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o OE NS R %E L EIEA (Image Semantic Segmentation based on Convolutional Neural Network, CNN-ISS)
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Fig.1 Geographical location of the study area
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2.1 HIEFERHEHE
2.1.1 NARHIEEME

AR TR X A 200 km? (B 1), BF 58 2019
£5 H 4 Han 5B, AadiE, RA&E820
RN 1 m FERORE AR, @ A T HEEL
MG, K hruEnR 1 Fon, BRI CNN-ISS
WGFEAZIRE (K 2) .

&1 DMBHRB L BRI SRE
Table 1 Visual interpretation division criteria of land cover type
+ 1 495 Land cover type fi e AR ME Interpretation standards
RS R CFEAT AT SR, R,

Rural residential areas TE R B B B R Ak M T
JB# Roads TEEE KT 15 B RIA K
AV 42 Rivers and ditches B KT 30 83 T /K T K 52
B3 Pit ponds HUyE/K I LA R AR
oAt A Hh e .
Other agricultural land BH. BOEAHIE CEEHRHD . it

a. YIZRIXILEAE

a. Training area image
% Legend

Rural residential areas
B i Roads
A

Rivers and ditches
M HUYEPit ponds
LAl

Other agricultural land

b. IR X bR 25 K e

b. Training area label data

B2 DI RIRBR AT L 6 AR 2 43

Fig.2 Training area image and corresponding label data
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B, DUREE KNI LR VR N B AL B BT

AHJFFE LA DeepLab V3 HERAE 4% 0> CNN-ISS #27,
PL 512x512 A&7 B FE NI SRy b B 88 0l i %)

YNGR DX 385 4= 1 2000 5K UIZREL R, FFESLEEAE 2R
FHREALEREE « B0 g s | v ST S I8 R XU 06 1 S5 A0
1 Ab Ry 2, /\fr%ﬁk 15 000 IEFLH - HTiEE
ARV AR 2 R R SR R LB, R
SKRETT RPN T 3000 R LS E A BRI BLA . B
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HA ) 75%1E RIS, 25%/E NRAESHESE . 58
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a. Predicting area image b. Predicting area label data
B3 TR R IR GBS B AT FLA #3E
Fig.3 Predicting area image and corresponding tile label data
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FH N8 508 ONN SR RHIE, SRR R
M E)E, B softmax PR N argmax %153
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CNN-ISS dRiE#E 7 s, BAA LIS 3 N id A

D KRN Z CNN-ISS B8, AT AR RFAE
W HAKA Vv=R(T,0), Hi, vV RETRYIFHESEEL
JE TR AR FiRE, T AL Ab BB TR, 0
CNN-ISS #5225 ) 2 B sk I A 4K R 4K
CNN-ISS #AUif 52, L DeepLab V3 Jffi], XA FEEHE
TR WA A A A A < B S SRR A R A
R,

2) KRG B BR R ME D 4 softmax B
b fE, é}E A Z 0~ 1 ya A, AR B
AR XA KN P=softmax(V), P NZHIHE

3) I AR FR RRONS L AR 2R R I o B KB ) 2R 5
TENIZB R 20, X — I A5 et A &5 SR B Dy e JRk
G RE . XTI AN C=argmax(P), C N7
GERFERE

AW LA DeepLab V3 FENAZ OB, %487 DL
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¥ (Atrous Spatial Pyramid Pooling, ASPP) B RFEHL
AR, ZREMR. ASPPRA T 4 MIHATIER, B 1
A Ix1 BBV 3 M5k H18 (64 12, 18) 1) 3%3
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RS NG
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EP M.
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Remote sensing image; Tile processing unit Core data processing process
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Fig.4 Diagram of Image Semantic Segmentation based on Convolutional Neural Network (CNN-ISS) model
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[ (R BC 7 RSV BR R TT 58, T4 =i S o3 Bk B

W NEIEKGAG N Hx w3 WAERE X, Hd, H A%
GEE, WONRETEE, H M w NG R, BE
Xap=[xrXGxXB)s XrXexp IRERMAMB K OIEIE, (a,b)

REEH BRI NIRRT FF
X(0,0) .. X(0,W)
X= .. . . Q)
X(H,0) X(H, W)

XX B — MR VBB &SNk, TR E
VI, WA O B BUE SR 204 0> CNIN-ISS H R b 345
BITLH G RINIT 451, PHEERHERT 4R,
ARG HRE Vi, HGHNmERSNEEM
B SR E S N0,00FI1EN, 1FRZRBE 0 FFE Vi)

