536 % 456 w OB R 5 N OH Vol36 No.6
2021 4F 12 H REMOTE SENSING TECHNOLOGY AND APPLICATION Dec.2021

5] A & 3L :Zhu Jinming, Li Liwei, Cheng Gang, e al. Detection and Analysis of High-rising Buildings within The
sixth Ring Road of Beijing based on Sentinel-2 and Fully Convolutional Network[J].Remote Sensing Technology and
Application, 2021, 36(6) : 1436-1445.[ R4 W] , 2= I , BN , 55 . JE T Sentinel-2 F142 4 TR0 2% 19 36 50N TR N g 2 4
P AR 537 (7], 8 EEOR 5 R H L2021, 36(6) : 1436-1445. ]

DOI:10.11873/].issn.1004-0323.2021.6.14.36

E T Sentinel-2 M= E R MWK RTAIHRA
SEEFNXERS SR

kAW, ENELRE R, HERT, K K
(I.AHEIXRF NASBEEEIRFR,Td E4F  454000;
2 PEMAFRERGEANHAALE KFHRELELHRE, T 100094;
3.PEMAFRASFE, LT 100094)

HME - SEAARAZAEBRANABEN EZRE LA TZOARALAEF IR BEG LTS,
R A% AR %A= Sentinel-2 % R iEHE  RBRATSTADEEAR, FLEH5HKE . SHARH
ME L AKE NG EEARG SR A fe B TEARRTHN, EREAN . FHRBHLEMR
M%7 ke RO T & BEEAR P AR, B E 0N AL ST AFHEEAR E @R
2 192km*, AP, B WARZ A A RAFELMTY Y, FENREH THARF, ZKAA
BRI AFRZEMMBERZL , ARBNAKZAFEERD; ATAHFE S AN ZHEERARX 55 20
MERRREF S, FAERKORBMAZ L AL T AERINF4E, LR 2 e |
PRMBE R KL EFRR, MELNRGHE S AR THEA IS EEARTAER
P, MERBTEREZEEARWNZRA S AAENZALE, KB TEAMRMEZGRXR,&HEE
FRAY sk E 1 kmiE B N @ARLY A 92.62 km*, M 6 km sh 4 @ A2 XA 2.04 km?, AL R A
LFERTEERFESTIUEFRE—ANFOBELS

X $# \:3 EEMK;Sentinel2; 4 KR % ;= 542 BRI LT

HRE S ES . P237 MR ERG A X EHE.1004-0323(2021)06-1436-10

G BT B DX e )2 S A DX Y 4 T 0 A R L X T
Sl iy BRARAR B K B 47 A B A 2 S LR S A

i 7

P B & 22 5% R A HRH SR AL, ST HR A R 9
B DL AE B/ X i S AR R R 55 X
GFOAMER RN @mZERXMEN KA
A LR LA R 25 M0 2 RE T & £ R 2 AL, — T
T, X T A R AT A AR A 4 R A T A, o 2
Mo BT IR T EOM A B 5 AT SRR R T
E SRR 5 55 — O T, 45 T e R Al o W AE 1Y
VN L P R (R s B LT TRITA SN 2 )
Jey iR A IR TS G W AL 1 A R, AR IRCR

W5 B 88 : 2020-08-01; &1T H#3:2021-09-25

FHARENE L.

o )2 X DL BB R 2 AR T kT A
Berh A AR HE, TR S S A
RPAIE 1Y 52 2 M A XS T AN GE K 2 A AR K A At
SR ST o R AR SR B e R A ST
PEWCAN G A BRI S A — 5 S AT R IR A
K, 25 BB B 3 2 R /N FIRE ) B, DA Sk Bt g o
A RLIX oy 2= S IX 2 10 m 2 A] o3 HE R K L

EEWMB :MEAKRFILETH (41971327), BFERE S &I H (2016 YFB0501501) , o FE RL2 B % w56 5501 H (XDA 19080304 )
BWIREE 2R (1982—), 5 T M i BH, B9 B2, 32 0 A 3 (s B B 5 07 .98 . E-mail: lilw@radi.ac.cn



5 6 4

R4 B4 BL T Sentinel — 2 FT 2 B B4 19 IL BT S TN 5 2 @ A0 X AR B S 40 1437

ol ES O i O =S R =0 = v O = W S = I
YE 25K, B RAN B A BB i ok KW 485 12 22, 1
e J X AR HROME BB, SR, I DR Sl B 45
A BEFNZS (0] 20 BRI AR Y R R B Jk
Bl B R AE . 53— T 5 2 2% ML R AE A AR T
A O, 2 SR X B ) a5 TR 45 4 45 A% e 2 1R
B A5 B AR Uy B RAR KPR o

