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A self-calibration method of the boresight angles of airborne
hyperspectral VNIR/SWIR modules
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(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.
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240 VNIR SWIR
B /nm 400~1 000 1 000~2 500
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S /mm 128 50
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1&IE R 32 25
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Table 3 The calibration result of the boresight angles

and focal length scale
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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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(m) (m) (m) (m) (m) (m) (m) (m)
1 -3.6 0.91 32.5 1.75 0.009 0.48 0.006 0.56
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



B e i 22 N
%60 L1 50 5 R OK B E it 42%
10 N 4
3 . 3
5 2 .
§ g 21 .
~ e ~ 1
Eo 2| E | 1
£ : £ 0
= 5
1. 0
s £
-2 -1
10{ ¥ -3 -2
sl -4 ‘ D ? v
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
X(m) X(m) X(m)
(a)Reprojection Error in the X-direction (b)Reprojection Error in the X-direction (c)Reprojection Error in the X-direction
for the First Camera Group(Homography) for the Second Camera Group(Homography) for the Third Camera Group(Homography)
3
3 5 3 3 3 P
2 2
g! gl
£ 0] { £ o
5.0/ 5
5 -1 <
5 -1
-2
3, -2
-4 : gl 5 @ T8 KR o . - i
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 0 10000 20000 30000 40000
X(m) X(m) X(m)

(d)Reprojection Error in the X-direction
for the First Camera Group(Our Method)

(e)Reprojection Error in the X-direction
for the Second Camera Group(Our Method)

(HReprojection Error in the X-direction
for the Third Camera Group(Our Method)

P16 il R 2 R A5 A SOy A E S AT LT 2D M5 A LM AE UTM A bR 2 1 i s 1 22

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

AR 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 21 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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