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Study of the Improvement for the Performance of the

Forehead Infrared Thermometer
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ABSTRACT In order to prevent the spread of the Wuhan pneumonia epidemic (Coronavirus disease COVID-
19), body temperature measurement has become the main tool to screen for possible patients in various public
places and public transportation. Forehead temperature measurement is widely used for screening diseases.
However, the equipment performance and screening temperature standards of the infrared forehead
thermometer need to be studied. In this study, the standard temperature is generated by the standard
temperature generator and used as the reference temperature. Two types of industrial infrared thermometers
and five types of infrared forehead thermometers are used to perform performance test. The calibrations were
established to improve measurement performance. The independent measurement data was used to verify
the predictive performance. The result in this study indicated that a type of forehead thermometer produced
in China, under the four standard temperature environments, the reading value of this forehead thermometer
still maintains 36.4°C~36.7°C. This result shows that this thermometer has no measurement performance. The
measurement performance of the two types of industrial infrared thermometers is underestimated. The
temperature value cannot be directly represented by their readout values. The measurement performance of

B Pl ARBAYEEME TIRE LML - Graduate student, Dept. of Bio-Industrial Mechatronics
Engineering, National Chung Hsing University, Taiwan.

2 BN PEARBEYEEKE TZERHUR - Professor, Dept. of Bio-Industrial Mechatronics Engineering,
National Chung Hsing University, Taiwan.

" @i/EE - Corresponding Author. E-mail: ccchen@nchu.edu.tw



- 166 -

four types of forehead temperatures is overestimated at the 36°C and it is above 0.5°C. The calibration

equations could be used to improve the measurement performance. In the measurement range of 34°C~38°C,

its accuracy is in the range of 0.21°C~0.35°C, and its precision is in the range of 0.3°C~0.5°C. Suggestions for

improving the performance of infrared thermometers include adjusting the fixed error value, using the

adequate calibration equation to calculate the measured value, and comparing the reading values of the

forehead thermometer with its special comparison table, and improving the hardware of the thermometer by

manufacturing company. Due to the lack of related laws and regulations in Taiwan, ear thermometers can be

checked officially. It is recommended that the infrared forehead thermometer must be defined and tested as

an official instrument. Then the rights of users and the prevention of epidemic could be assisted effectively.
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— s ﬁ%‘

AR - EER 3 (Coronavirus disease COVID-
19)IbBiEEA TR 2 KK S - BT7THTHERK -
RRENRAZIEAHSRAQTER TERMERD
BEERENTETHE -BRENMARETLAMLL | B
BESTERAINORER - WIBREREBARER Kk
SRR ZARAIDE - AFRERES - RS SRR
HHZHUNREFHFASERR - AR REEFERR
R HEESRERNRER - AIMRRE RIFREEE
FTESHEMUBEER  HEEFR - RAERSH L FHEEA
NBBEAER AR - HIERS R AR
RERR  BREEREFZUHEEESTRASENZ
TR ESHEFARES -

BEEEAFE COVID-19 WEHE - EIER
E/iﬁﬁﬁ“ﬁéff BEEHERBHMEE % £

EEEHW 12328 |

Bitar & ' MEAMERNIBER S - LERE
ZENERZEE  ERAIIMREBTET G ERE AR
RSz HEE HERBERSEEERR MEXBR
ErHEE%E S 0.25 051 £ 0.71 - UEGEHERRR
SHTERENTE -Dzarr & P MIDEAEXE  LERA
MmkBEMAZZERR  IDRERBHNERE - FRAIIH
KERF 2 HEF— EENRBAMIBEER - HER
BIREREAOFRMNMEEGES 0.81 - fFETHRUER
O R BEERSNER - ME ZERREAELE
FREZER-Smitz S CHEESREA A UERSEUL
DR/ TITY - IDRFEENEREARIBEET -

