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A self-calibration method of the boresight angles of airborne
hyperspectral VNIR/SWIR modules

GUO Ran'?, WANG Yue-Ming"*
(1. Key Laboratory of Space Active Opto—Electronics Technology, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: External field-of-view (FOV ) stitching is an effective way to achieve an airborne hyperspectral imaging sys-
tem with both a large field-of-view and a wide spectral sampling range. However, due to the independent installation of
each module, the boresight angles between the corresponding VNIR module and SWIR module will change after a long
period of equipment operation, and the change of boresight angles will negatively affect the data fusion effect. The over-
lap of FOV makes the calibration method based on the epipolar geometry and homography constraints ineffective in solv-
ing the boresight angles between the corresponding VNIR/SWIR modules. In this paper, an algorithm based on the re-
projection error is proposed for an airborne hyperspectral imaging system with external field-of-view stitching to achieve
self-calibration of the boresight angles and focal length between the VNIR/SWIR backends. The algorithm has been ap-
plied to the Airborne Multi-Modality Imaging Spectrometer (AMMIS). Experimental results show that the average er-
ror of the method is less than 0. 2 pixels, and it is also well adapted to tilt-placed modules.

Key words: boresight angle calibration, hyperspectral, VNIR/SWIR, multi-module

r# H #5:2023- 02- 01, f& 5] H #§: 2023- 08- 29 Received date:2023- 02- 01, Revised date:2023- 08- 29
E&WA . RJTATK PR 555 H (D040102)

Foundation items: Supported by the National Civil Aerospace Project of China (D040102)

'f’E%%ﬂ(Bi()graphy) IR (1994 — ), 5 DR ZRZE N SR AR SRS AN 22 R S AL B . E-mail : guoran15@mails. ucas. ac. cn
"{B4EHE (Corresponding author) : E-mail: wangym@mail. sitp. ac. cn



854 AN NS 0 N ok 42 %

51

Tl

BLER R GG R AEAG AL BE TR R
& WD Ay T ELAT )RR N R R S . HAT R
i GGy B A L2k s ik AR &R e AT AR e Bk
Pt ) BRI, DT A B D 1% G RS g ] o
SR, R TR B R R G, 2 IR TR 2
B RS, KA 5 e o PR AE BT v AN fE [R] B 5
Mo TR RAA RSO T , AR Z R RS
A 3 PR 0 O U T R A A B
WorldView—2"*" |, Sentinel-2"" . PRISMA"™' | GaoFen—
1R SR RS R, AN TR0 25 7 o) 1 35 K
0 FI A K TAE SRR, Ry 1 (R s R B 22 1 B 1
e G R I H 78 53 RS R PR 28 0 TAE Rk
e 2 FH AN [R) 28 78 1) 000 25 SR S B3040 I 14047 55080
fi . 40, HySpex VS—1200""" . FENIX'"" 45 412k #E
ARG REAL 38 1 CCD B CMOS #4854 ]
DT LT A1 i BOESCH |, il 2R PR 45 SR 4 Jo 8 21 4/ g
BB |, fe 2l B G 0 XA B AT WL 41
AN B 30 g 21 A0 B 1) 3% 2GS B s . B R
2 e v R ) BRI 5 A ) A AL 28 2 A S AR
I (AMMIS )38 i SR 7 B 42 i 1+ 58, S8
TR o BRI TG R

s 1 SRR A TARAE — D sy B vh, /)
i Fe e V6t DR g, 7R B R By AR A,
ez [ AN S AR 2 e A AR Ak . BRI, AN R
BRI i 2 1] 100 0 Bl o7 0 0 %) 4 i v e ik S Y
B T R OCEE MRS TR MG 52 R A 2 ()
W) %52 % R 21 3l R B 45 # (Structure—from—Mo-
tion, SEM) " i — N EEA [ R, AE SEM AT DL GE
ik 4 HCP IR RG] 4 5 G X i 24 SRR i
R Z RN AR 2 o 25 PR R T v ) [ 44 i O
P — S AR LA 2 B 2 e AR R A, SR AT
DA FH B 1 24 R R AR JLART AT R . X
TR B R AN SRR, B R A R E R
P4 b T 2 T L 255 R 2k Oy R A i /N R LAk )
TR A

B F3R 75 I AMMIS b I A7E7E R BRAE , %
W IUAr s L2 PR ] R Z TR AE B A2 4%, 1 o S 4
Y it i1 AMMIS A9 ] UL 3 21 0 55 J i 21 AP
Z [a) P 7 B 7 Ak 32 B AZ e e 5 ), DR L Al L) 24
FOR AL . T AMMIS 76 23 8] 48 % T = Bl %
T2k KA, I H WA HIL A AR} & .
XF T AR AR AL , 5 FH 507 24 RO RRAR 4 b fif B3 13

A LT 2T IR e R S 0% 21 AMEE B 2 [ i R R i
P FUORIE A7 U TR ST DA A A8 A A R
T O 22, AR A A R B, AN FH T R
T AT 55 -

BEOOHE A A L S IR P R X & 5 POS R G
2Z[B] ()P AR A IE © A AR 25, Muller ' 45 A 42
H0 T e/ A T 4 ) S R AR S AR
R 25 45 A Hh 2 Oy B SR F L Bl A R 25 BN TR O
LA R 2R 48 IE ADS40 = £k A AL .
Lenz ' 4 A\ F DEM $H8 5 B B s 32 BURRE & H
T2 1L XA ARl A 42 1E . Habib!'7'48 A3 H 203K
W, LT B A (S A DX s R SR R A s
S Ry B A Ay P o 125 | U WG Y ) e
FRE TR RSG5 POS RS2 6] AL fA AL 1E
I L 2 b T 45 ) o, o s o — A I A TR A
AR S R 3 v TR S A R AR R B 2 R Y A
KIE .

