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Study on high accuracy temperature measurement technology
of infrared thermal imager
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Abstract : Infrared thermal imaging temperature measurement system has developed rapidly due to its characteristics of long distance,
non-contact, multi-target and high accuracy. In current epidemic period of 2019-novel coronavirus ( COVID-19), infrared thermal
imaging temperature measurement technology highlights its importance in order to quickly and efficiently screen out high-temperature
population, prevent and control epidemic situation in time. During the measurement process, the temperature of the measured object,
ambient temperature, atmospheric temperature, lens temperature, detector temperature and other factors have certain influence on the
temperature measurement accuracy, especially the high-accuracy calibration of the temperature measurement curve has the most critical
influence on the temperature measurement accuracy of the infrared thermal imager. In this paper, the principle of infrared temperature
measurement is studied, a matching model between the output gray value of the infrared temperature measurement system and the
measured temperature of the measured object is established, and a method for accurately calibrating temperature measurement curves is

found. The V = T? curves applied to high-accuracy temperature measurement and the V = Ty, ,V = T, and V = T,

shutter

curves applied to
temperature drift compensation are proposed. Through experiment verification, the ideal effects were achieved, and the temperature
measurement accuracy is significantly improved, which can reach within 0. 15 K.
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Table 1 Calibration temperature correction table

RRGER RRSE  SRURRE HRR
KBV gy Ty/K - T,/K BE(H T./K
6 562 293 0.97 296. 40 293. 10
6 567 294 0.97 296. 40 294. 07
6572 295 0.97 296. 40 295. 04
6578 296 0.97 296. 40 296. 01
6 580 297 0.97 296. 40 296. 98
6 585 298 0.97 296. 40 297.95
6 589 299 0.97 296. 40 298.92
6 595 300 0.97 296. 40 299. 89
6 598 301 0.97 296. 40 300. 87
6 604 302 0.97 296. 40 301. 84
6 608 303 0.97 296. 40 302. 81
6612 304 0.97 296. 40 303.78
6618 305 0.97 296. 40 304.75
6 623 306 0.97 296. 40 305.72
6 630 307 0.97 296. 40 306. 70
6 635 308 0.97 296. 40 307. 67
6 640 309 0.97 296. 40 308. 64
6 646 310 0.97 296. 40 309. 62
6 650 311 0.97 296. 40 310. 59
6 655 312 0.97 296. 40 311.57
6 661 313 0.97 296. 40 312. 54
6 665 314 0.97 296. 40 313.51
6 672 315 0.97 296. 40 314.49
6677 316 0.97 296. 40 315. 46
6 682 317 0.97 296. 40 316. 44
6 689 318 0.97 296. 40 317.41
6 696 319 0.97 296. 40 318.39
6 702 320 0.97 296. 40 319.36
6708 321 0.97 296. 40 320.34
6713 322 0.97 296. 40 321.32
6719 323 0.97 296.4 322.29
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Fig.1 Comparison between blackbody setting temperature

and the temperature measured with thermal imager
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plane FPA on output gray value of thermal imager

Ty =&l + (1 &) Ty (27)

T, =eTy, +(1-&)T, (28)
K 7T, Ty Ty, &0 &, 5300 BARFIS K 10 5
TREE FLSTIR R R R B B AR RIS R AR AR
sEEEMS T, =T, =T, 0,

Ty T = eyl - 6T + (5, —e) T (29)
ry-T, ¢ e, B
Ty = +—Tp, +|1-—|T (30)
€9 € &

LS R ARG ASCR T TS 5 A, DRI ) 5 5 o3 — ik
AR, &, = 1, FEbRITIAL 225 il B8 A4 Tt 512 A
SPRTT BE X IR 45 2R HE AT B IE W] ORI

KR
™ -T 1 -
Ty :{ a +—T) + (1 ——) T;j} (31)
or € &y
R AR AR 1A
Ty =1{Ty =T, +Tg,1~ (32)

S YRR, 4 RGP 1K BRS IR AR, BRI
TR EFEASE T FPA RS A1 6 Fron ., INILAE 2R AN
BT OL T, T RUAT FPA Sl EE AR DR 17 A%l 25 0 e I
MTTAT LIRS R IR, P T R G T At