V(©0,0) ... VO, %)
Voo=| w0 o o 2

V(H,0)
HA vun NER xan IS E TR — 4
Fﬂ%éﬂy Elj v(a,b):[ Viws 2 Yewn 2 Vacan) ]; Ve(a, by ’f’%%’%{%%
Xapy 732K ¢ KIZRAFME, =1.2,.., n, n NELITE]
7 RE
i B KONGRS, AR IIRT ¢ AT AT & S5
EAZHI R ARG S CNN-ISS %0 2 i 4 Ak
B, B TGVES BTN B S A5, WA AT R

V(H, W)

HORTEAEE, 1E FURFERERIE ] NaN RoR, 132
B RN IR R Vi

NaN NaN NaN
Vigp=| NaN -+ Vi Vi, w) (3)
NaN V(H, k) V(H, W)

BUES s KMEH, BRK c FAFTEIEA Y, -
N T BREE T B Bt A BRI 7 A B PL R A SN, A
WHFREAT Z IR AFERWE AL, 0 2 O B
NPT E R v, M pl,, TGS s 1
MBI R, BER xR ¢ KB ENBER
1B vewn M pean WIRIRE G ¢ FAFERMBER
Ml canBNER xupnITRER . K, cE€[1n], s€
[Lm]e BAREK LR GRS bR T RACH IR AR 2 P
N HARIEX RITREER xapy WO TAR(a,b) AT E I

72 RRIOSMELERA R

Table 2 Tile edge effect elimination solution

77 % Solution Kb FEIEH Processing logic
) 1) s=argmax(d’ | s€[1,m])
Kok 2) psof 7 ),e=1,2
Solution 1 psoftmax(v; ),c=1.2,... "
3) c=argmax(p. | cE€[1,n])
R 1) ve=max( v ),s=1,2,...m
TE2
Solution 2 2) p~softmax(v.),c=1,2,...,n
3) c=argmax(p, | cE€[1,n])
. D ve=arv( v ),s=1,2,....n
E X
Solution 3 2) p~softmax(ve),c=1,2,....n
3) c=argmax(p. | cE€[1,n])
1) p? =softmax( v} ),s=1,2,....m
E X .
Solution 4 2) pmmax( p}),c=1,2,..,n
3) c=argmax(p. | cE€[1,m))
1) p? =softmax( v} ),c=1,2,...,n
Ve .
Solution 5 2) p=arv( p;)s=1,2,...m

3) c=argmax(p. | cE€[1,n])
e & N s RIRERMER xn B LT LZIER, s€[1,m].
Note: ¢' is the distance from the pixel x5 to the edge of the tile at the s-th bias,
sE€[1,m].
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NI FE RS fe ok, DI B I i BB PP 12 A6 B2 [ 4T o0
YERZ R RAFT A v, J54 softmax R £ AL 315 21 5
BRI R NMEZRAE P, BEMIAR R A5 KE5R

T 2: MEAER ¢, 7 m KA E AT m MK
RANIT o v, ik e KA, 1ENER ¢ BISERIHIWFT
I3 ve, BETIARYE v tHHEE R p M7 2K.

77 % 3: % m Al B TR m AMERINFT 3 E v
SKPIAE, ME R ¢ BZEAHIWIET 4ME v, 183 softmax
BB BRI po, SRJGIRHL po X2 A E R e 4
TRGER,

HE 4: ¥ m RBERBN m AT E 5 54T
softmax ALBH, 193] m HARZZRFKMMEME po, LHEHSp
RRIR BN NI ¢ 2N HIWERE p., IF
W pe XL ZRANE N R B 2200

73 % 5: %5 T softmax 132 ) m ZHAR R BN p;
HCFIME, 2B RN o BFIRBAIBZEE p., 3
MEAEME R RE D RER. HE 5 B2 RBEMEI
R (T S5 (B A A5 28 (0 28 500 U M A8 B sy R
W 22 R T 2 ) ) A R A R m ARV A DA e 26 1) 2K ) 1)
AINEZAE . AW % 5 FFRSE KR 7 AE
A b R—EU,

AR RS, AUEICIE T BR T 14 SN R R
FHE U RIREBE, &% CNN-ISS FU A b Ab 45 L iy —Fh
JEALETT %, FERHAARIMZ OB, HArPLE kK
Fr R AN A A OB Y ) PN S 2 R BT A% 57 ) 45
2.2.3 ERIFEAT

AW FHKF BAERE (Pixel Accuracy, PA) 1 Kappa
ZH, z2IELE (Intersection over Union, IoU) BU[ #5
A3 (Mean Intersection over Union, mloU) CPHYE Ayks EE
#rigkr. PA. Kappa 230, IoU Fl mloU MIUEMOK, i
A CNN-ISS B8 7 FE BEbk =

