$o2 % s e G TR Vol. 22 No.8
2014 4F 8 H Optics and Precision Engineering Aug. 2014

XEHS 1004-924X(2014)08-2054-07

1 m OO E R Z RS E R

Z 7Kz AR ELE. Haa
(PERFRKAELFRENRG WEF L. FMH K& 130033)

FEE N TR 2 b AR LA AR R T — B 1 m ORI B RENFS EREE. S TN ERER
I R P B RY DU R B AR A PATOGE A A E AR ER S @57 T 1 m HARLZSMN R RENWR I EIR RS . 8
IZEL AN S R G0 OGS e 1 BT S B A SR AR SRR N b T R B 7 A SRR 2 AR L T — B T O R A R AR
HEAR G TT AR G REAR 8 TV o 25 1 T s 8 J7 1k R B A T I E R AT T A A G IE AR o . Jie i L 7E A0 3 DL SRR AR S B
HARSEAT 148 P AR e DU i 5206 . S5 SRR WY, N AR SCHE 0 A9 S 58 05 7 1255 1 m IR 20 A I 4 2R 0 1) 4 S A P 0 0 22
I KAE A 9. 5%, ARG 7 6 -390/ T 249 8. 7%, Al i B S PRIl H 8 AR 5K, 3R 5 3E 6 4 48 9 bm i i

X 8 W.anERG;RAESEE; RS RER R EE

FE4SHES:TN216; TH703 XEkFRIZAD : A doi: 10, 3788/OPE. 20142208, 2054

Calibration of 1 m aperture infrared theodolite
LI Ning™, ZHANG Yun-feng, LIU Chun-xiang, CAO Li-hua, GUO Li-hong

(Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)
* Corresponding author, E-mail:ningli521 @qq. com

Abstract: To measure infrared radiation characteristics of air targets, the calibration system for a 1 m aperture
infrared measurement system was designed. A mathematic model of calibration for the infrared measurement
system was given and a radiometric calibration system was established by combinations of a cavity blackbody
and a collimator as the standard radiation source. Because the spectral response of the infrared measuring sys-
tem is selective, the calibration principle based on conventional radiometric calibration method has theoretical
errors and reduces the precision of radiometric calibration. To solve the problem, a relative spectral calibration
method based on a monochromator and a standard radiometer was proposed. The mathematical model was
given and a relative spectral calibration was performed. Finally, the experiments on radiation characteristic
measurement were performed in the field by using the blackbody as a simulated target. The results show that
the measurement max error from the 1 m aperture infrared radiation characteristic measurement system is
9.5% and improves by an average of 8. 7% as compared with that of the conventional method. These show
that the proposed method meets the requirements of practical applications and is suitable for the radiometric

calibration in the out-fields.

Wi B H3:2013-08-05; 11T H#H:2013-10-07.
BEe&WB:HKAARB%EE%BTH (No. 61036015)



58 2z

T A1 m HARLLAMNIN B R G800 R 5 E AR 2055

Key words: infrared measuring system; radiation characteristics; radiation calibration; spectral re-

sponse; monochromator

1 7]

qul

2 (6] AR B £L A1 5 5 R e i al 52 B T Ok
Z W E A, [ NSNS I P, EE A B R
GE LI AR 25 2 A0 B b KL 21 A 2R G AT B
SHRRPEDIN R L2 R G0 B s i R B 20 SR D A%
4 2 THT P22 £ AP R A e #e D A AR E A
A WL AN S . ZAEN bR i 2050 80 R
GEIRER N ISEARA N TR TR R € TP N A
T 25 8 0 B R A I AR ) R R B IE
I A 48 R R 20 A = AR o Z0 A0 A
R GUAR B E AR H 0 o 52 20 AN N R S A
141 55 0 A S 1 ) 2 00 5 2R, A H AR Y
ZLAMEMR AT B B bR A BT B R G0 09 20 5 4 5
T BRIV HE A S 5 RS A8 L 19 R O <
FIbs 52050 & R g i A2 B KRG REIES
0 N RS B9 A I 8 S S A B A AR A
(19 2 LA A 2t 5 HARRe P20 B 9 H (928 - 8 € H AR
Y-SR S G NE RN SUR SRR G E SR
f¥ LS S L DTS 20 B (0 TR S A

