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Abstract: This paper proposed an approach for quantifying daily exposure of urban residents to eye-level
greenery. 280,000 street view images in Shanghai central area are collected for greenery analyses via machine
learning. The integration of the street greenery with street accessibility helps to provide detailed guidance for
better spatial quality on streets and efficient urban greenery planning. The comparison between this new index
and the traditional urban green cover shows that the latter one might not accurately reflect accessed greenery
for citizens. This study helps to achieve the co-present of large-scale but also high-resolution analysis.
Moreover, it makes a step forward for a more human-centered planning policy.

Keywords: landscape architecture; street greenery; BAIDU street view; machine learning; human-centered
perspective; spatial network analysis

Fund Items: National Natural Science Foundation “Walkability of Street Interfaces: A Fine-scale Measurement
and Design Control Methods: Case Study Shanghai” (No. 51708410); Shanghai Pujiang Program (No.
17PGC107); Science and Technology Plans of Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, and Opening Projects of Beijing Advanced Innovation Center for Future Urban
Design, Beijing University of Civil Engineering and Architecture “Measuring Spatial Quality and Assisting
Design Control via Multi-sourced urban big data and deep learning” (No. UDC2017010412); Open Grant from
Key Laboratory of Ecology and Energy-saving Study of Dense Habitat (Tongji University), Ministry of Education

JRAFARAELE TR T AATA SR AT
Woc. EFRSAENE IR, AT LR
TE LA BB LA i R T A A DX 25 ()
SR AR AT, B Rl ks Lit se
ARG, B IR AN s S

1 515

1.1 BrEgih. FEM RS T
TSI A S S WUBL S 3RO DA AH 2 1 15 5

T, BT S SE L N HERA A

] TR BB, R E AT 2SI



SN FErPE , g R O SRR s ) LA
NN HETR I X — TR A . A2 UBCRA F R SRR,
AT RSB R IE A A TSR]t B 2 H 3R T T B, AR A
AR S ) 0T, EARATEARG, BRI ER R — ",

RUEL, T E AR ST DU T R R G R AR R
VR GAREE S R Db, (ERH B _E T A2 O A A — 2
S RASERRESEA—E " MAAMA T KBS RS T A
RARAR FOZRACTT WL S RTTATEIOZS R, FEHNE L RB AT S ety RS
RSB S AEEANVEEZS (R A 5T, (EAERII S SER A AR E

DA AARA RS TER Z R T F TSN B K Aok
TP, AN EIRISE BT 5 (U R AN I 2ot s a2 md W GAt
BER A ARE — PEIUETE R R P S G S ], AT SEBLRE D9 40 2L
R P X BB T T AR DI R/ NS TS, (BT
BRI RAERAEAL SRR A BT TN BB, MELL S RISE R 3K,
BETT S ECELE 2 M
1.2 BrEORTT BBl fE:

W& DA AT AT 2 Pk i 5o AR A SRR e i i
K, HRTIERE (New Urban Science ) , RIMEFEIR ARSI SEET
BRI A RS, FE 20 10 SFRIERISE, 4Rk LA
FE S A S AR B SRR A SO s R A SR R
WA THAIATRE P X OcE R R aRE ",
TELRACAMEE ™, DURIRIX P DX O 2 ] om0 415 e

SR, HUERE SRR IV & R . S SR
B R S ORISR L TR AT RE . DA SegNet SN RIPLER A>T
1B R LG TR 2 I 28 M SR RE R SE B 5 I 715 S IR BE AL B
BRI A RES . MTIE. G R, USSR,
T EASCH5 [ AL AR LS o )RR BRI 18] R RS T A7 5t
HHRHATRARCE TR XSRS I T2, 205k
WEZE (AR T AOfeAsE) MR, AfRRT
DAESRAAITSE I i F ) 2 DX TR S A S e T ATl #2777 4
P TS R L

