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Research progress on infrared temperature measurement for low
emissivity objects
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Abstract: Smooth objects such as metals, optical mirrors, and silicon wafers generally have extremely low emissivity
and high reflectivity, and are called low emissivity objects. The extremely weak radiation from low emissivity objects
will be submerged by the environmental radiation reflected from their surface. Infrared temperature measurement of low
emissivity objects has always been a challenge in the field of infrared temperature measurement. Due to the continuous-
ly growing demand for non-contact temperature measurement of low emissivity objects in fields such as metal smelting,
solar telescope thermal control, and semiconductor production, a large number of infrared temperature measurement
methods for low emissivity objects have been proposed. First, this paper elaborates on the difficulties of the infrared
temperature measurement of low emissivity objects and summarizes the temperature measurement methods currently
used for low emissivity objects into five categories. Then, the basic principles and technical routes of each temperature
measurement method were summarized, and the advantages and disadvantages of each temperature measurement meth-
od were analyzed in detail. Finally, the possible development directions of temperature measurement for low emissivity
objects were discussed.

Key words: infrared temperature measurement, low emissivity objects, signal-to-noise ratio, emissivity

Wefs B 81 :2024-06-23 , f& 2] H #A :2024-08-02 Received date:2024-06-23 , revised date:2024-08-02

HEW A : HE [ ARRFIE4E (U2241226,U1931124) 5 = B4 FERBF5E 115155 H (202401AT070140)

Foundation items: Supported by the National Natural Science Foundation of China (U2241226, U1931124), Yunnan Fundamental Research Projects
(202401AT070140)

{EE B A (Biography) : B{FER (1984 — ), 5 INARTTFEN , P ERLA B 2T K SCH m g TR, Jnt 3 T R# L0 AR, R U 21 5k
DL ZLAMARIN & R P B s HOE22%E | E-mail: 308762@163. com

" {8 4EH (Corresponding authors) : E-mail : neobull@bit. edu. ¢n,xu_fangyu@ynao. ac. cn



5 LT 5N 5 B K k% IR XX %
55 PRAK S 2 A1 IS o A I A I S R A R R

1AM Y 5 A ) 7 T PR A Sl A 452475 B
I A B D ST T3z T AR Ml 00 i 45
I 25 2 T i A S R A Bt P — e
DU, W VAR S THT ) S 3R, 2 1T 2 S 5 U g
UL B4 IR S R A 3 B B BT
PR B P AR A R BRI
ZLANINE P TARAR S AR MRS, F b e S 2 R
TET 555 1 B0 5 i A A0, 2 T ™ A O R R
2o FlAE BHA BRI A W A BEHE A5, RSO |~
SR T R O S5 AU S A A g 2L
T it KA o ORI B is A7y, A 2065
B T 1) A B 668 5 v 1) 5%~ 1590 4 45 4 T RSS2 W A
SR TR A P TR A ] SO R
B TR i 174042 TR SC R e i /) B R T 5 T O B U
R LA —JZ AN, — o e Jm . e b
T A2 AL T B R P i 25 A BT TfT L 5 25
O AR, FECRR BRI . 5K B
WL, 5RO K 5k 2 G2 9 T BE R SO £
1 AL 4 B 1T B AR R At R S BOROL R S
L, 22 B BOL AR BRI, HO' RE 1 R
%, A T 29 R I AP0 A% B TERE Y BB K
K BH B2 e 5 M5k SO A B R R OB BRI
Pl AR G Pt B I A Al T ko L £ i
JEEAR Sk 2 10 DR G5 I V2= LB R BH R 5 O G i i n
TR BRSO, 2 fiph 00 et w2 ] T B B 0 7 B
TET AR S G B 0 R T T o O B T A £ Al
R S A 37 LA S I 5 T L RE Dy B W54 5 A R FH B
ERE SR EIS S Wi NP/ N S 9B
s[5 RS /N 0 T 2 el e R o 4 R K
G o 50 FEE 4 Bl O 25 A O 19% FO B AN B
SV B RRA R R R L BEES
It FEE 37 73 A1 1) R B A 75 0T 15 A v
s AN X TR Rk b B, A 8 R T RS S Y
RN S A 00 5 58 B R Sk B — o 1 5 58 SR
VR B 51 A 119 15 RN 3 2 2 T B I L SR
WEA, 7042 B DS A 1 P T A5 IR AR S R W AR Y
TR AN 4B, oA S92 Pl B R A 755K

