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and apparatus 5 for neasuring the tenperature of a

body or object, of particular but by no neans

excl usive application in the neasuring the

tenperature of a person for the detection of persons
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potentially infected with SARS This i= 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, such systems 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 said infrared camera and

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

greyscale image;



35 representabl e as a greyscal e i mage of said object;
and establishing a tenperature calibration for said
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deduci ng said tenperature fromsaid greyscale inmage

and said tenperature calibration. Thus, the probl em of

| ack of accurate infrared ima@my 5 systens is

addressed by calibrating the infrared canera in terns
of a grsyscabﬂubﬁﬁgesaiﬂ velmpelaturdefsbmodatilagreybeale
i mage of _the aqbject (such as a rson as in comon
(355" rel Eatel Ry dEhed BRE R bR o " e

object (such as the face of a person). 10 The obj ect
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C iddidd , O tayl @i rilsiet alhl drfagie @ fSecodtien off the object
envj ronnent.al S C itiqns. Fiore preferably 20
mr)k(ﬁufc?/ll 5G thE %iae%e{%grs% %%?Sgéll i'bration conprises
collecting at | east one reference greyscal e i mage of
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set of “conditions _and normalizing said predeterm néd
cHSUFoRi OF @ StHeTgobIee&id reference greyscal e

i mage. 25 Preferably a reference greyscal e i nage woul d

be caollected for .each of the one or .nore ref.erence
B hAr Y, At b IR tHE (IR o S dBE AP o
prahe dethyardllze Rputf rcamgd iceremedifying a predetermined

calibration of said greyscale output of said infrared

camera that is suitable for a first set of snvironmental
or usage conditions to be suitable for a second set of
environmental or usagse conditions. More preferably
modifying the predetermined calibration comprises
collecting at least one reference greyscale image of at
least one reference thermal source in said second set of
conditions and normalizing =aid predetermined calibration

according to said reference greyscale image.

Preferably a reference greyscale image would be collected

for each of the one or more reference thermal sources.

The thermal source or sources may be provided in the

infrared camera.

Preferably the first set of conditions and the second set
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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calibration may apply only when the anbient

tenperature is, say, 28C (constituting in this WO

2004/ 089206 PCT/ SG2004/ 000084 3 3 exanple the first

set of conditions), but the second set of conditions
mMakaG@PIRl ithe Firawbisemt oifeapadditibas)s, baty the326cohd set

Al ternatively, the sets of conditiaqns relate to,
CRE cGRELE ofise My FRRBE LR E e S bR ta s SRREFAS TR, 15, SaYs
ha2°been just switched on or has been in operation

for an extended period. 10 In one enbodi nent, the

met hod i ncludes establishing the tenperature
c 3llitisragitdvedy - a themsetst ofe copddkdong mayngedater &o the
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range of said tenperature, 15 I.n one enhodi nent,

\ ) t he
mBUFSd SWACICRRES °Bs C3hashPEG™ HE OPEFF& Ry fer an extended
Caldrilodl.i on at a tenperature or over a tenperature
range approxi mating or corresponding to an expected
range of said tenperature, wherein said reference
t ey mmle sobboddnieans ,a thenpertdodr dnicl udiesatesttiad liisiiing the
Oft el 32t /ARG 1 BARICA L) Lhe Riad iRy Jrnehude o
extrapolating a surface tenperatire of the object to
a tegperadirer Fomge FPPUeEINGHiag o £SEF P g &ifn an
I ehfdctra ifakRl Wk dike sempervdhiies. Preferably said
nmet hod i ncludes outputting said inmage in col our coded
or greyscale formso that said tenperature can be
agREeicnd rRetbodiseald,y tdie aethod Mool ydest ieatabifishing the

temperature calibration at a temperature or over a
temperature range zpproximating or corresponding to an
expected range of said temperature, wherein said reference
thermal source has a2 temperature in or at the limits of

said range.

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

values.

Preferably said 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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of the person (or other object) 35 can be ascertai ned
by the nethod above. This may be in the form for
exanpl e, of a spot thernoneterdboresighted to a CCD
canera. WO 2004/089206 PCT/ SG2004/000084 4 In

anot her aspect, the invention provides a nethod of

suri t he tenperature of .persan, . rising:
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the  tenper ARHAPIGEPIPSD L EORPSEatHSS SR PR Ghor £o8q Said
cafiiyisdalle Guigyst i ng i nege data 15 corresponding to

or represent e .as_a _greyscal e i.mage of  sai. ject.
and conput i %’f\fé\"ﬁg s\ﬁ%‘é{rﬂé_‘leﬁnpsegia ug%np%qmnés'%r%ga%?e&sscﬂale
camfagriread temid domiperaaine iqedgidridiipnt o establish a
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and to deduce said tenperature fromsaid greyscale

i e mventEion kg REArides 41 ARRFREUPriFe maRspring the

:h?en‘?ﬂé%ﬁﬂf& f&egems o5 e Ui asgAbl i sh 25 the
etperalure ol Dot 9 e D S LIPIE L ove
f dorresponding to or representable as a greyscale image of
gaid object; and
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 envirommental or 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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w@ orvdiogizons. More preferably the conputing nmeaPGI/862080000084