IEAMETEZRA AT AR AT T SO BB A T RAK BB
DA SEH s S T el BE R A RO M55 R A2 004, T80 T 0T
WRHFAESPHCS  BFMNTANE R, fiEs, WRETT
SR P I RIS SR ARSI, AR TR A N
LIRS RS . 22 RIS T, VRN T B 4SR5 AR Al AT ]
AR TR, TRVA RO s A g A b s ik

FE— I BARMHEDD T, T AR N EESATT R R
AL, BETT BRI AR S SL B E O P RE

2 Wik 55Em kit
2.1 WSS 53 HTHESE
ASCHIRRGETE BN LT R IRZE DL X3, AN Z) 400km®, 7

LH: ABESHTEEEMIZNE / Special: Big Data and Urban Green Infrastructure

1998—2015 4FHI[A], T IXZRAGEEREZ N 19 % SEANZE 38%, ASYAIELE
HEFBIEIN T 4 65, RE, HOBKKREE N EREA P 2R R
AT DTSRI B, EiE T O N 2 . FRREEER, 18
KR RIFAITEE B3 i oy b X 23 [ TR T g S S

gesr 5 NS BT (E 1) o B I AP S B E
B PR, T IO A5 s R SR AR S AR AR s DL A1
SRR TT 6], 25853 HTTP URL JEaCT 1 1 5 API 5ksL
IR SRR, BB R B L8R ST AR S i A T s
WeFE G E, MR TR, BB 5 S S 5 2R
A BRI — D RIS AT T SR T 22 (R 24 43 47
TENERER H TN ST A TR, RS K
SRR W SR TR G T, MR E ATkt S A R S mT I
FERUCECRERE, ARAEN “H WML A" 18hR, MMRGIE
FRE— P RIEENNEE, e, AAAATRN . BT R
MEESAL AT TN B 2 5E S B R AL, BT ELEEREYSR
(1 7 KGRI FETT R L
2.2 BT B R KRS S AR S v vk

TFF AT T PR A SRR B OV X (P EREAPY ) JE B I
ZRHUR , TR T IR T B e APT BRI S8 (A BRI 130T 7 3SR R
HUOIR XTSI R 13 672 & A0E B, 1 2 611 079 m, “PHERAEH]
FRZIA 40m.o B 2 AT FEE IS N4 RO BURE A, ORI 38 AT 7
HEIN MR RARGE (E2) .

A E RIS HTTP URL SR 5 A 501 APL EIATAS.
T AR Ze AR L7 (0] £ B AR AN A AL A, T AU
— ARSI, B R A T AL E SRR . B
MZRHIACT f BE RN B M S5 B A T ARBUL U A i [ Sefb. T
R, G TR SN 00, BISE®, 7ERL
LKV AETTH, SolRE— AR RS BB NI ST R AT
AN B TE BT AL A, RS ARG T ST A R e R A 43 AT
frriEs (a7, J5) MEEETER T (4, 1) 3t 4 KE s,
FEIRZTT MR 90° o IXFRASR AL 2 IE IR T ORI A5 & Bl P g

1 RIRITESR

Research framework

25



|
IIII ME/iili Landscape Architecture  2018/08

PRSI TS (K3) o KRR
R 480 x 360 1525,

B 5 BT A A S EUE AR 2017 45
FBFEIIR, (EH A APT BT H2 A 1) i [R]85
(‘Timestamp ) [P PRI N0 T4 2R 8 Ui g
BRI, X —RE, RN TR
LRAX 7= A B M ] AR RO i, 2T T
BN TS PR IB DL AR
2.3 FETHLER A= 2T I AR Rl LR 3 b

X i e AL P A mT DL P AT R FE A T
LA B E R M 4 T H (SegNet )
PRHUEGHHE (B 4) o HEE B EN
WHIRE . M., FE. 3R, S0
M, AR AT AR R A B
FIT R AT BRI T SegNet 42
HIBUA (RIS ) HR BRI 2R Fe
F S BA R R T S T BT B R
EHX—THARARCR R D, HOREETH
& 7 B Rt — 2 M E G r e A 25
2.4 L as 18] 28 oA AR B AT SRR S A

