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2 7 JUN 2007 - 1 METHOD AND APPARATUS FOR MEASUR

"%
gfmmmmw“ﬁ BODY FIELD OF THE | NVENTI ON The JUN 2007

on relates to a nethod and apparatus 5
for measigng the tenperature of a body or object, of
particular but by no nmeans exglusive application in
the neasuring the tenperature of a person for the

Ao HETARE pftp RS RREN sk IR AR N e R g P B BODY
THE | NVENTI ON One e_xi sting net ho_d of screening p_eopl e
fa%%Egb.S@}!a I{W N.ll.]{gﬂyece fever is by nmeans of visual

Sihg cl'inica rmoneter to nmeasure the body
t Bnp epra¢ sert ofnesthi okb gedraders. Heorr avedimolde andnyppparsdm s
' gggls YRGS of C OV.@ =i
\(l:\%%gi!geer e #E)fgtehet pot ene?faglru%f iorﬁ3 g‘ilctb gg‘}vm%? h%%,%ﬁgtfﬂ?ifs
i B2 Hasedl Hh Be Teyro medinFatedic 1tisdt ea appd peatd@nsArS the
i 268+ Oy Wihd thayr @ cuarsels of Jeighnf ewer cheoweRktion of
such a nmet hod of, screening 20 requires _cl ose_contact
WERE e St FerPseman @i Sevedey Asubg, Regpdratory

oenededhey/, (3aHg)ar ed i magi ng systens have been used
for surveillance purposes, preventive maintenance and
25 t hernography applications. However such systens are
| BRCHGRGNN) QB iHEalINVENEIONg a good resol ution (of

brid)ex P .ot&q%lgda% %Er%%ﬂn{gﬁ?g@'?@c%rsHﬁgﬁgses that

systens canrot ~ be used to accu measure the
tierpratigeenfis hy Bedps o0 vegvwAR¥nGFuFiEg| RVENTEEl

Thee S8 r 10y eldse PO 8ol thepekatfreaoftthed of
neasuri ng the tenperature of bj conpri si ng:

Rt thy iFer@ee’if‘é‘tP&ecoraPé’sBGﬁgP?fgwt?ghéﬁ Pﬁﬁ@érﬁflgsai d
amgodr dyure s 3afcaahdf aboed Laneswstdéred to be
potentially infected with SARS. This is based on the key
indicator that a suspected SARS infection will have.a
onset of high fever.. However, such a method of screening
requires close contact with the suspected person and is

very slow.

More generally, infrared imaging systems have been used
for surveillance purposes, preventive maintenance and
thermography applications. However such systems are
inaccurate, typically having a good resolution (of 0.1°C)
but an accuracy of only *2°C. Hence, éuch syétems cannot

be used to accurately measure the temperature of the body.

SUMMARY OF THE INVENTION

The present invention provides, therefore, a method of

measuring the temperature of a object, comprising:
creating image data corresponding to an image of

said object by means of a infrared camera and

representable as a greyscale image of said object;
establishing a temperature calibration for said

greyscale image; and

T
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35 representabl e as a greyscal e i mage of said objegt
establishing a tenperat urg cal i br atigon for said J 57 JUN 2007
greyscal e i mage; and Amended Sheet |IPEA/AU 2 7 JUN

2007 -2 deducing said tenperature fromsaid greyscale

i mage and said tenperature cald bration; wherein
establishing the tenperature calibration for the

greyscajeaé&g&yﬂg GRNRY it e%gkhgﬁt599m0§5h3r%Eb?ﬁcﬂ@%almage
5 by imging a substantia nonochromati ¢ ther nal

souRR@ B Greamp e tisied GaliPiédORanera and sel ecting
or nodi f witkgredin rafsetdie)tl&rsmmgdthal tbmperahuoé saildbration for

gre ngllgéféjctbe?l% oQIt %oxﬂfg "segoiﬁg@%@n nc%'i?b@ﬂ%'lén data

ation | em of _| ack
Sof Iagcimaging rﬁr%abéc;airxﬁaagﬂlﬂg m@gﬂ@?éﬁ@mﬁ igdgresvad spurce by

