€driedtbr aRfyfudhétconipfibe £ SRE bolidr fR SHRRIBEE 2
radloneter in 15 accordance with a | ocal canera
positiogafspig: P‘éer behveenagebsrwsing Posibap Fﬁ%ﬁmgxpoalng position. -
r
prowﬁil ng an |rmg ‘ég%%tﬁrs%%%‘ %I}sggl?b’s%m &%d'élauon
hmmﬁfﬂpﬁﬁabﬂbﬂsﬁmagnmianﬁmﬁﬂﬂdagﬁe with IR radi-ation °

L RCSHRG 16 & e %Sfﬁﬁae&?&éﬁ%@%é%aﬁ%ﬁéséé“wémema
for cRedtinE @ BHonkE6E RfiopRtd i MtblBhce wih hISM g»tﬂﬂem, said

measurenent surface for an i1 nternal terrper
radiopetes compeisingian infsaial IR ssesw for praviding et omage response in

risin t enper at ure ensor ef er.m ni
onder 151 B s B RGR o HepanES i U ot BaimenE on said

IR schidrf Péld oflvieof GOVC8id a §Iﬁi’tteﬂ $¢ﬂ&n&oﬂﬂﬂﬁbbs%ﬁfiﬁg §id FOV,
" reference response and said reference ™ 25 tenperature

said methed spworisiage . a tenporal ef fect of tenperature drift

of rector.
as%%%]ug?%g’%]tl sal t enper ae?qjs' S%sdzgrl}lgg %reg*ergg \i .
tempe@hee efia idcatios silebtal gvtordaice evtan dikagnconbidbuRe:

to. produce a correction to said inmge in accordance
an vvlth sai d approxi mat ed t enpor al effect 30 Preferably

! Ii%l% ﬁln
. response are g g‘?%ﬁec' ‘:Tu'?fal ng the o%seuratl on of

temps@iwte FOV by said shutter -
' . The method may comprise detcmnnmg atime dependent reference response

I

of said radiation sensor to said reference temperature; and using said reference - -
response in modifying said correction in between determinations of said reference
temperature. - | |
Preferably, sald 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. o :
The method may comprise performing bad pixel replacement (BPR).
. Preferably, said shuticr comprises an internal surface which is substantially a
blackbody at an IR spectral frequency range of interest, and said detenmmng ‘of said- -
reference temperature comprises measuring a temperature of said surface.
Prcferably, said shutter comprises an internal surface which is substantlaﬂy
,fully reflective at an IR spectral frequency range of interest, and said determining of
said reference temperature comprises measuring a temperature af said surface, said
temperature being representative of said IR sensor.



WD 20051015143 PCT/ |1 L2001/ 000714 Preferably, said IR
sensor conprises a mcroboloneter. Preferably, said
| R sensor conprises an array of m crobol oneters.

wo 200508f1g5 ably, said approximation is a mathenmssical,.
functi onal approximtion based on previ og?énlgg“szﬂ?%‘}am“

data. 5 Preferably, said apE{)_oxi mation is an
extrapol ati on of two or nore successive tenperature
nmeasurenents. Preferably, said IR sensor array is
operable to provide a two-dinensional |mge. - - -
Pride apethod may epnipssafiltdringsridasioecteddmians tRpsnsaRE! abl e
erfor -uniformty 10 correction ( ) using
compéal' én%pg%m eur f ace. The apparatus may conprise. -
amcaording avifPaspedt oA brbden® invli i LAY .
bei ng conf.i gure?j@to use% segrre SI gﬁ%ﬁ]ef%glpgon‘%é‘?g%@' _
red campga £omgprisig each pi xel of said array to-obtain

t @ 2 Preferabl.y, said signal corrector is :
> ¢ DeisB opEStor paeihg mkised Bhcray i Extsmabiens enent
B&® pdnd edl s¢iRasaH R i ey
( BRRhcasdédigfraatdls gao Wg&a‘%ﬁ% X Mrom said

focusodl dﬁrreas, renment surface is substanti
OCUSHE AT AN IR spectral frequency range of interest.

Paaf FilteS @ e sensor is canfigured in
r.el_a%rlgdg&t 0 ég’Fl nea '8?‘%n e%glu“FFlgg a g fied sgnsor
from saishipbpard pecreef sid eRBmBY e Aels1ibjeSEon!eRSR SHRIHER! by
: or .is qperable t.o neasure the radiation emtte -
10 am%‘%@%‘f“@“ﬁ&i’%&?@ﬁéwﬁ%g . Spptigh ferquengics, saiddigh pass 2
filter BORGSCNEBRAN 16 W0&rB6fe biid SHBSh R Mo lorkind JShLSSL L¥Ee
surf _acegfﬁ?&i anJR f ?equencyﬁﬁg}}é&@oﬁ"%ﬁn@%@# of the
mod@@q%r@n@@d)fﬂ@m%ure sensor is configured in
| r ﬂeﬂrﬁﬁﬂ dofit £:8a%ed sensor is an uncooled infra-red sensor. '

Preferably, said infra-red sensoris an uncooled microbolometer an'ay

15 According to a sixth aspect of the present invention there is provided a method
_Of upgrading an infra-red imaging camera for making temperature measurements, the
existing infra-red camera comprising:

focusing optics for gathering infia-red energy from an external ‘scene,. -

ant uncooled detector unshielded from internal parts of said camera and

20 arranged to detect infra red encrgy, and :

a shutter, controllably meunted to periodically interpose itself botween said
focusing optics and said uacooled sensor array to-allow said detector to carry out
periodic uniformity correction operations from temperature measuremerits over said
shutter surface, . . _ .

25 - .. the upgrade comprising applying at least one tempemture sensor within said
camera for allowing a localized temperature measurement to be taken at periodic :
infervals for use in calibrating a received image. o B

- Preferably, applying said at least one-temperatiire sensor comprises fixing a
temperature sensor to said shutter. - : ' o
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~ 25 neasurenent surface to neasure a tenperature
thereof, said tenperature beinga tenperature of said
apparatus. Preferably, said signal corrector is

operable to calculate a difference b'etmeenmé?mmmu

WO 206YH3Kdhsor 1 evel and a respective referenc

and to add said reference B?nperature to said

di fference. 30 The tenperature corrector may be
configured to produce said corrected image using
nunmerical processing. WO 2005/015143

PCB’deﬂd:ﬂﬂﬁ,éHpﬁ%ﬁﬂglshi&at e om?kn@etamre ol ﬁmﬁt&s fixing a
conprise a shutter controller for controlling a .
first (SEWCFNYR SEISOL iy i HvieRe F‘n‘i)%‘% MW&%@ tor housing

of Sﬁ@gﬁé@_ﬂ and an exposing position. The corrector may

conprise a filter for conpensating canmera nodul ation
t r BueEfrably (wifRppbfifsid afleastonaietpeniure s¢nsdr éomagises 5

ccordi.ng. to.a third aspect of. the present invention -
configiie iy B omor G e i 1031 Ploie e hea e
shutief inferp et BEFReEd sdid fRRSAE OptieAniskill sensdopcal
tenperature, said radioneter conprising an infra red
( | Reefesaldpmperaiurg meosuasiptag Smdag@af@;%@vi@ from said:
. _ - ' apce W th
o e Ehork oS8T At REA Y b9y o AR LR B p i
modulbtion (e fnastidn forshiph keatial freuencied; 541l plaie Ghter i Ng
sald FOV,. 10 said nethod .conprising. determning,
comprfnEPreRidingrieh passHiien Feapspation Witk il eamera gsaid hig
pass SRECEARE ConflehfBAd BtcHme baifl chrBF BY inCBkpBRABE b fvlbe of said
sal d shu an

accordance an emssivity o ter,

- camepa pudulatign &andenfescétiomn t 0 sai d i mage i'n accordance

SIUETRTELTENE N o R
metho@ 9P APS8ding 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 gafheﬁng infra-red energy from an external scene, and

an uncooled unshielded detector arranged to defect infra red enérgy, wﬁe’rein ‘
temperature measurements at said infra-red detector from infia-red energy of said
external scene are subject to an error introduced by a camera modulation tmnsfer
function for high spatial frequencies,

the upgrade comprising providing a high pass filter in association with said -
optics, detector and signal proeessing, said high pass ﬁlterbeinlg‘conﬁgme&to-‘
avercome said error by incorporating an inverse of the modulation transfer flmction of
said camera. , ,

Preferably, said high pass filter is any one of a gfoup comprising hardware,
firmware, software, or a combination thercof.

The method may comprise arranging said high pass filter to compensate an~ -
error introduced by the signal processing performed by said inﬁ‘a-redﬂnagmg Camera.

According to an eighth aspect of the present invention there is providedan
nfra-red maging camera having a microbolometer deiector array, the cainera - -

comprising a variation compensation mechanism to form a non-uniformity correction -
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of said radiation sensor to said reference
tenmperature; and using said reference response in
nodi fying said correction in between deterni nations

wo 2003/01533d reference tenperature. 20 Pr eferabl(%ﬁgzomxmn:;

R sensor conprises a m eroboloneter array

met hod may conpri se performéfg non-uniformty
correction (NUC). The nmethod nay conprise using a
same signal to tenperature |bnetionat each pixel of

id array to obtain a tenperature_ The met hod may
ma“”ég}n‘b \ TSR Fgesa BNl saideptaycamiiving BRRgurelfio”

B ot S e FA o etiompne faroid

Plxelss{féaldraatayfrequency range of interest, and said
determ nin ai reference terrperature conpri ses
rrg)té'i ﬂ’ﬁr‘g’ﬁe %ﬁ&?@r |S@°S@ﬁ¢mmsuﬁddimmbhwe

thesaﬁ@llﬁeagmg sur f ich: |s

whicpSupstant] al | fuI Iy rg{ﬁ eyéﬁf{/%gmﬁg%ﬁ V\@E
hftbléqemyn g@-oﬂthmghmhodsamd m&]ﬁﬁhﬁfaﬂoi ecﬁﬁvalé’iﬂ

" ence t e conpri ses measuring a
Otho%zdnpera ur 8’"‘%{*’%@%&9 ﬁl&d@a@spamﬂem%ﬁhammsembeu ng

inventicrp seitbi dbfhuas 8id makald B OfRL2d3
PCT/.|. L2004/ 000714 10 The ersfg‘a? nﬁaé@%o%p‘éals fooi contlict, the
patentspegitication. ngludingglefinitions, wﬂagmtme dnadditiohDthe materials,

metbod 8 LA BT EMRTe PSP BIRERLI S brihutiy. an

i Iniplementetorcafithe MmeIRUS S8 oF thHiSin hyl Ancﬁwof%e%

athering.infra red energy froman external scene

meo“g‘m,%‘?ﬂ fmgaclegtad ks of stepy magedly; arfoestially Sqi

bihdfondhé f using opt.ics,.and a .
- combibftiohahe86. MGFGYer! SQBAR b ac B R} HheSRES 3o Sipment

of prefemedjembodimentsdf dermethod and system of the present invention, several
selected steps could be implemented by hardware or by software on any operating
system of any fiomware or a combination thcreof. For example as hardware, selected '
steps of the invention could be implemented as a chip or a circuit. As software,
selected steps of the invention could be implemented asa pluarality of software:
mstrucuons being executed by a computer using any surtable operating systém. In
any case, selected steps of the method and system of the invention could be described
as being performed by a data processor, such as a cpmpuung 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 patticulars 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:
readlly understood description of the principles and conceptual aspects of the -
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st

fromsaid infra-red energy of said external scene are
subject to an error introduced by 10 a canera
nodul ati on transfer function for high spatia
frequencies, said high pass filter being configured
WO 200306534} come said error by incorporating an Fﬁ?&F@&“%P”‘
the nodul ation transfer function of the canera
Preferably, said infra-red skhsor is an uncool ed
infra-red sensor. Preferably, said infra-red. sensor
i's anuncool ed m crobol onmeter array. 15 According to a
invefifiofl. mnaﬁﬁ%gar&fnotda@m?{ BSRMle th IHER str@ituh§iSi1d &f the |
provi ded a nethod of upgrading an infra-red I naging

inveghereinamorgrdetpillchanyismeenseara for efundamentalmderstantiing of the -

. istdng infra-red c ra, c rising: focusi optics. |
inveffo S Bk i B Rl Bk o Bl
the SRV the selerd AR 60he @ivRE1H6OK ndayHiealbdeldd ik paciigd.er nal - -

parts of said canera and 20 arranged to detect infix
5 r edo theslegingsind a shutter, controllably nounted to

pert pdi:cal i i f ' facusi. :
- DprEdiE R TR ADIE 0k o ARUMEAMOE dpprlf it
red ditt¢ctatagcortimgda nfirsiqutferrp® embodimentivf the prebsht GBrention] on
operatigns fromtenperature neasufenents over said .
o it erillustyafes 3B wn ?4@1%@91%@6& FelspgWitha shutter in
R | : LR S
me%ﬁ‘e% gr. gfiﬁ%wi ngE aaflgcal i ztggipt%enpe?g{%%&b& ot
10 neXigiBdhusitatasdhdmensariod Figt? ipovliduthe shitfer és outlof tHeoway,
use in calibrating a received i nmage: Preferably;
eXP(gﬂﬂﬂ ?ﬁﬂ‘sg%i d at | east one tenperature sensor N
COWRY. 4S8 sirhplified degrdif URAHRAL AAHSEASEN thé mbadithent of Fig.
.shutter. WD 2005/015143 PCTI'| L2004/ 000714 11 ,
1, inpyhich p spnperaturasenson is placed amthe shufter arcbattoshydocationewithin
the AL conprises fixing a first tenperature sensor
0 said shutter, and an additional sensor to a
15 detiig 58 a kignyslified diagram showing a microbolometer;

Fig. 6 illustrates an example for FLIR inverse modulation transfer function
MTFY) for a 320 by 240 element array: |
Fig. 7 is a graph illustrating the energy exchanged bétween the sensor and the

external view assuming that the optics f# equals 1;

20 . Fig. 8 is a similar graph illustrating the energy exchanged between the sensor

and the optics; -~ .