TR LA AT A AT A R o 28 3%

2 BEMLIMEE SN ERER S
Distribution of sampling points for capturing street greenery
images

3 H R W EIREURG)
Street greenery images capturing example

26

TRTT N S W 2% 1) 4R AT IR I B R T
ZFARE. AWTFER AT ArcGIS SF-E RIS
(T RIZ5 3 T2t (sDNA ) ™ 73BT K 1
AlTAYE, HoR M GIS FA - ER HuOAsii,
5 HATREARIU AR A R ARA T Bl

sDNA X “S07 BRI H B B TR+ |
AREBORH R AR, BT AT A
AT I MR GRS S0 i) AN ZEAT 8 45
A HA R R, FAT R A ET
A B 25 A R A ( Angular Betweenness ) {F
TR W28 AT IR MR A A

AR AT, ANFESITEE TR
ALK GE RO I A5 AR N B 2 AT AT O 6
HIGe R . AN RAE/NRUEE R4 R T,
oS PR A E B, X
WRE 2 G0 Hae iR 8 BLZ [ Rl e &
R, KRR ERXIA N,
AIDAZE HE s Ak B E R, fE B,
500m HHOA N RAATR GRS ™ AR
AT AT AR R R S, U2 2016 4F 12
A, EEWFS TR BT R R P A2

6.2km"™ ;s [RHIX 2 A EEES A VE R H 4
5B NINIHT2.

IR IRSERE S
3.1 AR R E SR AL . 2Rk AT DL
FE S AT B AR

Bl 5 HUOIIX 3SR A SR AT LS,
PARCEE S T REA AU I B 45 1B 1 SR Al 7T
DLFEAE . T IR 25 SRR R B 25 H A
BT EEB, SPE TR AR %
BB 2T W, O3k IX i 1 B
HISFAAI B ] TLEE R 20.8%, Hirpr, ZRLm] 0
JEE KA 63.1% (£ 1) o PIFREAPIIXE
A TEACE S TE Y 45.9%, SREmT I
FEHCA S 55.8%, PNERS hER R A B
PSR RN (BRERE 5 54.1%,
LA LGB 45.2% ) (E]5) .

Bl 6 AT HHESATRIEE) 2 ot
P 1 b ok X B W 2% T A . AT
PLEE], H4rH72F120 500m i, AT M4
B SR 2 RO X BB &S

a8 IEES



SR NI AT 6 000m I,
AR E B AR RV B AR 1
&), FERNT A XA ETE S TE,
P AT A R AT R A [R] H AT B

EH: KREIESHT S EEMIZN / Special: Big Data and Urban Green Infrastructure

I RE B v 1 F e T Ak
FEAWNMEX, UHESITIT N AE; @i
BT AR S EE R, DUEET
(&6)

4
i 20%
SegNet HARM T RELAT 7 20% HEFBET R MENE I
=% 10%
&E 10%
BT BE BT ARSI
6
F 1 RO X A n e
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Tab. 2 Correlation analyses between green coverage and street greenery (in unit of sub—district)

BREM  EESTE HES TR

WS HES TR

LR fidk ik £ fidt Sl
P (Ht R (Et R (KEERAR ) (REHME)
Pearson Ik 0.492" 0.144 0.038 0.141 -0.012
NDVL @ o) 0.000 0.162 0.712 0.169 0.906
N 96 96 96 96 96
A E 0.05 AP R R,

28

AKE
&

1’