B 30 G 30 B AR AR I R BB B BL R 3 S A ) X
W, HEMEER GRS, AU TE LA L5
%A% ERD (Error Rate with a Distance to tile edges.,
ERD) AR 7 )% ERW (Error Rate of the Whole image,

ERW) 2 MEFR, KX} CNN-ISS 3ZIEK A5 4 SR BL
Ryt AT e s ahr, HitERRw
F
ERD(d) = 2 )
Na
NF
ERW =1-PA =" (5)
N

A ARG NGRS, BAONER, NN
W& S, No FLT USRSy d MG 258, Ny &R
BITC R G ERRN d WIHE S MRS B N7 3ROREE 2 kA%
HH.

3 HREHDMH

3.1 DeeplLab V3 RLER ST
AW 5T LA DeepLab V3 £ CNN-ISS #Z O AL .

i Bk S N(0,0), FEAMATZ XMERTIE T, 1532
HISAAG 7 e g WA Al TF DeepLab V3 i 4 158 84 /3 2k
L EARPHETE ) 0 KB . AW 50 5 T b 45 Xt
DeepLab V3 73 2585 BEHEAT VRAL,  [R) IR AR il 4 2%
LY BR 7 & B BRECHE o H TR BL R I G RNV R
FYWERZA TR UIEE w5 2
Bl S5 AN ], BLF BT 2 B 30k B A 3 251X 88
AT .

ARIHAE RGN Windows10, 4ifEif s N Python
3.5, R IFEE2IHESE TensorFlow 1.9.0, 11541
CPU A i7-7700HQ, [t 16 GB RAM Fl—#t GTX 1070
(8 GB) . DeepLab V3 #8125 24U batch_size N 4, H]
G221 N 0.000 1, 8 000 YA FKis 50%,
L2 IEEFRECH 0.000 1.

TER A3 2, YIZR4E loss {HN 0.069 8, T
HEE loss {H 0.001 1, FEFUM X 573 FEHKE FE N 94.99%,
Kappa R%H 0.868 8, mloU {H N 76.24%, %7 i il
ToU {H IL3E 3 IR RERAIEE . 5 A0S 70 45 St e,
AWFFH) PA. Kappa R EA1 mloU {1414 B4 = 5U1E
VLB AHF 72 1) CNN-ISS 3 BF 5 im0 M B, (Hil T
YIZREH B B e, HIE M ANA R b, F3%
K ToU AR

#3 WMREBELER

Table 3 Accuracy summary table of control group

Fe xR Index 1Y Value
Foh A I 94.35
RS R 88.39
ZH .
Intersection over Union (IoU)/% eEy 53.33
TAIIRE 52 71.66
Sk 73.47
JSFEFE Pixel Accuracy (PA) /% 94.99
Kappa %% Kappa coefficient 0.868 8
s
BRI 76.24

Mean Intersection over Union (mloU)/%

CNN-ISS 73 25K B 5 bR 2k B S Grbe A B
%, MFIRCELIAE T DeepLab V3 B R R4 7>
b (R AL, A AT E S E T R TN b
KI5, I AR DeepLab V3 78 A 156 &1
G BE AT SEVEA 34T
3.2 BRGNS

38 AR P A A7 T i N AR B R 30 2 Ak
BF, o= A A B BN SE R A, AT 25 23 43 1A
EO AL EIR ey

AT CNN-ISS AR FL RN 512x512 8K, il
XS TEFUN 14 km? o KGR B 208 3x3 PRI 8 9
AR, FEAMNET 8 AT IXAE AL Xk, T
VEH YL X3, 430 A 2 X sk . Hp g XS R B2 A BL
XIRAE NG TG . 14 km? T X P % IR ZH T A5 B A 38
G5O S R R 4 PR, BARAX
SRS FE VAN 45 B3R 3 Fom e
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Table 4 Accuracy comparison between tip edge and center of control group
ToU/%
et " —— = 0 0 Kappa ¥ 0
Statistical scope y\:@&)ﬂ i A&k jE E‘Jj iEpE ) LA %% .iﬂﬂuﬁ PA/%  ERW/% Kappa coefficient mloU/%
Other agricultural land Rural residential areas Roads ~ Rivers and ditches  Pit ponds

114 X3 Edge area 94.27 88.22 53.26 72.02 72.80 94.91 5.09 0.867 3 76.11
HYe[X 35, Central area 94.94 89.65 53.94 68.25 79.21 95.63 437 0.880 6 77.20

TE: ERW J9REARLH 5
Note: ERW represents error rate of the whole image.