Fig. 9 is a simplified diagram illustrating the exchange of energy between the
camera and the internal camera parts; ‘ ,

Fig. 10 isa graph illustrating view energy as'd proportion of the total energy;

. 25 Fig. 11 is a plot of temperature efror versus vacuum package thermistor -

(temperature measarement sensor} femperature; -
Fig. 12 is a-graph, which describes the minifrum mean square error linear fit
to the Error value; '
Fig. 13 is a graph of detector output signal against temperature, and describes
30 the output of the mathematical model; o - '
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of said canera. Preferably, said applying said at -~~~ -
| east one tenperature sensor conprises 5 configuring
said at | east one sensor to neasure said |ocal
< erature when said shutter interposes between
Womdsbglgﬁg%acusi ng optics and said sensor. Pref ePali2004/000714
tenperature neasurenents at, said infra red detector
fromsaid infra-red energyllgf sai d external scene
are subject to an error introduced by a canera -
modul ation transfer function for high spatial
f Figguletacind d 4b sed grapleg whith showt disscoid ok PoiyHibMsal
expanggﬁ)w ding a high pass filter in association with said
carera, said high pass filter being configured to

OWigs.l5aBng &i e SRhAE whith AGHNBEA ok AR ol se of

said canera nodul ation transfer fi | on. According
Pf?”fl@aﬁo%event h aspect of the. present i nvention there

R oIRH T8 o eliBhe hick ot B % B Peftf ofsbitr s o
approxlﬁnandmanﬂs inafield of view, the.existing infix-red.

dﬁge ,} corr_prl sing: focusing optics for gathering
!Ca W?WWWmme imoyclesyper mm,

mcludiﬁ%%ﬁbse&et gll\;&? ﬂ?&ector arranged to detect infra |
ener gy, erern enper ature neasurénents at said
|nfra red detector frominfra-red energy of said

A € sub ect to an error introduced. by N
Ak 2 EMBOIHMENES f or - hi gh

Sﬂfbtﬂradenfézﬁwﬁﬁﬁh&%;eamnﬁa%gl i ng&ﬁilgs ngqj%ov' di ng |

a high pass filter 1 n associ a

with a deteeter Q;'r moa u@ﬁhnmdhz&memg; mblédhh@i’oﬂ@&ﬁﬁet& array,

ur to Qvesco aid error by
hasm%llrl]%gr BoYH ﬁ%’eﬁﬂ %ﬂ@l@a nﬁ%ﬁfa@@ smbpdinadnty.

allow sudly at:ameraaf» be @8édifop Mﬁéatufén&s%f&i&m Yhe %ﬂl'bgdﬂeglbs

pass filter is any one of a group conprisin
discoupf fpigypal tem Pemﬂdlfma\déemB@amﬁ@ct&by aplnnmhamglaaanpcmmm

changetlg@gﬁgl[i% m@%gnﬁlgaﬁ%'at %I optics 1 %agsl g]%xcs actl dgln%?
reimage the input optics aperture on the radiation shield. ‘To date sudhi an e
arrangement does not exist for regular detectors. - . - ..

A general dwcnpnon of the design considerations; temperature drif model’
and the expected accuracy is presented. The embodiments enable temperature
measurement at a relatwely high accuracy for an uncooled microbolometer based' SR
FLIR, even if the detector is not a radiometric one, by using the NUC ﬂag asan
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 roference to the drawings and accompanying descriptioris.
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 followmg
description or illustrated in the drawings. The invention is capable of offier -
embodiments or of being practiced or carried out in various ways. Also, it is to be
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error introduced by the signal processing perforned

by said infrared i magi ng canera. According to an

-eighth aspect of the present inventionthere is

provi ded an 30 infra-red imagi ng canera having a _
WO 2005/05880| onet er detector array; the canera Bgﬁ‘bﬂ“gwﬂﬂ"“

a variation conpensation nechanismto forma

non-uni formty correction Wd>20051015143

PCT/ 112004/ 000714 12 matrix to overconme variation

bet ween pi xels of said array, and being configured to

undefiCodthSARE phriagddtd B ankdtBEtihetd gl employRd Betdin & foP aRIpuSishse
signal to tenperature for sard. pixels of said array.

of despription apd showlil sat biotepprdad aslimitingshni cal and .

scheatd f.i ] g _her ai. Ve _ neani ng

5 SREfdl £ ol BRa RO Wit [ S LR 108 Ml
illusteitingantinfrred/dvtaion b @ iinthe RbiinrsebiedrangadinAlthdopth the

nethqgs and materjials simlar .or .equiv_alen%g to t.hose

shutigeand-the defetiane Srelainl heoraisss fHFUERE ophiet 14 & egthering mﬁa |
red ol R i ot iGfRaPURRE T ypibl e Rtin Sptie b Spfit 4 or
moreienses] ate of whech i @bameliabhemiotited 10 dixr thevfcadiength. The

definkLti il | tral,. ddj.t i t ,
fooufjie P80 DeoErohly RBRmiced for ©f aSimine Siehl Femenay rapgo of
the Sitattmthnd@eiccion hod €Rdhé spabal tebsfutibiibquired. '

_Inggenentation of the method and system of the
" pr bseaind hehinskthe epti¢snidois ge ancopded B sanser bt whishys aranggd to

2] . or eps lhy t- L cal | . a
deto B IR0 EY onf I o SRR 12X B P HE e it
arouhd SelsuRgn bid hereferdhe IR i4dimioh thafimpirgbeon @ sensor is not

enbodi ments_of the nethod and system of the present
only; IR raterpejion Geapdhescengagivingvia frhosprng ppfics iy also includes
rEDerat ng s‘y%?%%%ﬁéany %Erap nv%e?'e or rgl&%(ggn’oiﬁ% flgﬁoundmg
partd dithecimdio areaxcasidbmblyadosenfliwdhelR selrestie the stagandthe -

conth RO 8 i xR B8 B SN s on
interp@atts Bemhemla g ﬂiaﬁ%@ﬁgﬂall‘ﬂdéhﬁ #Hd sendf AS PhdiRHEd in the

i nstructions bei ng executed a conputer using an _
background Hheccuspmr exchanged petweaen thexdetector and the camera internal parts-

inchuding the optics tends to overwhelm the signal collected from the scenery in an
uncooled detector by around ten to-ome. ' 7
inbdwemammqusandﬂunwmmIEanﬁﬂmmﬂt@mpmnﬂnénﬁmﬁmeuﬁt
16. ‘The reference unit comprises a shutter which is controHably monted 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_-bptics and the sensor and a second position in which it does not interpose,

- and control is provided, typically via a computer conirolted actuator so that the shutter

can move between the two positioi;s- with a fiequency which is high encughnotto
* obscure the view. More particularly, the shutter is moves sufficiently fast so asnot

. 1o obscure the view for any significant time period. Furthermore the shutier stays in

the closed position for a period of time that enables collection of at teast a few frames.
‘The period of fime between one shutter image obscuring and the nex{ oneis usually
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20 any case, selected steps of the method and system
of the invention could be described as being
performed by a data processor, such as a computing

wo 20@3l@sfs@r m for executing a plurality of inst | on
B B DESCRI PTI ON OF THE DRAW NGS 26 The. i Py BRBfo0o7ss

is herein described, by wayqgf exanple only, with
reference to the acconpanying drawi ngs. Wth
specifi c reference nowto the drawings in detail, it

set fo'a stressed t.hat the particul ars shown are by way of
uigsolip peringt offanag bast to ticl tmdindaed ispmuich Shisr din

he ek l_i . s, e i nvention
é_bn?r?, angpés%éare presen[gge&ggil ‘% @%ea@é‘ﬁ B #ing:
relati v dongdhéretal Bmatohﬂaiﬂfferteh@ef@&*e Y éﬂmﬁ&igf SRCLIYr of

of the principles an

d
halfaﬂ?l it Sh?f:aﬁ% g B g:yr? ke (i paaBrOmSasBements Say once
evewﬂ*eer/nrlhae@ 4.5@@.@3 bk 3 caliB4B0h kPR eTr Gée ‘?"2.5 $ph Pﬁg

attenpt is made to show structur
mm#fﬁmemqa@rbercnm out, datmaking rm anaiihemla&&ﬂ EAAPOIARIR Bom the

culTexges ?E&E on ?%ggfgﬁls ﬁlhf"’ F@O\ﬁ%‘?t A AL w:ag:bmrrea

tempmlt axskthakiellp ubhBt f
' the eFlﬂventr on, errlgfldtggﬂenbofreg F‘gmpélgg?%gaeﬁﬁ% afﬁ“”% 10

- the prvigpnmanp bf ﬂme@dnﬂraagi@m@hﬁmra@hﬁl es

nfra- red detector - -'j}

di agr,am.of an
accorgr ngdg?o a&#b &ﬁ?&hﬁ?@@s@%%%ﬂ% OBEaﬁﬁéﬁpeiﬂture
measmcmsrﬂsr treimadeithérefreqabsily thah iy ﬁﬁfe% ?%ents
I'n

rem. bol onet er based sensor with a s utter
a"bH ring position, according-.to a preferred

eNhO el s ' YEP |

i Ilustrates %lgre“psgtg%sor t(}:gaéry &?ﬁt”%@"gﬁﬂﬁi@?ﬂs

by takjng a)@nhbeafhonhgnpﬂme mmsembhef &@ Téﬁﬁmﬁk@refél’eﬁé dhit
aatd ||f|ed i agram showi ng a variation of th

and a E‘% g2 such-as the detector and the internal body ofthe

camera. That is to say the temperature of the shutter and other points is measured and

used as input to a fiunction fo provide a time dependent offset which can thenbe -

applied to the detector signal to discount ‘the- influence of internal camera parts.

Thus the modified detection signal can provide an accurate temperature measurement:

of an object being imaged. The mechanism and the ability to extrapolate typlcally
ensures that the internal temperature reference unit needs to be in a position of -
petiodic interposition relatively: mﬁ'equenﬂy e
. Reference is now made to Figs. 2 and 3 which show uncooled miémbolonietér
based sensors 20 with shutters 22. The optics are removed for simplicity. InFig.2

Pl
Ea

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 dre
mounted within housing 24, and shutter 22 is aliach@:d to the housmg via wn&oﬂablc
mounting 26. ' ' e
The internal reference unit is made up ofa shutter and thie shuiter i is typicaﬂy 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 focusmg optics and the unoooleri
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1, in which a tenperature sensor is placed on the
shutter and at other |ocations wthin the detector,
15 Fig. 5 is a sinplified diagramshow ng a
m crobol oneter, Fig. 6 illustrates an exanpl
WO 20893543 nyer se nodul ation transfer function ?WS"”""W“
for a 320 by 240 el enent arr Fig. 7 is a graph
illustrating the energy exc nged bet ween the sensor
and the external view assum ng that the opticsf#
equals 1; 20 Fig. 8 is a simlar graph illustrating
sensdmagm s@m&mhﬁﬁm&d@@m&nhtm@ﬁsmrﬂw aditlot thet does not

neca?s%tg ﬁ‘g?g%tegpjsaswrpllfled di a gramllrslaz%z%ée%thgltothe

rest df'ﬁl@ 88810 F R SRowPid abovEl kder ehled ﬁ

lustrating view energy as a propo rt| on of t he total
e nhl’cg;c exe@pldey gmbadiniest the| phtetnab Surfaenpé thetshuterdras an

ermiskeLSU acuu acka he st or at ure . '
S WhiHEs £ glo B T lhectngebR 3t e gragnsed

by tholdefloae STt lzsbl%%ai' ttefs M%@@Wﬁ%&r@tﬁ%ﬁv& it DRak
fit to the Error value;, Fig. 13 is a

bOd}'dEPE@fl@i‘ ovsuthe givesi spesiral afieduesty ragp ér wguixéhe waigiobolometer
f he ou t ut of the mat hemati cal nodel;

S bes
- 'dete‘@i% ol enPieyy 2004/ 000714 14 Figs. 14a and

| 4h1 qick aﬂkﬂibbﬂlmdﬁh e unshelad SeiBOLRM RAFBE c@ﬂgﬁf@m Fhake
ansion; Figs. 15a and b are graphs whi ch show

the of ﬁaﬂ%teafm%m@ﬁwﬁnenﬁbpmm irgHation foprgdhe Ille%k body
surfaRB U heBhfind! AP W6/ th8 BOWOPSHRY Tl SR/ hBRLYA ¥ W&l
a scene and converts the received image into a temperature. As the shutter is a black
body thus having substantially no reﬂc_ctibn, the temperatu:re measured externally
through radiation is the temperature of the shutter itself and not of surrounding;
features. The sensor is thus configured to obtain temperature measurements froma
video signal of the internal reference unit..