KA B: BUR<HHRE KB C: BUR~HERE

7 BB O R EREEAIARE
Types of street green accessibility of central Shanghai

8 B UHRKENETT AN S RUT LESE ST
Streets with high accessibility and low greenery

9 EBHUHKENEERERUTLESS ST
Green coverage and street greenery of central Shanghai



X G AR T R L A S A
(g—/NAlEL, - B AT e AR T A R R
5 NIRALA P e B2 B s e vy LR ?
A — R DU T T B IR IR 3
NIZODERR, FEBUR SR _EARTT RS (e M
KV St (s ) P A B 84 1 e DX R AL R R R
O, TR 2 T ROk R L, B 5
B AR AT ORI A —E
e T RAR S VG AR N AR 25 R], (BH A
HBURZE RS, AT E O T B AN KT
RETETT OB KA, R T 4¢
PSR P BN e 1) 45 28 el PRI T 1 75 >K )
DA ERE L R I A i e A
Jo IXFEFIRPT UGS Sl T SRS,
(BT RAE H 5 A3 T BRI S A 2 oA
REAT U

AT I, 58 AL A B 2l T EE 3
PRAT A ST B30T AT il e PR s,
AL B B P RS, HETT Bl 4
“CLANAT (R SR8, Bk,
FE SRR AN S 2 G 2 T 5835 £
PRECE, B AR S FE F iR bR 5 3 T
DERBARME G A HIPERLRIR
Sl TS T S 0 A 2 T — A SR A B 1 A
RS, RTP AR A G BT AL
DR 5 55 T A9 DR Bl i 38 A i) o — 1
AR ",
4.3 WIFERBR . ARRHGH 5 S R

ASCHIRITGE KT A — i R R
HoE, HEEBHE R AR RE S
AR A, M IE R R T A E E AL
B ERELT, R SEOXFS 45 (Al § = 1 5t
B B AR T BRI N BRI AT, T RE S AE—
SERRIE LSgm A R Je St R F
TAHATE AR E T A TR e, Hak, A&
TS A s ) A R 3 A v D 2
FRERGN L, BT R AR
e WS e o FEASR AT S 25 8 S B AL
By B R A AR e I, R, H
BURTFEAELRAL T LR (g L IR Bk = &
SISO AT S T SChRRIE B <4
PRULSERGH” prufeze e, IR H BT
bR TR — P A Ja SRR R

LE: KEIESH TS EEMIRZN / Special: Big Data and Urban Green Infrastructure

B 2% ) 5/ NEAR L AT 3 I N 5
TETS AT WL AR XA o

RAHIRE— PR FEREF e R Ay I
[FIY0 L A A, AR S A S P
DA 30 255 €00 T 2 il JEE i P (RD O AR 405 BRI
BT SN Rt BT S8 SR BT
Kt a el WEEEA AT 2. BA X
RO A PE) 8 PR3 T e P 20 A 5 i PR R 2 11
MRAZRCEAI ", AR 54k
MR Pl B I 5 TR AR A LA

SRR, BT RS I AT AR AR
BOMI T EARSE TS T M M R, SO
ERAE T FATTRE T 2 [ AL S HL RO M
PR SRR, BRI AT A
SR TS PRI, T2 1 U S Al Bl R
&L B AR PR SR 5 T TR B A AT
BOEE T o X —EET, R IR
ORI R AR T, R TR
vhsLEer, LA A (1 & U7 e i i
(S ibpE e

ERE:

O XE “HETH ENSERNEMESEE, M.
B R @S SIRMET A, BAMER R EARAXHEEZS].
@ REBHBAEERA O EOFLIESANENGRFS
MEAMBARUER, BETAXNHARERZANTRL
HREMNTREMENNERERMENE, ZULBETE
AHRMANEE.

@ XHEFRYHEERS.

S22k (References):

(] BR%E, Eff, U8, §. LEEmARERNEEY
naafss [J]. KEERM, 2017 (9) : 99-105.

CHEN Zheng, DONG Nannan, LIU Song, et al. Study on the
Impacts of Urban Park Use on Public Health in Shanghai[J].
Landscape Architecture, 2017 (9): 99-105.

[2] Jeifm, MF. AARESHES: WE, SITHEER
¥NEIER [J]. FaHES, 2016 (5) : 41-47.

LONG Ying, YE Yu. Human-scale Urban Form:
Measurements, Performances, and Urban Planning & Design
Interventions[J]. South Architecture, 2016 (5): 41-47.