HERBRERSNERESNKIDE - B)REIDE 24
BGES 0.91 B2 0.84 - (& MALIMREDRETAES0 LA
SRARER - BEHEEBRMUEREIRIFA SRR

EREW
ERER

FEMRERE -

Fortuna % P $t ¥ 2 245 2 1R 20T
EERADRAEREAER - MIEBREZAHRAGRESR 0.7 -
BADRIER - £ 38°CUU MEREE - ERSAEARSHE -
FERESHE(ERN 38°C) HRENERER - BEER
BERFEENAIDES - Mangat % 8- UBIRRE S
REE LEEMAE R E—IRRR SRS &R
FER—BERET(The PR0O4000 IRTT) BB RIFHIMESRE -
MBS —BERET (Genius 2 IRT AR HEREHAS
RREBBEEZRE - Nguyen & P REFH=RLIMNG
FgE  AUEERERB M - OB RLEREE
B - EfRERB R =B EZE(Opto Therm, FLIR &2
Wah|)#olEAR ISR EE SRR -

Oyakhirome % * LISENRERSBRHS - T4
1000 EREHAR  WERERSAE - &ERETIDR
HERERFIER 0.3°C  REHER-1°C~ -2°C -
DR EREBESNEREEHE - Chiappini & P&
SEREHKRBRETEAIMNREERST Z SRR - &
REAMERUEARR  SREGE(R)AB 0.837 - RS
a2 ¥FI9EER 37.19°C+0.96°CER 37.30+0.92°C - AL
EE R O DU B R R 5T VIR AT -

Rubia-Rubia % ** EIIRBE R1EAE - EEEAII
KE R BEASMRERET 2 2RI MEE - P& WRERS
BREFMEIEARMNSRE - ERRSN N EEY
KB - Rabbani & Z MBS R E SR ORREERE
#E - BKRBEFSANOMRREBANNMOBER =
RER 2 8E - (FE T EMEHEEHER 0.843 - AR
BR-IEARIFMERTRRFER  KESTEMUEN

B 3
H=g/m °

Jefferies & ° DIEN IR R E BB BITR - R



Journal of Agriculture and Forestry, 67(3): 165-180(2020)

REAECRETMAEETIER  MEERFTEZNVRE ZE
EHER+0.2°C - FEIMmAEREAIDRS AR Z
MBE - BERRASRIMAERE - Priest & 22 R8I #h

BERBIBSETEIRENE ZMEMRT  tbHEER
Thermoscan ERsTERE - EERB R~ - BRESN

37.8°CHAIRE - 28 0.5%BEW VG H IR - EIULIFE
SIS A RS BET R RES - Barnett S SRR E
RARER - R EREE R 7 E0MHAE - IDRBECE
FEE HERREERENERE  HRENESS -

mEDREREZFI9ER 013°C - (FERBERL

mEAR - 7R bﬁ%EEIEEg/EHK%E °
Chue % " #FROREE R SRMALLE - £

BEMNEREET  SAZ2E18K 0.12°C - ALtfEE#
EUERA;NAOEEESN - Teran & 7 $TR%ERE
AR NERIBEE AN IURRSEE HEAR
RERETIEE - SRERNT : ADE37.940.9°C) -
FRR(37.6+0.8°C) - B8R (37.940.9°C) - HILLE R FT Ol
FERRMFEIERENR -

Selent & DR - iR - ADRE =BG EE)
BETLEYE - ZHAGESHNEANRZAELER
0.78 - 0.75 £2 0.66 - {EE BB E I ALIEFERER
W FEAKISESBIERSE - Cho S " ERBEEEE
Ri#iE 2 2ERE  HERBERNABREZFHENRE
% 36.83°C - HREMGE® 38.14°C - ME=NEBEBE
E=E  AMEEEMUAGEIMZAETEERERRR
ﬁ o

Mogensen £  #t# 995 % 0.5~5 ﬁiﬂ%glﬂﬂ,\

BEER - RN BEIRER0IRM YIS e -
BRI R MARMIDR S ERRE - Berksoy & 4LXHI
AR ERRREZREN 2 HREEY - HEREBE
EEERSANUEIMEAIDR - (R4 (1-4 m) ke
mERE -

BRI - SRR ESRIMEEZLE
S RERSERET R - ERENSRE - 28R
REE R - SRELE 28R EIR BRI -
FAUEAEER  FAERREMNZMEERBEEZFE R
M o FERAMNMORE R ETE BEES FALIEREE 3 )
REE thDESREBENER S

