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Local Clustering Analysis Based FCN-CNN for Cloud Image Segmentation
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Abstract: Dust, pollutant and the aerosol particles in the air bring significant challenge to the atmospheric prediction, and the
segmentation of millimeter-wave radar cloud image has become a key to deal with the problem. This paper presents superpixel analysis
based cloud image segmentation with fully convolutional networks (FCN) and convolutional neural networks (CNN), named FCN-CNN.
Firstly, the superpixel analysis is performed to cluster the neighborhood of each pixel in the cloud image. Then the cloud image is given to
the FCN with different steps, such as FCN 32s and FCN 8s. The “non-cloud” area in the FCN 32s result must be a part of the “non-cloud”
area in the cloud image. Meanwhile, the “cloud” area in the FCN 8s result must be a part of the “cloud” area in the cloud image. The
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remaining uncertain region of the cloud image needs to be further estimated by CNN. For efficiency, it is necessary to select several key
pixels in the superpixel to represent the characteristics of the superpixel region. The selected key pixels are classified by CNN as “cloud”
or “non-cloud”. The experimental results illustrate that while the accuracy of FCN-CNN is almost equivalent to MR-CNN and SP-CNN,
the speed is 880 times higher than MR-CNN, and 1.657 times higher than SP-CNN.

Key words: cloud image; superpixel; FCN (fully convolutional network); CNN (convolutional neural network); image segmentation
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Fig.1 Anexample of cloud image from the millimeter-wave radar
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Fig.2 An overview of the proposed FCN-CNN for cloud image segmentation
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Fig.4 The framework of CNN
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Fi} 1] 9.12 21.12 33.12 9.12 21 18 33.12

22 ETRBEEBLXMFCN-CNNEEHE

F2E 1.2 FTAA R, FCN BEIE A il S A1 H 2 o0 1 25 SR RSl i 28 1.2.3 35, 3R AT 0T LA i B 2518 2,
FCN 32s 7E TR AE 2= X 45k (B8 ) B LU 35 7, FCN - 8s 75 T3 2 X 380 B € i L e e 22 1 FCIN T30 AS 21 (1 X
3, 34T LAFI F SP-CNN (B A8 3 — 25 40 #7.

Bz EEBGRLEY G, = EPMBEE BN K MBER G IGSISOMBG RN BE L
BN, ICHBIR 2 i 76 FCN 8s i A =7 (B () 1R = S 40H Vi, 78 FCN 32s 3 A “IE =7 (R ) g &=
BN X, b BEA B F FCN 8s =7 (HE) G E WA BT FCN 32s H i k= (R E) G R (LB G R
FCN 8s thgk Tl g3k =M 76 FCN 32s T i g =) i) s 83 UL

(1) ETH#IEFEELN FCN 85-CNN =Kl #4005 i(1<i<k)MBG R XG5 N,id = BITE

FCN 8s [ 2% gl Tl oy = (1 () AR 3R S 80N YL R Y, Z%Ni, U S R 2 X IOt IR T, 7 L XA R R

FHEE 2.1 55 SP-CNN SRH) .
(2) T HBIEF IR FCN 32s-CNN = B4 #1 40 ih 28 i(1<i<k) MG R XM G R S8 N, id = BITE
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FCN 32s [ sh g Bl “dF =7 (R E) KR R B 408 X, R X, B%Ni, U R AR 2R DX O I T A, 1 U T

HOXANEEAR F I EE 2.1 5+ SP-CNN (177 3 K 1 .

(3) T iBIE K I FCN-CNN = B E: LB Xin i Ui 25 Xi=max{X;,Yi, Ui}, Ni% 48 45 25 [X 38 100 45 418 ol
e A“AER™ A Yimmax{X,Y, Ut WNZE S 2= X 3 R AE sl i e =, 4 ), e Ab A L (Bh i Ui=max{X;, Yi, Uit
B0 X=Y, 25) N ROHME & X I AGE T 2 2.1 A5 SP-CNN J7 ¥ 3k F 1.