[3] JIANG B, DEAL B, PAN H Z, et al. Remotely-
sensed Imagery V.S. Eye-level Photography: Evaluating
Associations among Measurements of Tree Cover
Density[J]. Landscape and Urban Planning, 2017, 157:
270-281.

[4] YANG J, ZHAO L, MCBRIDE J, et al. Can You See
Green? Assessing the Visibility of Urban Forests In Cities[J].
Landscape and Urban Planning, 2009, 91(2): 97-104.

[5] LONG Y, LIU L. How Green are the Streets? An Analysis
for Central Areas of Chinese Cities Using Tencent Street
View[J]. PIOS One, 2017, 12(2): e0171110.

[6] HF, #ARK. FRASHEEFGTHZBRASE
AR [J]. RER, 2017 (5): 6-13.

YE Yu, DAI Xiaoling. Spatial Perception and Design
Potentials in the Context of New Analytical Techniques and
New Data[J]. Time + Architecture, 2017(5): 6-13.

[7] NAIK'N, PHILIPOOM J, RASKAR R, et al. Streetscore-
Predicting the Perceived Safety of One Million Streetscapes[C]//
Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition Workshops. 2014: 779-785.

[8] LI X, ZHANG C, Li W, et al. Assessing Street-level Urban
Greenery Using Google Street View and a Modified Green
View Index[J]. Urban Forestry & Urban Greening, 2015,
14(3): 675-685.

(O] FbFrte, Mok BREZML: — MRS TSR ).
MmN, 2017, (1) @ 3249.

HAO Xinhua, LONG Ying. Street Greenery: A New Indicator for
Evaluating Walkability[J]. Shanghai Urban Planning Review,
2017(1): 32-49.

[10] SHEN Q, ZENG W, YE Y, et al. Street Vizor: Visual
Exploration of Human-scale Urban Forms Based on Street
Views[J]. IEEE Transactions on Visualization and Computer
Graphics, 2017.

(1] BEEIR, Tl #RI O X EE = 8] M B AR
PUER ZZERF B8 RER A [J]. #URIUm, 2017, 33 (2) :
68-73.

TANG Jingxian, LONG Ying. Metropolitan Street Space
Quality Evaluation: Second And Third Ring Of Beijing, Inner
Ring Of Shanghai[J]. Planners, 2017, 33(2): 68-73.

[12] BADRINARAYANAN V, KENDALL A, CIPOLLA
R. Segnet: A Deep Convolutional Encoder-decoder
Architecture for Image Segmentation[J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2017, 39(12):
2481-2495.

[13] HILLIER B, PENN A, BANISTER D, et al. Configurational
Modelling of Urban Movement Network[J]. Environment
and Planning B: Planning and Design, 1998, 25(1): 59-84.
[14] CHIARADIA A, CRISPIN C, WEBSTER C. sDNA a
Software for Spatial Design Network Analysis[EB/OL]. (2014-
06-15) [2018-05-12]. www.cardiff.ac.uk/sdna/ .

[15] #SEE . b L RBEHRFE? BINAH LT
HAT KBRS (EHAR) [EB/OL]. (2017-02-13) [2018-
05-12]. http://tech.qg.com/a/20170213/006139.htm#p=1.
[16] ik, FRIE, BE, § SEEPOHEXHEXTE
FSEERRR: UEBEREMEER I [J]. KEEMH,
2017 (9) : 16-22.

LIU Yuelai, YIN Keluan, WEI Min, et al. Community Garden
Practice in High-density Central Cities: A Case Study of
KIC Garden and Herb Garden in Shanghai[J]. Landscape
Architecture, 2017 (9): 16-22.

[171 YE Y, LI D, LIU X. How Block Density And Typology
Affect Urban Vitality: An Exploratory Analysis in Shenzhen,
China[J]. Urban Geography, 2018, 39(4): 631-652.

(448 / BREFT)

29



