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Effect of temperature on airborne imaging spectrometer optical

properties
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Abstract: In order to study the effect of temperature on airborne imaging spectrometer optical
performance, the characteristics of the instrument under temperature load onboard were analyzed, the
mechanism and manifestations of temperature load were described, the thermal performance of the
spectrometer was studied. Firstly, the characteristics of the temperature load under airborne was analyzed.
Secondly, the least squares method and coordinate transformation method were taken as the theoretical
basis for the preparation of the surface error and rigid displacement solver, combined with the finite
element method to calculate the deformation and rigid body displacement of the mirror of the optical
systems at a temperature load. Finally, a ray tracing was used to solve the mirror line position change
due to displacement of the rigid body displacement, study its spectral drift, and calculate the effect of the
rigid body displacement on the modulation transfer function(MTF). The results show that within the range

+10 C, line drift is less than 1/3 of the required accuracy of spectral calibration, no further spectral

s B #.2014-09-21; 1&iT B #§.2014-10-24

HETH . BHZE 863 i1 XI(2011AA12A103) ; 7 [ M1 5T 8 2 /) TAET H (1212011120227)

EE A Bo8(1988-), 2 14, EE M2 SR =5 . Email: xg1004@163.com

SN PEM0973-), B A IR, WF5E 5, BTN A 25 B R 7 A FSY . Email: yancx @ciomp.an.cn



1643 ik IAR

% 44 %

calibration and correction is needed.
Key words: spectral-line shift; remote sensing;

imaging spectrometer
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Fig.1 Optical design of the spectrometer system
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Fig.2 Temperature curve of point 7

IEHBAIRAETT, BT REUT A B0 A% SR s
FIA B IR Bt | 5 U AL 35 S M ey b
T 560 VI 32 56 R 7R B S A A 2 B, LR R
F 1.4 C, VNIR G IR B /N T 0.5 C 5 IR EE
TP AEAAE BN TF£10 €, PG 2B B2 X AL 254
(1) 5% M S A AT DA 200, 2 2 I KSR A XY
G PERE T R R

3 REXPE ARG F ERE R MY
SR T

TEMLE BT VE IS, JCHLASF R K A Pt
B, S ECRGUBT I A A TR AL AN AL | 3 8
T b A PR ECR MR O B R A, 7 AR TR R
Mo M AR UL . ARG BT AR R e B
SRICT Z R0, HLER AR (A B T A2 1k
TR AL FREL /N | 22 G0 AR Bl A 20K, LK
2L 94K i 83 1w AR AL T EUN LR EAS T LA 2
MU 2 ) i 2 AL A% ek o KRS R ) 2 B DDA
e I WIHARAL RS

TEAN A5 A5 3 (4 BAF O T8 S 7K - 11
NF£10C, PO b BT R %R
FBL PN AR B T 1 AR 114 R AR K50 , s I R, A
RE AL AT 5 G A T A RIBLBR S R Y
AR, BRI 136 B WA 57 % X 33 2k 5 8% A



1650 L5k AR % 44 %
14 Ji = W 52 ) Al LA E B9 6 A MIRAL L 43 5K fit i 5 00+ &

3.1 WAL KiE
K Hl MSC.PATRAN&MSC.NASRTAN # {47
P, ARBOGE e B T 22 AR AR /Y
WIRGLRS . A BR IG5 A SR 0 285 2R o &5 U AE
FE 8 T IS AZTEAE, Jouk HiEIUA ZEMAX
S BT R RE A M T i T AU S
WA BRIC /AT SR Hh I A AR T L S
B I 1 T 152 25 FNNIMAAL 35
A BESCHRA 2 T — HEE R AR Lk AR
AUORAL PR T P R 22 I TR S PR 8 T
AR R U2 AT A JEAEL 20 i 3 T 22 kAR
R 305 AR E 22 B/ N E T T R, T LR
B SRRCEA T . SO B T H U AR BR S 8 vk ST
e AR TE B 5 A5 SRS N OC R M 6 T 1 IR07
FEZH , )P die /> 3 12 SR e 5 i ) RS2 3% 5 5 )
it A 18
e B 7 5 T A A= MIMAR 52 3% 115 04 Jmy &8 A bR &R G
P, R SR LN (%o, yo, 20) , R TE IR 1 RALE R
(Xory Vs Z) o W E 58 T 5 A2 MR A2 RS I 11 Jd #4842 B
WIS B s ALEA A (X0, y0, 20) 0 TRIX
BLm WAL RS Ry [ Tx, Ty, T, Re, Ry, R.], W (x,,
Yons Zn) BT A BT (" sy s 2 ) D T S 5 UK AR AR R
ok SR A
X' 1 =%,,c08(Ry)c0s(Rz)—Y,,cos(Ry)sin(Rz)+
Z,SIn(Ry)+Tx (D
v’ ,=x,[sin(Rx)sin(Ry)cos(R,)+cos(Ry)sin(R,)]—
Vaulsin(Ry)sin(Ry)sin(R;)—cos(Rx)cos(R,)]—
ZnSIN(Ry)cos(Ry)+Ty (2)
7' w=Xu[—cos(Ry)sin(Ry)cos(R,)+sin(Ry)sin(R,) ]+
Vulcos(Ry)sin(Ry)sin(R,)—sin(Ry)cos(R,) ]+