PA. Kappa Fl mloU P4l g BB AA R B R vp g [X dak>
BATLF X0 5 X8k AR - 2 S XK ToU 53U
% loU MZEME M s BURHEF IR U, Sk (6.41 NF 7Y
RO SRMERA (142 A6 >iEH (0.68 4~ H 4y
RO SIARAR L (0.67 AN 2R SRIELE (=3.77 4
i, Hrp bl RO & R X ToU 5184 ([X
I ToU AHEL S R 1% AL, S HTX 2 At i o6 38
IAGRSE NG o R RIE B AR AT X ARZE AT BLA
B, GUREAAA & B 8 o 2 A e R SO ) /N BB 2
B JE T MR R A A R A B, BRI L )R AR )
PR BE Gy 5 R0 R AR RS S, BRI LA I8 430
RISEINSRHY . BB TR R A LR S B i
G VBN R A E S TL R TGN, B S 7 A R Ok
KRR, MM EA BRI GRN . “ HAlAR AT 24

NS R By, B DIEIE B AL A

A D, BLR LGRSO ARR RSS2 3 Bl R

AF A A FH b B AT B85 1 B0 R 1A 30N
RIS ARHRRRZE R Ji%1 Ji%2
Control group Solution 1 Solution 2

Remote sensing image Image label

TH BRI ALVA IRAE N GR X FEA SR AR LUK, ALy
T BRI VA SR IR L B D, LA R A R VA TR 1)
FLA R HAG S LEARAR N, i Bl % R T V) R o0 S
FEAXT AR o 7T X A AFAE UG O, AF 45108 1% A ]
VSRS FE Gi vt 2 2 R
3.3 EFIBEMELHER

NHEBRIDLG BN, RO E IR N E e B
BRI TR R, it 9 IimE, RITEAR
W, s=9, FbpRERE R QILGes, LR
EEAR R — TR B BEE AR & 5L i
X I

B 2.2.2 W& T EXT TN X SR T E T 2, W
R T A LA LG T R . w5 B,
FLR IIHEAR TR IA e RA B RS AGTIE, TR b
YIRE A S 80 S5 45 S DL R B ) SR SR A 0 B o BN
HRAH, ABFFCHTHE 5 FhBL R LSRR T 5T B 1A 44k
HIHbA) 73 FE ORI R R FE T
g

Solution 4

Ji%Es

Solution 5

Ji%E3

Solution 3

[ {5 Legend
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Tile border of control group
B LAl

Other agricultural land
R R
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i #% Roads
B R R

Rivers and ditches
M BiyE Pit ponds

Bs ZHrfhirEth

Fig.5 Partial schematic diagram of each scheme

HITENGLLIS IR 5 Fizs. B S AL, ABCTX
B, TS 15 INEIUPIEbRE AR TE. A
717 1) Kappa REATEERHIC: /758 2 (0.8810) >
F% 5 (0.8789) >/ 3 (0.8788) >/ 4 (0.8777) >

FHE108759) , HRKTHHIEH (0.8688) « HE2H
DRRR L, FEASCEUTTE 2 A6, oA E T

BB ADGE T 70, M TR, %388 ToU 127+
MEFE R N RN : TR (413 N2 2D >HiE (2.97
AN 5 B STRAL (1,61 ANE 28 550 >R A R R AT (0.65
ANE S SHABA M (046 NEYE) , ML
BUNZAR AN E Z bk (BusE . AR RS Hig
T B i T2 s (AR D) o 7% 2 1) mloU
A E] 78.20%, BRI 76.24%$5E T T 1.97 H4r 5.

x5 BLARBELE

Table 5 Accuracy summary table of each solution

Ml JRL E2 RS R4 RS
Solution 1 Solution 2 Solution 3 Solution 4 Solution 5
HAbR M 94.64 94.81 94.73 94.70 94.74
RANFER A 88.92 89.04 89.03 88.84 89.08
oU% il 54,75 57.46 54.58 54.54 54.69
REE 72.90 73.27 74.79 74.09 74.61
iy 75.17 76.44 75.71 75.56 75.72
PA/% 95.25 95.39 95.38 95.32 95.38
ERW/% 4.75 4.61 4.62 4.68 4.62
KapK;:gifﬁ%em 08759 08810 08788 08777 08789
mloU/% 77.28 78.20 71.77 77.55 77.77
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TR X A X RRAA TR 2 BT BLA I EL A i iR
SR HE ERD Giit 4 R anfEl 6 fion. R LA id 4 dE
BiR ) 2 ERD B35 2 B A 10 S BE B A3 0 2 B Bh T
ffash, ERLHLZAN, ERD &, £3 T 6.93%,
TERI T a2 a8 242 B R, RED &K, M 3.52%,
T EAA A ZE ERW N 5.01%. ERD 5 31| BL A il 21 #E
HAAHSG, BARAIAGRN . KRR A2 ERW
N 5.01%, J7% 2ERW R[&F] 4.61%. SXTREAAMHLE, 7
% 2ERD TEFTABEES LA RT TR, AL b g it
ERD fH % HEZH 1) 6.93% T F& 2 4.75%, N FEIEE &N,
VLB R BN BIBE X 7 % 2 ERD IR K, LA
ke S INKEE EERV G

