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Measurement of Infrared Radiation Characteristics of Ship
Based on Reference Source Method
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Abstract The measurement of infrared radiation characteristics of ship and coastal targets is among the most
important components of target infrared radiation characteristic measurements. The traditional ground model
corrects only the atmospheric transmittance, so the measurement error of the target cannot meet the measurement
requirements of infrared radiation characteristics. This study proposes a method that measures the target radiation
characteristics based on reference sources to maximize the measurement accuracy. Experiments for infrared radiation
characteristic measurements are conducted near the coast by using a long-wavelength infrared radiation characteristic
measurement system with an aperture of 600 mm. Experimental results confirm that the proposed method reduces

the radiation measurement error to 4.31%, which is higher than the inversion accuracy of the traditional method.
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Fig. 1 Principle of measurement for infrared

radiation characteristics of ship
PR AR SR L (T A
L, (T)=eL(T,) +pL(T}), (D
AT W ;e S8 BARIRIR R 58 xS 808
WG 9 EAREY R R
28 RGO R S IR B A B0k
ZLAMGE SRR DN B R GERY AR S RE L, (T) Wl 22
L.(T) =7, Ll i (T)+L(T ) (2)
K o ARAERE R FEFM G L 56 3685
BORE Z TR G N
G =Rlt,L.(TO]+ B, 3
G HBURIKEZ s R RGN 45 . R 5L
B4 HL B B3 5 7, OB E RGBT F 5 B RS
PR g 14 W P g 1 R E ., %of (3) HEAT AL 46, 744 3
G —B —RL(T ) —RoL (T, T un

Tatm R€

L(To):

4
EOX R F B Al LU 48 S E AR B . BB
B 58 55 2 o O T AT 5 R X R X TR AR 4
S5O R AR SR P T R T U E A vk AF AT
DO EARIE HEAT RE bR . AR SCR R b A B2 B i Y3
B R E AR S . MR IR ARG A il
Toon M L CT o) BT S5 . AR S Y T H AR R
SR 2 00 JE M RIRT o AR A bR A0 R S B R
25 T RGP I S B (O 30, B R] S 4%
) bR T A B S e R SRR
22 MEREST
FI bR 21 A1 5 S e e ) 3000 38 2 52 3 22 i I R
AIRZI 2O SRR PRI B B iR 22 B 2Ok A T RS
B 5 E AR 2 LR A8 TR R 25 M R R L TR 2
X TS H bR B AN B R A R 22
1) H 55 R B 5 2 . 5 T 21 A1 S5 DN o 5
R 2 14y PR 3R T 4 i S PR Al R R AN S P 5
28 I R G AR B R 22 2D 48 B8 2 M AT
H A AR 22 P R DB O R R v AL I R A A T 5 ]k
MER 2255 . AE FARZ0 AN S 00 o 4 00 2 B ik 22

230401-2



Wt 5ot T o R

214 10%,

D RAMLHBIERZE . REMEMBIER2E FE
JEHE R RN R A ST R IR R R S HO™
Az R 2 TS 300 SR PR T AR B ) KRB o R
FETEM IR 22 . DU 02 1 S 00 3 A0 465 R A 4 5 o o
7K Ve i AR AR 25 LS BR N & 2 i CO, SRS
ARG R R 22 W 1 O, SR A R ARk
SLEMRZE BOCHE R KIEICRIRZES, K
SAEWABIEIRZEZ R 20%.,

S RE 40 T U NG R (SRS e APl = R
ZL A1 SR AR DU B 1 R B R R R

3 BRI PLLL AR R D

WARAEEWNASHE L RES N E N T, M
Ty AR A v 2 AT LU A 4R 52 L (T )
FUL (T, MR L A0 i S e v ) o D 31 mT 45
G(T)) =t.R,L(T,) +R,L(T,.)+B
G(T,)) =t,wR,L(T,) +R,L(T,)+B’
(5)
K G(T R Ty WET AN R S8 0 it K
H:G(TH N T, WET XN R S0 0 % K BEAE
R RAR MRS ¢ 47565 7 90 A9 FR G0 1 25 .
FRAE (5) 2T IR 8| KRB R o0 N
G(T,) —G(T)
fm TROIL(T,) —L(TH]° ©
[] 34, AR 4 (50 =X T DAAS 20 00 I Ty 1) 9 R e S
Lo N

CG(T,) —G(T))
path — RU
HIBE BT SE R SR iB I . A SR 2%
URAG I % 3 T 30 10 12 AR AR 25 /M0 £ S0K P
FUbR B9 58 5 S, TE s RAUE fan i B i 4%, OF LR
B IETHS Y 20 T BAS RS ) L 3205 TR0 BT
TS AR A AR S B

4 LA SRR A S 0

N T BRSO 9 2 5 PG TE IR A AR H bR
PEAT LT AR S8 R D00 5 3 A RS B2 L R AR R
600 mm AR I L0 AN S PRI R e AT SE g R
IE. &2 PR AR ARLLAMEGH R R SE . X
AGRI AR IEAR N 1 R Hoh NETD A BLEY
FROE R 2L F L.

LUOMR S EAR FS1E S HbnR L @S] CT 2
AR 7 e kG B AR 3R 2 TR R b R S HL

_TalmL(Tl)o (7)

2 RO AR LD SRR v i R 2T

Fig. 2 Large-aperture infrared radiation characteristic

measurement system
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Table 1 Indexes of in frared radiation characteristic measurement system
Aperture / Focal /  Wavelength / Pixel B Pixel Refrigeration ~ NETD / Frame
1t
mm mm pm number size /pm mode (10 * K)  number /Hz
600 1200 7.7~9.3 640X512 2 14 15 Stirling 25 100
*2 ERBENSH
Table 2 Parameters of calibration blackbody

Size /(mm X mm) Emissivity Uniformity Temperature /°C Voltage /V Power /kW

700 X700 0.97 0.1 0-600 380 10
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Fig. 3 Results of radiation calibration with

different integration time
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Fig. 4 Calibration error under different integration time.
(a) t=350 ps; (b) £ =300 ps; (c¢) ¢t =200 ps;
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Table 3 System average calibration errors under

different integration time

t /ps 100 150 200 300 350

Average calibration

error /%
KA OL T B BE W BE Oy 23 km, 52 50 0 & BH RS Ry
870 m. Hy TR A il B R0 A G AR E R, DY e i
T A XA AR BIARE R R S S B . HARA S
BIRAE R — LB L S ANE 5 PR, fESSE T
FEr, S MR IEA S A 3R 4 B .
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Fig. 5 Experimental scene for infrared radiation

characteristic measurement
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Table 4 Basic condition of outfield test

Temperature /°C  Atmospheric pressure /Pa  Relative humidity /%  Visibility /km

Distance /m  Elevation angle /(°)

15 8.56 X 10" 20

23 870 0

5 LMK i B

Table 5 Corrected data of infrared atmospheric transmission

t /ps Taim L/ (Wem 2 esr ')

100 0.7166 3.1560

150 0.7421 3.1670

200 0.7272 3.0459

300 0.7345 3.0150

350 0.7414 3.2780
Average 0.7323 3.1323
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Fig. 6 Results of infrared inversion by different methods
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