— RSO R Ot B, R B kS
PR 159 A58 MR A S 3 0 R R 22 R A AR i 9 R O
ZLANIN SR TR AR ST R ORI A7 AR LT XL 1) 4
JA Ol 2 5 i A AR A S R A A A A R T T
0. 05 , A ] i JE2 F) 166 4 S5 25 9y A 1) A B3 58 P2 2 /N 7

FARESE | A S 380 0 250 s T 114 AU S5 5 0 4 11 s
D /N T RRARER ST T2 AR WHIRER S5 34
AR %) 5 S0 1 T Bt /N B A A [R] Y T AR
e S R S S5 AR B AR B R S SR 1A 1)
AT T AR Ak 5 | A A R 25RO T 4 A TR AR Ak
8 /N T BRSBTS R AR 4 3 4 4R 1
A /N T RBAR . 2) 6 &8 JeEsim Ot
Vi B U 2 AR S R R AE 20 CIR A 4 G
/NT =100 CRER R FRST 52 B o H FLRS S 2L AR
A XoF BRAA B TN T FRA Ry —40 “CE-60 C. 3)1I%
RS R SR A AR A, L ) i S 3R A AR A
BWEES . B OGRSk gk
FIN 5 RS RN 2D AN A ) A% e
S HRR IS 5 k2 I AR /NI & i A, S 35O
IR SR S G A S BB T 559, s S 1 £ e
FUAG o 4) AR S R M %) s S5 bl s, JHL 3 T e i
1 JE A R A KT A Bt . 2R T
AT AE AR AR S R Y IR R A R K T A &R
o TBTEEINAIEE N, IR R R A
SPF 28 PRI 5 B T 1 B A A S 2 T L 3R T R
) B0 55 8 SR 5 A G £ AR ARG B S R
PR LT AN SR AN HERA 570 21 I 0 A o
ZT ARSI L, R Y A S R M LT A IR
el — MG OLE XRS5 (A S I A
M L R, DU RORG R R o R T R BRI RS R TR
AN ET AN 25 | 3 v A4 SR A 21 SN T A
(14 S A T S A ) PR B A 0 S 5 TG, IR R TR X
HbrfE S I A5 L . S Tl R 4 RSO
AT S AR T A S A B S R A R P DR T K
MNATTE BT — L AIL R R Y R 2SN T . AR
5 5 T B 0 {5 e 1 SR VR 25 S AR OB
FARER SRR I T 0 A0 R LR 1 T
TSI S0 ] P O 9 v R R R R L
A R BV BT SR 0 DU v A Ol
SRR IR 7 o B A A S0 ) DU 3R 7
T A P A A S 3 0 A S 1 3 e A5 A A
N = W R | o SN = R 5 2 NI 1 I s R
W A 558 4 5 1 S T, DT S X I A S R i 1
RO EAE I A o SR, AR SR AR ) e R
T PA AR 8%, RIE A JC PR B 6 49 T i AR 2%
P Al AR ] A 21 SR A, XIS S S P 1A i)
ST 23 0 SR R R JRLORG R A IR T RRAK Y