2016 4F A2 , WK %5 JRy % 9% 43 & 1Y Sentinel-2 £5 4%
BA 10 m 25 [8] 43 #2325 0 J] 300 0 = 0 08 )
AERE R, R K 37 S v R 3B M 3R B A8 WS e it
ANE Z AW BE IR . 20124F Lok, 15 35 TREA IS
SRR ) R T DL R B A ) S D DL R
P2 X 28 SRy AR B IR BE 2 ) BORAG B g, o
AR T B2 A A F M )RR R AR SR AR T SR K Y
Bk T A 8 B AR ) 43 20 B AR U0 55
TS B0 )z T R R, A A R 45 2
BRI ITT A EZ R, R LG5 R
Gt SOy ) A 18 AR S R MW 4y 26 vh HAY B
A E . £ 4 Sentinel-2 B A1 4 45 FH K 2%
B L3 AE BT AE A BB 2 T —Fh i T 2 45 TR 2%
AL 1Y Sentinel-2 5213 & )2 £ T X 52 W7 7, B
FH T M 22 40 X J2 S X B B, 45 2R F1-score #
FEIREN 95% VL b M T g B 4y 20 ik . TRlEY
I B e 1 B 3ok A 8 6T Ifl 22 A2 0 IX L 300 39 A X B
1w 2 S XT3 AR R A AR B BEAT T 4R R
VA T

AHEE T SCHR [ 22-23 ] e b 222 387 X K S 3 ) v /s

T, A s SRy v R R R AR ek T, I b
BHREMEL GEERAXENFEE 2, 504
TRVE R R A SR AR KPR K o A SCFE W I AE S A L
T AR AL R P T E AR T 2B R
2% A1 Sentinel-2 S AR 1 5 )2 Al S0 X 4R IO 15, IR 45
G S BUMBLIE S8 % 5Ll R B E B, X b at
TS LR W R J2 5 X AT SR IR 5 40 Hr o IR o 5K
BT 2020 4F A6 5 7S 0 P i )2 AR DX kG R BRI
BB T A6 5T S B0 PN )2 B DX A ) 43 A R A K
H 5 T A ) A ] DG R

2 EhEHEFESHEHEAREX

21 HRXEXWEHE

T 50 75 B N DX A Sk B 51X, BT R 2
1 361.84 km*, S50 K I 2020 4F 3 A 3KBUH) 1 &=
Sentinel-2 §Z & , XF [ 7 i BL %5 8 TS0TMK, £
P BF AR BE 3 2 S RN b mt Hb Ab rh A R L X, 3
F A B ff v B A/ 0 e )2 A SR XA R A R A B
R LR A B I LA A DB X
N 23 (8] 5 BE A 10 mo [RIA, oA T A28 ] 43 A il AS
i A] A R A O T R G 5T R RN 2R A X AT
SIAT L BRECT AU RS R P A T £ B R ORI TE 58 3l
il R SN S IO AN B 1RO
22 BEEBEHREX

1o 2 R A AR S — 2 LA e B R S R T e AR
SR Yy AE © A R AT ST A B D i — BA B Y
FE S, TR EoR (R ST g — bR )

'z z
g 2
= =
= & Yl - F
B a ' :
o o . 7 -,
, o 4 sk AN -%%ﬁﬁ
sty — Q4 Bl o m
/ 116°11'0" 116°24'0" 116°37'0" E 116°11'0" 116°24'0" 116°37'0" E
(@ TR B EBE (b) BFFTIR AR 2% R di

E1 #HRRXEXEZERAXIEHNE(REMNGHEAX,BEAEFRBIEX)

Fig.1 True color image and related vector data in the study area

(The yellow boxes show areas for investigation, and the white boxes show areas for verification)
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Fig.6 Distribution of high-rising buildings along the ring roads (red blocks show high-rising buildings)
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Detection and Analysis of High-rising Buildings within
The sixth Ring Road of Beijing based on Sentinel-2
and Fully Convolutional Network

Zhu Jinming"*,Li Liwei’, Cheng Gang', Gao Lianru®,Zhang Bing™’
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Jiaozuo 454000, China;
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Abstract: As an important symbol of China's urbanization process, high-rising buildings have important social
and economic functions and unique geometric form. We proposed to use the fully convolutional network and
Sentinel-2 multi-spectral data to extract high—rising buildings within the sixth Ring Road of Beijing, further-
more, we analyzed the spatial distribution and traffic accessibility of the high—rising buildings with the vector da-
ta of ring roads, township boundaries and rail transit stations. The results show that the proposed fully convolu-
tional network based method can efficiently and effectively extract high—rising buildings from Sentinel-2 images
in Beijing. The overall accuracy is above 90%. The total area of high-rising buildings within the sixth ring road
is about 192 km®. The density of high-rising buildings between the second ring road and the fourth ring road is
the densest and spatially uniform. Within the second ring and between the fourth and fifth rings is the secondary
group. The density is the lowest between the fifth and sixth rings. High-rising buildings in the counties of the
sixth Ring Road show obvious flake gathered characteristics, the largest area of density is in Chongwenmenwai
Street, Donghuashi Street and Jianguomenwai Street et al., and they are followed by Financial street Street,
Zhongguancun Street and Wangjing development Street et al.. The density of high-rising buildings in counties
near the sixth Ring Road and The Forbidden City is rather low. The accessibility of rail transit has obvious spa-
tial coupling with distribution of high—-rising buildings. The lower the accessibility, the fewer high—rising build-
ings. The area within 1 km of subway station is about 92.62 km”, while the area at 6 km away is only 2.04 km®.
Our results provide a new perspective for urban construction and ecological landscape protection in Beijing.

Key words: High-rising buildings; Sentinel-2; Fully convolutional network; Spatial analysis; Information ex-

traction; Beijing