Reference is now made to Fig. 4, which is a simplified diagram showinga
variation of the embodnnent of Fig. 1, in which a temperature sensor 30isplaced on
the shuttcr ‘

The temperature sensor makes a contact type temperature measurement. -For a

- black body the internal temperature and its radiation temperature are the same, so that
in this case, a contact type measurement of the black Eody indicates the shutter’s

- -temperatare, An-additional temperature sensor 32 may be placed on the housing.

- In an alternative embodiment the shutter has a reflectivity as close as possibie
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 conﬁgm'edité ‘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 refleciing shutter the reference '
temperature is the temperature at which the microbolometer is stabilized. If the °
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approxi mation; and Fig. 17 is a Fourier transform of
canera i npul se response in cycles per nmm, including
optics detector and el ectronics. 10 DESCRI PTI ON OF

wo 20036151 fREFERRED EMBODI MENTS . The present e%qﬁ% vﬁgfﬂﬁl 4

are, of ainfra-red canmera such as a FLIR camera
a detector or detection nmechgni smthat uses an
uncool ed- m crobol oni eter array, has standard optics
and does not include any-radiation shield. The.
- enbodi nents. _allow such a canera to be used for
microbelppetes defeatonisstabiliged ot 30 FemoerBdslisEmtesarhpleths afétahce

tempekd?h R’ tur nd t erature effects by _
o approlpx?knea(%l n e%ai‘gt‘@%g’“%ﬁ'i gﬂf’ ange response functian
ORefehence imovamZdg W Bz, SRVHies iTEampLasd Hagranl@lowiRs ROt
t he. i nput optlcs aperture on the radiatio

o ,
micro P’@F?ﬁ?‘ 40 diczeholomgeters asmwidely nerdewiR seufoesamdotan bexhsle -

small L& p 2GS 1 t|on of the
S RO o5 Sac AR B PR 1 gt J5po
image sensorh eThxgacturd ant workieys dfsh@iiﬁsﬂfﬁl@lﬁetcir 8@ well-known to

theskﬁg()d' nents enabl e tenperature neasurenent at a
ly high accuracy for an uncool ed

e @Rl Hoalofbats RlddBat MG Mohdicd RBGPLE SiGEe S an

not a radionetric one, using t

eﬂbruﬁﬂﬁh@ﬂébyﬂknmn&néqumﬂuynomappm&mﬂimhqunﬂﬁ@hpka@

f
oo o o o o v e
error biytinc@péragi adinvert éfm@xn&ﬁﬂathﬁtt}ﬁ&fey Bﬂﬁﬁéﬁ 88fhe Yedlotive

reference to the draw ngs and acconpanyi ng

mm. Etgr Hlustraigs suphean ipxgrsafunichion for al32adly 240@lement

er st oogsﬁ%%‘ggﬁtegven%n 5 a:'1|0t : |tmI fegloi 2ei ts

a@pthcsane timeta thdlcal@bapratued is Uéﬁfgsietéiﬁﬁﬂeapm%@ﬁu&é}%s
rr ment of the conponents set forth in.
&Pﬁﬂgﬁh‘gﬂmﬁﬂ EBEY cpteekionanatrix forshe unwkm:enm That is

tosay’errbodi ment s orb{c}}ﬁefg{:ell&%g rac??%gié‘g Sché‘&tﬁsé}?%?bt?-’ﬂthe '

same mepsimguenivifes andt eaviativh betsvden thepixels, after the non uniformity
correction process, is due to the new temperature distribution on the internal surfaces. ,
of the vacuum package becanse the primary non uniformity response of the different
detector’s elements is corrected by a different and much more complex correction

" process. ‘A matrix of variations between the pixels may be built up and- subsequenﬂy

used to-correct the received i image.
. During the same peuod of time that the reference pictures are acquned for the
NUC updatmg 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-'obécuring position, the |
- temperature af any point in the detecior’s field of view can be calculatéd ﬁ'om
Tij= B ( pij. AS; , By, temp _amb , etc)+ Reference tenq:eraﬁzre ‘
_’in which: -

-
,:'j
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WD 2005/ 015143 PCT/1L2004/ 000714 15 understood t hat
t he phraseol ogy and term nol ogy enpl ayed herein is
for the purpose of description and should not be
regarded as limting. Reference is now made to Fig.

WO 200501513 ch is a sinplified bl ock diagram il |RSHPZ¢Y0T14

an infra-red detector 14 (10 is the entire seeker

including the optics the 5 dRutter and the.

detector). Seeker 10 conprises focusing optics 12 for

gathering infra- red energy froman external scene.

Tymderhbey tédi’;ﬁ:r&ﬁi hftSerP e TofehQItR FudSita cf% edTOr €

| enses, oOne of which is controllably nounted to alter
mﬂmﬂﬂwwﬁocal | ength The - focu5|ng optlcs are preferably

of TSP e PRpRR A0 s BEReT R G RE L picial

video digreil elchent vabgest red. 10 Located behind the optics 12

is an uncooled |R sensor 14 which is arranged to

dePeicePiesnteithentheriaden signab pf elsmentiiaficn gow prifernity? .

ﬁ%k? i eld around t he sensor and
axm%%g{g? re éﬁé Eéxlglé’tlon that inpinges on the
s epiaimepresenmm vidleb\sighial o dlenemiijj aftef nanudifemsigBaection,
iIVI |a t5$4%€0u3|n optics but also includes
8% ¥fis of the canera as well.
FlElt h@ﬁr@&h& th@ SRR algwfmwﬁfaes seen RAhE ﬁf@&o} Mocation i i

canera are considerably closer than“the 1t sources,
-|ﬁmpnemnbémgﬁaamdmimebum&ﬂmapaﬂhseQﬁﬁmnm@wbdsdmxmmmmﬂgy
e meen t et he
e T R & Bl byl Rles e e igna
into thh@m%ﬁﬁélﬁsmg\&m Yaridbi&ssuch a5 HaradeatkiS e, (RO SF o
4 exchanged bet ween the detector and the canera
videq signal mepsysed daring the NIE wpdating nypecse sthe emissivity, the ambient
mnma% ypgl-mthe signal collected fromthe scenery in an
unco

ol ed detector by around ten to one. In

béﬂmeanummmmmmﬁgpﬁm@ﬁd&ﬁﬂﬁn@emaﬁﬁmmﬁm@mmymhﬁmﬂ&ahmna:
tenperalure ference unit . -16.. The reference unit

unit copBIPSREinedhe sirwier ithenaklc bad kel reptneamant blns any Pl
deter@lcdM th&lhabid PHORITHt ‘fot%e\krf)rl&fé VR dillBuliRE U5h Y's signal

optics 12 and e uncoo sensof
be replaced, for example by an average of the surrounding plxels

In the following, a relatively detailed model for the energy exchanged betweén
the microbolometer detector and the v1eW the optics, and the internal camera paris is

= given. A mathematical model that d&ecribes the detector SIguaI versus target

temperature is derived, that results in a polynomlal model for temperature

~1namummumtTﬁmsohmmnnnﬂ@mﬁmbdﬁxraﬁumuﬂhenummxad&mqmenednﬁ;

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

Energy exchanged model
The vidéo signal at the microbolométer ottput is ‘generated by the energy
exchanged between the detector’s elements and: .- ' .
- The view )
* The optics o
~ The mtemal camera parts
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14. Mounting 18 allows. the shutter to nove between a

position in which it interposes 25 between the optics

and the sensor and a second position in which it does
wo 200981514t erpose, and control is. provided, &%ﬁjcal

via a conputer controlled actuator so that 't
shutter can nove between t § two positions with a
frequency which is high enoltigh not to obscure the
view. More particularly, the shutter is noves
sufficiently fast so as not to obscure the view for
arhjie siggal itsalBistbuilimp aser iraienk pracess: Asseninperhath e kdout

procef EYRelTPd he Spciad BFBRBER ok Patiind] dilipdyisapestnation i

achievidde The ea@gy efclizhf@ paetsseRi QRRtand kBl to Iﬂlaeyra%between the .

| e.obscuring and the next one is usua
&”Wa%gggﬁﬁf@Tﬂgm@QW¥(EP@@O%W@G@@@Wdﬁémdbehmuo;a.few

m nutes. This period of time has to be, and indeed -

iI's, much shorter than the canera thermal tine

coF§tdﬁ@ﬁﬂmiﬁapmm@ itfelf IS seal ed, ?nd thus has a

rela hermal t constant for tenperature

chan%%%ﬁ%gpicgg%§ of° the order of - half an hour. The
shutter can therefore take tenperature neasurenents
say once 5 every few minutes and then nake a
cAFFUSRIAL | 2 uplimgted dime figterviahmnd rssymingethat thie view can be

ug,e carried qut, b king a
modelBFAR b PRSke SR rRIuGRL e APt e ehresrerchanged
betwepn theidetesionand tHeTew iSexpfiaéd by tHeToBeWink Tmidiher nal
canmera parts have a tenperature, and that
. tenperature fluctuates. Even in the ease of the
largest likely tenperature fluctuations in the
P_vi gnghrent of the canera, the tenperature changes 10
W thin the canera are linmted by a certain tine
congt,ant so that as long as tenperature neasurenents

.- A_detg Jore. frequent]y t ‘this ti const ang._ t he

oA ORI M S AT e ot s S G P kel

E detfgigr to.carry out periodic calibration_opergtions-

quatigp §.Hncrgy in jonless exelianged befwoen the deteetas and thevicover

the tenperature reference unit 15 and at ot her '

 pdi ntigworepinsents ther cocrgyclin janled) exdeinged betwat ohb detector
_i.nternal bodyofthe o _

element and the scen : -

L@Llhhq%-&Aﬁbnéﬂrepmméﬁ$1ﬁévkwmlnoddedasénaﬁen@h Blackbody
naﬁaﬁonsommeﬁxVﬁﬁEﬂﬁéﬁ?); | - _ o

Temp, represents the detector’s sispended structuro témbefgtme in dcgrees

A _det represents the eﬁééﬁve area of a single ﬂete&or’sl éléinent inm?

" f# represents the f number of the optics;

A ngsmﬁsmswmwﬁgmﬂﬁnnwkmg

&qumémmsﬁéhanhmmmﬂﬁnm; |

4_2 represents the upper integral limit:

Zhnw_gyﬁks@@rqn&mnmﬂMﬂnmmmﬂﬁnmeaﬂheoﬁmm;

£(A) represents the emissivity ;0f detector’s suspended Stmcﬁn'e; and

é[L2004 00714 -




canera. That is to say the tenperature of the shutter

and other points is neasured and used as input to a

function to provide a tine dependent offset which can
wozo%t}ﬁf%lﬁe applied to the detector signal to 9&?&%&6@1/000714

Influence of internal canera parts. Thus

rmdl fied detection signal cay provide. an accurate

t enperature nmeasurenent 20 of an object being i maged.

The mechani sm and the ability to extrapol ate

Flcall ensures that the internal tenperature

re theifimedaseronds be i na position of periodic

interposition relatively infrequently. Reference is

"now made_to Figs. .2 and 3 which show uncool ed o

n1S@bh@ﬂﬁnaﬁeulﬁhahedngemaﬂﬂsiﬁ@emughe&ﬂmhgﬁlﬁdﬁéhnone

s SRttt RN b By Mesoliowhemenrien the

Pvﬂm( ad the sensor and -in Fig. 3 the shutter is
5 out oft_ e way, exposing the sensor. The Shutters and
sensors are nmounted wi thin housing 24, and shutter
,;Azaehs ttached to the housing via controllable
Ag enpre ATermpr-idil, Teetnd) dhaes_oplits Ds(Ayede up
utter and the shutter is typicallya 30
fI at sheet The sheet maybe netal li.c or nmade of any
ot Ngaatish 2. AR el P, exchifiged BOGRIen e Gb266r SHE I?he
t hat when i nterposed bet ween t he focusi ng optics and
viewt he uncool ed WO 2005/ 015143 PCT/ | L2004/ 000714 17
sensor array, |t substantially obscures the external

ogg%lﬁiﬂ?@r?t er na é‘%;%}b %r g[?sfe% fﬂé?v&mgﬁgﬁéf’%ﬂ l ﬂ?" view

assumpingi cal size in relation to the rest of the detector
is as shown in above referenced figures 2 and 3. In.