3201

3151 -—-FRPURSFPA R B 35 1k fh 28
30k TARMROCHR TR BEAR AL i 2

o m————

305 e
La0f
oos
g2 290} - ‘

285}

280}

275t

270

—

5 10 20 25 30

15
I ] ¢/min
K6 RITIRES FPA REAfbilliZ

Fig.6  Shutter temperature versus FPA temperature curve

3 ) o i R R PR ] R S )i R

B R Rom LA, ik A P A 0 fal A5 00 i A
DRI o —FhJe th Tl M8 IE Sl 1 B2 Y — Bt
IFIAL P, ph ol P A — B b — B BRI T3l R i dhs | i A
SH S TR] PR 58 BT PR S o JBE 2 A 2 A | AT 3 A FE S P
SEOHT PR T it R R dh i A i R TR AR B T it R A A i
SRR RE ARSI IS R AR B 0 A R I pRpR AL
IEMR WG V = Ty BRI IMEARME . 7k R AR
ASCHE X — 8 Y B2 R A DR R T T T AN 3y, E SR Tt
JEREAGAS i 1 K BE AR, AT V = Ty BHER, AP 7
JIe7R o DRI S i b 0 s (B il B RO PRI A%
SRS A S el ) AR b — B B bR 1 3 R g R AT

EIE,
7000
@6500
kil
K
E=)
E
X 6000
&
530 283 288 193 298 303 308 313
BEEETK
BT SRAGASUE fr Tl 72 A Xl L (R )
EEH%% V_Tﬁﬁ
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of thermal imager on output gray value (V-T,,)
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1 303. 11 0.11

2 302. 90 0.1

3 303 302. 88 0.12 0. 094
4 303.01 0.01

5 302. 87 0.13

6 314. 85 0.15

7 314.83 0.17

8 315 314.93 0.07 0.120
9 314. 80 0.2

10 314.99 0.01
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Table 3 Temperature measurement repeatability

( ambient temperature 286. 5 K)

o WORRE  WEH TRBE wmEEn

HIERY €4 N _
T T, T b

1 309. 86

2 309. 85

3 310 309.97 309. 90 0. 05

4 309. 98

5 309. 86
4 4 it

ARSCGE AT A BT B ST A IR AR T I R AT O
B LA 1520 T AR AR AR E M2, I 0 AN IR AR
AT T VRN T K oA, b il BE bR o B AT T R )
T SUCHED 2 TN T e R IR v - T, DA
KR FHFIREAMER V = Topr V= Ty TV = Ty, 1R
ZRRL SRR IR, AR, B T AR A MRS B, S
o SR BB ZLAM RS AGEEA TN, S b i
ALTANIEEE A S B T 5%, B ol i P AR AE
B HAl) ™ FELAMMGAA IR H
S 3k
[ 1] SkaEsk, T3, TIRAR, 55 L AMMBAUR G IERS RS04
[ J].4040,2020,41(6) :17-24.
ZHANG ZH Q, WANG P, YU X D,

imaging evaluation system for infrared thermal imager[J].

Infrared, 2020,41(6) :17-24.

et al. Design of

(2] ZEzar, Fhme N, J5URE 2. 21 A0 P8 SO i I i 42
ARLT] A% TR, 2007,15(3) :1336-1341.
LI'Y H, SUN X G, YUAN G B. Accurate measuring
temperature with infrared thermal imager[ J]. Optics and
Precision Engineering, 2007, 15(3) :1336-1341.

(3] R BREL, Sm A, 55 s XA [l ot BE AR 21 A0

TR B2 Wi R b B2 [ T]. 40 A R, 2019, 41 (10) .

[4]

(5]

(6]

(7]

[8]

(9]

[10]

[(11]

976-981.

DU Y X, HU ZH Q, GE Y H, et al. Distance influence
and compensation of infrared temperature measurement
sources [ J ]. Infrared
Technology,2019,41(10) :976-981.

SRHR , R, XA A AV R ASC P R T X
R 2R S M IE [T ] [ D, 2018, 11 (4)
669-676.

ZHANG Y CH, GAO C,LIU J ZH, et al. Correction of

temperature measurement accuracy affected by internal

with different intensity heat

temperature rise in uncooled thermal imager[ J]. Chinese
Optics ,2018,11(4) :669-676.

INEIE, TH TN, S5 R R AL/ MR R SE I R A
BERBEGE )] AR R4, 2006,27(6) :67-69.

SUN ZH Y, LI Q AN, QIAO Y F, et al. Study on raising
the precision of infrared

temperature measurement

system[ J]. Chinese Journal of Scientific Instrument,
2006,27(6) :67-69.

WSt LLAMAGACIR 5 5822 43 0T [ )] L08R
1999,21(4) :20-24.

YANG L. Calculation and error analysis of temperature
imager [ J ]. Infrared
Technology, 1999, 21(4) :20-24.

W7 LLAMA LA I i B 5 B [ ML AE R0 Bhae i

measurement using thermal

Jfiit,2015.
YANG L. Principle and technology of infrared
thermography temperature measurement [ M ]. Beijing:

Science Press, 2015.

XU W, RPN, &5 LD AME T FES R S
WERALIETT B ()] 4050 5 WOL TR, 2014, 43 (5)
1364-1369.

LIU H, ZHU M CH, WU Z P,
nonuniformity correction method for infrared focal plane

2014,

et al. Adaptive

arrays [ J ]. Infrared and Laser Engineering,
43(5) :1364-1369.

