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Abstract: The earth’s heat radiation, as one of the unknown parameters between the space target
and ground-based telescopes infrared imaging terminal, will reduce the traditional dual-band
pyrometry forward accuracy. To improve the accuracy of target temperature estimation, an
estimation function based on the measured number of electrons is established, and temperature
inversed solution model for solving the maximum likehood function is obtained; dual-band
forward solution method based on the number of electrons is derived, and the simulation and
analysis of the algorithm is performed. The experimental results indicate that the target
temperature inversion precision has a close relationship with the imaging detector signal-to-noise
ratio, the earth’s thermal radiation estimation accuracy and emissivity difference between bands;
when the signal-to-noise ratio is relatively low, the dual-band pyrometry is in no solution; when
the signal-to-noise ratio is relatively high, the inversion temperature accuracy of the dual-band
pyrometry and maximum likelihood function is quite; function method of maximum likelihood
using constraints and limited memory quasi-Newton optimization algorithm can effectively avoid
the objective function into a local minimum; maximum likelihood function method has a strong
ability to resist noise interference, can expand the scope of object temperature solution, and with
high precision; under the guarantee of signal-to-noise ratio, increasing the number of image-band
in order to improve the accuracy of temperature inversion.
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Fig. 1 Dual-band ratio-estimate in the case of ignoring

and knowing earthshine level

FLWR o A SR B 55 1 g 5 R Al H b 1L BE R R

B E 2 m & KA A it ( Maximum
Likelihood , ML) s % & 2 Ca) F1 (b) 4% 3 A3 5
5540 8 Hb Bk A5 S ML pR B D B4 A AT LALAR
N R AR G ) ML oR B Ak S VR AR B B
By 3-8 3 I R B Jc DA 5 X T A b R AR R S i
ML R, Hbr e B0 il 22T 0K 58 i &2 2%, ok A 3l
AL 5 TS B 0 2 T ) B — A R AR
S AT R E B AR S BAE R IR AL R AT AT
WA X AR 2 80 e HER B SR i 0 o 2. B o i
1.0

0.8
0.6
0.4}

0.2+

0 100 200 300 400 500 600

T/K
(a) Do not contain



848 n F

42 &

02 .
et Gels Stack -
Qe ———
0 100 200 300 400 500 600
T/K

(b) Contain

B2 fad5asbshdmidn ML &%

Fig. 2 ML function does not contain/contains the Earth's

heat radiation

T ML B& B I BE B 1] SR A D7 vk 7E b 5K B 5
T 05 2R F A B0 T #E 47 LA, IF 1 Monte Carlo
B 5 HAt SRS BOR A TR e 22 o7 A& 3. R[]
2k B B R B Br 2 ) e R ) 22 S AR . i [
3 AT LG Y b R AR AR A 10 220 5 5 ek ML R R B2
SR TSR JBE 5 0 AN K 5 ) A  BE A D B =2 ) e 5 2R 22
S B0 O e R SR itk R R BT T B A MR LB
T 85 SRR At A R

60 i
—0;,=0.1
sol >~~~ . 0;=0.03 1T
o 0,=0.01
ot T~ 6;,=0.005
% 30
o
20
of T —
P L S S
0 ' : :
B m 50 30 100
SNR
(a) 2-Band ML estimator ignoring earthshine
— 0,=0.1
S0F O s 0,=0.03 1
e 0,=0.01
40 0,=0.0051
¥ 3
)
20 .
op o TTTT—
. L] L] L] L] L] L] L] Ll
0 ; ......... . 1 .
0 20 60 80 100
SNR

(b) 2-Band ML estimator based on known earthshine level

3 A2k iz A5 A H T ML & $UR ) K #
R
Fig. 3 ML estimate in the case of ignoring and knowing

earthshine level
5 4%t

AR SO 3 8] H 3 B 2150 B BE il B 73 A i

A7 TWFSE. 25 6] H AR BE S v o B 5 AR R I 2%

A5 M Ll | sk PR S I A S ME R B A R B

KR Y AE MR L Ll A iy B, Ui B L o 0 I vk 25

BEa A TGl X 8, 1 ML o %50 AT B 68 5K A il 2 5 24

17 MR b Ll A v ) B e XL BB LE 8 TR 1 5 ML R

B ST U R VA BE AR 2 s ML R BCR H] L-BFGS-B

55 45 S R B O AR R

H s ML R 80E AR e TR 6 01 . 97 K H

o ik B SR A 1R S0 1L O 5L e A A 5 AR IE

FRAG 2 A SOR 2 0 K, & 330 1.t il

ML EFHAT R B R R S T B, 1 ML R

Bk AR H bR R S S B 3R ) m A0 ER.

VR B B 30 I8 B ) i B R 2% S DN

I b, B 7 A R P RSB B iR T 34 e B S 0

L A AR B HO IS B FIIIRIS 6%

fIX B 575 SRR SO 32 5 15 M LU 5 3 b ST IR R 1Y

P BeBOBR 22, i B SR A A R BT iR 25 TR e ) B, it

WA PR IE A M L i 4% B0 i PR AIG T D' 35 40 4 4 R

B AG B B L . AR S A SRR DR R G 7S ) E AR

0 38 2 65 1 B o it R R S

B 30k

[1] VIGIL M L, WITTE D J. Sensor suite for advanced electro-
optical system(AEOS) 3. 6-meter telescope[ C]. SPIE, 1996,
2819 151-169.

[2] GERWE D R. High resolution imaging thermometry [ J].
Proceedings of Maui, 2005, 1. 68-98.

[3] WANG  Guo-giang, WU Ground-based
measurement on the infrared characteristic of space object[]].
Infrared and Laser Engineering, 2011, 40(9): 1634-1639.
FHER, RooR. 250 HARL M SRR A9 o 3L &= [T ]. £14h
S5¥OE TR, 2011, 4009): 1634-1639.

[4] ZHANG Xiaolong. LIU Ying, ZHANG Ying.
Thermometry technology of IR dual color composite simulation
system[ ] ]. Acta Photonica Sinica, 2012, 41(2); 173-178.
SRR . XIBE, SRE . SF. LD A U7 B R G IR B R B
FE[J]. JeF24R, 2012, 41(2): 173-178.

[5] QUINN T J, MARTIN J E. Cryogenic radiometry, prospects
for further improvements in accuracyl J]. Metrologia, 1991,
28(1): 155-161.

[6] GOODMAN J W. Statistical optics{ M]. QING Ke-cheng, LIU
Pei-shen, CAO Qi-zhi Transl, Beijing: Science Press, 1992.

[7] NIE Hong-bin, HOU Qing yu, ZHAO Ming, etal. IR/visible
image registration based on EM iteration of log-likelihood
function[ J]. Optics and Precision Engineering » 2011, 19(3):
657-663.

Bk, T, B, . TR R EM BRI Y
AL G BEHELT ] b W A . 2011.19(3) : 657-663.
[8] VOGEL C R. Computational methods for inverse problems

[M]. Philadelphia: SIAM Press. 2002.
[9] KAY S M. Fundamentals of statistical signal processing:

Yuan-hao.

et al.

estimation Theory [ M J.
Prentice Hall PTR, 1993.
[10] WANG Shi-tao, ZHANG Wei, WANG Qiang. Measurement
for detectivity of infrared detectors in low temperature
background[J]. Optics and Precision Engineering , 2012, 20
(3): 484-491.
FAE, BRAR . EIR. ZLAMRINE R AEARR T 5R AR R
WK1, a2 5 TR, 2012.20(3) ; 484-491.

Englewood Cliffs, New Jersey:



