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Severe acute respiratory syndrome(SARS) is a highly infectious disease caused by a coronavirus.
Screening to detect a potential SARS infected person plays an important role in preventing the
spread of SARS. The use of infrared thermal imaging cameras has been proposed as a noninvasive,
speedy, cost effective and fairly accurate means for mass blind screening of potential SARS in-
fected persons. Infrared thermography provides a digital image showing temperature patterns. This
has been previously utilized in the detection of inflammation and nerve dysfunctions. It is believed
that IR cameras can potentially be used to detect subjects with fever, the cardinal symptom of
SARS, and avian influenza. The accuracy of the infrared system can, however, be affected by
human, environmental, and equipment variables. It is also limited by the fact that the thermal
imager measures the skin temperature and not the core body temperature. As known, the body
determines a temperature as its so-called “set point” at any one time during the body temperature
regulation. Fever happens if the hypothalamus detects pyrogens and then raises the set point. The
time course of a typical fever can be divided into three stages. When the fever initiates, the body
attempts to raise its temperature but vasoconstriction occurs to prevent heat loss through the skin.
With this reason, some individuals at this stage of fever(at the rising slope and immediately after
fever begins or falling slope after the fever breaks) will not be detected by the scanner if it is not
designed to detect subject at the plateau of the fever(with her/his high core temperature) in
particular. This paper aims to study the effectiveness of infrared systems for its application in mass
blind screening to detect subjects with elevated body temperature. For this application, it is critical
for thermal imagers to be able to identify febrile from normal subjects accurately. Minimizing the
number of false positive and false negative cases, improves the efficiency of the screening stations.
False negative results should be avoided at all costs, as letting a SARS infected person through the
screening process may result in potentially catastrophic results. Various statistical methods such as
linear regression, Receiver Operating Characteristics analysis, and neural networks based classifi-
cation were used to analyze the temperature data collected from various sites on the face on both
the frontal and side profiles. Two important conclusions were drawn from the analysis: the best
region on the face to obtain temperature readings and the optimal preset threshold temperature for
the thermal imager. To conclude, the current research application will remain an interest and useful
for reference by both local and overseas manufacturers of thermal scanners, users, and various
government and private establishments. As elevation of body temperature is a common presenting
symptom for many illnesses including infectious diseases, thermal imagers are useful tools for mass
screening of body temperature not only for SARS but also during other public health crisis where
widespread transmission of infection is a concern. ©2005 American Association of Physicists in
Medicine.[DOI: 10.1118/1.1819532]
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I. BACKGROUND

By July 11 2003, the flu-like severe acute respiratory
drome (SARS) infected more than 8437 people worldwi
causing 813 deaths.1 Most cases were in mainland Chin2

Hong Kong,3 and Taiwan. In Singapore, 238 people w
infected and 33 died. The disease was severe, transmi
from person to person, and has caused clusters of di
among health-care workers in particular. SARS outbr
also happened in South-East Asia, North America, Eur
and became the first pandemic of the 21st century. As o

time of writing, 13 more people(with 1 dead)were diag-
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nosed with SARS in Beijing and Anhui(May 2004). It is
estimated that SARS has caused a financial loss over
$35 billion worldwide.

Hitherto, the diagnosis of SARS is based on clinical
epidemiologic considerations. Interestingly, the criteria
confirmed or suspected diagnosis are not perfect as ye
ver, which is often thought essential for diagnosis, is
seen in patients with common cold; thus, it is problemat
define “suspected cases” on the basis of fever. Sendin
suspected cases to hospital for specific laboratory te

thus necessary after confirmation of the person’s actual body
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temperature reading with usual clinical thermometer.
quoted in the Canada National Post:4 “SARS scanner
praised as placebo. Health Canada report: Cost $2-millio
the 462 000 people screened in the first month of opera
341 had fevers, but no SARS cases, yet ‘build confiden
Current infrared(IR) systems in use at various boar
checkpoints have not been scientifically validated par
larly in regards to the false negative rate.4–7 As a result the
may create a false sense of security by underestimatin
number of febrile(and possibly infected)individuals. The
unadjusted mode threshold temperature setting in a the
imager needs to correct for the difference between the
and core body temperatures. It then has to take into ac
the effects of ambient conditions and the thermal imag
performance parameters.