CaJhéﬁﬁ%'@@ §Jﬁa|ﬂﬁﬂﬁﬂﬁﬂﬁ %%ﬁ@&g bAd Eg&ﬁ&t@ﬁgaor modifying a

gre scale inm e underst.ood t t

Y %%:%%¥g¥gﬁgﬂ'gratﬁmns%n algsgreygggle %%t?ﬁ@ggf said
ylrmbrmlrecte:aatrena‘ragle tdfe Pasdst p@nSéﬁdt ralébjragions ata.

(such as the face of a person) The Obj ect coul d be an

anl mal , plant, i t roany et h
0o TRy, WeTrPeroﬁlﬁ& {% ﬁﬁ‘f@d 5?l Sn raﬁe fhd§ing
sui ¢pbtend ors adduestseds by @falehvat@ngehhal 1Bifr9§&§ecamera in

condi 1i Onse angytdie Jmtehqdhag@ay ireckude prdihuergtbbe that
IOredeterm ned%czﬁ}%br%tl on atg%abtil sui tabl e f% a gec g

setthy WALT GfnditealoPdre s d§8<Be8fidPt PEREC yr &5 11 Qmmon
pr ef €igd) mapdidnpiniget ke Fmedet efnanpdr2bovabifbthei ohject

15CONPL daﬁsagwqm'galfazeeng)ft he jaredgierm ned calibration

accor g to a reference greyscale i mage of the
thernmal source. The thermal source may be provided in
t herhafolayeact candidabe 3@ animal, plant, inanimate object,

person, or any other object.

20 The predetermined calibration may be suitable for a first
set of environmental or usage conditions and the method
may include modifying the predetermined calibration to be
suitable for a second set of environmental or usage
conditions. More preferably modifying the predetermined
25 calibration comprises normalizing the predetermined
calibration according to a reference greyscale image of

the thermal source.

The thermal source may be provided in the infrared camera.

30

The thermal source may be one of a plurality of thermal

sources.

Preferably the first set of conditions and the second set
35 of conditions are each characterizable in terms of ambient

temperature.

Thus, the predetermined calibration may apply only when

the ambient temperature is, say, 28°C (constituting in this
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The thermal source may be one of a plurality of 2 7 JUN 2007
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conditions and the second set 35 of conditions are
each characterizable in terns of anbient tenperature.
Thus, the predeterm ned calidbration may apply only
when the anbient tenperature is, say 28C

(RO 001 BB o PRASRIhER! S FEAAY LefdiBl

fof sxonsiéttl@nswﬂmwwse Bt a{“hée%’éc"'ﬁﬁﬁfﬁ’%r@tturéf 18, say,
cfyvai tions may conprise an anbient tenperature is,
say, 32C. 5 Alternatively, the sets of conditions may
relate to the use of the infrared canera, such as
vikigidreratiivelgs bkensejusif sontithbonomay Hedstkeeén the
t f t 0
SRS the Bl ok SIER, BEERCLs dLOHIE ppg been
tzemj:srsavtlmcéeéapn beathas bgenainenperatinte for ave szended
g/@t ure range approxi mating or corresponding to an
expect ed range of said tenperature. 15 In one
enbodi ment, the nethod includes establishing the
tnnpﬂreabmbedd:méhbr atieomezhod fmopeded urstabliskéngathe

tte&gaget eg‘dﬁ:i F,-Qi‘ i a—P’é‘ Mgt L0g Qfa&\%é %Srp%@&”g to an

range O tenperat ereln sa
r'eemeaq@eret Ferg@l RERAPAEAKARY OF FRyarnording 5P ap

thigpddeidt $affe 205 Sedil waRgeratypecal |y the method may
i ncl ude extrapolating a surface tenperature of the

object to a core tenperature of the object, based on
tie daeoenbpdiménionstie nedhndeint edes Bbablldehing the

temperature calibration at a temperature or over a
temperature range approximating or corresponding to an
expected range of said temperature, wherein said reference

thermal source has a temperature in or at the limits of

said range.