10

15

20

25

30

35

operable to nodify the predeterm ned calibration by
enpl oyi ng at | east one reference greyscal e i mage of at
| east one reference thermal sdurte in the second set
of conditions and normali zing the predeterm ned
calibration according to the reference greyscal e

[ . .35.The.infrared,canmgr i ncl t her nal
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Figure 2 is a schematic view of the apparatus of
figure 1 set up for use in screening people for SARS
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, gemnerally at 10. The apparatus
10 is a fast, non-intrusive, passive and reliable system
for mass screening of people for possible SARS infectiomns.
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



Figure 4 is a graph of calibration results for the
canera of the apparatus of figure 1 perforned at a
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on 25 repeatability; and Figure 5 are infrared i mages
coll ected by neans of the apparatus of figure 1.
DETAI LED DESCRI PTI ON 30 An appfaratus screeni ng peopl e
for SARS infection according to an enbodi nent of the
prmaaltylémwui&@dxa: HerwinaldGhesniseoay wHark ipgume, 1,
genera t 10. The apparatu 10,4, .3 f
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It is essentially a non-contact neasurenent of human

body tenperature to detect a _person with fever froma
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halls, etc. 5 The apparatus 10 coul d al so be adapted

f simlar .. appld catj Q r at-el .
| S e P RO SR A i ageq prssive
objreftasred TameappaiZat uhn Guiags ,udes cawkdecines dy means of
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once obtalined by nmeans of the canmera 12, is outputted
aPefrapRdla|conmiRr 1 thegreridodd REQFRATHI B sftfeiqnically
| tarlch HHAC QBN B8 riLald e AWl ddiepilitayiNdmsrideo
aoi_al e colour picture 18 on video display nonitor

215 3 P EPT LG schematic view of apparatus 10

set up for screening for SARS. It is envisaged that

”Figalﬂpearzatil'g ag'oschematic view of apparatus 10 set up for
gcreening 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
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 temperature.

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



woul d be in portable formfor deploynent at entrances
where there is a constant flow of people. The

wappans2as 20 10 is configured to screen both PEI/BGZ0E000084

10

15

20

25

30

35

short people (typically adults and children

respectively) in real time. The apparatus 10 is

preferably automated for useewth a notorised gate

that opens automatically only when the person is
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camera 12 perforned at a fixed distance but under
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| evel varlesllnearly with th eratyre and ca
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_caih:ﬁ térm:is:orﬁsaﬁﬂ an udmssanattanaactﬂnssir.c 'Ithes reegulde seen
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picture 18. 10 It was also found that once the
AR bh K hadkhaehhn between the body temperature and the

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 wvideo

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;

e It provides a simple and intelligent system, which

consequently does not require a skilled operator



calibrated at the set-up |location, the apparatus can
be quickly calibrated by using a single tenperature
w@edoiosrgo6 This is to correct for any change iPCT/BG2004/000084
tenperature of 15 the environment or tenperature
sensor. This can be seen in figure 4, where the
gradient remains fairly constdht= Based on the
rel ati on between the body tenperature and the skin
t QNPEE ap &R t & e EDE DEnt CiRSE aétf Cewing hehénBgesaaing Oin
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or TR i UTE?? The processing is done by the
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the final picture 18 of the person is displayed on
the color nonitor 20. 25 Trials had been perfornmed on
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provides a sinple and intelligent system which

consequent |y does not require a skilled operator WO
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Further, any reference herein to prior art is not intended
to imply that such prior art forms or formed a part of the

20 common general knowledge.



