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Cloud image classification method based on tree analysis process using
spectral-improved texture features and FPGA computing acceleration

Yu Ximing,Peng Yu,Liu Liansheng

(School of Electronics and Information Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Cloud image classification aims to judge whether there is cloud in remote sensing images, which plays an important role in
onboard cloud detection tasks. Cloud image classification methods mainly include threshold-based, machine learning-based, and deep
learning-based approaches. While deep learning-based cloud image classification methods can provide better performance for accurate
cloud detection under complex scenarios, they suffer from long processing time and high onboard resource consumption. Therefore,
scholars usually select threshold-based methods combined with machine learning methods based on multiple texture features to realize
high-efficiency on-orbit cloud discrimination. However, in order to deal with the interference of high-brightness ground objects such as
ice and snow, there are problems such as complex calculation and large amount of intermediate result data when constructing features in
cloud image classification method. These problems seriously affect processing efficiency. Therefore, a cloud image classification method
based on tree analysis process using spectral-improved texture features is proposed in this article, and it is accelerated by field-
programmable gate array ( FPGA). The proposed method quickly detects the dark ground in the image through tree branch setting
constructed by two levels of adaptive threshold, which simplifies the method calculation. Furthermore, a novel diagonal feature of gray
level co-occurrence matrix ( GLCM) is designed to reduce the calculation complexity while maintaining the ability to distinguish between
cloud and high-brightness ground. In addition, the time-consuming pixel statistics process is accelerated by FPGA. Experimental results

demonstrate that the proposed method has a reduction of more than 99% in the number of operations and more than 95% in the volume of
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intermediate data than MobileNetV3 with high classification accuracy, while achieving a similar cloud false alarm rate. In addition, the

acceleration architecture of the proposed method can achieve processing for an image with a resolution of 7 300x6 908 pixels in 1. 20 s,

which greatly improves the efficiency.

Keywords : cloud image classification; adaptive threshold; improved texture feature; FPGA acceleration; onboard cloud detection
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Fig. 1 The overall framework of cloud image classification
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Fig.2 The computing system for cloud image classification
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Fig.3 The parallel acceleration architecture for pixel statistics
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Fig.4 The detailed experimental design
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W W/, AN, GLCM 9 135° X Mk JE B N Se i /Y
ISR AR Y SD B gap,ss 17 5 B S /N
JEYERBIAAS S X AT R THE gap,,s BN,
T 5 ML R 2 A6 X A 4 10 LN AR R e 2 e /b fili A
PR ARIEZZ ER /N, AT SD 8K, BEE gap s 4K, P
HAE 135° % L B IR R BRI 2 il 22 K 33
SD TR, 4 gap,,s KRB — @G H G, JFE =X AL
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Table 1 Comparison of the diagonal angular second

moment and original angular second moment of GLCM
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45° X L IR 0. 49
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Fig.7 Curve of SD under the 45° diagonal contrast of GLCM
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Fig. 8 Curve of SD under the 135° diagonal contrast of GLCM
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Table 2 Comparison of the diagonal contrast and the

original contrast of GLCM
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Table 3 Comparison of the diagonal entropy and the
original entropy of GLCM

Tk SD
45° %3 2 1.80
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JE R AR 0. 67
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45° % LR RRAE SR AT FRAE T SD T, Ui B = = Al
SR X 4 HE G

(2) AN Bk B 5 AR 2% B x L

TEARSLEG O T i — 2 50E rd GLCM X ff1 48 4%



214 f# £ ¥

47
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Table 4 Comparison of sub-image classification methods
with different features of GLCM in Landsat 8 dataset

Fik 0A/% FPR/%  ¥AERU/GOPs  Hdih/M
J& GLCM 83.19 16. 05 0.68 <0.01
JH1f GLCM 85.51 13.35 8. 80 16.91
ARICT5 ¥k 85. 84 13.74 1.25 0.20

T 4 ZERAT UL B, 75 TG GLCM HR1E 2 5 40 B i
TEOL, TN Bl g G S T A R R LGt J
P TR A AR VR EOR o ) 8 SRR e /D, AR, 3X
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Table 5 Comparison of sub-image classification methods

in Landsat 8 dataset

Tk 0A/% FPR/%  #AEE/COPs  Hidlii/M
RTCD 83. 08 16. 94 1.24 0. 02
Cloudsatnet-1 ~ 83.30 15.15 44.12 0. 66
MFSVM 84. 85 15.28 32.80 4. 66
MobileNetV3  84.62 16. 30 328. 15 4.74
ARSIy 85. 84 13.74 1.25 0. 20