KREIZHEREB SN 103 FETMRETEE 1
RESRER e 2 RSB ER ST AR
DIRIEREEAR 37.0°CEEREHETRAN - £RAE
A 11%MERFFREAR 0.5°C - HEZBTHUT

Dat=—=9: )]

-167 -

"HRstABREEBRBREREIESE 3 RAPIERE
MR 2T AEEERE - MBENE R ETERESE
EEAEL - RiMZ AR AR IR R R IRTS - ERER
HHEEZEWEES - BARRSAERNARML" -

SHEBREER 2 RLLEIS - Chen & 5145 7
MEASMRE R E M IERAMNREST R RS
ARERE - EREBNELEANGRESTEFRENEE
E - HIEREMEARRE 2 BFEEERZ= - AIEFhR
ERENHAREERRENERRRERE - FAILFhR
EEAAEERARERE  HERABRRZEZEHLERD
2.1~2.2°C - B R B ERLAIMOREST AR E 520/
RERIERR (SOP ) UERABREBE R ZEBELERER
36°C-8miBdd 36°CZH% - BUE RETET gl -

MEMRARER 38°C - L ABUEREEHRSR - WH
TR -
R 2P EABEBAERK 7 B 54 RERE

ETHEERE - LURERIEEEZBHNERRREIRIR - E17
HRERT - HERRER 34°C ~ 36°CEL 38°C - E IR
BRHEHRESDED MBSO BREREAE - HEM
BZEIRMAR - LBBREAINRIERT ZAEER
REETMG - BA3T%ZERRASTRE - REBNY
REEERRSNERUGEINE TIE - BRI 212%E
SHRNAE R BERERMRBUNARTRE - &
mEtMEENESBEEMR 2 N2 -

SERDEHRERAIIMORET AR AL
BEREHASHEBRRRE - MELUESHOREFTH
TERERNERAMEE - REEEBRASBSMBMM AN
European Standard EN 12470-5. 2003 - R & AL MR
FESARBENBRTEEAENHEESR 35.5CE
42.0°C - AR REMT03C- ERERBREZT -
hEREHIE" ARG AALINERT ERERSZ
EFREE - BRAEUNEER AEEE B4
SNEER TRV RME BRIIE IR RET ENEEENR£0.5°CH
Bi& - BRI EAEERW] - RBRZ 1 ERIEETH
wKifr - |MESEZEE -

TEUEITFE S - DIMBY TR BUAT MR B AT ER L BUER
mEtETERMEERTE - 2 RETRIEATNBUETHAE
W= - WHLUB SR BB B A MR EANETHS
BENZEZ 01T -



-168 -

= - mHREs %

(—) ASMERER
IR Z AL MR ES HEME -
SRR TEMAIIMNORES - B 2 EME -
1. SL-20 LBE & : S AI&EE - -60~760°C - FEATE
0.1°C - MBEREESEE®EML1.0~2.0°C *
2. TM-909A Y : SRIFE - -20~400°C - BT E
0.1°C - +0.3°C - M BBELEL3I%
F_HDBERTR - £BE S EWME -
Poxi Dun Mei F168 %!
Thermofocus
FORA IR42
BTM-8877
HT-820
(Z) MEEiRbA
PL TC-2000 Scan Sense (Instrutek Co., Larvik,
Norway) R 1R 2ERE EEER -2 B T ERASMUREST A
5 BVERRET MU IEER 34°C -~ 36°C ~ 37°CE2 38°CIRIE
T oBROR - MomMA  RERBEEBEIRIESE
=) B FROR A BB (RS FRORIMA BE) - R RADRER
BEARERNRIEER - BESAERMEES 5 279 -
BERIEREEHE R 24-32°C- B EE#HE S 55-85%
RH - RIEHEIR A 7 ST 4 8145 0.985 -
(=) HBEDHT
1.2 RE
PR EER NSRRI ERELAE -
EF =
Er=T: - Tea 1)
E.: ERFREE, °C
T REETELIE, C
Taa: FEEREE, °C
2RIERER
PURREE Ty HIEE (dependent variable) - 41
ShR R E EHE LB (T) & B 2 & (independent
variable) - 11 7 RIEFEXHEANT
a.  Tgq=bg +bT, (2)
b.  Taq=Co+CiT, +CoTr (3)
B R CRIEGE) « s (ZEE G EHE) B 2= B DA E
KRIEFHAZNRIGEE (adequateness) EEE -
3.FRAIMAE

