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Analysis of factors influencing clarity of hyper spectral

images in long time series

Shang Ren'”, Hei Baoqin', Li Shengyang', Qin Bangyong', Zhang Jiuxing'
1. Key Laboratory of Space Utilization, Technology and Engineering Center for space Utilization, Chinese Academy of Sciences ,

Bejing 100094, China; 2. University of Chinese Academy of Sciences, Beijing. 100049, China

Abstract: Objective The clarity of remote sensing images is one of typical evaluation indicators for assessing the image
quality of Earth-observation payload. The sharpness degree of imaging payload can be determined from the changing gray

values at the edge of objects. Currently however, studies on orbit tests of Earth-observation payload and quality evaluation
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of remote sensing images focus mostly on whether the clarity values of the remote sensing images reach a certain standard.
Very few of these studies conduct further analysis on the factors influencing the clarity of a remote sensing image. To
address this issue, we assessed the clarity values of short-wave infrared (SWI) images of Tiangong-1 hyper-spectral payload
in a long time series and analyzed the influencing factors on clarity. Method First, we calculated clarity using an improved
clarity algorithm, which is based on image-edge detection. Then, the corresponding Tiangong-1 hyperspectral payload engi-
neering parameters of the remote sensing images were obtained. Finally, association rule mining was performed using the
typical Apriori algorithm on the clarity values of the SWI images of Tiangong-1 hyperspectral payload in the long time series
and their corresponding engineering parameters. The association rules were viewed as alternative strong association rules
when their supporting and confidence measurements exceeded the set minimum thresholds. Only the alternative strong asso-
ciation rules verified by the addition of the lift interest and cosine interest measurements could be adopted. The influencing
factors on the clarity of the SWI images of Tiangong-1 hyper spectral payload were analyzed using the strong association
rules and three-dimensional scatter plots. Result After testing a considerable amount of data, the results show that the clari-
ty values of the SWI images of Tiangong-1 hyperspectral payload are good. The influencing factors on the clarity of the SWI
images of Tiangong-1 hyperspectral images include solar angle, integral time, and platform stability (including the stability
of pitch, yaw, and rolling angles). Solar angle is positively correlated with clarity. When the solar angle is larger than
65°, the clarity values tend to be higher, but when the solar angle is less than 30°, the clarity values tend to be lower.
When the solar angle is larger than 30° and less than 65°, platform stability is positively correlated with clarity. Integral
time has a negative relationship with remote sensing image clarity. Conclusion The method of analyzing the factors influen-
cing the clarity of SWI images of Tiangong-1 hyperspectral payload in a long time series is feasible and effective. The rela-
tionships between the clarity values of the SWI images of Tiangong-1 hyper-spectral payload and their corresponding engi-
neering parameters have been identified. The scope of engineering parameters should be expanded to identify quantitative
and more significant relationships. Furthermore, the association rule mining method could be helpful in analyzing the influ-

encing factors for other remote sensing image evaluation indicators.

Key words: clarity; long time series; association rules; hyper spectral images; engineering parameters; influence factors
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Table 1 The interest results of association rules

i3 FLom SCHFRE/ % FIAERE/% R 2T

1 Pit( X, stable)=Cla(X, (85,927]) 51
46 0.70 1.07

2 Cla(X, (85,92])=Pit(X, stable) 100

3 Pit(X, stable)=Cla(X, [77,85]) 46
42 0.60 0. 80

4 Cla(X, [77,85])=Yaw(X, stable) 77

5 Yaw (X, stable)=Cla(X, (85,92]) 50
43 0. 67 1.05

6 Cla(X, (85,92])=Yaw(X, stable) 93

7 Cla(X,[77,85])=Yaw(X,stable) 50
43 0.64 0.96

8 Yaw (X ,stable) =Cla(X,[77,85]) 80

9 Rol(X,stable) =Cla(X,(85,92]) 59
34 0.65 1.25

10 Cla(X,(85,92])=Rol( X,stable) 71

11 Sol( X, (30°,90° Cla(X, (85,92 56
ol(X, ( 1)=Cla(X,(85,92]) 34 0.63 1.18

12 Cla(X,(85,92])=Sol(X,(30°,90°]) 73

13 Int(X,(4.8,12))=Cla(X,[ 77,85 64
(X, ( ))=>ClalX,177,851) 32 0.63 1.22

14 Cla(X,[77,85]) =Int(X,(4.8,12)) 60

R T2 1 G T S e XL 2R 4, )
PV 6 80 PR £ 7 11460 303 (B AD £ D i £71 11
BREMBIREE . &% BB R Aw it /A
ARSI KB B & # s/, #5474
—ALAb B, {5 G R A EEC 0,100 ], 1 S5
FEPE I E s RE A 100 38253 —fb 5 1-F &
PLahfAsRe . USRI R K BH = B A S e sy
B[R] A TIH—f Ab B, (R I 5 o & A2 e P Rk
[0,100 ] #ORSE g0 B F 46 o0 B 13— Ja 1 B &
TR BT BE K PH g BE A AR R o3 e ) AP 5 o M4
JSCIR) 52000 R 2R 3 B S5 30 540 o

VEWOR B B2 A2 700,20] (£4[0°,30°)) &5
(80,100 ] ( £y (65°,90°]) X [a] Py F) 3t 30 Z552 M [A]
RO LI  ME &l 8 s iy 3 4EHE A, A
8t 3 4E AL A Y B RO ERIE T RS, AT LR
A2 F[0,20 ] X R] P Y R BH e B2 A i 1] 345 205

AR BE AR A I8, A2 180, 100 J DX Ta] A 14 A BH i3
Fr el T4 2008 R A i LR . 25831, 80% 1Y
S R 2 A S R o AL LA B A5 . T 8 e
AT e 14 P AR A4 AR I ) /s, L5 KB s 2 A
ARG R EGR ) - 0. 84, R AR /3 I 8] 15 (143
T BT S RO AR o

5 A E PR B T B AR S 18] & AR Sl 1
UL, R BRI ARSI AR | R BB/ N - 6
PRI FRONBIAR Y SEIR MR R 1 2t 38 Al
Haz gk Al il T HIRS RS20 , e 2
BREMER ERNFRER . PO R AT
(20,80) (#£4[30°,65°] ) X ] AL 35 Z& B2 [H 3%
OIHT SRR VR AN TR 9 s i 3 eI . ml LA
B FERBH R MG A F T BOR i SRR E Tk
Oy TR b G . 581t 20 81% A LB 4K
] DU 2 DL E45E .

671

© h H R B AR AT A



672

PEERERF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol.21,No.5,May 2016

—_
(=3
(=]

=
S

IH—AAFARAN T I ) /ms

H—k
(eSS

B8 [ERIEBL 3 AR 1

Fig. 8 Three dimensional scatter plot one of clarity
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Fig. 9 Three dimensional scatter plot two of clarity
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