Typically the method may include extrapolating a surface
temperature of the object to a core temperature of the
object, based on the known relationship between these

values.

Preferably saild method includes outputting said image in
colour coded or greyscale form so that said temperature
can be ascertained visually at one or more portions of

said object.

In one aspect, the camera is replaced with an infrared
detector with a field of view sufficiently narrow that a
measure of the temperature of the person (or other object)
can be ascertained by the method above. This may be in
the form, for example, of a spot thermometer boresighted

to a CCD camera.
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ure can be ascertained visually at’d
nore portions of 30 said object. In one aspect, the
canera is replaced with an_igfrared detector with a
field of view sufficiently narrow that a neasure of
the tenperature of the person (or other object) 35 can
be ascertai ned by the nmethod above. This may be in
t fo Aophhef orspecinpltde dhventsipt priearideseaenethod of
bg{egﬁhgbﬁ%dthé O Rt GREBE A o e}sl)lrw gg:.:ﬂzrié/Rg:
2004/ 089206 PCT/.S(§2004/ 000084 I'n anot héer aspect,
t he i nvent iGita%iogi dBage dhthSPTERSPRBALY | Ry dthdmage of
t @ARAr pbbEsn By RSO, s& DI flai@d cameski Agdi mage

data corre nding to an i e of 5 said.person by
naERESarh R A R PEaPEaRR ke OfoRRidoRTIITY 8%,
greyscal e iemmpbldbhiagda pergeEratand cedtlidtisdn fgprasaid
t . caljbration for said greyscal e imge;
dgggg%%%f%:}n%tée_’nperat_ ure fromsaid greyscale 10

i age and SEdpciagperht LFEREHAHE St E5AM THd i FRAVISCROR
akimager Svd dasi AR capR2adtys dAWivFRIvhI.Ng t he
tenperature of an object, conprising: an infrared
canera for outputting imge data 15 corresponding to
oFhe epneswticb|ad sas paoyidys cal @ppamgbusf fos anehmlyjiagt the
a JaseH: NS+ r [ Qnputi ng neans is
cg%ﬂsgured*{%.fw%gcgmgﬁgéf%&?%ggn ata, to establish a
t enper at ur @2 ANEFRFBAE IR X FoTs SREPYEBIRG ainagendigéa

apgri@sslatiiaey T dr repPeseiti of BeMaSgrey§E£Ns Galage of

i mge %Jdegta;l %ntdenperat ure calibration.

computing means;

wherein said computing means is configured to
receive said image data, to establish a temperature
calibration for said greyscale image and to deduce said
temperature from said greyscale image and said temperature

calibration.

Preferably the computing means is operable to establish
the temperature calibration for the greyscale image by
modifying a predetermined calibration that is suitable for
a first set of environmental or usage conditions to be
suitable for a second set of environmental oxr usage
conditions. More preferably the computing means is
operable to modify the predetermined calibration by
employing at least one reference greyscale image of at
least one reference thermal source in the second set of
conditions and normalizing the predetermined calibration

according to the reference greyscale image.

The infrared camera may include the thermal source or

sources.
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greyscale image by nodifying a predeternin
calibration that is suitable for a first set of

envi ronnental or usage condigions to be suitable for
a second set of environnental or usage conditions.
More preferably the conputing neans is 30 operable to
nodi fy the predeterm ned calibration by enploying at
| Basferahly dher appargbey siiqladesngeddpPiay - | d2%e one

r gt &ALy el sp R4l CEs id) prliateecofda seidéd screen or a
condi tj ons ar;g ngr rr?l | Zi neqithe pr,.ed ﬁerm ned
cAYPRT i3 o 25086 8 nt‘;a‘{‘% aﬁé"‘rreef(SF’g 2k B [P Jremore
| payets IF Haddi pkracedocaneran awgrage) ude t he ther nmal
source or sources. 2 7 JUN 2007 WO 2004/089206