Presently, there is a lack of empirical data in correla
facial skin with body temperature. Obtaining a meanin
temperature for the human body therefore requires iden
ing a suitable facial site that will provide reliable data ac
a large population since skin temperature does not s
depend on body temperature and may be affected by
physiological and environmental factors. Besides, the u
skin temperature as a proxy to the body temperature ma
inaccurate at some stages of fever. When the fever start
body intends to raise its temperature and vasoconstri
happens to prevent a reduction heat loss through the
The skin temperature will, hence, be cold at that mom
where the IR radiation may not reach the set threshold fo
thermal scanner to pick out. As also known, a few pati
who have underling diseases(such as cancer, diabetes,
pertension, or chronic obstructive pulmonary disease) or in
the postoperative state would present without fever a
early stage of SARS infection. Thus, the thermal scanne
even the clinical diagnostic criteria have important lim
tions that might lead to false positive or negative diagn
in the worse case. This technical note aims to discus
effectiveness of thermal scanner for blind screening of f
subjects.

II. METHODS

Biostatistics with regression analysis,8 Receiver Operatin
Characteristics (ROC),9 and neural networks bas
classification13 is applied to analyze the blind data collec
(502 without duplicate measurements, confirmed later 8
brile and 416 healthy cases with ear thermometer) from the
SARS hospital[A & E Dept., Tan Tock Seng Hospit
(TTSH)] and the Civil Defense Force Academy(SCDF) in
Singapore(screening ambient temperature is 25±2 °C,
midity around 60%)in which thermal imagers are used a
first line tool for the blind screening of hyperthermia. T
subjects are considered febrile if his/her mean ear tem
ture is .=37.7 °C for adult(37.9 °C for children)using
Braun Thermoscan IRT 3520+. Results are drawn for the
important pieces of information: the best and yet prac
region on the face to screen and guidance on optimal p
threshold temperature for the handheld radiometric IR T

10–13
maCAM S60 FLIR system. The focal length from the
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subject to scanner was fixed at 2 m and the duration of
patients must be scanned was 3 s. The detector was a
plane array, uncooled microbolometer 3203240 pixels with
a thermal sensitivity of 0.06 °C at 30 °C, spectral rang
7.5–13mm and measurement accuracy at ±2% of the
time reading.14 The average temperature of the skin sur
was measured from the field of view of the thermal ima
with an appropriate adjustment for skin emissivity. Hum
skin emissivity may vary from site to site ranging from 0
to 0.99 (0.98 was used here). The following spots w
logged and analyzed from the frontal profiles: forehead;
region; average cheeks; nose; mouth(closed); and averag
temples. The images were further processed to obtain
ings from both frontal and side profiles from some of
subjects. Figures 1 and 2 present an example of the
cessed thermal images of both frontal and side(left) profiles
from the same subject. The following spots were log
from the subjects with frontal and side profiles: forehead;
region; average cheeks; nose; mouth(closed); averag
temple; side face; ears; and side temple. Figure 3 fu
illustrates an example of temperature profiles from a
perature operation using thermal imager with tempera
reading. Reproducibility of both the instrument and ph
ological assumptions was established by comparing p
left-right readings of the temples and cheeks.12

III. FINDINGS AND INTERPRETATION

Figure 4 shows an example of the regression line obta
with skin temperatures extracted from the near inner
range. Table I indicates that the thermal imagers hold m
promise for mass screening when the readings from the

FIG. 1. Processed thermal image of the frontal profile.
FIG. 2. Processed thermal images of the side profile.



ea
-eye
e ob
cted

than
mal
uish

um
-
7 °C
.7%
e
ody
and

ed-
er
er-

ture
and

net-
at

rcep-
ffer-

the
nce

tem-

th

tures

2

9

95 Eddie Ng: Effectiveness of thermal scanner on fever screening 95
averaged temples region have good correlation with the
temperature, followed by maximum temperature in near
and forehead regions. Figure 5 presents the ROC curv
tained and Table II is the ROC report. A randomly sele

FIG. 3. Examples of temperature profiles using thermal imager with
perature reading.

FIG. 4. Temperature distribution of body vs skin(near inner eye range wi

y=−3.7971+1.0417xd.
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individual from the fever group has a test value larger
that for a randomly selected individual from the nor
group in 90.7% of the time. The ROC test can disting
between the normal and febrile groups and an optim
threshold temperature(marked as * in Table II) for the ther
mal imager, to detect an adult aural temperature of 37.
and above, is 34.6 °C and this allows sensitivity of 90
and specificity of 75.8%.(In fact, by drawing a vertical lin
in Fig. 4 at skin temp=34.6 °C and a horizontal line at b
temp=37.7 °C, one can quickly assess the sensitivity
specificity that matches the prediction from ROC with M
Calc. Note that there are 33 as many data points in the low
left box than in the top left box due to overlapping of op
ating points for normal temperature range.) This setting is
dependent on the values of sensitivity and specificity(both to
be high) from the ROC analysis results. Any tempera
readings that exceed this setting will trigger off the alarm
there is need to verify the fact.

