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Abstract: Creating a living environment that is both comfortable and human-centric is of paramount importance for the
sustainable development of cities. Traditional methods of studying urban perceptions, which typically involve field surveys,
questionnaire surveys, and remote sensing inversion, often fall short when it comes to accurately measuring and portraying
the perceptual experiences of residents in relation to their visual environment. To address this shortcoming, a new framework
has been developed, grounded in the theory of Landsenses ecology. This framework provides a quantitative measurement and
coupling analysis of urban visual perception, encompassing both physical and psychological aspects. The primary aim of this
framework is to gauge the subjective feelings of individuals towards the built environment from a human perspective. This

innovative framework offers several key advantages. Firstly, it supplements existing methods of analyzing urban micro-space
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patterns, providing a more comprehensive understanding of the urban environment. Secondly, it enriches our understanding
of changes in physical and psychological perceptual space from a human perspective. This is achieved by enhancing our
ability to identify spatial patterns and detail depiction of urban perceptual quality. Lastly, it deepens our understanding of
the complex relationships between different elements of urban composite ecosystems and residents’ perceptions. The center of
Beijing serves as a case study for the application of this framework. A set of deep learning approaches has been developed to
quantify physical and psychological perception measurements at the human-scale. Following this, a spatial statistical model
is employed to identify the intensity of the effects of physical perception and urban composite ecosystem elements on
residents’ psychological perception. The findings of this study are illuminating. Firstly, it was found that the visibility of
trees (TREE ) and the normalized difference vegetation index ( NDVI) play a significant role in enhancing positive
psychological perception. Secondly, a notable spatial clustering phenomenon was observed in the psychological perception
index (PPI) in the center of Beijing. This phenomenon exhibited significant differences in the “inner-outer” layers and
“south-north” urban areas. Lastly, it was demonstrated that deep and machine learning models can be effectively used to
accurately depict the spatial patterns of urban physical and psychological perceptions. In conclusion, this study provides a
valuable quantitative reference for the creation of landsenses creation and ecological planning at the urban block scale. It
holds significant implications for the intelligent management of sustainable urban development, offering a novel perspective

on how we understand and shape our urban environments and human well-beings.
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Fig.5 Landsense maps of the physical perceptions

TIRE R B -A17 A b A XU 25 5, e (L SR R IX 2 0 201 7 VI X AR IR DX 09 DX g 8 5 X
bR AR A SUE AR R AEAC SO AR P W R A S (R AR, 0 S RO AR R RN 285 0T
DX, EAMTRILSIRT 25 7l A JR i TR AR O B A AR DX, A2 ARE SR DXL A T R
DR AR o, e F 5 GEIH AR IX  Behh, Hf B XA G it BB R ROV I A B3 28 1 Rk
GErt 2 R s AC 5T s RO BB A3 6] 3 AT AN S A ) I g DX IR it S R AR 11

http ; //www.ecologica.cn



20 1 TRARFR A TR AR A5 T A S B R AT —— AL T L ] 9155
F3 LEBMNENGITER
Table 3 Psychological perception variable statistics
TR EE HfH brifi2E R/ME I ON]
Perception Metrics Mean Stdard deviation Min Max
ST Beauty 0.47 0.15 0.12 0.90
442 Safety 0.53 0.11 0.13 0.93
i 71 Lively 0.50 0.13 0.06 0.93
EH# Wealthy 0.50 0.12 0.09 0.87
B3 Boredom 0.55 0.11 0.15 0.93
JEH Depression 0.56 0.10 0.14 0.87
LELET Psychological perception index 0.47 0.14 0.00 1.00
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Fig.6 Calculation results of the psychological perception indicator
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spatial clustering maps for the psychological perception index
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T F 172 S R A 2 A GWR A BRI 3uf i 52 & 2 3%k O BB A VR AT i B A T 3¢ 4
P aTRLA B GWR 2 sl LB T 92% , BEHA W) BRI AT T &2 5 A A5 AR GE 2R I EE X PPT HAY
TRSRRERE S . 2 4 h RV ENRSCERAE T AE S R G M AR AR 5, ok 2008 5 (Y AU S 0077 A8 W] 1Y
23 )5 JF e, BRI SUE X RS FELE 3l . AN TR RRAE 23R A SEBRVE ISR e Bl 25 A0 B ks . DR, 7 S Jg
A SRR A AN ] DA 8 5 DX DA ] e ) DL AR AN BT 5

x4 HR-BF-BRERSOEBRME GWR MUSEEL (n=6809)