PCT/ S&G2004/ 000084 - 5 Preferably the apparatus

i BRTER RESCRIPTFONy OF NBHE: DRYWENEr ably the display is a

PEh b RdeO iRty kHBOpSEE SR iQfved t1BHREAY CI5é Iﬁ&&?@lte_a@ﬁ.y
I nts, . of, sal

tenperature (eithe { one ar,.nore d

PRPCSTE Ry 27 SPRPAUBSET "BRLERCPERRHIPATTIY T PHEYSY

DRAVEREdIe, omdeh rhfiérédme proeshet acoompanwimgrarapdng, in
-1¢) early ascertained, an enbodinment will now be

described, by way 10 of exarr[élle, Wth reference to

the acconpAPrAg HrbhihFchepatipi vhew M At apprgagus for

Ssbeddliy peRylel £88 SuEriaifestion asesr@MNEeapl e

for, SARS | nf ctt'bon accordili.]r}‘g,t%.an_ enbodi nent of the

pPERAAmSTy, @t P8R, PIBS ¥y Py 28R, schemati ¢ vi ew of

t he appar afugueé 2figur eschesetigpview afdhen appreshiiagof
PEORLS, 0Te¥ARE 2b8' | Qe fg SpbopPe WAtk
ca ration reSults for

infection;

Figure 3 is a graph of calibration results for’
the camera of the apparatus of figure 1 performed at
different distances between reference thermal source and
camera;

Figure 4 is a graph of calibration results for
the camera of the apparatus of figure 1 performed at a
fixed distance but under varying conditions as a check on
repeatability; and

Figure 5 are infrared images collected by means

"of the apparatus of figure 1.

DETAILED DESCRIPTION

An apparatus screening people for SARS infection according
to an embodiment of the present invention is shown
schematically in figure 1, generally at 10. The apparatus
10 is a fast, non-intrusive, passive and reliable system
for mass screening of people for possible SARS infections.
It is essentially a non-contact measurement of human body
temperature to detect a person with fever from a remote

distance of more than 1 m. The apparatus 10 can be



the canera of the apparatus of figure 1 perforned at
20 different distances between reference thermal 2 7 JUN 2007
source and canera; Figure 4 is a graph of calibration
results for the camera of the apparatus of figure 1
performed at a fixed distance put under varying
conditions as a check on 25 repeatability; and Figure
nfrared i ma es collected by means of the

aprirat qedi St atmeon: ey "BY| eRest Rpint,
appee apost SERESni fiei PEOH s Fita 19ART liiAfieGt isehools,
accordin to an odi rent of the present invention

b
i s %%%“ﬁgtﬁ%%e%%&f%aJ? in figure 1, generally at 10.

The apparatus 10 is a fast, non- intrusive passi ve

san reI| bl t I3 S cre n|n eopl e ,for
ot 1 ARt e £ ooifle 'Y BY SRR eghy PRy
norﬁmhi aetiomasuy emerrsuns afm:mm@ddy temeﬁpertatrmse otfo

det%@f[ﬁé‘lgerﬁp&%@et N {8MGa e ARG J t‘i‘ab'é‘}t gb;}gj:u ance_of

nmore than 1 apparatus 10 can 2007 6
depl oyed at airport term nal, causeway check point,

Seaﬂﬂitaﬁﬁﬁ¥%%dgﬂiﬁ,1HE¥HHé§ﬂé% d@ch&b@elgchﬁQEBrated passive
convention halls, etc. 5 The apparatus 10 coul d_ al so

10pe IRFARRE fARR it ar Afppiacsri GRSet BPhBARGAebY means of
acctheat©dye it € ey aif direes paft t edniadBlgseypbabts mtagan naate
and otheraPQQecHﬁ:Th aratu 10 i ncl udes

accUrat ety cal it ate pass'ra’lr\?e1 10°5i HFPSFgaegaﬁ%thﬁmcally
An amhgeherorﬁﬂesrdlﬁtmmedlswl fedise gblotmeptatere 12, onsvideo

outpuied, as, K eyscal e i mge 14 to per sonal conputer

16 where it 1s processed electronically and then
15di splaying as a fal se col our picture 18 on vi deo

di splrdmoniipra Zhelfatic view of apparatus 10 set up for
screening for SARS. It is envisaged that the apparatus 10
would be in portable form for deployment at entrances
where there is a constant flow of people. The apparatus

