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Abstract: Compared with a given laboratory calibration, systematic shifts on the center wavelength and
the Full Width at Half Maximum (FWHM) of each band of a hyperspectral sensor, will emerge as the
imagery environment changes. The center wavelength shift and the FWHM variation have influence on
the inversion precision of the emissivity and temperature, especially near the atmospheric absorption
bands. A technical process of spectral calibration for thermal infrared hyperspectral data was proposed,
which was verified through a simulation experiment with the water vapor absorption band at 11.73 pm
selected as the reference band. The experiment shows when the spectral resolution is 50 nm, the center
wavelength shift ranges from —50 nm to 50 nm and the FWHM variation ranges from —25nm to 25 nm,
atmospheric water vapor content has the most influence on the error of the estimated wavelength shift and

the FWHM variation. Meanwhile, the error distribution were also fitted using different surface functions, and the
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error distribution models used to estimate the errors were obtained. When the atmospheric water vapor

content was high enough, the estimation error of the spectral center wavelength shift was able to reach

within 1 nm. Finally, the proposed approach was applied to spectral calibration of the airborne thermal

infrared hyperspectral data obtained by a push—broom hyperspectral thermal—infrared imager. The results

show that the center wavelength shift of the thermal infrared hyperspectral imager is 28.4 nm and the

FWHM variation of the imager is —18.5 nm.
Key words: thermal infrared hyperspectral data;
FWHM variation

0 5] §

LA AR AR AR AT 3G 2R T L
MRS T S B EHITEE AL L RO T A B H
R EANEAF AL SR B U B oL P K A = 2 9
(Full Width at Half Maximum, FWHM) Bifi i {% ¥4 55 A%
o BRI RGNEER, LR E G5 E bR IR
B FR R IR R A S AN BB 8 A R 25 18 1B
AREUHAL B i OB R im0 ™ FE R & 5
SR A BOEORS B, DR AR R O B B 3 1
R F NG B AREE 5 52 B O IR ARAS A 52

HAT, X5 i o B s 1 6 1% e R o
AR TR T YRR WON | ELLAN R M
Bery il i B s ik e br . BT R ARDLIE E
o Ji 38 o R AR R A SRR 114 D 135 1) 17 PR X (Spectral
Response Function, SRF) A 155 7 ek %0, LU 45 A5 400 85 b
55 5 A B A S ORI B (760 nm) K PRI TR Be
(940 nm,, 1 140 nm) F1 = S A0 W S0 B2 (2 060 nm) &
T EiE 22 5, FEIRFEBLIUERE 1Y o0 B A
FWHM, H %2 73 22 Fd/, e 05 B HERR 9 e
KA FWHM, % 20 B A AN A, 53 2L 5038 2 br
JFERT LA =28 —RTER bl B, i SRF
A FWHM AE (] 5250 2@ AR g 2R ), FORIERR 1Y
HO R B0 TR B SRF Ry v 07 pRER, [R] B el AR
HU IO FWHM, e 28R 15 IE 8 19 O B R
FWHM "% = J2 AR B Ll K F FWHM BUZEAR /S,
PEREAN A2 AU SRF 15 BIRLHUGTE , O 5 IR in 2504
Heds , iR 2RI e A 1 SREM ) B T B2 H BB AL
5 IR B Z A, A 2R3 B R 0
KA FWHM, 3RS R L f o f i i 281, JF
S8 AT 3 2R T T ) RS R M 4 AR Ok
5 IE#H B h P A FWHMU™® ST 3041 41

spectral calibration;

center wavelength shift;

2 SR 1 D R R AT G AR XT3 /D . Kaiser!!
SR A 8~13 wm Y 21 7K PRI I BT 23 (] 3
5 T8 T B PGSR S (SEBASS) LA (7.3~
13.6pm, 128 P B) i i AR AR i 25 #141 4h
G BB HEAT T ORI e AR, LRk bR T R
AU P N FASCODE,, Yt @ brsh 3R W, R
BT 5 06 22 BR O 6 H D K G AR B T A
JB&%, X} FWHM (178 {6 A XA f5U% , SEBASS %4 1
O R AR AE=0.5 N IEBETE N