In the single layer perception backpropagation neural
work (NN) experiment,15 different parameters are tested
each time to choose the best parameter for multilayer pe
tion evaluation in order to achieve a good score with di
ent numbers of hidden neurons. In Kohonen network,
10310 Kohonen Layer has a better performa

TABLE I. Regression analysis performed on body and skin tempera
measured from different facial sites.

Description Regression ratiob Intercepta R2

Frontal Forehead 0.4206 22.5443 0.3495
Eye range 0.5175 19.2068 0.4005
Ave cheeks 0.3896 23.8133 0.3582
Nose 0.1846 30.6197 0.1295
Mouth 0.2997 26.7337 0.1374
Ave temples 0.5490 18.1076 0.453

Side Side face 0.4065 23.1397 0.4731
Ear 0.4880 20.0523 0.4205
Side temples 0.5407 18.2503 0.450

FIG. 5. ROC curve of skin temperature(near inner eye range) at cutoff

37.7 °C.
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s.97.3%d to classify the classes. Increasing the numbe
hidden neurons will improve the performance but the s
will descend if the number of hidden neurons is excee
Thus, from the NN results,13 it shows that such type of ne
ral network15 can be used as clinical decision support sys
for mass screening of febrile subjects.

The current data are only valid for the groups on whic
was taken in the indoor control environment, and that fur
work will be necessary to verify whether this approach yi
reasonable sensitivity and specificity for actual m
screening tests in airports where factors such as environ
tal factors (if without aerobridge),10 the physiological sit
offset,11 and the performance characteristics of ther
imager12 are crucial to warrant the most accurate and reli
screening operation. Such tests will have to be care
planned and conducted, since the number of febrile sub
walking through airports, for example, is probably quite l
This step is thus essential, however, if we are to rely o
imaging for SARS screening, since there is already ge

TABLE II. ROC report of skin temperature(near inn

Variable=Skin temperature(eye range)
Classification Variable: Diagnosis
Positive Group
Diagnosis=1

Sample size=86
Negative Group
Diagnosis=0

Sample size=416
Disease prevalence unknown
Area under the ROC curve=0.907
Standard error=0.022
95% confidence interval=0.875 to 0.934

Criterion Sens.(95% C.I.)

.=30.8 100.0(95.8-100.0)
.30.8 100.0(95.8-100.0)
.31.1 100.0(95.8-100.0)

.34.4 90.7(82.5-95.9)

.34.5 90.7(82.5-95.9)

.34.6* 90.7(82.5-95.9)

.34.7 86.0(76.9-92.6)

.34.8 82.6(72.9-89.9)

.34.9 76.7(66.4-85.2)

.35 74.4(63.9-83.2)

.36.7 38.4(28.1-49.5)

.36.8 36.0(26.0-47.1)

.36.9 31.4(21.8-42.3)

.37 30.2(20.8-41.1)

Sens.=Sensitivity
Spec.=Specificity
+LR=Positive likelihood ratio
−LR=Negative likelihood ratio
criticism that the method produces a false sense of security
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Generally, different people do not always measure succe
the same way. In the case of SARS, thermography prob
did play a positive role during the SARS crisis, as fa
psychological warfare(political) was concerned. The less
is that we could have done a much better job of actu
finding SARS cases if the methodology used had been
rect implemented.

In all, SARS is an evil affecting all humanity, not ju
some country or region. The mortality of SARS patient
considerable(4%–10%). Early detection and recognition
patients with severe involvement, and timely prevention
management, are critical in reducing mortality should t
be any future outbreak. To prevent the spread of the in
tious agent in SARS across the country boarder effecti
one should thus emphasize the importance of internat
collaboration as an effective strategy to control emerging
eases in people, particularly for those diseases with th
tential to become pandemic such as SARS and avian-

e range).

ec.(95% C.I.) +LR −LR

.0(0.0-1.2) 1.00

.6(0.1-2.3) 1.01 0.00

.0(0.2-2.8) 1.01 0.00

.7(66.3-76.6) 3.20 0.13

.9(67.7-77.8) 3.35 0.13

.8(70.7-80.4) 3.75 0.12

.7(72.7-82.2) 3.86 0.18

.6(75.8-84.8) 4.25 0.22

.8(78.2-86.8) 4.46 0.28

.1(79.6-87.9) 4.67 0.30

.4(96.3-99.5) 24.10 0.63

.4(96.3-99.5) 22.64 0.65

.4(96.3-99.5) 19.72 0.70

.7(96.8-99.6) 23.73 0.71
er ey
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