i

i

ik w N

AR ]\ - 2ERE

BRERHBETEBUNSAHE HRFIREE
ADBUNRERER ° SHERERERENRE
(Tore)
FRAREE)ERWT ¢
Ep = Tore - Tstd (4)
(Tyre MRIE AT EFRSTRNAIE)
FRRAEEAACUSEARMT -

Acu= 2! (5)
(n REIREH)
FRAETEM (PRE)FTE AT ¢
PRE = (X2 yo0s (6)

= ERE W

(—) BmERENZEmET

RKEPEIRYIA Poxi Dun Mei F168 BLERR 5t [E1E
H2R HEHE4EFERESEZA - HERMEENE
» % 1 RERET(CYE 34°C~38°CZEBHHE - HiE
BERBELL . #I5 36.6~36.7°CZH - 5 2 REAEE
(C7E 34°CEMREZEE(364°C~36.5°C) - £ 36°C -
37°CEA IS C=ERERET - ZIULBRETE L EIDRE
1 36.6°C~36.7°C - ILAERBNICRESRET I R E A4
At - DU BT ETISREA RS2 RFAYS  MEHR
BEWABERERA - IWERASVERZORETER
EIRRBEMEZERA - EREEER ARG E R LR
mETMAEEGRRERESZERSE - WHEZBRE
RREREREE
(D) #IMRREETHBE

M TEEANANMORER - EABBHUER
B—RERENHESNEMLUFEEREE - # 4 @
mE N ZEERNE 2 EAREER 0.15°C~0.3°CZ[E -
4 BRI ZENREEZNE 3 - EHEXER
0.05°C~0.22°C - Fmat 2 SR LRI TERBATIMR
BERTRE - BZEBEULREBZNE -
(=) ITERISMRRERT 2 EAIMEE

MBTERANMORES - AUER SRS
AIMRENE 4 - BREDMUE 5 - MAAIIMEEBEISRIE
fl7 - SL-20LBE ##Z=#8E-0.5~ -2.6°C - TM-909A 7 #%7%=
BERH-2.1~-3.8°C-RUILUTFELAIMORES HMUE
EEARER  BALEBHEEEARERERED -

7/

=

4



Journal of Agriculture and Forestry, 67(3): 165-180(2020) -169 -

Poxi Dun Mei F168

37.5

37
s
Py
3 A A o} o}
S A o
2 365 Q
3 o
(O]
o

36

35.5
33 34 35 36 37 38 39

ACl 0OC2 o
Standard remperature, °C

1 - BRI Poxi Dun Mei F168 & 2 REERRT £ 4 ER ERE S E 2 S
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Table 1 The comparison of the prediction performance of measurement for two types of industrial infrared

thermometers and five types of infrared forehead thermometers

SL-20LB TMO909A Thermfocus
ACU 0.267 0.348 0.292
PRE 0.302 0.505 0.366

FORA IR42 BTM-8877 HT-820
0.208 0.226 0.332
0311 0.339 0.371

() BRET 2= RIMEE

FW“* msT - Thermofocus £2 TORA IR42 R R
fE 6 EAE 7 - Thermofocus Z 2 RIE
F%FEJ'TE T_J’E 36°CHE = fh1E® 0.5°C - 37°CREEAREF+
oL BERN 38°CHBEMAR - FORAIRA2 2 &
AMESREMGE - 78 36°CE 38°C - &4 1°C - 37°C

StER 0.5°C -

S mBRERET - BTM-8877 £2 HT-820 U= RIt4
BEEARRZE N HYNE 8 81 9 - BTM-8877 1R 36°CZE 34°C
BHREfh  MEZEAK - HT-820 ZRERRERE
RS EEMAR -