Z,COS(Ry)cos(Ry)+T, (3)
H RSN 22 (D) ~(3) AT A6
X' =X =Yn Ry + 2, Ry + T (4)
V' =%, Ry +yn—2u R+ Ty (5)
==X Ry +y,u Ry +2,,+ T (6)

Ky Vs 20) T AT A)~(0) T 51 BT i 2 22 5E
SMCoRiRZE E N .

E= ) [ =)+ (3 =+ (2 m=20)] (7)

m

Z, el LA S 6 o0 1 IRJ7 R4

OE o OE _ OE
aTc T, AT,

8

OE _ OE _ OE
aRy ' OR,  OR,

KAy AR, B AT A5 S 45 1 04 KA A7 B 1
NSRS, ZBER S TR TG, R, S
PRI B SRR . £ MATLAB 355 F 4l TR
RERT
32 BREMGEILLZEBHIEM

WH TR i RN AT K B e o
RS Bk A, IR R AR T
g TR T %2 A TLI A, 30 CCD 142
TCIIFIXT SRR B KA ARk, R BRI R 2%
FEAMARTCXT R B L K B AR AR A e A
R R BB AE OGS AR AR B AR, TR 32
R R AR LR e, SO LA (9 AR
TR

AP=A5..=A5, ©)

X, AP X IERS 5 AS,,, 8 m Y n P

R ITXE I B TS LR A 1 AS, h n KRS R A
a MEITRATE,

S TR L B e VR T 4 2 AR Y
P RS B TAEMR B S N, & T -10 T,
—5C.0C . +5C . +10 T3t 5 FiR 28 m T00, 3
BOHNUAN R, ] ZMAX B % 28 I 5 624 &
GrikAT TOGZGEM , KT Bk 5 TH0 T BB
THD M4 % S 3 1Y O % BUR &R 48 CCD &m iy
LB AR SR AR O B A 1S T )
CCD 14 IR 5F 9 36 wm, 23 [a] J5 ] CCD %0 R
4718 wm,

1R 20004 T 5 CHlR R fr T 23 ) 4k
OISR RS F R/, NP AT DL B

(DZS[R4E 6] A A TR Y 3 2 B A%
B AP WEZ N 1.6 pm, /NT 0.1 pixel ; 7]
— WA AN [ S ] 35 2k TS B AH A5 AP B (E 24
0.2 pm, 2K 0.01 pixel ; /A [7] #1375 A [\] 3z K 6]
()1 IR RS i N A A AP E 2 1.6 pm, /N T



% 5 4 W RSB E TR AR R AR S AR 6 W vk 1651
x15 CERZEFTT,ZAL LMNELERE
Tab.1 Line drift on the space dimension at —5 °C temperature
AS,, ./pm Fovie) AS,/pm
—45° —40° -30° —-20° -10° 0° 10° 20° 30° 40° 45° "
1000 =9.0 -8.1 -7.9 -8.0 -8.3 -8.8 -8.9 -9.2 -9.3 -9.1 -8.2  -8.62
800 -9.1 -8.3 -8.1 -8.1 -8.4 -8.7 -9.0 -9.2 -9.3 -9.1 -8.2  -8.68
Afnm 600 -9.4 -8.5 -8.2 -8.2 -8.5 -8.7 -9.0 -9.2 -9.3 -8.9 -8.0  -8.72
400 -10.6  -9.3 -8.8 -8.5 -8.7 -8.8 -8.9 -9.1 -8.9 -8.2 -7.0  -8.80
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Tab.2 Line drift on the spectral dimension at —5 °C temperature
AS,, ,/pm Fovie) AS /pm
—45° —40° -30° —-20° -10° 0° 10° 20° 30° 40° 45° "
1000 49.6 49.6 49.6 49.6 49.5 49.5 49.5 49.5 49.4 49.4 49.4  49.51
800 49.6 49.6 49.6 49.5 49.4 49.5 49.5 49.3 49.3 49.3 49.3 49.45
Afnm 600 49.5 49.4 49.4 49.4 49.4 49.4 49.4 49.3 49.2 49.2 49.2 49.35
400 49.5 49.4 49.3 49.3 49.3 49.3 49.3 49.2 49.2 49.1 49.1 49.27
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