20 10 is configured to screen both tall and short people
(typically adults and children respectively) in real time.
The apparatus 10 is preferably automated for use with a
motorised gate that opens automatically only when the
person is detected to have normal temperaﬁure.

25
As mentioned above, most infrared cameras are not .
sufficiently accurate. This problem is addressed in this
embodiment by calibrating the infrared camera 12 at a
temperature within the expected temperature range. The

30 method of calibration is by means of a reference thermal
source. The output of the infrared camera in greyscale
level is then plotted against the temperature of the
thermal source. Figures 3 and 4 are graphs of typical
calibrations under various conditions. Figure 3 is a graph

35 of calibration results for the camera 12 performed at
different distances between reference thermal source and

camera, while figure 4 is a graph of calibration results

Aménded Sheet
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apparatus 10 would be in portable form for deploynent

at entrances where there is a constant flow of

peopl e. The apparatus 20 10 5s. configured to screen

both tall and short people (typically adults and
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detected to have normal tenperature. 25 As mentl oned

above, nost infrared, caperas are fficien
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conditions. Figure 3 is a graph 35 of calibration
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repeated consistently under the sane envi ronment al

CofEkd i TheBaetdt O6h tHH tvetha kA6t BOdP! tdmpdratuireSahd the

IS . .
skin temperature, the color temperature of the image can

then be set to indicate a person with normal, feverish or
fever temperature. The processing is done by the video
graphic card in the personal computer 16 before the final
picture 18 of the person is displayed on the color monitor
20.

Trials had been performed on more than 100 persons and the
photographs of figure 5 show some of the results. A
person with fever is readily identified by the red color

of his forehead and neck.

The distinct advantages of this apparatus include:

It provides a non contact screening method and hence avoid

spreading of the virus

e It is fast and avoids delay, hence does not cause
inconvenient to the person under screening;

o It provides a simple and intelligent system, which

consequently does not require a skilled operator
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2804(0?5%| de the false colour of the final pbf/&ghﬁ#éf%ou JUN 2007
T

s also found that once the apparatu
been calibrated at the set-up |ocation, the apparatus
can be quickly calibrated.by using a si ngl e
tenperature setting. This is to correct for any
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skin tenperature, the color tenperature of the I mage
can 20 then be set to indicate a person with normal,
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non contact screening nethod and hence avoi d
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SRS ®hence saving in

Further, any reference herein to prior art is not intended
to imply that such prior art forms orxr formed a part of the

common general knowledge.
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manpower resources; It is reliable and ensure
continuous nonitoring. 5 In an alternative 27 JUN 2007
enbodi ment, a spot thernoneter boresighted to a CCD
canera is used instead of the canera. However, in
this case the systemis bedpointed accurately at,
preferably, the forehead of the person to be screened.
CLMBES: t he tenperature exceeds a certain value, an al arm
can 10 be set to indicate that the person has a fever.
Modi fications within the scope of the invention may be
r%alamw%f%c%@sw%dé@ diempegd tur e 19 @y ObIJteqts/ to
coﬂprlmhM@rstood therefore, that this invention is not
I|w1 [t nts _descri bed by
éﬁékgg} Qfe?%ﬁna%%%% ur?ghg?t% o §% %ngg
sah@r%tphe% ¥ i r@e?ara? toff amdnfrpreddsdmerg |am§1| y that
reLStl@@erDtE:ﬂQIe axd 4 Q:fﬂ'@i/éﬁalfeorlﬁiﬁ@eaoﬁarsfal@f ﬁd& ez 20
%%'“?ﬁﬁn t t g 5 Z n o
A rre%sho of :’%Lﬁl r?é“ P&ﬁpSF‘ LHF8t4Pafk 6bf8&fi
grQXﬁﬂﬂlﬁnIngéfanEhtlng i mage data corresponding to an
l erFecmcufgaléamt%&fpemtﬁeanﬁreﬁl @Hﬂ%&@&@éﬁé”&mge
resentable a reyscal e i mage of “sai d i nage;
anogsstaalbci W%egraat‘{reerrﬁ@i&?’ﬁgé §8|’I bration for said
gr eySvated i regerb ldsthing dbdutempesatdreenpéibteatéohr dor