10 one exenpl ary enbodi ment the internal surface of the
shutt er®has M RPEEAes Lty which is as close as
possible to | over the spectral frequency range used
bythe‘pleteq;1 o is provided with a
surface coati ng to glve |({I)(Pib$g)é‘))I body properties

over the given spectral frequency range in which the
m cr obot onetdatector emissivity equals 0.8

. effective detector area equaling (41*%1 06)2 meters

‘e« a spectral band ranging ﬁ'om 8"‘10‘ﬁ to 12-5* 10“6 metcrs

15 o 'Ihe energyP opaas'(ATemp) cxchanged between the detector and optlcs

'assunnng snmlar condmons to those described heremabove is given by the followmg
maﬂlemaﬁcal eXpression:

P_optic\ATemp)=

7r- A_det (sin@))* j (LA, Temp, +ATemp)~ L4, Temg,))(l ~Trans” opacs(l))g(ﬂ,)dﬂv

Al

20 Equatlan 3. Energy in Joules, exchanged between the detector and optlcs. -
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det ect or exchanges radi ati on energy. In such an

enbodi nent the uncool ed sensor itself may be-

configured to nake 10 : the calibration tenperature
WO 20058 enment by nmeasuring radiation fromth _

° bog?%surface of the shutter. That is to sg'fq](l%g §f000714—
sensor sinply images the shytter as it would a scene
and converts the received inage into a tenperature.

As the shutter is a black body thus having
substantialli no reflection, the tenperature neasured

ditget 54 ggph dlisigiing thaenesgy exchasgadhetveanibe sangpre and the
j - : ] £ ' 15
extomd] Yoot Ml 58 8.5 35iebt 8 Wbt Mo UL Schiaog bgtween

the sensamandrihé opticsireasur ements froma video signal of the
internal reference unit. Reference is now nade to -

PHet, Tamposh Adprmpaepissaisihe opfiey mudgled ases powpgiBlackbody

. .variation of fhesenbodiment of Fig. |,.in which a
fadla‘l‘%ﬂeﬁ?ﬁé?w[ﬁ’éﬁ%éﬁ@é S a%‘geﬁﬂsssmfa@aaﬂé &1 ~{Fessioptiedi)) - 20
The tenperature sensor makes a contact type
tenperature neasurenent For a black body the -
ipternal ternperature and its radiation tenperature
?‘{’ﬁe@&??‘ko that' in this case, a contact type
nmeasur enent “5# the bl ack body indicates the shutter's
t @ AR ER L s plaicbhORidie Fé q%hf:‘, SR onS2
may be p%a%lefd(}fﬁb‘?l%g&t%%si ngc.’hlgﬁmg%et rnati veon'
effrb Ocdlodendian e Rt ter has a reflectivity as close as

sgjble. 25 to.1; within a spectral frequency range
BEEY 8y~ Frenied dibor MhnGnelbe sxatyes HEhormdmrn the
cameraS#ditBS Mt@thall dieBd WHse 'Th Snér g ¥ e ag&ﬂéhhﬁg’exg:ﬁﬁged
uncool ed sensor i's configured to make t
betweeg 4he detegtpioand: therpéernalpamerrepasts asamninglsimile asnditios to

; ration.fromthe intepnal,.. referepce unit In this
those el bl h TR, 1 Bt bl ot FeGhBRSEHE] tprasion
P_cahheNTempps ature of the uncooled sensor itself. In

the case of a reflecting shutter the reference 30
tenperature is the tenperature at which the

nj crobol omet'ey is stabilized. -1f the WD 2005/ 015143
7T A_ﬂeﬂlrﬂm@ﬁbﬁﬁﬁ emp, -+ ATemp)— L(A, Temp))- (A)dA

L(A,Tempy + ATemp)represents the -interal camera parts, faodeled as an
average Blackbody radiation source in Watts/(srm’) and emissivity equals one.

The energy exchanged between the deteotor and infernal camera parts is the
largest factor, followed by the energy exchanged between the detector and the optics.

The energy éxchanged between the detector and the view is the sinallest factor.,

Assuming, stmultaneously, the same temperature diﬁ'ergnoé’betﬁveézi Vthé;
detector and the view, detector and optics and detector against camera internal parts,
the amount of energy exchanged between tﬁe detector and the view is about 10%. The
situation is illustrated in Fig 10 which is a graph illustrating view energy as a
propqrtiqn of the total energy. | _ 7 . | o :

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

view temperature from the video signal collected is very difficalt, since the view
. energy is such a small proportion thereof. The energy exchanged by the detector with

N
é%wﬁ

", i
Metanast



10

15

20

25

30

ni crobol oneter detector is stabilized at 30-degrees
Cel sius for exanple the reference tenperature is
fixed and equal to 30 degrees Celsius. Reference is

de to Fig. 5, whichis a sinplified d
wozogﬂ%ﬁﬁzg a mcrobol oneter 40. M crobol onete ggare /000714
w dely used as 1R sensors a can be nade 5 snall
and packed into arrays so tHat each m crobol oneter is

a pixel on an array type inmage sensor. The structure
and wor ki ngs of the m crobol oneter are well-known to

the itteenda lchinkesdppardopondsTheteiportura tdistabutiasefl thegitemalEteera
a th cool ed sensor ct to_an error

parts i ERGY P SO A gl et o U caercs thormal me

constanP ¢4 1 QY- loh g (BBuEKANRL Rbir) Jagdeﬂmw R YnvRbndh&Ral opnditions '

present “i nvention the uncool ed serisor is equi pped t
are- mteﬁi@biﬁ:efqrh@whelmarpwds redotipeer g | hygamic mMek besedf on - the

no nsfer function of the e ,
tompetfpd GBS of {RRA amet PR B HAGHEARE R beond the
capabilitg ttd @2 fnffledesded ub)thézéﬂs@h§ ARidward rTHaYeforth@ the presently

function_is inplenented as hi hpassfllter At the ~
prefertgdectbegingnts ithe npryaaito ftIE » (NG COh apdge process is used

in Oﬁ%%%%%% :yg(]:l#rﬂ%;elc I on ﬁcgi%ﬁlci%%q‘ éE?_ﬁelzi‘{i.l)llﬁcoa% ég Shuttef)

mse:mhsm rfron'fhif( thesdeté@ors agmng ithe ST Qeuslatet p@icedsSisniedi & an
i xel.s im e shutfer oul d obtain

3%% TRORRGH %wr% eﬂaﬁ%fa%tg dgfesiE Y dmene

embm]}sfehﬁbe%&%& ahd %oz{i%uii&ﬂ&%fﬂegxst = SOLL&SSS! mﬂfeqﬁ @ Jdeal

due to the new tenperature ut|o
Blackhody swaface. R ¢farimg again tolilee erabedimepbeidiges, bek‘cmmy advarate

thers R (3 S5 oy Rttt BRCR R Bl dbaeREnt anc

”U@helmérﬁuﬁm SIXthE Q6 OE tHe Ty RSRERS SurfAre/TBL i X Of
vari ations between the pixels nmaybe built up and.

s uPsedhamistor 34 erethe estenst pustace pf therdstssior syatmypackage
Du f
Ut 09 19 BRURABE R0 B0 S HB shiff RSB quics

metdlloeser ef erence tenperature is msasured and associ ated -
with 25 the average video signal named ASn. The video
signal after NUC and BPR is used for -

Temperature meas_urgm,eht 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 1s penodlcaﬂy

performed, we may assume that durmg Process #n, the average detector s1gnal As i~
after NUC update and bad putel replacement (BPR) have been pexfonned has becﬁ :
calculated. We also assume that during the same NUC updating Process number n, the
temperatures of all the installed thermistors have been acquired.

Tfe reprments the tmnperaturc 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 7 NUC update process,

To, represents the average temperature measured on the external optics casc
during the number n NUC update process. | a |



the average cal cul ati on. Subsequently, when the
shutter is in the non-obscuring position, the
tenperature at any point in the detector ‘s field of

WO 20080€84san be calculated from T11 F ( p: ,
tenp anb, etc)+Reference tenperature 30 |n éﬁﬂﬁ%ﬁmwn4
20051015143 PCT/1L2004/OOO%&6 19 Reference
tenperature represents the teference tenperature
defined hereinabove; Ti,j represents the tenperature
val ue associated with each one ofthepi,] video

1@ﬁﬂ§wﬂﬂﬁmﬁﬁmﬂihvawuegﬂhihgmqnuﬁeﬁﬁaneaﬂﬁﬁm@df&ﬂhﬂdyimge

m"fé‘é’?f’?ec hIRRLY: Blapfés WR b icriPadeiiien o) B th Deneadured. Tt

us furthepisenretiat tHeepudifiedush BBBheDb £ligeR rma ﬁ%ﬁ&m&o n
uni formty correction, bad pixels replacenent an

SOUICe\TE j nverse filter, Ei,j represents the en1SS|V|ty of
- the surface seen by the detector at location i,j :
5 IﬁQﬁﬁ%aHWExugﬁmgsdesﬂmhanadﬁmnpmaueumgEqﬁﬂﬁﬁdQ@’ﬁﬂﬁm
seiies:V1 €Wed -scenery; and F(...) represents a general
function that transl ates the detector video si gna
T hlinto tenperature using different input variables such
2SS the.video signal, the average video signa
u{Ednagg¢ the NUC updating process , the
—”wg§%55| )ﬁg als) ent  tenperature etc. 15 The sane
measuri ng process involving the sensor and the
internal reference unit conprises imging the
1 2§y ,,5 to enabl e bad pixel replacement Thus any
-F~~Tz2§§§iﬁﬂﬁgydmﬂed by the inmagi ng process not to-be
2 “Ring can bee discounted and its signal be '
replaced for exanple by an average of the

di ng pi xel s.
1T |
f m H.ﬁ "Szg— A _

E,

'J%

. where: T __mes represents the first api)roxim‘aﬁon of the measured
temperature, ‘
10 Sig ' m@nmmﬁstheavmmgetmkm’mgmﬂzﬁ&x}ﬂﬂS
and BPR of the area of interest mentioned above, af some pomt in time
bemwxmjhenandn+1 NUC update processes.

/
%

We define As to be the average detector signal value measured on the ﬂag -
dnungﬂnnmmﬂmrnPﬂﬂjup&ﬁmgpummm'Emaeﬁmebydcﬁnﬁwm. .

s T_mes(4s,)=1f,

T _mes = F(Stg As)—i—]_’f

F(Stg As) Za, -{Sig — AS)

qu_lai_iop 4. First approximation of _the measured‘témperatrure ,

20 ' where:
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In the followng, a relatively detail ed nodel for the
ener gy exchanged between 20 the m crobol onet-er
detector and the view, the optics, and the internal

canera parts is given. A mathematical node t
WOZ“&%@’@F%{)eS the detector signal versus target kci‘)fﬁmomoo'm

tenperature is derived, thag¥{esults in a pol ynom al
nmodel for tenperature nmeasudrenent. The sol ution

i npl enented for reducing the neasured tenperature
drift, as outlined above, is also discussed and an

accuracy obt & nedrepSelindhqramsfahntige damaed thEhedeo signal
VI deo s, gnal at the m crobol oneter Qutput-is
genera“‘t0 & energy exchanged between the

d 1l
s iﬁﬁ@?‘a?tgs%ﬁ% aYdiCHting dfly ohOfpdPld gsref-gp&ce

- sour ‘PCT#&EIEIRWI ouUiea signal is Peigrastedrfedm ﬂmeﬂéo signa th bé magsured.

5 o ol S AR R aRent o5 Blhatyl, Dhe WRpor i — s, is
rans t@cg{ﬁerg exc%teé%ﬁfgﬁgggﬁf’ltﬁ@t %ﬁﬂ)ﬁta%ﬁg&g\ég‘glgqﬂéml
wporlf S SR i Cees MO AEaEd DRy comsit beyreen
ekl OSBRSS o E‘F‘aa's'sé”fhe Biror

betwm;déh@dreals olpjeist amkipeﬂgmeaﬁmhtthenrmmeted one by the first
10 ap ¥OII'IX113|, %v ?Oﬁer&er S %ﬁ(cthef:}lr]]pgeregtd %measmed on the external
Surface of detector’s vacwum package (74) during a period of more than 10 minutes.
The results are shown in Fig: 11, which is a plot of temperaﬁﬁé €ITOT Versus vacuumi
package thermistor-temperature. The plot described in Fig. 11 shoﬁs typlcal béhavidr
Fig. 12 describes the minimum mean square error linear fit to the Error value.
15 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 stéady state situation and a very low sIope

means that the camera is in thermal ethbnum

Each tlme the NUC update procedure is pcrfonned the €rror of the mcasured

temperature T mes caused by the internal camera temperaiure fluctuations is

20  eliminated. The typlcal behavior described in Fig. 11 and Fig. 12 suggests that by

adding an- additional term to the first approxmlahon ( Equation 4) a better
solution can be obtained. o

T_mes = F(Sig—As,) +TF, +%—HZ@£(Td ~7d.)