BT AMMIS W RGBT 748, T2 Af L i
R 22 TN ] WL 20 Ah 5 LT A AL ISR Z 1A
MR TC R R . SRy ik, XRR A -5 8 R 15 2 X6 ] D 3
2T A5 S e 41 A1 R B 1R 5 i 64T 0 AT, B T
— P I T I/ NME EE B 1R 25 I LN S AR R B AR
T . O A A B, AT L3 2 AR R
55 W L1 ARG ] 44 s 8 1Y 3R BB, 56 T fe /M [a]
S ARG IR ZE R AR R 25 . AR SO AR
S, T T A FE R REVR R S R M RO AR AR L i
7R R E ORI TN PE A R . 2 k2 &
FHT AMMIS ECSCAE s | 25 3 oR ml Wi 21 40 E]
BEREPLLIMNEUR R 22/ N T 1R R

1 HARERBESEX

AT WA 4 AMMIS AR 2RE i A S T
AMMIS /1) SWIR 5 VNIR HHL 2 [8] 905l £ 5 £ BE A
RUPA . Bk R E R, K2 H
SRR R, BB ] DL 41 A0 5 e B 4 A R
RAFAEVEAC LA A S AR BE R IR
1.1 AMMIS XBSHRBEEX TR

AMMIS >k H i o 3 56 2% 5 )5 v 40037 9 4 19 1
1507 0 A R G002 R g8 B RN E 2 FE 3
FIrom o ] L 21 405 it 21 S e 3 P i o 8 A4
L 4 A i i A RT UL 21 A 5
W LT AMEE L AT LT 21 A0 5 e 21 A BB E 1
HY = AN ST BRI R A, 2 B mil 5 A5 B R 4L
50, WL L0405 ik 41 A0 = B AP b AR



6 SR LR T DTSN T SO K LT 655

Initialize @, /, N

1
v v v

'VNIR Raw Data POS Processed Data 'VNIR Raw Data

L I |

Project to UTM

Project to UTM
Downsampling

Feature Matching

Update @./.N

Calibrate @,/

1 DAL ROERA R
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Table 1 Core parameters of the AMMIS VNIR/SWIR

hyperspectral imaging subsystem

240 VNIR SWIR
B /nm 400~1 000 1 000~2 500

W1 14 14
BRI L 37 £ fmrad 0.25 0.5
FE /mm 128 50
B 256 512
WG TR 1024 512
1&IE R /um 32 25
AR AL EUbi 16 16

AR&R AL [ S £ /7 12.78 12.78

SR ARV A R A TR S TR, RS AR I 45
R AR
P.=AK'p,
£ 0 0
K=|0 -f 0 , (1)
0 0 1
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Table 2 Number of features extracted from VNIR

and SWIR images

AP 1 2 3
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Table 3 The calibration result of the boresight angles

and focal length scale
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The influence of various feature selection methods on the results of feature point selection (a case study using the first
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Fig. 13 The comparative analysis of reprojection error and projection plane altitude error using random search and approximate

formulas (a case study using the second group of camera)
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Fig. 14 The peprojection error of VNIR and SWIR images from three sets of cameras with original parameters
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Table 4 The comparison of reprojection error in

UTM coordinate system before and after cali-

bration
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1 -3.6 0.91 32.5 1.75 0.009 0.48 0.006 O0.56
2 -2.8 1.21 29.6 0.53 -0.01 0.46 -0.053 0.49
3 -2.2 1.12 30.1 0.62 0.015 0.47 -0.09 0.52
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Fig. 15 The reprojection error of VNIR and SWIR images from three sets of cameras with our method
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Fig. 16 The reprojection error of VNIR and SWIR images from three sets of cameras calibrated with homography constraints and

our method
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Fig. 17 The reprojection error of VNIR and SWIR images from three sets of cameras with homography constraints
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Table 5 Quadratic curve fitting results for the relationship between Y-direction reprojection error and Dist

PR PR KSR
AHPLS> 20 1 2 3 1 2 3
A -0.06 -0. 043 0.013 0.01 -0. 028 -0. 12
B 0.41 0.23 -0.08 -0.1 0.15 0. 65
C -0.51 -0.24 0.14 0.25 -0. 16 -0.75
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Table 6 Euler angles derived from the decomposition

of the homography matrix

AHBL A2 X (%) Y (°) 7 (%)
1 1. 2e-04 7. 6e-04 2.42
2 ~1.2e-05 7.7e-04 9. 8e-01
3 3. 506 1. 8e-05 2.7e-01
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