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Abstract: The modeling of infrared radiation characteristics of ground targets requires relatively complete
parameters. For non-cooperative targets, many related parameters are difficult or cannot be directly obtained by
testing methods. The lack of parameters brings great difficulties to the prediction of target infrared radiation
characteristics. The infrared test data of the target can be considered as the result of the comprehensive action of
information including all parameters and the environment. Therefore, the test data of the target can be used to
invert some important missing parameters. For cold static target, the possible missing parameters of ground target
modeling are analyzed firstly, and the value ranges of the missing parameters are estimated through research and
expert knowledge, etc. Based on the sensitivity theory and orthogonal experiment method, the influences of the

missing parameters on target characteristics are studied, and the main missing parameters are determined,
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including material thickness, solar absorptivity and emissivity of the material surface. Then, based on the ground
target simulation test data or measured data, combined with the conjugate gradient method, a method for inversion
and model verification of ground target infrared modeling missing parameters is proposed. Finally, two examples
are used to verify the method. The results show that the calculated temperature of typical measuring points after
inversion of missing parameters using this method is highly consistent with the actual temperature variation
characteristics, and the data error of temperature at different times does not exceed 2 K at most. The research
shows that the method has good accuracy, and it can be extended and applied to the inversion of missing

parameters in the infrared modeling of non-cooperative targets and the prediction of infrared radiation

characteristics in the future.
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Fig.l Schematic diagram of ground target thermal boundary
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Tab.1 Level table of orthogonal test each factor

Influence factor Level 1 Level 2 Level 3
Thickness 4 7 10
Solar absorptivity 0.85 0.8 0.75
Infrared emissivity 0.95 0.9 0.85

BT R 1 ERZ IR T KF, B IE SR
5, MU T5 AL A A IR I AR . 22

Lt 5, CUBIAS LA [R] i AN [R] [ 38 AR 25 45 53
BRI 2 s . —BAF LT, IR E TR R T
PAZNISES (R -8 A SRR N T Sl K B Sib e
BB =SS SRR AR I s FAZ AR v, HOR
BH R A3 19 BT R B 5 50% . B AT R T B = A
RO T AR 0 A Rl o 2, R e I A
AJRERE | K BHI R LD AN K b A SO v S H
PRECE TR BB R S

100%
m Thickness = Solar absorptivity »Infrared emissivity

80% M

60% 58.11%

T\ —

2777%
0% 14.12%

Contribution rate of each factor

0%
Infrared

Thickness Solar
absorptivity emissivity

K 2 ARER LG T

Fig.2 Contribution rate of different factors

2 ETHEMEZINREASHRE

2.1 ETHEBRRSGHEREY
X TR A b TG A 2 G A B 6] 5, b i H A
P JEE B B LR T IR 2 S8 — R N, 388 5 4R B
{19 A s B L B 21 AN S S e DR T L
PSR AL B b R ER s S AR IO T H bR i Bk S50 H
bR ERECH J(X):
JX)=Y(X)-Z| (15)
K X=[h,o,e]” R R I SR S5, Horp b R EB
PRI, o 2rm HARF R IR, & %o B
LLAN RS YOO=[Y(X)1,Y(X),... Y(X)]" TS 08
Z=[21,Z,... Zy)" Fr D B s MR RS B T R
TN
T 52 ) R0 55 20 F SR it 155 S T B 8 X fili A5 J(X)
R E e/ ME
22 ETFHITREE AN R RS
SCHR FH B B 1 58 B H AR B S 800 B,
HHA AR v 506 B T R as &, R E R0
SRR B 1 R By ), IR SRy 1 T 2R B
R R /MBS o A8 SIS 1) R R A R

202200334



b Sk A2
% 1049 www.irla.cn % 51 %

T SEER IR N S BT BT E A S I I R 4 A R ek
ST AN SR A A Ay DN e R, AR B — 2D A6
T A, 7E 32 A5 38 3 1F [ R 58 b T B A 38 B
AT AR SRR A, 19 2T SR, AR BRI 5
SRR 1022 A i H AR e B, A H AR R RO S
OE (B 2 H S H A SO S EE T B IE
HOFT AR ) 2 AR RS R BOE . BAK
TR RRIT R,

HIRD: B E =0 BRI S HUH X0, kiR 2=
>0;

IR ): MR S I H i A1) 4 2 B0 A )
I B AR R AL, KA R /N TR DR 2E, AL R
PRI 1SR AR, A5 W1 20 TR B)s

A BRQ: ARAE B bR ok B 40 R R g FRR B
v J;

0 n=0
B'=y VIXHVII(X") o (16)
VJ (X)) VJIT (X 1) -
VJI(X") ==2(F")[Z-Y(X")] (17)

A B O R R BO0 R
o [BYT (X")}

ax" (18)