AT H FCN 32s LA J& FCN 8s 1E MR AR H4E 122 b1 43 B2 B T 58 1.2.2 349 il 2R 47 1) FCN M 4%, 7E Nvidia
Tesla K40C GPU |,FCN 8s LIz [ 53 EI (¥ ] (8] 2 T35 45K 4.945,FCN 32s [ 53 FIIf (8] 2 4.23s, 528 1.2 F5
(153 M7 AR 4, FCN 7 2> E1 45K 15 CNINC®UH b 78 53 BB AR K D0 385 LS A 9T K e S 360k R o et ot R
i 200 3Kk = B4, AT T4 SP-CNN. FCN 8s-CNN. FCN 32s-CNN Fl FCN-CNN i JURh 5 k5347 5 2 3P4
& 4 K4 R0TLLE B0 B HER Bk, 28 85 0 AN 2 R B 6 (B 7E 4r B ) 7 L 2R T B RS T m
FCN-CNN 73 R R34, 3% 3 thal DUERX — 5.8 3 41X 200 kMR = I d 455k = 35 # CNN
W £ b R AR AR R AN HOEEAT et AT LA H B T 2 R L AR AR 1 R IR CNIN AR BB AR 3R i B AN ).

Table 3  Average superpixel number and time statistics of CNN processing
3 CNN A3 [-F R R B R (8 e it

VRS SP-CNN FCN 8s-CNN FCN 32s-CNN  FCN-CNN
FHE CNN LB B R () 150 84 103 38.47
CNN 42 fr 7 15 7] (s) 30 16.8 20.6 7.69

Table 4 Performance evaluation of FCN-CNN compared with Threshold™!. MR-CNN! %, FCN 32s!*"1,
FCN 8s1. FCN 8s-CNN. FCN 32s-CNN and SP-CNN by accuracy, loU and time cost for cloud segmentation
F 4 A E B E] FCN-CNN J7 5 Hofth 75 3 10 7 B L8

Jiik HEH B (%) 22 I E 10U (%) I 1] (s)
B 96.751+0.003 60.253+3.346 _

MR-CNN! 99.500+0.005 83.744+0.492 17 615
FCN 8s!t" 98.630:+0.002 55.884+2.692 4.23
FCN 32s!*"! 94.441+1.456 65.553+3.717 4.94
SP-CNN 99.543+0.003 80.132+0.512 33.12
FCN 8s-CNN 99.517+0.012 79.564+0.976 24.86
FCN 325-CNN 99.543+0.004 80.782+0.785 27.95
FCN-CNN 99.564+0.003 81.235+0.506 19.98

2.3 BEgoEREN

ﬁi%)ﬂf%?i%% IR 10U BAJe 73 1 7 75 I (R IR Py 77k ok i By FU 45 R
&R R 45 € R 23 B AR A L DAL S i B AR 28 L,

Pasca =L~ L ®)
o || *MRER DU FE S, e RO T 43 5 TR G b A (AR 25 A ALLRE . e RO 5 7k, R SC T4 FCN-CNIN g J=5 7]
uﬁz:@m%%umm;@u 99.564%.
loU Z#I45R K 5% % - KEGRE NS4RS 53BN E L EEiriee, a=%
KK’
KuK’ “)
KL FCN-CNN s28 Z= &40 $1) (1952 I EL A B 81.235%. 45 3% 4 0 W AE AL B FE | P32 %) — 3k 15 K
7 19.984s.
AT AR E SR Fe AR B Y. MR-CNNIL, FCN 32511, FCN 8si*”), FCN 8s-CNN. FCN 32s-CNN
F1 SP-CNN J5 VAR AT i &, 45 SR L3R 4,7 LUK A5 5 MR-CNN. SP-CNN %540 24, {H 2 3% FE A L T MR-CNN
$em 7 880 £% #HEL T SP-CNN #m 17 1.657 £, 7] LUE Hi FCN-CNN 2 —Fh i 24 (1 22 oK i3k 7 0k = B 43 310 7.