TE b3k =T T AR, 205N 2 5 00 56 5
PRI R AR T AR L 2 O E H AR £ 50 5 4 4 0
SRS BE B SCHE PR . R . 7 0 37 R A R
B, — B LAt RGN AR A A —
A I IBBERE A 2 G 1Y D' % Wi 7 7 00 45 ) L )
Iz B A DA — A~ A8 0 R, SR A T R SR A P B
21NN R GE R FRL 373 9 5 12 R AT 4 6 A A
SE B A5 B B AN 21 S AR S ) R S ) IO R R R
H T TELAMI B RGO A BT 423K 1 m,
AR 8 5 78 AR 19 EOR AR TR A AR E R T 1 m,
BICR B4 1 m RL b f% T I RAR AR O AR e U
IR ) 2 T 2045 DR 3R A 0 R R 2 iR
Y o) PR 29 L B, AR ME T IR AR 8 0] 4R G E AR
KGR ZESR . A . ol T R T I DA 7 A I B A
b AR v I 3% T 25 R R (S R R AR AL
(7] I 75 85 B 2% 5 AR N T 5 B AT 0
PR A PRAI A R T T I L R AR S AT A 1Y
RS RE AR TR T T LA A R G R
) e B D' T A P A ] A T 90 BE Y 8 1G9 T

I A KA S — AR R BB (BB 2 5 AR I
SE BRI B BE R 25, DA SCHE 25 1 1 me AR 204k
I 28 G S AR R R Y Rl L R T A
X '3 W) SO R KRS B A S A AT AR AR B Ok L OF
PRARA 21T 22 GEAR X DI i o s A2 ) K Y
WA ASE T 1 m HARZLAMI B R S8R AR X O3
Wiy 157 PRVRR . i o 3 A 37 A A T S L R
A SCHY AR TT 15 B AT T S U R 3 A

2 Aipg A ARARR

ARCHL M ERE RN 1 m, h T2
B R BRI A A3 | A 10 AR TR X s ) R L AR S
SR R B AR 5 AT AL A e bR i s
bRl A 1 Frs .

T
L IMRAG
[ . ]
g(t \\\\\ iwhahmah“){
, (B ‘\\ | -
— N T
____%_%_%_ﬂ_\_\l?\ 7

]
fE AU H ik
Bl 1 I RRR S PAT A A G b Y R
Fig.1 Schematic of cavity blackbody and collimator

combination calibration
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Tab.1 Parameters of cavity blackbody
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A3 205 S e AR $80 mm
o —60~600 °C

2 N =0. 99
B ¥ ) <+0.1°C
A <+0.1°C
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Tab. 2 Parameters of collimator
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ing system
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Fig. 3 Normalized spectral response curve of infrared

radiometer
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Tab.3 Parameters of monochromator
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Tab. 4 Data of normalized spectral response
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3410 0.006 57 4 010 0.918 44 |4 610 0.427 23
3440 0.017 17 |4 040 0.856 81 || 4 640 0.387 77
3470 0.048 84 |4 070 0.755 68 ||4 670 0.343 18
3500 0.109 88 ||4 100  0.652 |4 700 0.298 82
3530 0.197 63 |4 130 0.543 55 ||4 730 0.251 44
3560 0.296 57 |4 160 0.445 83 |4 760 0.203 39
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3 800 1 4 400 0.352 98 |5 000 0.002 98
3830 0.9925 | 4430 0.407 82 |5 030 6.11X10 "
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3890 0.960 81 |4 490 0.489 92 ||5 090 5.58X10 °
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Spectral response curve of infrared measuring

system
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Fig. 6 Schematic of radiation characteristic measurement
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Tab.5 Result analysis of radiation characteristic measurement
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40 2.935 2.580(12. 1) 2.797(4.7)

50 4,064 3.483(14. 3) 3. 828(5.8)

60 5.526 4.758(13.9) 5.239(5.2)

70 7.389 6.222(15.8) 7.027(4.9)

80 9.729 7.910018.7) 9.067(6.8)

90 12. 630 10.432(17.4) 11.569(8. 4)

100 16. 184 13.239(18. 2) 14.647(9.5)
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