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Fig. 1 Flowchart of Cloud Detection Based on
RLS Algorithm and Threshold Method
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Fig. 2 Average Spectral Reflectance of the
Typical Object in the Study Area
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Tab. 2 Cloud Detection Accuracy of the Four Methods
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I BRI AT = R AEARIE = &
DL R 35 B 2 Be A% U s 1 (] st 4 5 2 1S A
Ly — R B ok T, A BIE + K ¥E
BT o K I8 BUR18 MODIS $4s — 4
UF BRI X R O RS AR KRR B AR T
AR AE 8] . MODIS 5 J8% 38 5 3 O B 7t K
TR =SB, H R AR A 8O0 5 )= FE B
HEAT WU 2040 B B . B + SVM 5 B {H +
RLS P8 J5 2 0547 2 A 0 A 7 AR 47 1) 5023« Ik
T DX BBt R 0 1 B 2 3 I R A A R b A 43 bk
WERR AT T SR = SRS B (PAD VH
FURE BE CUA) R RAE E (OA) IR T 98% LA |
Kappa ZEiE5] 0. 99,
3.3.2  FRIH A H

SCRE ) ST BAR RE A A BIAR T 0 2 S
ROR ARJRIRTE A% SRR SRR 1) o B R T B
SRAF U A I B 1 e R A2 4 B OCN®)
(N A AR A R ) R RS



541 5 2 I

R BR 45 < 5 1E DU A e /I — 3 AT e 23 1) 3 % 3 0 e B R AL 5 1R ) 193

FEAS AR A5 185 KT G 38 2950 23 R R L 4
Wi 5 X T 58I = S R A & A . 5 SR B L
ANT] o TE U A Fe /s 35 J5 ¥R B SR i — A IR
Rl i R e Ak M SR M — 2H 2 v 5 FE A A B L B Y
i a2 2 BE 1 OCN®) [ OCN®)

SEPRis B, X T 2 500 X2 500 By S5 B X
AR FEA SN 130 A A1) S 45 1) & B 5 6 6
AR IAT 2K BIE B AN R R 33 s, TMAE
A [F) A BEE 4 PR 58 T o OE Ak B /N 3 O 1k 4 B
[ AT HITE 2 s AN . 256 806 RS JE i B AL
2, 1 Ak g5 /s 3 A kA 45 S AT 2 A
FIEHE TR =5 masREgs.

3.3.3 FARNMEZREEMNERE S

AR SCHERE 10 M7 AN [F] B AH A ] 37 55 19 328 S
B.omER3IPIR., B3 K5 H 10 REBRAEA
A 4B 6 R S O ) Ak B/ R
FHEE & AT =K I 25 51 B b AR 4% BN A2 3
G0 G 5 WY 3R 4 R 10 FUREAR I = KR
JE. MTTIHRmEKRERN 1 5.2 58455

8BRS TE AR Fre /s R AR 4G A B L RE B AR
U H = ST E B R R AT X . ]
A1 SEETHLENEEN S RAPORN . X
TREMA—K 3 5.5 5 6 5A LA
REBHBHIE R X T s 5B = Wi 5
RPN T 7 SR8 SRR RIARE A
WO = 5 oa R AT X 70 A X 555 A ik
WAHE &R D REE 2 LR, 99
10 SRARM T i 1200 5 = Bou o #E17 X
DT NEERE . RGBSR L. X
NN 9 SBA S I 10 SR A HURE
FIRRER &A1 . B 6 a] LUF .10 5 243 i
I3 oy 5 MR EE S 0 AR R 109 = BOA A
Ko WL 4 10 SRE IR S HE
AR LA X BAR . BAACRT S X T A [ i AR A [
D MR8 B I 5 IR WA B /b RS & 1Y)
SEVE RS BEAE 970 LA |, Kappa R EUHE 0. 9
VAL 2B e A RO IR 5 = 8o

®3 TEMEFEZEER

Tab. 3 Information of Different Scenes with Different Time

Eika R ER S L AR I ] AR PLIE S
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7 T R RS A 20130716 P=28, R=141
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Fig. 3 True Color Images of Number 1 to 5 Remote Sensing Images
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Fig. 4 Cloud Detection Result of Number 1 to 5 Remote Sensing Images
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Fig. 5 True Color Images of Number 6 to 10 Remote Sensing Images
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Fig. 6 Cloud Detection Result of Number 6 to 10 Remote Sensing Images
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Tab. 4 Cloud Detection Accuracy of

Different Scenes

4= PA/ % UA/% OA/% Kappa
1 96. 06 99.73 99.59 0.98
2 98. 75 99. 40 99. 84 0.99
3 99. 44 99.70 99. 81 0. 99
4 98.15 99. 84 99. 89 0.99
5 99. 22 99. 95 99.78 0.99
6 99. 66 99.92 99. 90 0. 99
7 97. 31 99.93 99. 81 0. 99
8 97. 34 99. 87 99. 86 0.99
9 97.23 91. 46 98.61 0.93
10 85.51 98.73 97.61 0.92
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Cloud Recognition for Four Bands Cameras of High Spatial
Resolution Combined with the Regularized Least Squares Algorithm
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Abstract: This article presents a new cloud detection method combining regularized least squares algo-
rithm and threshold method based on the characteristics of Chinese ZY-3 multispectral imagses. In the
process of the new method, second extraction of clouds using a regularized least squares algorithm is
done based on a first extraction of clouds using the threshold method, which overcomes confusion of
clouds, roads, and buildings. Compared to existing cloud detection methods, the accuracy of the new
method is subjectively visibly higher than the threshold method and the K-means clustering combined
with threshold method, achieving the same level of accuracy as a support vector machine combined
with the threshold method for higher efficiency. Using the new method on different scenes collected at
different time, the overall accuracy of the proposed cloud detection method is higher than 97 % and the
Kappa coefficient is higher than 0. 9. These results show that the new method can detect cloud effec-
tively in the case of different underlying surfaces. It is anticipated that this method will be popularized
and further applied to imagery from other satellite systems.

Key words: cloud recognition; regularized least squares algorithm; high spatial resolution; ZY-3/

MUX image
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