the LCE}QJcea\’].S@Ql\ﬁ:ﬂd’@g:%mp@frige§abgl§.€€9§ﬁ@t Ha§ibration data
cal i bration; vvheretH 1 stabllsg t he t erature

by SRAGHTE i rF At ANtie L]Fe POBAFETBHABAE EBRBRRLeSOUTCE by

meagy |Efttdanigl cial fidaradi anmdaaaanbysemagtmggaor modifying a
mﬁm@ |36 1TRAE 6AMBE gaiaegﬁységwécsu%uﬁogegaad

d inf d t
i flai S 0 SEmL g LS Groy SeaFectutab o

sai d

. 2. A method as claimed in claim 1, wherein said

predetermined calibration is suitable for a first set of
environmental or usage conditions and the method includes
modifying said predetermined calibration to be suitable

for a .second set of environmental or usage conditions.

3. A method as claimed in claim 2, wherein the modifying
of the predetermined calibration comprises normalizing
said predetermined calibration according to a reference

greyscale image of said thermal source.

4. A method as claimed in claim 2, wherein said first set
of conditions and said second set of conditions are each

characterizable in terms of ambient temperature.

5. A method as claimed in claim 1, including establishing
the temperature calibration at a temperature or over a
temperature range approximating or corresponding to an

expected range of said temperature.
6. A method as claimed in claim 3, including establishing
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predeterm ned calibration is suitable for a first
of environnmental or usage conditions and the nethod
includes nodifying said prexteterm ned calibration to
be suitable for a second set of environnental or
ust@l%etgﬂ-pgf% b§at£bﬂ'95@%d t%%l gkaweg LP &&im
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saﬂaddseemmei set of conditions are each
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tenperature ca ibration at a tenperature or over a
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greyscale data output by said camera.

10. A method of measuring the temperature of a person,
comprising:

calibrating an infrared detector at a temperature
or over a temperature range approximating or corresponding
to an expected range of said temperature;

creating an image of sald person by means of said
infrared detector; and

deducing said temperature from said image;

wherein said infrared detector has a field of
view sufficiently narrow that a measure of the temperature

of said person can be ascertained.

11. A method as claimed in claim 10, wherein said
infrared detector is in the form of a spot thermometer

boresighted to a CCD camera.



said greyscale image in colour coded or greyscale form
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method as clained in claim1, including creating said
greyscal e output of said infrar canmera from non- 20
greyscal e data output by said canera. 10. A nethod of
measuring the tenperature of a person, conprising:
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greyscale image and said temperature calibration.

14. An apparatus as claimed in claim 13, wherein the
predetermined calibration is suitable for a first set of
20 environmental or usage conditions and the computing means
is operable to modify said predetermined calibration to be
suitable for a second set of environmental or usage

conditions.

25 15. An apparatus as claimed in claim 14, wherein the
computing means is operable to modify the predetermined
calibration by normalizing said predetermined calibration
according to a reference greyscale image of said thermal

source.
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canmera on the basi's of calibration data collected by

means of said infrared camera and a substantially 2 7 JUN 2007
nonochromatic 15 thermal source, and to deduce said

tenperature fromsaid greyscale inmage and said

tenperature calibration. 14. An apparatus as clai ned

in claim13, wherein the predeterm ned calibration is

suitable for a first set of 20 environnental or usage
conditions and the conputing neans is operable to

nodi fy said predetermned calibration to be suitable
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