0. 81% o XS FASC vk ad Wi g 4 sy A 18 I 3 {1 1F
AFRREIR A S ], S0 T XA [R] 266 U Ml 3 78 k43 52 Y
PEATANEL ROk T 48, [FIIs> T 5 22 S0 H L REAE Y
FEBOREC, IR AL AL B GLCM X £ R R AE AR R I
A GLCM FFAF  FELRUE TR A Y B AR 555 4000 B2 4%
ANETHRE TR TR TN R M R A R RE T R T = A
SRR, Ak, 5RAF 3 EUE £ & 1Y MFSVM
F1 MobileNetV3 J5 i AH b , A8 SCO7 VA AERS BE 7 1T o 5L 55 4
SR AR AR E R R, 5 MFSVM
AR, 3= A B B E B8 D T 96. 19% , Hp (A1 45 S 4l
/DT 95.71% , 15 MobileNetV3 #H Lt , 5577 A= 1y
BRAERO D T 99. 62% , 78 H 1] 45 SR 5 = Lo b T
95.78% . LA %5 5 3¢ B iy 18 Ty vk 3l o X 5RO R RN A
TR SR e 4y it , e 8 /0 1T B A I 3R R S
) 5 SR B | ELG T 25 A e AR R s i R I A i o
FFE TR R ETIR A T B IR R S B 75K
ST b R AR AS [R) VR 2 FEE 2 R i 43 2
BE 1 AR SCHE— 25 23 MANIA] 7 4 Landsat 8 4R 4E L)
TR E RS i 11 R, IREHEEE—FIRE
T RUG SR BT I 28 50, B — A7 WA R 5 A I 14 151
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(a) RTCD results
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g § # .

(b) Cloudsatnet-1 results
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(¢) MFSVM results (d) MobileNetV3 results



% 6 1

T A S TOLE - SO SRR AERRAR 2T ) 25 20 260718 & FPGA 5 i 215

1K 107 104
= =
() RXTTIEGR

(e) The proposed method results
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Fig. 11 Confusion matrix of different methods in LandSat 8
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Fig. 12 The dark channel histogram of the thin cloud image
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Fig. 13 The dark channel histogram of the thick cloud image
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Table 6 Comparison of sub-image classification methods
with different features of GLCM in Gaofen-2 dataset

Wik 0A/% FPR/%  #1EB/GOPs  Hdla/M
& GLCM 85. 14 13. 00 0.55 <0.01
Jilf GLCM 92.22 5.20 6.87 16.91
ARSIy 92.08 5.20 0. 87 0.20

TLAR B, B -2 B EMIK T 48 5 Landsat 8
BRI N AR, 7EJC GLCM FHIES 5 A0 A 17
T A A AR SRR D RS R A, TS
I GLCM RAEAR HE , SR FHAS SCRT S SRR, 78 25 1Y 1R K6
BRI, T A B A O T 87, 34%
rh ] 5 SRS RS> T 98. 82% , FHH T A FAS SCT 4R
1) GLCM X 1 L FRAEHE AT SR RAE I 7E 25 53 -2 Bl 4R
bR EA A

FIH 3.4 R AR e 5250 5 12k, 2R H i 43 -2 4K
PR AT A5 BN A XS LS5 2R AR 7 o,

x7 B 2HBENKTARFESEFEMLER
Table 7 Comparison of sub-image classification methods

in Gaofen-2 dataset

WiRS 0A/% FPR/%  #1EB/GOPs  Hdlsa/M
RTCD 87.92 8. 84 0.99 0.02
Cloudsatnet-1 91. 36 6.59 35.14 0. 66
MFSVM 93.06 6.07 26. 12 4. 66
MobileNetV3 ~ 94.58 3.99 261. 36 4.74
ART5 92.08 5.20 0. 87 0.20
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Fig. 14 Bar chart of processing latency vs. parallel

parameters K and S
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Table 8 Comparison of processing time of different

acceleration methods

Jrik g5 EUR R F/pixel AL PEETE]/s
) {Z ARM 7 300x6 908 28.61
AR
ARM+FPGA 7 300%6 908 1.16
Cloudsatnet-117) ARM+FPGA 512x512 0.07
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