XX ] BN A IR S A R LA IR A R 5 3 3

k=g

DT e RN L, AT TR 3% DA A i 2 T A 2
R TG S A o ) 003 90 B A i )RR R S R
PR BRSSPI RE ) =5 10 1 T, OR A S BIRI 4%
ST 1 (AR S R IR A o B R TR A R 2
R v A R R R S AR S R R R T R A
DR R JE R S TR AR S R AR IR o %71k
LR R AR S R A JR T DX Il ) i A R PR
DA e A SRR SR I I o R A R e 3 D
Bt A2 R ] <6 s 8 S R A s 4 30 £ A B 44
A MR BRI B SR AR . TR
B S A A0 T A B ) R S i R — B IR T B AL
G115 1 AT LR I 1 oo e S A G 5 M L R
v S AR B Y o AR SR AL /M IR R
T B AR A BN LLANGE S B IR GR S R W SR 2, F
FRSTUCER BE 1B o LLANIIR A Y 1R G Sk Bl R
ST A, A (R A AR PR I 2 R S
B, ARAT S AW PR R IR B 1 LA BRI O
T, 30 A] DAAE S5 N 28—l 2 Y B e A4 3
JEOGTAT o T B2 S8 A I L 12 M P S S T TN 1 22
RS2 AT 2500 I8 A 395 568 o AV A 58 3 0 AR i 3 9 WA B o
P BE RO TS 2 IO T AR S R R
TSy DR o A GELL AN It AN e JE AR AR B S
W AR, Xk 7 A B 0o G LA [ 9 20 S Sl
AE T, R ST ER BB T 1 R/ 2 IOk T AL AMBE Sk Y
PR, A S5 I, SRR PR S 5 0 A 0 A A
JEERH 22 B, AL G 2T A S0 e 25 i ) R AR R
RS AR YRR, A G BRI G O A H ARAR 5 2
H AR R ECRE TP DR S R e . PRk, AT LA
DR S5 R W AR Y B 3 7 1 5 1S A PR 4%
JEOL AT F AR5 S 2 A4S A /N T B AR, 051 i
ASCRT ARG A5 55 230 1 A ) 5 00 15 M8 e Ao /s 7 0
PR bad =075 35 n] LR i R A 5 40 1A B Ao 3
JE AR A 5| 7 P SO I S D) R AR Ak, SR P M P S A
T FA R Y £ AN U IRLASCRT , mT AR A B ey B0 4 S5 A
TR A B oAb BRI AR S SR IR e
P, NATE T e 1 2 T S 3 A IR S5 2 R Y
ZLAMIMIR L o AR SCPRAIREAR 1 2% Fi (I A 5 A< 1A
0308 325 P HEAR B M AR B2, I 0B 1 4% R ik
8910 FH 30 5 B AR A

1 E TGRS aNEE

ARSI BRI I RS 7NN NI EEA )
Sk BRI AT o3 S =R 0% - ARG R M R R AT 4

AR A Sk 238 40y A 2 T 2 5 190 B 5 e S L B o B A
(728 SR AT o WIURBOG I, 2 100 52 ST 11 PR 58 4 Sk
Ko I P8 500 I AT D 220 e s AR O . TR
55 5 S 0 ) ) A0 S 25 A ) U S 3 A A A
SR VR VA B T LA RS TE AR A R R Ty A
T BT B AR ZE A0 g 1 PR A A T, T LAy
DENUTER
1.1 ETiESREkEENNEE

SR I T LA 5 B S AR S 3R ) Ak o T
1 RCES T, 32 [ B) o3 [ 52 52 56 % 119 Ellingson 1 3
% HLIK K24 1Y Hsieh £ 47—l F 56 558 57 i e &
(radiation shield ) JF 5% 24 45 4 5 78 4 J@ 2 1 S 5 1
PR IR H AR Hy T S R Y R S A
ik <5 JR R WY S 2 R T4 Jm A B AR A L %5 T
BT R IRSURE S8, R T w46 s 1R
. KT Ellingson BUMFSY , #5358 A8 AIE— 042
TR VALY BV S R kS 1 7 v, AR R
S BERCE B A B ARSI . IR 1R R TR
) ¥4 A St B 1% Ol A 5 T £ A0 IR R

%[7&"][18]0

LA IR

BT T 6 B e ) 0 AN R T
Fig. 1
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Schematic diagram of infrared temperature measure-
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Fig. 2 Schematic diagram of infrared temperature measure-

ment based on external radiation sources
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Table 1 Basic principles, advantages and disadvantages of four temperature measurement methods based on envi-

ronmental radiation suppression
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Infrared temperature measurement results of optical
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Fig. 7 Temperature measurement principle diagram of ReFaST: (a) direct measurement of the metal radiance; (b) measurement

of the metal radiance after amplification by a reflector
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Fig. 10 Temperature control principle of IMT and experimental diagram of optical mirror temperature measurement: (a) schemat-

ic diagram of the IMT s temperature control system; (b) a photo of the IMT measuring an optical mirror
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