7.50 1 —XHEZHERD of control group  —77 %2 ERD of solution 2
7.00F —XIHEZHERW of control group  -- 7752 ERW of solution 2

1 51 101 151 201 251
WUl St

Distance to the edge of the tile/Pixel

E: ERD N A2 %,
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Tile edge effect and elimination scheme of image classification using
CNN-ISS remote sensing

Duan Zenggqiang, Liu Jiedong, Lu Ming, Kong Xiangbin, Yang Na

(College of Land Science and Technology, China Agricultural University, Key Laboratory of Agricultural Land Quality and Monitoring,
Ministry of Natural Resources, Beijing 100193, China)

Abstract: Semantic segmentation of an image has become a key interdisciplinary application in image processing, computer
vision, pattern recognition, and artificial intelligence. In deep learning architectures, the Convolutional Neural Network for
Interferometric Semantic Segmentation (CNN-ISS) is widely used in digital image processing and machine vision. The
CNN-ISS can be utilized to effectively extract further features, such as texture and geometric features, indicating stronger
transfer learning and generalization, compared with traditional image classifications of remote sensing. As such, the CNN-ISS
is suitable for the interpretation of high-resolution remote sensing images, identification of complicated features, and crop
mapping. In classification, large remote sensing images need to be segmented into specific tiled images, thereby serving as the
object of Convolutional Neural Network (CNN) processing. However, artificial image tiling can generate fragments on the
edge of a tile, leading to the low classification accuracy of pixels near the edge of the tile. Here, the phenomenon was defined
as the edge effect of tiled images, where the classification accuracy of pixels near the edge of the tile was lower than that of the
central area. In this work, two indicators were designed, including the error rate with a distance to tile edges (ERD), and the
error rate of the whole image (ERW), to quantify the edge effect of CNN-ISS processed tiled images. Meanwhile, the offset
positions (i, k) were set for the starting point of the shift window to ensure that any pixel on the whole image must be in the
central area of the tile generated under a certain offset setting. Then, five technical solutions were obtained to test the
minimized edge effect of tiled images using the scores in multiple groups of categories. Taking the Tangshan as the segmented
typical rural surface, a DeepLab V3 was selected as the core model of CNN-ISS to analyze the edge effect of the classification.
The results showed that the pixel classification accuracy was positively correlated with the distance from the pixel to the edge
of a tiled image. The highest error rate was 6.93% occurred along the edge of the tiled image, and the lowest error rate was
3.52% in the center of the tile, indicating the accuracy of the central area was higher than that of the edge. It showed an
obvious edge effect of tiled images. In edge effect elimination scheme for the tiled images, the total classification accuracy
improved significantly, where the Kappa coefficient and Mean Intersection over Union (mloU) of the entire image increased
0.012 2 and 1.97 percent point, respectively. Taking the Kappa coefficient, one of the classic accuracy indices for the remote
sensing image interpretation, as an example, the order of accuracy including the control group was: solution 2 (0.881 0)>
solution 5 (0.878 9) > solution 3 (0.878 8) > solution 4 (0.877 7) > solution 1 (0.875 9) > the control group (0.868 8). Besides,
the solutions of edge effects depended mainly on the types of features in the tiled images. The general law was that the tile
edge effects of linear features and complex isomers (pit ponds, rural residential areas) were more obviously improved the
accuracy, as the solutions were more significantly accurate, compared with that of the base land, or another agricultural land.
Compared with the control group, the improvement order of IoU in the solution 2 was: roads (4.13 percent point) > pit ponds
(2.97 percent point) > rivers and ditches (1.61 percent point) > rural residential areas (0.65 percent point) > another agricultural
land (0.46 percent point). Without changing the core model of CNN semantic segmentation, the elimination scheme for the
edge effect of a tile can be used to effectively improve the accuracy of remote sensing image classification, especially for the
linear features and complex isomers.

Keywords: remote sensing; convolutional neural network; semantic segmentation; image classification; edge effect of tiled
images
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