However, in this case the systemis be pointed
accurately at, preferably, the forehead of the person
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certain value, an alarmcan 10 be set to indicate that
the person has a fever. Modifications within the

scope of the invention may be 9readily effected by
those skilled in the art. It is to be understood,

t hemafMs e, that this invention is not limted 15 to

the particul ar enbodi nents descri bed by way of exanple
her ei nabove. Further, any reference herein to prior

art. i sAneethod evlfieweaswrimypl the heammardtpre oof aatobject,
fog&*gplgis:{ red, a part of the 20 conmon gener al

know edge. 2004/ 089206 PCT/ SG2004/ 000084 9 .
CLAI MS: 1. kst ragdredahd mprufcRdifidtatts anfinage of

0L L , cbFEIPIHF idinS &f edi N UinfPdeedladBnera and
correspondi to an i mage of. said object b ans of
SFTPTITAI LS Aora FHEYoTels commgate Satd opistin wnd

i mage of saiebtdbleicihirgndch esdingddrasthineg calidmatisdnirfor said
cg%%&%&;fg {Igé%es.ai d greyscal e inage; 10 deducing

s

enperature fromsaid greyscale inmage and said
t enper at ur e dedudsimg isaid Xempensthote dfiram dafell greyscale

Cl ahid  aWeL i @ ddifpe st @Rl | S N Hiid e tenperature

calibration for the™ 15 greyscal e out put conpri ses
nodi fying a predeterm ned calibration of said

grzysc‘?lze?awdn%s_ o1 Saxhéld i ?i [ L £Lin Ii,arﬁﬁif\rémttﬂlé
Sulta , 1.0 a rst set o environ ta . or Sag
i fi g e SEom Sl SOV SIS i & #62%he
enyrepsmehd abugpu it Sagep cisnels thodsfy My a predetermined

calibration of sailid greyscale output of said infrared

camera that is suitable for =z first set of environmental
or usage conditions to be suitable for a s=cond set of

environmental or usage conditions.

3. A method as claimed in claim 2, wherein the modifying
of the predstermined calibration comprises collecting at
least one reference greyscale image of at least one
reference thermal source in said second set of conditions
and normalizing said predetermined calibration accoxrding

to said reference greyscale image.

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



3. Anmethod as clainmed in claim2, wherein the
nodi fying of the predeterm ned calibration conprises
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at |least one reference thermal source in said second
set of conditions 25 and nornmalizing said

predeternmined calibration accd@®img to said reference
greyscale image. 4. A nethod as clained in claim 2,
whighiee | trerge th hires tcskbibraf i@mngd td otanmech taarel secvsk a

se onditions ar ch. ..charac I e.dn
e SRS Rl e B AR R e
i rexpedted range f mpidtanpetdture t hereiyersaid ereference
Calhdiall Wbidtcd KA AM S K &fn or IEPUA Y Ri ts of
range_approxi mating or corresponding to an 35 expected

r ¥R OFaR”3® d tenperature. 6. A method as clained in
claim 3, including establishing WD 2004/ 089206

PC7T/S 004400 084 i lodthe tenperature caljbration

at’ a tCedpRRRdr® FLuRed 41 ¢ urd G HHYERg
apsxtoxamelta tigngra cour Besp® nobnieetaotware ek petid bbpage to a
of ' e [ [0 re t I
socuc?%ged%% a 1g'ln%:‘te r%? YJ%EE{‘? n&ofeaéa'?’ tlh%e%c? %Crfsa o]g?%vmgai d

r argfeationshiptbaivesn aidesiid fres digpperattreidind said
extsAPOot b dish a8l f ace tenperature of said object to

a core tenperature of said object, based on a known

10 rel ati onship between said surface tenperature and

slaaix_al ziaﬁetna{ml of adldEmed. i\ dt&ti}@gh ,aSirrdmdmﬁbl yidutputting
Cl al | NC | N out putt| sal eyscal e | e n
cOTH] SRS (RS A TS Foael (35 OkaygFate form so
t etriper adand tavpdmasoerda fed ascasidined wisuallly at one
MLe ROLd '1&%:9 ns £ é’ﬁc?%br? Ly A method as clained

inclarm I ncl'udi ng creatl sai d greyscal e out put
of said infrared camera from non-

9. A method as claimed in claim 1, including creating

sald greyscale output of sgaid infrared camerzs from non-

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 said 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.

1ll1. A method as claimed in claim 10, wherein said
infrared detector is in the form of a spot thermometer

boresighted to a CCD camera.
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corresponding to or representable as a greyscale image of
said object; and

computing means;

wherein said computing mesans is operable to
receive said image data, to establish a temperature
calibration for said greyscale images and to deduce said
temperature from said greyscale image and said temperature

calibration.

14. An apparatus as claimed in claim 13, wherein the
computing mesans 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 or usage conditiomns.

15. An apparatus as claimed in claim 14, wherein 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 said
second set of conditions and normalizing said
predetermined calibration according to said reference

greyscale image.
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i mge. WD 2004/ 089206 PCT/ SG2004/000084 - 12 16. An
apparatus as clainmed in claim112, including a
di splay. 17. An apparatus as clainmed in claim 16,
wherein said 5 display is a printer or a video screen
or a nunerical readout of tenperature.