Equation 5

25 ... where 74, represents the- temperature measured -on the exiernal surface' _

of the detector’s surrounding vacuum package during the » NUC update process. |

The general idea-expressed in Equation 5 cannot be diréctly implémented: Ax

approximation of this idea was implemented using the values As, ,Tf, and T,
producing Equation 6:
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10 between the detector and the view is expressed by
the followng fornula: P_vieri (ATem ) nA detn('u2 1 J
(L(.?, Tenp +dTemd-L(A Tern3))-Trans optic(l) - s(2)-
ydt 41z #) Oa | Equation 1. Energy,
Wozooﬁgﬁlﬁ exchanged between the detector and° t?ﬂmoo:uooo?u
P_view represents the ener gy, [in joul es] exchanged
bet ween one detector 15 eIenent and the scenery;
L(A Tenp. ATenp)represents the view, nodeled as an
aver age Bl ackbody radiation source in Watts/(srrni3
Tenp, represents the detector's suspended structure
tenperature in degree Kel vi n et represents
t he Tefhexct i(Sigar ga, )qfigA%r nﬁttgpih"&zAt‘%f 5_]_]}@
inn2;" f# represents the fnﬁﬁpeﬂﬂpjthe optrcs

represents the wavel ength in neters; represents
the nower intege aﬁdﬂtSecgn&Q?? duhe upper
integral |imt; 25 Trans_optic P represents the

transmttance of the optics; E(.1) represents the
eRhaexnressipnoF (dut-eds,op) estimatep éredethl Sibp chingesn teuRsbrMGre
20 5/&%5143 PCT/1L2004/ 000714 21 t presents the
casuf detselonddoweysrt fhinyalpe contaips the dromr cahseditiynthe internal

camerygtiﬂe%%ﬂor Iml ﬁeen ¥gﬁ%ﬁ{éﬁgg\f bet ggggﬁwﬁhe

Tl B R RS hiion T ATe'K’)A—maxhemaucar model - that
describes the detector’s signal after NUC and BPR processes, was. built in.order to
csttmaie the capability to translate the signal to temperature. Figure 13, which isa
graph of detector outpt;t signal against temperature, describes the -output of tilé
mathemetical model. This mathcma!i;_:al_model was used in.order to investigate the
accuracy that can be obtained using minimum mean -square error polynomial
appmxnnatlon to the modeled video signal. For a relatively small dynamic range of
about 60 degrees Celsius a second order polynomial expansion gives an acceptable
accuracy. For example, a second order polynomial expansion is adequate in order to
‘model the optics coniribution to the video mgnaL The third order polynomial
appromnatxon covers, with an acceptable error, a range of 300 degtees Celsius, whﬂe.
the fourth polynomiat approxxmatmn spans a rangc of about 400 degrees Celsms

The mmxmum mean square error polynomial expansion of order I, that-

‘ ~samples the data at Q different vaiues, requires the solution of L +1 linear setof -

equations. However, the arithmetic used in order to solve the linear sét of equations
has to be carefully chosen. The minimum number included in the Imcar set of

equatxons is Q. while the largest number is. ZSngL - Figs. 14a and 14b are graphs

i
which show a Seo_ond 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 norinalized
exror and Fig. 15b shows a temperature error. Figs. 16a and b are graphs which-show . -




\‘ ' .
oy

5 ~¢c"A-det r z 2 2 Tem+ Olem4(f 2 J(A>1G-1(~
TenR))-Tratrs optics A 6(A)-dZ Equation 2. Energy in
joules, exchanged between the-detector and the view.
ure.7 describes the energy exchanged bet
WOZO%‘?‘@H:’N and the view assunming: 10 f nunbepﬁig{l%‘g%m}?"“
high transmttance optics (93% detector em ssivity
equals 0.8 effective det ectbr area equaling (41 *
100-2 neters a spectral band ranging from8*10-6 to
12.5*104 neters 15 The energy? optics(Orenp)
a fourBXGlaRPERgndiRh MR RoLRAGER! PR 06a SisivORbdEifalizedErBoi HndFig.
simlar conditions to those descri bed heremabove is
16b shypwentehyperdherefegbf-oni ng  mat hemat i cal expr essi on:
Poptlc(OTen'p) A-2 iczA det (sin(O)2 f
pheproddrtng ju Figst 14Bemid)h, (FigsTd &aond by arsbligs) e and b

v bl B g R A

5 to divite'thd kaRP4ARR0EASe indd a Hufhber of Small g6l (itdiufibg Sdrhe Gmall

t he energ% exchanged between the sensor and the
overlagk betwesh 136%10@3)41“511“5 a gower-grdst polypenyalaprpansion at each

region, P 16,8k 0 Pl SHRORNCSI R BhHERhs HobP iR The

following paragraph dmcn'b% a farther solution in order to deal with the temperature

influence of the optics. _
10 The temperature second approximation described in Equation 6 is based on the
existence of a function F that translates the detector signal into temperature. -

FUs A5~ D g s o

T _mes=F(Sig—As )+ Td Td,

15 F(Sig—4s)=Ya,-(Sig-4s)
=

Equation 7.

As was é;xpiained hereinabove, the amount of energy eiChanged betweenﬁle ‘
detector and fhe optics is not negligible. Assuming that the opfics temperature
20  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 poiynomlal
expansml of order L, the most general form of function F is gwen by:

- F(Sig,To) = Z(Z a,,-To")Sig' [Temperaturein degrees Kelvin]

' quuation 8.
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L(2, Tenpo + ATen p) represents the optics, nodele
as an average Bl ackbody 5 radiation source i-n
Watts/(srnB ) and em SSIVIty equals (1-Trans _

W (.2)) . O =arc_tan( | ) 2 f# o repr
02009/9f5'f1£%f the planar cone angle related to th Féﬁﬂﬁﬁ 47000714
collection. O= O464rad|§{gfor01 10 Fig. 9|sa

sinmplified diagramillustratii ng the exchange of
energy between the canmera and the internal canera
parts. The energy .P canera(ATenp) exchanged between
rlﬂmmﬁmwmeaﬁ&qhﬁe it &l fHhRPERY] BalP@ARISHRSIMSLAE o |
simlar conditions to those descri bed her ei nabove, ot
assuming titvtba detectdr® Jiphdi ik %elﬂ'&l:ﬂitﬁm oW amd optlcs'
= A2 ,rr-A det

fempﬁgﬁ%ﬁﬁé %ﬁ%}ﬂeﬂ equrtines fint m)ta ié Ul)i@emg_y Folnpbis

A
) RATETDI e AR ATRAC ROy i

&ﬁmﬁwwﬁxgm@saﬁm$gThmﬂﬁmwmssgwnmpihqwﬁhs&mnﬁnﬁﬁhﬂﬁaﬂ&mgﬁmns

ex hanged..bet ween th ector _and internal canera
eng Tpdestlof aving o e ?‘ea%mon» mﬁémryl fonetierdigie)

that coeetm@aim BV IR UEMPISACLBEE B srRlPstb e OPhdGSes.  The
ener gy exchanged between the det ect and t e view is
the small est factor. 20 Assum ng, sinul.taneously, the
sane tenperature difference between the detector and
the view, detector and o | and_det ect or agai nst
canera internal par F5 (S urg of energy
exchanged between the det edt"or and the view is about
10% The situation is ygj\gl“g&[,ﬁgt ed in Fig 10 which is
a graph illustrating view energy as a proportion of
e boi@! cBRfkd A0aky Sk Sy Lajne
shovvslgtii ha{'3 th %ﬁ)t%ﬁ?y toélﬁbecogistv%gﬁdo Hbﬁse% ex%i 4 &13

additional work performed by the digital signal processor (DSP) in order to calculate,

by linear interpolation, the required a,,,; -constants for the new optics temperature is
negligible.

In order to build a teal 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 inﬂuencc, a given object, even

though it is at a constant temperature Will show dlfferent temperatures at different
distances from tﬁe camera. The MTF mﬂuence can'be oompensated, at least for some
limited spatial ﬁ'equency range. : _
Such a response is 1Hustrated by Fig. 17, Whlch is a Founer transform of
camera impulse response in cycles per mm, mcludmg optics detector aad elec{romcs
Figure 17 describes a typical two-dimensional Fourier transform of an
uncooled microbolometer camera. In order to compensate the MIF degradauon
‘versus spatial frequency, an inverse filter to the MTF response was designed and
implemented in software. Fig. 6 above represents the high pass frequency rfsponse of
an inverse filter designed in order to'oompenéatc the MTF degradaﬁon_ |

ey
P

.
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30

view tenperature fromthe video signal collected is

very difficult, since the view energy is such a

smal | proportion thereof The energy exchanged by the
tector with WO 2005/015143. PCT/ | L2004/ 000¢ %4/&%)34;000714

wozo?aﬁoel"]rﬁterna canera parts depends on tenperatu

di stribution of the |nternal2 anera parts. This
distribution is not constanty” due to the fact that
the camera's thermal tinme constant is very |ong
(about half an hour) and usually the environnental

colRdamplens are not stable for such | ong periods of

time. A dynam c nodel based on the 5 tenperature _

di gfol infpléhaitatidn bh RS itvlvetiesmibed paiticRtinhsnts Gas constructéd fo -

npl i cated and beyond the capability to_be
prow(}%p

| e kg desigRodolel detpet Pyt Reings sHerng fogn ifever. The
inst u m%?ﬂhgﬁlﬁ% ke fa@é W%ﬁe %rﬁlg (fmggélwhlch s abovea

ormty correcti ocess~I S UusS
predeermingé Kcm;aereﬂurmthnmld Banadd touBivker. dfor isnclenn apphcation the

canera parts. The fl a shutte inserted in
mstrppsak o) REP¥ET HFS 6‘%’ Bh‘gewéﬂ UEMRERLEE RS Agrange of

30 th laz REePE B HnRXd IRNBlaglBNatd BAUSHEYvetPRAR an abBacy

ag's surface facing the detector nmay in one

of i@% dgimeenCelsimst Soch anl cabhddiorat bas spplisatins foougpcinainports as
 coferi i BB FsiktelBs aeidhinedh? GRRLof s fid tike

infertBieMllagdsr ate thermstors (0.025C) may then be

installed at the follow ng | ocations; One therm stor
30 Tha bpsie conogpt Qfﬂemn@awggle@ﬂmﬁnmtt%mg@m’@émq@e@n

mc{%ﬁ?{ H%ege%%étd\?%léuum p 8&%@!'{3@# (ﬁﬂtaer m Stggvraéé}?guﬂred R the

tempdnﬁm%)m%MngalﬁHﬂjtplstlhﬂltm inetpenpivve dhus fldwihg emsnng

case er at u measur nt deSCH ptl on 20 et us
r{fy ngﬁle ?ﬁéwect@étthﬁfqaa@%t@ tgmeasure

mtezthFth)BEﬂaﬁﬁc hd ﬂﬁg lté ?llh Ride & the hbRhy 85mPEnsh&dt K Effaid the

assunption). Since UC updat € process is
applipatiperdipgn bf 5}16 regifsomeedled mmylmmﬁﬂimnm i ng

Pr oGE Sxpec?e'& ﬂlatlhe %ﬁeaﬁﬁe o(ﬁblg %%t%}r;lt I%!’:\l%p relcvant fni¢robolometers

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.

1t is appreciated that certain feaﬁlres 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 brévity, described 1n the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

Although—ihe 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 altematives, 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 enfirety by reference
into the specification, to the same extent as if each iIidiViduaI publicaﬁoﬁ, patent or



after NUC update and bad pi xel replacenent (BPR) have
been perfornmed - has been calculated W al so assune
that during the same NUC updating Process nunber n,

wo 2005/0951435 tenperatures of all the installed tpherm stofs,
: have been acquired Tf, represents the tenperature
measured on the flag duringghhe n NUC update
process, Td" represents the tenperature neasured on
the external surface of the detector's vacuum

potenf Rt eitie et et dhiedrd rbosvomrl
b i Do B BB o5 PR ot sy

appliqagen gy brre?msmdlwerlxadmm@a' thatrp -?liﬁf&%,ﬁcﬁ&a?ﬂﬁﬁleas'
s ‘krary. “relatively large area of interest (the-
_Pﬁor%ﬁ'g%ﬁgﬁ-e Wefnlthoﬂe menti-oned | ater on) has to be -
neasured. Let us further assune that the specified
-area belongs to an ideal Bl ackbody radiation source.
5 The first- approxinmation of the neasured
tenperature is expressed by Taylor series: T nmes= T
- )(Sig-As) dAs | d Tnw As). ~SIg-As)' +2 dAl 1
d3TndAs) (~ +~ dA5' (SIg-As}3...... where: T mes .
represents the first approxi mati on of the neasured

?