SCH R R 2 B T R A A 5 i 0 o A
HEH KL AP B AR AL (8~12.5 um) Sy 5], X K&
F Y LA m i B S e bR AT T R G
¥, E B SE IR PR T B B R T A s e A
FCIE RIS E AR A AT AT B T R 25
AR BGE PV o %7 76 X6 Jr 3R B i 2 4
ZLA ISR AT IS E R

1 7 &

B UEZ S A =1 7 33 €1 1D oy - JAck 1 e S )
5 - 6 5 43 B (1 nm) A R 5 52 BE SIS | A
BRI S OISR R A R, WL FR .,
Se, BRI AR B i R RS8R S R A
MODTRAN K 5 % i A 400 4 1 A5 S RS0 7 e 2y
G3 PR MR 5 OGS (1 nm 3 9% . RS HH
A5 H 0 PR (A OA) AT FWHM (AN A+SAN) X # #5
Oy HER AR 5 B T S BLE L, 15 B
A B 6 A B i R AR L ) RS IR S B B
B 3 A A S A R NG 55 000 ) A B O
17 HRER i o S AR SR AT B AL i oA T SAN,

K2 G Bl 50nm 47 . RAERI R A
25 nm 2 A7 B BTS2 T 11,73 wm BHE AR
KT MC B i W sl A R AE LA B I . oA iR

0138001-2



ok AR

%14 www.irla.cn % 46 A
UM RS U A 7 o S W AR R A e — o AL ool i(R X @)
EFE 11.73 wm HYWHCAS AR g KRB RFAIE 5 B, =
TOLIEER

z RiRi
/ ] Atmqspheric parameter7 SA:l— atcos = (3)
® Imaging parameters ™
" MODTRAN

Simulation of super high-resolution at sensor
radiance spectrum

Simulation of sensor Adjusting 04,and
radiance spectrum 0AL,

i
Simulated radiance spectrum Measured radiance spectrum
of the atmospheric absorption of the atmospheric absorption

bands and vicinity bands and vicinity

1
‘ NODD transformation |

Cost function No

minimum?

Optimal process

Optical 94,and 5AZ,

P 1 BET 37 57 B IRAL S o I B G 3E SE BR B AR A R
Fig.1 Flowchart of the scene—based spectral calibration

for thermal infrared hyperspectral data
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Tab.1 Settings of simulated experiment

Variable Set value Description
Atmospheric model , Mid—
MODEL 2,3 latitude summer(2) or Mid—
latitude winter(3)
Surface temperature , 260 K in
TPTEMP 260 K, 300 K . .
winter, 300 K in summer
Z
é SURREF 0.1 Reflectance
% HOSTR For H;OSTR from  Scaling factor for the vertical
s : 0.1to1.0step0.1 water vapor column
GNDALT 0.003 km Surface elevation
HIALT 2.003 km Sensor height
-50,-25,-12.5
DELTA o ’
LAMBD:'X -5.0,-2.5,2.5,5.0, Center wavelength shift
12.5,25,50 nm
-25,-20,-15
DELTA > P
FWHM_ -10,-5,5,10, FWHM variation
15,20,25 nm
% Noise equivalent
17 NETD 0.3K .
Z. temperature difference
&)
@ Number of samples (pixels)
NS 320 .
per line for each band
Number of lines
NL 100 for each band
NB 9256 Number of bands of the

simulated hyperspectral data
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different water vapor content scale factors
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Tab.2 Error estimation models

Error estimation model RMSE/nm
Center wavelength €,=0.074 3(18\1)"®
shift in mid—Ilatitude _(3-0.31)° 0.4

summer

Center wavelength
shift in mid—latitude
winter

FWHM variation in
mid-latitude summer

FWHM variation in
mid-latitude winter

0.014 3

+6.5y+7

;=—0.051 04?81, —26.85v' +
0.073 1y8A+57.22y— 0.6
0.017 78A,—40.04y+11.35

;=—0.000 15A=0.002 3ydA2—
1.35695A+33.5y+
0.0118A2+0.914 2 yoA,— 2.0
80.8372+0.564 65\+
35.65y+12.11

€,=0.011 16A*-0.453 4yd\+
17.059+0.633 63\, — 1.1
30.34y+16.79
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Fig.5 Thermal infrared hyperspectral datacube
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Fig.6 Center wavelength shift of the airborne

thermal infrared hyperspectral data
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Fig.7 Radiance curves before and after spectral calibration
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