B R@: AR ALY R BN b S R Ry
i &' SERELK o
d'= VIX)+pd™ n=0,1,2- (19)
_ [Fd"]' [Y (X")-Z]
[Frd"]" [Frd"]
HIROS: & E n=n+1, RIFELAX X=X"~0o"d"
HRBM R RESH X, BRSO,

n

(20)

24

(a)

—&— Air temperature

21

18

15 ¢

12 +

Air temperature/°C

Humidity

3 ERBAHRNAERIESERSN

T B E bR SO R A R, T T RS
BRI v H AR BLRS, THAE FARR A5 N Y
R HASIRE AR o FIHAS [E B 205 J7 7 04 33 35
B X AN [ 35 2 14 RS R R A BH W SR AT I 1 5 5
E, B2 S I8 Bk 7y 3 A R S e P
3.1 B BRITEERNRITEEY

Tl 3(a) FroR A5 T AR A 30 5 JL Ao 455 A1 1],
B 5 30 S0 A BEA TR A, WA L R L M
A R SR . TEAARERSE . & 3(b) Mt
JE [ R B ol A4 A% 7R B2, 1 FH ICEM CFD #44%t
058 HARIEAT AR ] 3, FC v b T 50 (8 FH 2854 £ 0
K, E AR 538 FH R 2546 1 I 6 5 B A 76 o s )
B 050 53 o SR Ak I B S sk 1) 4 o O B 5 G R A
W 12795 ~13 95 s, T 20204F 4 23 H
B UL X A R R SO TR R T, o
G G5 A R A G M 3 R P % S OR300 35t >R £,
YRS 60 s, BARK SHCR ARG E L 4.1 75, I
RRIAZ =, BRI RS E 4 Fos .

P 3 (a) 3050 JUMTERAT; (b) 38 50 RS 7R A
Fig.3 (a) Diagram of the tank geometry model; (b) Schematic diagram

of the tank grid

100%

(b)

——v— Humidity
80% r

60%

40% r

20% r

0%

Time/h

20220033-5



ISk A2

% 1049 www.irla.cn % 51 %
35 800 : 800
) (c) (d) —a#— Direct

30 L Wind speed 600 t —v— Diffuse 1 700
g
o 400 1 600 =
- 25 = =
£ = 200 | 1500 &
5 20 § =4
3 S
g8 E 0 400 B
215t S 3
< © =~
e £ 200 | 1300 =
= 5 ~
1.0 £ 400 | {200 2

0.5 -600 | 1{ 100

0 A - - -800 0
0 4 8 12 16 20 24
Time/h Time/h

€4 2020 4F 4 H 23 HRZRZH (a) 2RI (b) 2R (o) M (d) KFHER S
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Tab.2 Initial parameters and constraint range of each component of the tank target

Part Front armor/mm Fort/mm Rear armor/mm Gun barrel/mm
Value 50 40 30 15
Value range 45-60 35-48 25-36 10-20

Part Toolbox/mm Skirt armor/mm Tracks tires/mm Solar absorptivity
Value 5 5 36 0.6
Value range 2-10 2-10 30-48 0.5-0.7
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Fig.6 (a) Iterative curves of tank top-view azimuth parameter;
(b) Iterative curves of tank right-view azimuth parameter

inversion
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Tab.3 Inversion results of top view azimuth parameter

Part Initial parameter value Real parameter value Inversion parameter value Error
Front armor/mm 50 59 58.537 —0.79%
Fort/mm 40 46 47.926 4.19%
Rear armor/mm 30 35 34.791 —0.60%
Gun barrel/mm 15 19 17.888 —5.85%
Toolbox/mm 5 8 6.904 —13.70%
Solar absorptivity 0.6 0.5 0.496 —0.80%

R4 AMAUSHRESER

Tab.4 Inversion results of right view azimuth parameter

Part Initial parameter value Real parameter value Inversion parameter value Error
Skirt armor/mm 5 8 7.183 -10.21%
Fort/mm 40 46 49.073 6.68%
Tracks & tires/mm 36 45 42.984 —4.48%
Gun barrel/mm 15 19 17.685 —6.92%
Solar absorptivity 0.6 0.5 0.494 —1.20%
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Fig.7 Calculation of temperature nephogram at 14 o'clock. (a) Temperature nephogram of top-view azimuth real parameters; (b) Temperature

nephogram of top-view azimuth inversion parameters; (c) Temperature nephogram of right-view azimuth real parameters; (d) Temperature

nephogram of right-view azimuth inversion parameter
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Fig.8 Calculation of temperature changes throughout the day. (a) Comparison diagram of the calculated temperature of the front armor; (b) Comparison

diagram of the calculated temperature of the toolbox; (¢) Comparison diagram of the calculated temperature of the fort; (d) Comparison diagram of

the calculated temperature of the gun barrel
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