& .z':.:!



tenperature. 10 Sig represents the average vi deo

signal after NUC and BPR of the area of interest

nmenti oned above, at sone point in time between then

and n+1 NUC update processes. W define As to be the

aver age detector signal value neasured on the flag

during the nunber n NUC updating process. Therefore

by definition: 15 T _nes(Asa)=Ba- Trnes= F(Si g-Asa) +Tfa

dARx1Ms | | Equation 4. First approximation of the

neasured tenperature 20 where: WD 2005/015143

PCT/ 1 L2004/ 000714 25 F represents the transformthat

t.ran t4 ' [ rature. Equation

4 przggﬁﬁgﬁ%ﬂg%ééﬂggﬁﬁjgﬂg%“%?%ugﬁn %§%§thopper as a

3f cHBREE Lesburaed ThastHeppieds dedectsimnatomsrising an
act ed t [ Si be_neasured .5

fﬁ?éymaéfa %ﬁ??ér2§¥¥aﬁ%%%55%%%%%%?sisa%E?PgﬁﬁedFoThgeteCt

WVifoed med usnbigted Asnergytransl ated to tenperature

h alue Tffis finall dded.. . Thi s .
Ao PLAARL Y DLl EELE | BBl pREHE S el et ector,
dfrainik Ttbargewiomst noarshafbrhétyeerbr Sacessi ¥8 outputs
Sa éf@. Ebmevig, as expl ai ned above this is not the
Caseo T ThBTEFY ol © BASWESHT tHeL Y@l OBfeeESt Baféndt @r ainiform

wEbdiee rec e rict@d aneedyat hes fd nélcdPled sensor, and
| otted versus the

approxi mati on _fornula, was [t e ) _ ,
4 e‘g%]gi(%lfn%f%r mE@sPédY St hgeé%@%%ﬁapaléaﬁﬁaé@nofoperatlons
kdettedtiorg saty atewst pagkage 16 Pk tdwhn Menp 8% Heasurement

nor.e thaa 10 m nut es. ,
OvVer Ssail camera and to derive from said at least one

calibration temperature measurement a first reference
temperature indicative of radiated energy not from an
. exlernal scene, said reference température being usable as
a first correctiocn factor for correcting said uniform
outputs to discount radiated energy not from an external
scene, such that the reference temperature and the detector
response to radiated energy impinging on said detector
allow a temperature of objects in sald camera’s field of

view to be calculated.

2. The infra-red imaging camera of claim 1, configured to
use a same signal to temperature function for all
pixels of said array and to use said first reference
temperature derived from said calibration temperature

measurement as a single parameter to said function.



The results are shown in Fig. 11, which is a plot of
tenperature error versus vacuum package therm stor
tenperature. The plot described in Fig. 11 shows

typi cal behavior. Fig. 12 describes the m ni nrum nmean
square error linear fit to the Error value. 15
However, the slope of the linear best fit is not
constant in tine. A high slopeaval ue neans that the
ganerfhls f@g fro theromal steady state S|tuat|on and

a very T rf'é%ﬁ%”}%aﬂaﬂl% CAmerla s 2irn comdrigiired to

eoubl nbr Iaumaﬂaﬁdf] frome bhe iNJG iupdat 1 ppegedyre ‘de?mperature
rﬁ)grforrred %rror of the neasured tenperature T

Sé%l%‘é%n d'i fit AT Larerld'q orpkfat friom a second

d':ehlmbmﬁtlcnnstan@er%ﬁt@e fdaatetmethe tsﬁﬁkic@bnﬁﬁtﬂﬁwgoﬁs:mg a
and Fig. 12 suggests that

nglescn bed n FI’?%IP] %
2ddt g %%n Gt 1eR¢ ntP OPFREVFET §¥t5§99é§tﬁﬁﬂﬁo@f said
dofEpuaticns £om lheidre Ipoﬁ@suhlno RGN a@%e@btsé'lﬁle@aie&bratlon

Sl g- Asb +TfA+Ar . (Td-TdA} A Equation 5
%%né)eer%%‘l &, “re terrperature measur ed on the

ext er nal surface of the detector's surrounding
s RN o v O
tcmm@pcﬁeeyemphmentfemctmrappr@mmis@s of at hl %dﬂ}%atlcal
RS PN A RSy et b ton
mfp’eﬂaﬁ:@ﬂm’ @@@%]:A’eﬁr@ntﬁ .mes=F(Si g- As") +F(s -

11)-(1.f" ,-1)(Td-Td -1-T Tda-Td._, ~) .f.



Equation 6. Second Approxi mati on. The expression

F(As" -As" ,) estimates the total Rag change in

tenperature 5 neasured by the detector. However this

val ue contains the error caused by the interna

canmera parts change in tenperature and the rea

change in the flag's tenperature. W now deal with F.
functi on approxi mati on-. A mattimati cal nodel -t hat

descri bes the detector's signal after NITC and BPR
pr-oceskes ,iﬂfaswmﬁid tiniayiogdenneara @Sft idiﬁti@ tlhe configured to

%@H&? %%& an &ahe Eﬁe SI naI te ture.

I"gur € ch 758 151df5bh l&ét 6 gfupvhich is &
sﬁl:gna:llcaga:rmszt ﬁ@mm@mture,méasgﬁ:eﬁ@&ttw QI r of said
the mathematical nodel. This mathematical nodel was

S8 PN order to i nvestigate the accuracy that can

be obt ai ned using nininunrnean square error

l'yn o] i t he_mo
??gna%wel:ornfggr g:%ét Vé]ggl_ %ﬁrnegyng F&Hbj ofCOI’lflgured to
g ﬁ@lfdegpmcﬁeiehu&sarspcmdlnlid:era}podramgm ahich is a

SHRRBSLEN 8 05 AR ACCIALE AR APEM 20, R i o saia

s&cor
aqumate |n or der to nDdeI the optics contribution
to the video signal. The third order pol ynom al
approxi mation covers, with an acceptable error, a
rFangeThfe EOOfE@gﬂeet:ﬁnaguug;<MhméEa bmecﬂgmimhl

%BEXEQ%? JﬂpQﬁﬁﬁ#QngSP §Qa88n%1gﬁ %%%Ef aegft 4'plurallty

egr ees m ni mm nean

pél pRGH a:raleb&pna@‘sron @fen@edm'uumaneagﬁrémammsesmmg a
ggh%fg égégﬁgfrgg&evglﬁ§%aneqU|res the solution ofL

i near set ., equations. However, the
arithnmetic used in order to solve the Iinear set of

squatrﬁeslnﬁéé E%db%ﬁ%@ﬁgﬁgUa&&ﬁﬁp%gﬁ equgrm'ﬂﬁﬁérqin said

unber included in t ar set ans 'S
RﬁPFél#ﬁE iargestonulbes.is Sig, L _ Figs. 14a and
| 4b are graphs which show a Second order polynom a
approxi mation. The normalized error is 25 shown in
Bi g- 138 iR nampedatBeg 1610 oranars gf Diminki §s _whbaein a

andsbarp=ghaphRsr W@'QQdQ%@MW%ﬁrHréh&g?%%dyf|¥§9g1gg%era,

apprOX|nat|on Fig shows nor na error
FRGONTs - NarRs S LR Tt drpet @FEIEEJeaToran FRgE e 116al andr bace of

ar eaglaph oM £§i8ROWE said detector and a third
thermistor is located on a casing surrounding optics of
said camera, and wherein said calibration temperature
measurement comprises taking readings from each of said
thermistors, to obtain said first reference temperature, and
to obtain a second and third reference temperature usable as
a second and third correction factor for correcting said
uniform outputs to discount radiated energy not from an

external scene.



WD 2005/ 015143 PCT/ | L2004/ 000714 27 a fourth
order polynom al approximation. Fig. 1l6a shows a
normal i zed error and Fig. 16b shows a tenperature
error. - The graphs presented in Figs. 14a and b,
Figs. 15a and b, and Figs. 16 a" and b have been
cal cul ated using high arithnmetical accuracy. A
practical solution mght be _3 1o di vi de the
tenperature range into a nunber of small regions
(including some small overl ap between the regions),

i Ng -.0or ' ansi on_at geac . )
i on U e T o e R e R e Pl B Flcteerain saia
cheltdgr eorrad Sesen isheeted. The fol | owi ng par agr aph
describes a further solution in order to deal with
the tenperature influence of the optics. 10 The
tldnpelaturde sscomt] approxigativardestr chedmi B, wherein said

[ 6 on t he ISt .of a function F .
tgﬁgf‘ii%?gnsldﬁ%eéfﬁgsdetéect %ngéit;ngﬁgﬁﬁ?g t éiper AlGFPS L VLEY
pukstantigi}y Thpproarhi;d (S gvilfhidTa) spebtrall fAfequency
F6RE- A%ch FPRLaGE FelSokbyr . >=0 Equation 7. As was
expl ai ned herei nabove, the anount of energy exchanged
between the detector and the optics is not
negligi ble. Assum ng that the optics tenperature 20
i nfluence can be expressed by a pol ynom al expansion
of order R and assumi ng that the detector signa
translation to tenperature can be described by a
pol ynom al expansion of order L, the nobst genera
formof function t; is given by



Lit (Za,. To )Sigr [Tenperature in degrees Kelvin]
F(Sig,To) _ Y 1=0 r=0 Equation 8. WO 2005/015143

PCT/11,2 0 04/0 00 7 14 28 The m ni mum nean square

error algorithmcan calculate the constants a,,, _
assum ng that the detector's signal has been acquired

for different view and optics tenperatures. The

nunber of |inear equations that have to be

si nul taneously solved is (L+1)(R+l). A 32-bit

f1%oat iThe pdifta-ardd Hredinaunianadee ® hatlaprovilde wherein said
ageqiat &4558¢ y sfor sk. Therefore we .. _
separ at e i R %#g%ﬁiéﬁgé%a#up%&¥%§nFPh§%%ﬁi§%9d calibration
bRl r¢ nsesad refremay itng romesst hgherkdfiardidrofron said
there.are several functions FTn(Sig) that cover the

optics anbient tenperature range in-small steps of 5
degrees. L --.~ FT. (Sig) = aT.-J . Sigt 1-0 10

Equat iter 9 Ey%_ | C ange. | enperature is . :
relatively s ovy%(%%zne gﬂfl%/érpe% e%ofa%y?o%’alw%lf%ln sald
@%;;ﬁ;%dcéfﬂﬁkﬁQﬁgﬁ%ﬁbfgqyuﬂh@vmngSf@?(iﬁ%?ebﬁivity

Qroei 40 € il 2 i near ol atjon e

required a,Ehyco%E%gﬁtélpgpgfhékgéﬁggp?i%8?Ctraﬁ frequency
trémper asgfebys sapdgtegebber.15 In order to build a

real radioneter, additional variables have to be

taken into account, such as the target em ssivity and
aftbi eRt'St dpEratEle iMADI neneamera opariicul aB, weherein said

Gﬁ@UdmédrHéﬂé€t8§n%%l@Bn&ﬁ%t&%ﬁiqg5QR9Héaggga calibration

transfer function (
temperature measurement by measuring radiation reflected

from said shutter, said radiation being indicative of a

temperature of said uncooled detector.

15. The infra-red imaging camera of claim 5, wherein 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.

16. The infra-red imaging camera of claim 1, wherein said

uncooled detector comprises a microbolometer array.

17. The infra-red imaging camera of claim 1, wherein

temperature measurements at said uncooled



on tenperature nmeasurenent accuracy. Due to this inf

| uence, a given object, even e though it is at a
constant tenperature, will show different
tenperatures at different 20 distances fromthe
canera. The MIF influence can be conpensated, at

| east for sone limted spatial frequency range. Such
a response is illustrated by_Ekg. 17, which is a
Fourier transformof canera inpulse response in
cycles per mm including optics detector and

el ectronics. Figure 17 describes a typica

t wo- di mensi onal Fourier transformof an 25 uncool ed

RiedSsHoP omeLem c%ﬁﬁéialnilfﬁw%rem%r%n@énsa@é ehbeMIEL scene
Geer adaldiert Velsu fr Liverse

P rtor ro e MIE roparte fas Hc oasdtand & - modulation
iLPesHt ed PRCSdPware: Fraide éﬁ@%@ﬁrepf@Senhsgﬂhe spatial
Hirghppassi d& padenay ikesponse of an inverse filter

designed in order to conpensate the MIF degradati on.

WO 2005/ 015143 PCT/ 1 L2004/ 000714 29 Exanples An

i mpl enentati on of the above-described enbodi nents was
constructed to provide an instrunment designed to

detect human beings suffering fromfever. The

instrunment nonitors the face tenperature and any area

in the i mage which is above a 5 predeterm ned

tenperature threshold is made 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 than adequate and

can be covered with an accuracy of 10.25 degrees

Cel sius. Such an enbodi nent has applications for use

in airports as a convenient and non-invasive

detector for screening for carriers of SARS and |ike

10 infective illnesses. The basic concept of

t enperature nmeasurenent using a regular uncool ed

m cr obol oneter detector is thus provided. The

additional hardware required for the



tenperature nmeasurenent capability is limted and
i nexpensi ve, thus allow ng existing devices to be
easily upgraded- It is reasonable to expect that the
capability to neasure 15 internal tenperature and
thus to provide the necessary conpensation wl|
expand the applications span of the regul ar uncool ed
m cr obol oneter FUR caneras. |t34-s expected that
during the life of this patent many rel evant
MF OO onet &38nehd ot beindf r aeged pgetcecttioonopexelose said
r i ed..an 0 of_.t he .