PA it 4 BB REtSRIMEETIAN - [ERARTRR
B 36°CIREES - A FRGBEIENE - ERREDRS
it - MBS 0.5°CLLE - IkEREBFHESRIEE S 35.5°C
£ 420°C - mARFRERT0.3°C - it 4 BEBRETI
A TERBERE -

(h) RIEARERX

RUSSAMRE 2B TERAMURERT B 4 8
AMRERET 2 EREBETEE S - UBEZSEN
tREERAREEDMAEERELANAERAZS
IBTRE - BUERIEARMT :

1. SL-20LB

y = 1.069589 + 0.990718X; R? =

0.986; s=0.183

y RIZEREE X SRS ELE
2. TM909A

Y = —7.88236 + 1.24142X; R? = 0.975;
s = 0.248

3. Thermofocus

Y = —0.906.924 + 49.16268X — 0.63936X% ;
R? = 0.962; s = 0.363

4. FORAIR42

y = —1176.33 + 62.74761 — 0.81059X? ;
R?=10.99; s = 0.183

5. BTM-8877
y =—217.019 + 12.45317X —
0.15124X? ;R* =0.983; s =0.21

6. HT-820
y = —130.226 + 4.5238X; R* = 0.982 ;s = 0.207

A B IE TS 2 VB2 55 — AR B T SRR A BEBRAE B
PLALEY - 6 ReDSMpm T EFRAIMBENZR 1 FvR -
M T ERALSMRE et AN RZRR TR SR ELRIE
ARNBMBE RN REZLE 10 £E 11 PR - AL
- ASMERERREL EUEREAXMEGI ERAE
IEE - &R 1FI7R - 1 34°C~38°CZEREE - HAWE
M 0.21°C~0.35°CZ & E - HigE 1A 0.3°C~0.5°C
#BE - WERBNIIMNRETEHESRIEA - o
EMEEERERER -



-172 -

40

39

w
(o]

Reading value, C
w
~

w
[e)]

35

34

33.5

A Thermofocus @FOR A IR42

2 N

» o0

> > @

34 34.5 35 35.5 36 36.5 37 37.5 38 38.5

Standard temperature, °C

6 * Thermofocus &1 TORA IR42 #8825t RYS B4 AE

Fig. 6 The measured performance of the Thermofocus and TORA IR42 forehead infrared thermometer

2.5

1.5

Error, °C
=

0.5

-0.5

33

A Thermofocus @ FOR A IR42

$
A
A
[ ]
? ) $
2 o
4 A
A
A
A
34 35 36 37 38 39

Standard temperature, °C

7 ~ Thermofocus 81 TORA IR42 $8RstISE BIFR =

Fig. 7 The measured errors of the Thermofocus and TORA IR42 forehead infrared thermometer



Journal of Agriculture and Forestry, 67(3): 165-180(2020)

39

38

37

36

Reading value, °C

35

34

335

34

A BTM-8877 @HT-820

34.5 35 35.5 36 36.5 37

Standard temperature, °C

8 - BTM-8877 £ HT-820 M ZLEER 5 RIS A AE

37.5

o o i

38

38.5

-173 -

Fig. 8 The measured performance of the BTM-8877and HT-820 forehead infrared thermometer
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Table 2 The check tables of the Thermofocus infrared forehead thermometer (The calibration values are

showed in the table)

EHE 35°C 36°C 37°C 38°C
0 343 36.8 38.0
1 34.6 37.0 381
2 349 37.2
3 35.2 37.3
4 35.2 374
5 326 35.7 37.6
6 33.0 36.0 37.7
g 333 36.2 37.8
8 33.7 36.4 379
9 34.0 36.6 38.0

% 3 - BTM-8877 XERETHIBR(RABEHEE)
Table 3. The check tables of the BTM-8877 infrared forehead thermometer

(The calibration values are showed in the table)

EHE 35°C 36°C
0 353
1 354
2 35.6
3 35.7
4 359
5 345 36.0
.6 34.6 36.2
g 34.8 36.3
8 35.0 36.4
9 351 36.6

37°C 38°C
36.7 37.8
36.8 379
36.9 38.0
37.1 381
37.2 38.2
37.3 383
37.4
37.5
37.6
37.7
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