A&, EM B, AF LLAMRIN SRR SR IE R S
BRI )] L0800 53O0 T/ ,2013,42(7) :1669-1673.
ZHU R F, WANG CH, WEI Q. Manufacture of
nonuniformity correction system for infrared detector|[ J .
Infrared and Laser Engineering,2013,42(7) ;:1669-1673.
REN J L, CHEN Q, QIAN W X,

registration based

et al. Multiframe
correction

J. Infrared

adaptive nonuniformity
algorithm for infrared focal plane arrays[J].
Millim Waves, 2014,33(2) :122-128.

B IR, BUR R, A5 B TRl | S DR S e el g
TGP A AR B S PR AL IE S (1] 05 SO TR,
2018,47(12) :1-6.

QIAN R D, ZHAO D, ZHOU H X, et al. Non-uniformity



18 DO O B4l
correction algorithm based on weighted guided filter and AGASCMIR A FEm [ T] . £04M AR, 2002,24(5) :22-24.
temporal high-pass filter [ J ]. Infrared and Laser FAN CH L, YANG L, HUA SH F. Effect of the
Engineering, 2018,47(12) . 1-6. temperature of thermal detector on temperature

[12]  okmemE #E ] Fl R ,%jFﬁi‘J/@éI&l‘%{%ﬁ(}\ﬁx%%ﬁ measurement of uncooled infrared imager [ J]. Infrared
IR AR 22 B [ T]. 4040 530k T/, 2016, Technology, 2002.9,24(5) ;22-24.
45(10) ;1004003 . 1-7. (18] Ikl BEplisC , 2R BB 1R 00 25 V8 B %o =l Wil v 4 A M B
ZHANG X Y, XU CH, HE L M, et al. Temperature field AN A AR TR 1 5% 5 A& GE [J]. £0 4 4 R, 2016,
of body surface measurement by uncooled infrared thermal 38(11) :984-989.
imager and error correction [ J |. Infrared and Laser YAO T, LIANG CH W, LI K Y. Effect of detector
Engineering, 2016,45(10) ;1004003 .1-7. temperature on the human body temperature measurement
[13] B A, JRE A ST R R LA I Z0 A1 A of uncooled infrared thermal imager and its correction[ J].
m%ﬁﬁ&eﬂﬁ [T]. 06 R N, 2018,33(5) : Infrared Technology, 2016, 38(11) ;984-989.
49-54, EEGN
GUAN SH H, YANG H B, SHAO M, et al. Research on WEIR 2004 AT R HE T RSP %#
calibration method of infrared imaging temperature T2, 2007 4E T RIEERF RG220,
measurement based on curve fitting [ J ]. Electro-Optic R R RE A P ERR S R R
Technology Application,2018,33(5) :49-54. B 5T B e % T AR, BT )y ) R 4T
(147 fidf GBI, 525, 45 B8 T ZL AN RSG5 22 53 Bt K HMAER O FHEAR LA
M I HEIE [ T]. B 7 & R, 2014, 37 (10) . E-mail ; zqz411@ 163.com
104-108. Zhang Zhiqiang received bachelor degree from Tianjin
XU K, ZHAO L, YUAN Y, et al. Measurement error University of Technology in 2004 and master degree in 2007 from
analysis and compensation experiment research for Tianjin University. He is now a doctoral student in Tianjin
medicinal infrared  thermometer [ J ].  Electronic University. He is a senior engineer in Aerospace Information
Measurement Technology, 2014,37(10) : 104-108. Research Institute, Chinese Academy of Sciences. His research
[15] PRI, T 20 | R HG . 21 AMGE I 2% 1Y 5 A2 4 o 0 i interest includes infrared thermal imaging technology, laser
FERERE [ ] 0 54151 ,2008. 3,38(3) :238-241 application technology and machine vision detection.
SUNZH Y, QIAO Y F, ZHU W. Influence of IRFPA T, 1981 45,1991 47,2005 4F F K
drifting characteristic on measurement precision [ J ]. AN =27 11| 5 = X ol 1w N L e oo VAR 9
Laser & Infrared, 2008,38(3) :238-241. R HAZ , BT 7 6] R e e 5
[16]  ZREF ZLIMARAORS HE IR B AR BB 5E [ D] KA Pl BT T AR AR
KRBT R, 2016. E-mail; pingw@ tju.edu.cn
LI Y. Study on precise temperature measurement Wang Ping received her B. Sc. M. Sc. and
technology model of infrared thermal imager [ D ]. Ph. D. degrees all from Tianjin University in 1981, 1991 and
Changchun: Changchun  University of Science and 2005, respectively. She is now a professor in Tianjin University.
Technology, 2016. Her main research direction is intelligent detection and control,
[17] YEHEF], L, RIS, PG IR B X A ] & 20 1 4 power electronic conversion technology.