?},%CZ‘E gér'}%i ‘#g%oeﬁ%glggﬁhﬁfe%&quyéﬁ:ns?ugg(;% aliPSydpdulation
neviReERBolfogicEdon phesedf.20 It is appreciated that
certain features of the invention, which are, for
gkgrigﬁ%% descri bed in the context of separate

odi Tt SN T HEY T80 AP Provi 8éd Gliiropbi preirallien to make
asi it ea BIThes Temt + y | f r
t he invention, mhi%ﬁﬁg¥gF§?%rHE%%&%%%%mgggggf%gdgﬁEerval ot
ttﬂ@ecgmsé(tt f 4he rgmeranbbainast Cimaycansbane.
provi ded separately or in any suitable

bcoq%%ga%hgn. 25 Al t hough the invention has been

scrio8d FTh T HhctIRAL WPt fABBEei Pitc cla@ipodinetherein said
ieiend ; iist fereNederionfiidfur@ny tal e Vesiq calibration

difications and variations wll be apparent to
{{Dﬁé‘? Ia%ql“ieed“%ﬁlil?%ﬂ%fﬁ .aacaofamegitims 29 obiiendedl a non-

o it es aldorrsuai ol t eidtatisy esgo A 'éff@}gb ﬂﬁk% apg; -
variatians that fall within the spiri?band roa 88id nen
%%Uﬁ%IHFtﬁh€O§§§éﬁ&€@-clains. Al publications,
patents and patent applications 30 nentioned in this
§6ecigjcati0£ are herein incorporated in their _
&tirdty by EFeF 8RceMAH S t RETMEHSi PF catlidm 1o wherein a
sang text end £ assafideactumawhh vi deal quitdigaté@n, £Bat eRlse  for
r 15143 PCT/11.2004/,000713 30 at ent :
e R P20 Shebl i bat piaRd Fonioralantyor said arzay.
i ndicated to be incorporated herein by reference. In
diti ' ' ridentification of any reference
L) QoS LALLOR. By LR ) ogb 0 Pt S e i
a@firsgisen ahat madiorefer enteacsondantabieéthsa potal camera
ehnded el €390 LAY RRELAD comprising:
an unshielded uncooled infra~red (IR) detector comprising
an array of IR sensors, for providing
an image response in order to form a temperature image in
accordance with IR radiation impinging on said IR
detector’s field of view (FOV), and

a shutter, for controllably obscuring said FOV, an internal



-31- CLAIMS 1. An infra-red i nmagi ng canera
conprising: an uncool ed and unshi el ded det ect or
conprising an array of infra-red (IR) sensors
arranged to detect infra red radiated energy, a
non-uni formty corrector, associated with said
detector, operable to performnon-uniformty
correction on outputs of saidarray to provide

uni form out puts having a uniform response to energy
detected at said uncool ed sensor, and a calibrator to
canky 84t spey Qg i ] | y J

o Bant e ol o rarnd Brirahetient) s ror an
obRFEERAH TP R HMEE t e HRFEVeS fubht sai d at | east one

Al A0 AL DAL HEIPP! L S BASULEIBAl 2 fd 1 Sl &L BT SRSt o,

tenperature indicative of radiated energy not froman
eerale skeersuin retwrehtermbhpereteet bwi ngn outputs of

usald es Bgay ard ig8dv G r&?ﬁf@ﬂnf&%ﬁﬁ# q{a\pq{i%tﬁﬁ]ﬁf rm
said uniform outputs to discount ra T ated e er gy not
frOTR AR Xt @ rantr 9% céHescleed it hid hegefler@nomsor,
tenperadnderandrd heo det ect of RO | gt ed

ener% fﬁ%inging on said deté??%? afféaﬁgéfgng§{

t@np B OF CoBEaI QT | ACTaide tanBriaing i el dosfal camera
Vi @ipd atier Lal S Atk 4 Zne JRS-ddid f12- 4,80k 1 JmYi ng

canera of claim1, configured to use a same signa

to tenperature function for all pixels of said array

and to use said first reference



tenperature derived fromsaid calibration tenperature
measurenent as a single paraneter to said function.
-31la- 3. The infra-red imagi ng canera of claim 2,
configured to conbine a value froman initia
calibration tenperature neasurenent with a second
val ue taken froma second calibration tenperature
nmeasur enent, said conbining ustidg a time-dependent
function, to produce extrapol ati ons of said
corrections for later points in tinme after said

eal rerfair @fce k@MPELAt UlR: FEASHEEMERLS: 42i0€ 16ca1 camera
|nfra red i m |ngﬁgﬁnera of claim3, wherein said

tPHREGELENGe Cont ¢bRprRSes teTpmrvdime cahdicative of

Eaﬂﬂaméldabm@ﬁ‘gfyuﬁﬁﬂ O drh O NBRE e FESENE AL L bégh' on
tmmaat re measurements. -32- 5. The infra‘re

Pragiriyg’ rnﬁ%FB?cEPﬁlW@PSQQ%ﬁq%ﬂME%PE% frakd sdiethperature

semEEQtlaﬂdu3kﬂg1aﬂef@k@h@brVa|$§hd““§i nbﬁ.a%orrecto¥‘ being

fun tlon at erature neasurement of a utter
SEPELoB3edh £ STt ht PPt oa! nanging astimes doi not from an

ebcalemn]a,l conbiigured b9 rAKkEcgaRE i Q‘Q;;reét' %ﬂgé%ﬁ&e of

n&lthé val.ue which is _a . function a tenperature
Asiretrent Tof 32A6Usi Agddrmet dr sanefteld. ™e view in
antbadeadel MAGHNG IEARRTOf Ofm Ch@t Phils M@fﬁ&'ﬁ sahd signal to
,%allbra or is conflgyre to make a plurality

emperature functi each uniform output of said
array, wherein said reference temperature is a parameter to

said function.

22. Tempeiature correction apparatus according to claim 21,
wherein said reference temperature and said response of
said IR detector to said local camera reference
temperature are determined during the obscuration of said
FOV by said shutter.

23. Temperature correction apparatus according to claim 21,
wherein said IR detector comprises an array

of microboclometers.



of said calibration tenperature neasurenents during a
canera thermal tine constant. 8. The infra-red

i magi ng camera of claim7, wherein said plurality is
ten or less. 9. The infra-red imging canera of claim
1, wherein a first thermstor is |located on a
shutter of said canera, a second therm stor is

| ocated on an external surface f a vacuum packagi ng
of said detector and a third therm stor is |ocated on
a casing surrounding optics of said canera, and

®her ei n SaT@mﬁékb@Hﬂé(Hbﬁﬁ@@giéﬁuﬁﬁpagE%E%!%@%Hrding to
%ﬁnprlses t aki ng. readi ngs from each of sa

G <tlor YherFobt aphdsaRdSENESE Befra@verice operable to

beapetat W aword men@1eRkal Amdgsecond and third
reference tenperature usable as a second and third

correction factor for correcting said uniform

QBt.puts ke dLge0uBt-rEadH 8hed,806 n n .
ternaF scene. -32a- 10, Thggin%?%?r§%0§%§g%ﬁgto claim 21,

e
Cater Al Bf S nf 59 Niher EPA TG WO Tshust tiakr Ebepr isesrable to

shegbrml badlhe xienf ragietdmng NBLame(a 9 & 8 MSasurement
%ﬁsieln said shutter conprises a sheet having an
e

%?%1ty substantially approaching 1, within a
spectral frequency range used by said detector. -33-

2. %@ﬁ épgra-red [ ingncanera of claim1l, wherein
28 4 P ture Correcti apparatus according to claim 21,
wherein said measurement surface is substantially a black

body for an IR spectral frequency range of interest.

27. Temperature correction apparatus according to claim
26, wherein said temperature sensor is configured in
relation to said measurement surface to measure a

temperature thereof.

28. Temperature correction apparatus according to claim 26,
wherein sald temperature sensor is operable to measure the

radiation emitted by said measurement surface.



uncool ed detector is configured to nake said

calibration tenperature neasurenent by neasuring
radiation fromsaid shutter. 13. The infra-red

i magi ng canera of claimb5, wherein said shutter

conprises a sheet having a reflectivity
substantially approaching 1, within a spectra
frequency range used by saLg detector. 14. The

infra-red i magi ng canera of f%jnwls, wherein said
uncool ed detector is configured to nake said

calibration tenperature neasurenent by neasuring
radiation reflected fromsaid shutter, said

ddi FENPRIBELRE CRdireative ebpraratesperatudengftsactainm 21,
BlpYeTelol It to . infra- [ in anera .

of cI5?%1gségﬁerésﬁ%?ééyg%ﬁun%€¥E$gengg%te%%gﬁg%ékfally
t6TR&¢E1aet Fpsfaseabps anetRahiealepositdrore abfs durdengst.
focusing optics of said canmera and a second stable
mechani cal position allowwng free |ine of sight

bet ween sai d focusing optics and said detector. 16.
The infra-red i magi ng canmera of claim1l, wherein said
uncool ed detector conprises a m crobol oneter array.

17. The infra-red imagi ng canera of claim1l, wherein
tenperature neasurenents at said uncool ed - 33a-

detector fromsaid infra-red energy of said externa
scene are subject to an error introduced by a
nodul ati on

ol



transfer function of said canera for high spatia
frequencies, said infra-red -34- inmagi ng canera bei ng
equi pped to overcone said error by incorporating an
i nverse of the nodulation transfer function thereof.
18. The infra-red detector of claim5, operable to
make said calibration tenperature neasurenent at an
interval of tine |ess than th%7ganera thermal tine
%ns ant. 19. The infra-red imging camera of claim
STEST XA CRREPETLENf GPPRER faqreeding to claim

o_mal nwBaire i6al & Br at i@mpd egpar-at %&%ﬁsﬁfse%fﬁ u?ed in
q%tlne as obt aini ng a non- unif ormty correctio

54y ber f 8PAChg AT IRIPE N Lini fBFAREE  to measure a
eeipratdtolke Xheddief | N5 Aqr eAnbARGLNY CRREL; %fﬂ%?ﬂé?ature

1, wherein a shutter of said camera is con i gure
£5r SGd8 PBPATABASur enents to enabl e bad pi xe
repl acenent of said array. 21. Tenperature

rrection apparatus, for correcting a response of a
ot SHEET T A GcCot HAREE i THP 3 4 0l ARaErnd Lo claim 21,

wheperial waed s@l gnaadeomebef GOy I $bdgabaR to calculate a
unshi el ded ug ggled |nfra red (I R) detector

EORpricding TreyCof ?ﬁ”%@ﬂs@?@h 61 SERGATi iRfeh and an

armgagaé esmém&si@neol aef d0id arEMctieenper, abuge t'on%%% said
accordance with IR radi ation i npinging on said IR

QEEERForoSS1 ToI BT ORUGE b [ ROWT S on-

32. A temperature corrector according to claim 31,
configured to produce said correction using numerical

processing.

33. A lemperature corrector according to claim 21,
further comprising a shutter controller for contrelling a
position of said shutter between an obscuring position

and an exposing position.

34. Temperature correction apparatus according to claim
21, further comprising a filter for removing or
compensating camera modulation transfer (MTF) effects from

a corrected image.

35. A method for correcting a response of an uncooled and
unshielded radiometer in accordance with a calibration
temperature measurement, said radiocmeter comprising an

array of infra-red (IR) sensors,



a shutter, for controllably obscuring said FOV, an
internal -34a- face of said shutter formng a
nmeasurenent surface for an internal tenperature
reference unit; a non-uniformty corrector,

associ ated with said detector, operable to perform
non-uniformty correction on outputs of said array
to provide uniformoutputs haying a uniform response
to energy detected at said uncool ed sensor, said
tenperature correction apparatus conprising: a

fenmpepabutdingnsan f dmadet erdspiciGea l0Calo kMBI &y  rorm &
Egﬁ@ggg%urg usz%%said neasurengnt surface, -35- a ) .

referencers for g€ i vilny fRoRPEEFECFocdli danerd® radiation
i eopedty eom shngl R ef eneoeest enpar@t yrevivdi caldiMe ang a

i ated ener t,. froman external,K scene; and a
g%gﬁgggéoﬁggit%?nggggg?%i%dO A% fxrpeFVur $a1d method
sempoksand:sai d referencer, said signal corrector
being configured to discount inpinging IR radiation
not froman external source by calculating a
tenperature of objects in said radioneter's field of
view in accordance with the uniform outputs using a
sanme signal to tenperature function for each uniform
output of said array, wherein said reference
tenperature is a paraneter to said function. 22.
Tenperature correcti on apparatus according to claim
21,



wherein said reference tenperature and said response
of said IR detector to said |ocal canmera reference
tenperature are determ ned during the obscuration of
said FOV by said shutter. 23. Tenperature correction
apparatus according to claim?21, wherein said IR
detector conprises an array of mcrobol oneters. -36-
24. Tenperature correction apparatus according to
claim 21, wherein said IR sensor array is operable to
provi de a two-di nensional inmage. 25. Tenperature

pemmmﬁm@@;amﬁﬁﬁéU§a§§C@UWlﬂktébé%é&éﬂzﬁ sﬂqargﬂﬁtter a
sai.d, signal corrector is further operable
Fad BT %l%ﬂﬂﬁ%%EﬁEﬁFu{%m@eaﬁﬁaﬁp%aﬁdt@eaﬁnaﬁmwne a local
sambaae ﬁ%ﬁpé&ﬂﬂﬁﬁé&ure correction apparatus

%8 g to claim . _wWherein said neasurenent

g QBBsPaﬁFP£WF§yaCBF5@Etl@@dyNH%} @h PWputs of
spedtaatayrequpmcyldangﬁlﬁbrmnb&tpﬁts Bdvilepend £f £y
%ggrgctlog agﬁaratuarg ? g to.¢claim 26, wherein

BOP8RpEPat AP E9¥eSbFCFECBNf FREF eBRFRCL @) SRIZAE 1 0
Qmmiw&m§ufE@EnEa$ﬂfkﬁ&alOcﬁﬁ%$éwtém pd BAPBLAL U &cferance
erature.correction apparatus

LRt Tl Shi0 I RBLBPRneA T Pt ot from an

semneanails sopetabl erido neasure the radiation emtted
gglsald measur enent  surface.

culating a temperature of objects in said
radiometer’s field of view using a same signal to
temperature function for said uniform outputs to obtain
a temperature, wherein said reference temperature is a

parameter of said function.

36. A method according to claim 41, further
comprising:

determining a time dependent response of said radiation
sensor to said local camera temperature; and using said
reference response in modifying said correction in between

determinations of said reference temperature.

37. A method for correcting a response of a
radiometer according to claim 35, wherein said array of

IR sensors comprises a microbolometer array.



- -36a- 29. Tenperature correction apparatus according
to claim?21, wherein said neasurenent surface is
substantially a reflective surface for an IR
frequency range of interest. -37- 30. Tenperature
correction apparatus according to claim 29, wherein
sai d tenperature sensor is configured in relation to
sai d nmeasurenent surface to_pgasure a tenperature
thereof, said tenperature being a tenperature of
sai d apparatus. 31. Tenperature correction apparatus

aﬁcormrm)AOmétabmlzbr yheretnisgl & SeanalnLorLector
(§£§rab e to calculate a respectlve di'fference

FeRbhIPROSEREG tRveladfdSan favdhege satdebising
gegmjrmn@absjdl Ridel egépracanshtt qrpge  sai d
differences to produce said correction. 32. A
tenperature corrector according to claim 31,

conf i gumedhbglsmd&dtuﬁfrﬁ@@ﬂlﬁgr &egtelsg){@n@ NoF né'dnﬁéditggfneter
proce n ure, corrector according to
R OTE U comprl4 o ShiAl L SRICERE rGPRaFises an
ﬁmmemmaﬂr@hkﬁﬁgeawh@@ﬁl&sOBu@%téﬂtQaﬁmyt5651Q§EM889 at an
? obsc ring position and an exgoslng posi tion.

TECHIOh apparfat us a%EB?H?ﬁErtanﬁalﬁﬁld
21, further conprising a filter for renoving or

conpensati ng camera nodul ation transfer (MIF) effects
from



a corrected imge. 35. A nethod for correcting a
response of an uncool ed and wunshiel ded radioneter in
accordance with a calibration tenperature
nmeasurenent, said radioneter conprising an array of
infra-red (IR) sensors, -37a- for providing an inmage
response in order to forma tenperature inage in
accordance with IR radi ation3%inpinging on said IR
sensor's field of view (FOV), and a shutter, for
control | ably -obscuring said FOV, said nethod

e Al RGng 3 PLLHONWAY, M eaSakh QL { Sre comprlses
obscured by said shutter, a calibration tenperatu

dRene FETRBFRFWTPeCh S chIsurdaser a tenperature
performng non-uniformty correction (NUC) on outputs
%f sai d agray to provide uniformoutputs having a
A f of e FBSFoRSE t SO BREFGY et cE@EPaR Ssaiaf ncoatiédmeter

ﬁ@@ﬂﬂdlngkﬁ®V¢D§1ﬁrgﬁ1Swﬂéﬂéﬁﬁﬂsé%ﬁm%@uEEgEeEghﬁ&%ses an
a refergng tenperature refl|ecting |npinging

FRGFAPRoNSHEERERoNINARD &%t BRRAF28BIRELY Eably reflective at

ew(ﬂRaﬁp@gt&dkmﬁﬁé@dgﬁt@frQﬁb%CB¥'fh%@k@st and said
oneter's field of view using a same signal to

é?‘%]tlbjr%gf BhctS3r fHPCRAI GaMTorhemRepatsin comprises

mbhammln@ lee MReIp B r WNeF e 01 §akdr FEEET €0E8 Y temperature

ngerature 1S a
elng representative of said IR sensor.

41. A method for correcting a response of-a
radiometer according to claim 35, further comprising
filtering said corrected image response to compensate
camera MTF effects.



paraneter of said function. 36. A nmethod according to
claim4l, further conprising: determning a tine
dependent response of said radiation sensor to said

| ocal camera tenperature; and using said reference
response in nodifying said correction in between
determ nations of said reference tenperature. 37. A
met hod for correcting a responsgy,of a radioneter
according to claim35, wherein said array of IR
sensors conprises a mcroboloneter array. -38a- 38. A
nmet hod for correcting a response of a radioneter

@%For%ing %o claim 35, further conprising performng
d pixBFEPER RleNBRE@BBR) 2r3d NTAamdashbd Masring camera for

RIKiee] itRghpR RS PAN S D uiferati OBLIRL o RESOL G NI EPa—req
clai m 35, wherein said shutter conprises an Tinterna

$GFFace “RRPERSEE9Subst antial |y a bl ackbody at an IR
SpentTialg f opguencyr sanget bk rifieriast raareas itk r39- from an

de%%rniging of said |local canera tenperature
ESpFTe€esSCTeasuring a tenperature of said surface.

40. vhAcoeflkad detle o eCishiglacHespPenSenebraa]l parts of said
according t [ wherein said

E%%%%%FEE{ g o.clalrpg[%,r

Shutt'er Compri3eddan™ FRFEYnal sor FALSAf Grianged to
sigistcantiirai tey fadll yadettedt evieraty, an | R spectra

%r%%ﬁﬂh ifé?%ﬁ%?fc59£gégéky %g%o%%% ed with said
detector, operable to perform non~uniformity correction
on outputs of said array to provide uniform outputs
having a uniform response to energy detected at said
uncooled sensor, 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 1in deriving a reference temperature indicative of

radiated energy not from an external scene, for the



determ ning of said | ocal canera tenperature
conprises neasuring a tenperature at said surface,
said tenperature being representative of said IR
sensor. 41. A nethod for correcting a response of a
radi oneter according to claim35, further conprising
filtering said corrected i nage response to conpensate
canera MIF effects. -40- 42-4®method of upgrading an

i nfra-,red imgi ng,canmera for ki ng tenperature

ﬁ%g§%P5ﬁ§ﬁF§P ﬁet@%F?F@EEr?nPEgpkégCtEaﬁEr§ald camera’s

dﬁnﬁﬁisﬁhqiehomwim@gaoaﬁmessﬁ@hagatbe&bﬁgegagﬁaerggnction

' rom. extern cene,, an _uncoo| ed detectar

3%?%%%F%Egﬁ¥r8ﬁﬁﬁ FbPH’Io%aP?édoFrgﬁyd wegkhErg said

gefisricgiory tamparrayref isRasensanetatr amgedi orudet est .

infra red radi ated energy, a non-uniformty

corrector, associated with said detector, operable

e -pefher metomednidOr nilyircoARectiloareOn oubPULsngf said at
idar i i.for ut s vVi.ng a

T o At RS T Rl e SR Mt s rature

SERSEE, tangaadskbwteerr-control l ably mounted to

periodically interpose itself between said focusing

optics and said uncooled sensor array to allow said

dét-ectlor metkadrgfoolaper #8di eheurihommptlyicer redld @it least

QREer %h&@:%afcb?g‘ E%HBSEaE%Srises fixing a first temperature



measurenents over said shutter surface, the upgrade
conprising applying at |east one tenperature sensor
within said camera for allowing a | ocalized
tenperature neasurenent to be taken at periodic
intervals for use in deriving a reference
tenperature indicative of radiated energy not from
an external scene, for the =4Da- calculation of a
tenperature of objects in said canera's field of
view using a sane signal to tenperature function for

eanhs tni frer re puEPWhoft sai, d Atd ayn W@Hf%fogghdtemperature
ref erence terrperat ure is a pararret er of sal

A PN AR dHeE Tt hdPWI LRI v im %2 d wrereaian

appl yi ng sald at | east one tenperature sensor
es nperature sensor to said
glﬁmt ?1 ﬁeq?]fetcﬁ@o‘%f 20 ahRZELn viskdiaPrRbpi g nepid at
Qaa@tabnbea%mpematdﬁﬁﬂyﬁﬁﬁdﬁfhéﬁﬁ%%§e§QH§Hf§§§rlng said at
rst tenperature -41- sensor to sa

gﬁﬁtst%groneanﬁe%ﬁegé |%%r%¢n§%ﬁp§9aﬂﬁaéu%€én%@idt dogal

den@cetmtdmswngno%as;_ai dsmﬂf@éﬂ ifberphe RO, ln saig

%Ia i m.42 rein said ag ying said at |east one
grperaty Oep s o doRpt sE@mE%ﬁﬁ‘@{FPlfr@%ﬁ d at-

| east one tenperature sensor to neasure said | oca

nper at ur. mhen ald er poses, bet ween sai d
%§0u5|ng optT cs” 8d58 ﬁ {gmw Semsor tempe rypure

ﬁ@ﬁhbﬁemént$aah1a@ldmbﬁfeaﬂréﬁn@@téﬁtwﬁ from said infra-red
energy of said external scene are subject to an error
introduced by a camera modulation transfer function for
high spatial freguencies, 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.

.47. The method of claim 46, wherein said high pass filter
is any one of a group comprising hardware, firmware,

software, or a combination thereof.

48. The method of claim 46, comprising arranging said high
pass filter to compensate an error introduced by the signal

processing performed by said infra-red imaging camera.



measurenents at said infra-red detector from said
infra-red energy of said external scene are subject
to an error introduced by a canera nodul ati on
transfer function for high spatial frequencies, said
upgrade further conprising providing a high pass
filter in association with said canera, said high
pass filter being configured_to overcone said error
by i ncorporating an inverse of said canera
nodul ati on transfer function. 47. The nethod of claim
46,. wherithadRi debb@Ripassd idtern 3§, ARy r@nR 0f - prising
gr up_conprising hardware, firmware, software, or a
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onpensate an err.or introduced by the signal :
%F%@’&”ﬁ Per PP SHE 1dhi SR 1R Fal FRdaitiay my temperature
ocdanmeigectklain 49ai8 reldiothaeser di fletie ¢RAINASER. is further
further c r|S|n% deL%%g%nlng an average vi deo

SPgRACOATIEt ant VaFPy SadidmAteredesy &Pt 15 ieaiadl -
determining a | ocal canmera tenperature, and wherein

$Qid alculqgiqg a tquerature of objects in said .
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g@rrgction.ag ar at.us CCOE@EQ% to claim 31, wherein .
SAF 0P ef ef eficer £490fer abi@Ste deferlti neiguildaneously with
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wth determning said |ocal canera tenperature.

51. Temperature correction apparatus according tc claim 21,
wherein said referencer is further operable +to wuse a
response of said IR sensor to said local camera Lemperature
.to approximate a temporal effect of temperature drift of
saild local temperature, and wherein said signal corrector is
operable to calculate said temperature of objects in said
radiometer’s field of wview in accordance with said

approximated temporal effect.

52. Temperature correction apparatus according to claim 51,
wherein said approximation is a mathematical functional

approximation based on previous measured data.

53. Temperature correction apparatus according te claim 51,
wherein said approximation is an extrapolation of two or

more successive temperature mezsurements.



51. Tenperature correction apparatus according to
claim 21, wherein said referencer is further
operable to use a response of said IR sensor to said
| ocal canera tenperature to approximte a tenpora
effect of tenperature drift of said |oca
tenperature, and wherein said signal corrector is
operable to calculate said tenpgrature of objects in
said radioneter's field of view in accordance with
said approximated tenporal effect. 52. Tenperature
correction apparatus according to claim51, wherein

§ id gppro§%ﬁﬁtion i s g,nathenatical,functional '

%proinnﬁ? asBU°BROpPEVI dud nEadifed Hat a. whgrein  said

Tenpet-atutre c6roL§eon apPaEaLUS3CERELER0s IR LI QIR vicy 15

511 H@hgrglﬁasald gpprOX|nat|on is an extrapol ation .

of o =6F FeS8GEc8LsiSPe % dipeiohantd ndasiiEmsinnee with a

datlierbAceAbaelBod aceRHNE ibe Hells®r33everBld an average
re of objects in said radioneter’'s

sai,d_tenperat

yiarg SﬁgsﬁlmPfssa£§|Eﬁ LPBECEBr each of said IR
sensors in accordance with a difference between a
respective sensor |evel and an average video signa
of said radi onmeter.