loU =
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B 5 7 A FCN-CNN 5 34t 77 354 4 3K A [ 5 B _E (48 SR 9, M2 SRR ATT AT LA H B A VR A e e A 2.
T 2 B 35 2 LR BAGE FCN 32115381 1 25 X S R RIS, 25 2% T KB 1032 L4049 4 I it FCN 8sM 1B 4%
WIRTEZN U RN T HNERT = XMW EEF B IX 2 H T ,FCN 32s BHEX e — M2 I4RHE B ik
1T 32 KA L SR RE, B DTS I 1 SR UE 1 1932 5315 B FCN. 8s @i Al & 1 JLJE B B 2 AR AE, 7T L2 ST 30 £ (28
i B E R, T 2 DX e A5 S 8 5 2k T 002 B X . BT 5 14 B R MR- CNNPSL,
FCN 8s-CNNM™. FCN 32s-CNNM, SP-CNN 5 7 3 [ 3 T 15 2 ) FCN-CNN J5 34 L 7 52 2% [ 168 75 52
BN (HE R THBIE R FCN-CNN R AL 5 47 M (R 5 == P X8R B A — B ik B AT DA S L 418 K 51
(P ST EL L A &5 4 7 MBI 2. FCN RLK CNIN R A5 A 4523 S0KS F5 0 3 T T Hofth 7 25 1 5
WS VAT BT N IR LSS 2 AT B BAR R 3R 3 AT BT AbR%E, 55 4 47 Bk NIBIAE, 58 5 1T Bz MR-CNN, 56
6 17 AT~y FCN 8s,5 7 AT AT/R A FCN 325,28 8 17 fiTzn Jy SP-CNN, 3 9 4T Fi 7~ FCN 8s-CNN, 5 10 17 fion N
FCN 32s-CNN, %% 11 17 T/~ A FCN-CNN.

hﬂ:‘“ Pﬂu__._,ee B4R
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Fig.5 Cloud images segmentation results
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3 &

ASCHR T b R I T 1% 2R 2510 FCN-CNN Z BI% 40 #1758 18 R UL A B00 R 7 = |+
= FEEZ X 3800 R 3 — B0t o 7R B AR 2R DX AT R ok A B T 4 B 3R G T I 218 2R 51 I 08 S TR AR S
B = BB FE KA BRI A P 4% FCN 32s A1 FCN 8s H 3 SZEL 2= &t Bs 543 221, ) FH 9949 30 45 SR
SEM A= X IR, RIAR Y FCN 32s Wl A9 “3E =" f X 38— 2 A = B R 43+ 3E =7 X 33k, i FCN 8s T
MWz X — A w B — = KGR TR E XIS E CNN Skl — 35 i FER A I 2,
T BRAR T BT F4 BT TR T B A5 3R X 3 R I DG 15 3R R SR A AR R X I R AE, DR 5 3R IR IE i I CNIN
W 4% S P e 5l R AR = AR SO L 22 2 ST IR R B DL K E B ROV A AT IR SR T BT IR I AR
M FCN-CNN = B4 &1 57 002 A AR E R IR, 2K H AR E = 2 R A Rz B R
) B 2 10min, T 45 3032 0 3 T MR E 2K FCN-CNN J7VETE = B 2> Bl FE b S 1 45k = B R AR 2 A 5
20s, 1% U5 B, 1% 77 53 2 = B 43 0 1) S e T SR L4 L IR AR SCRFF AR 1 3 TR R 2K FCN-CNN = B 43 %
JHEA I EL TR R . FCN Al CNN AL B BRI = B o #I6e 0, 8s M A 2 IS E T R
ik,
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