Table 4 The GWR model between psychological perception and social-economic-natural features (n=6809)

R 1, AR 8 PPT-423 [ A8 i FERY 2. [N AF B PPI- 4 [ 78
Azt Model 1: PPI-Al variables Model 2 PPI-Partial variables
Variables Wi b RUME i RKE I8 BMEE BOME b k(R
A Tree 0.901 0.120  0.534  0.901 1.340 — — — — —
B} Grass 0.017  0.139 -0.511 -0.035  0.637 — — — — —
i Dirt -0.254 0337 -2.691 -0.195 1.194 — — — — —
E % Road 0.174  0.132 -0.224  0.174  0.689 — — — — —
#4% Building 0.413 0.152 -0.103  0.420  0.844 — — — — —
Filtl Wall -0.081 0.093 -0.487 -0.073  0.221 — — — — —
K4 Car 0.038 0.140 -0.425 -0.048 0.452 — — — — —
1T Person 0.008  0.166 -0.550  0.003  0.785 — — — — —
474 Bike -0.075 0.121 -0.432 -0.072  0.267 — — — — —
Bl 3% 7 Commercial vitality 0.025 0.072 -0.203  0.016  0.405  0.068 0214  -0.992  0.051 1.040
SEH B Average rental price 0.016 0200 -1.503  0.009 1.030  -0.064  0.600 -3.696 —0.017 2.874
1434 Population distribution -0.002  0.076 -0.347  0.007  0.309 -0.006  0.262 -1.979  0.013 1.142
AN AEH$ Bus station number 0.036  0.134 -0.453  0.040  0.573  0.071 0.270  -0.833  0.063 1.319
T
Distance to the nearest business -0.004 0.703 -3.671 -0.050 3.509 -0.164 2.767 -19.400 -0.042 13.730
center
LR R
Normalized differenced 0.020  0.063 -0.177  0.020  0.343  0.098  0.195 -0.547  0.090 0.781
vegetation index
M4k Altitude 0.010  0.571  -2.061 0.007 2425  -0.013 2412 -13.727 -0.010  10.118
eBE Slope -0.015 0.084 -0.315 -0.014  0.454 —0.145 0.292  -1.488 -0.127 1.496
JoE 7 HL R? 0.923 0.646
B IE TR AR B UEN AlCe -22128 -15592
H 5% Bandwidth 194 196
5% 22-F-J5 Hll RSS 10.95 23.82

F 4 RS EP RO TS R TR RN A, AR 1y B R A O B A [ 1 FH 5 R HE
4 :TREE(0.901) >BUILD (0.420) >ROAD(0.174) , 15 WA 7E S B T A3 SR A K S 155 &1 30 8 57 15 it 1 1% 5
V] P T DX B AW 1) F AR A R0 B AZ 85 R S SCHR B S5 8 — B, stk 9 B 4 B . R b
(-0.195) % (-0.073) VA4 (-0.425) F1 A 1744088 (-0.048 F1-0.072) , & R4 IX 0 AATERR &8
S A LB S RIS, 25 5 5 R GO AZ o LAk, S5 DA 1 Bl R AR b ] B 23 25 AN 28 4 sl
Z BRI, 2 5 o SO BRUEAZ . 2F b, AN v g BRI AE X PR AR i AR R R R A
I,

W E SSRGS E R P IE & KA 2 NDVI(0.02) , Hik & LN_BUS(0.04) , 2R J5 & LN_CV
(0.016) ; 2 K 77 TTHR AT A LN_DIS( —0.05) F1 SLOPE ( =0.014) , 13 B # A5 e 5 50 ( NDVI) FIA A2 3
BC & (LN_BUS ) X i AU O FRBRNAG B A ] o FEAE A B B B0 T | S T4 B Ik — P 3 i A 52 il
S5 AT REA BT HE T AR RSN . /i AN SCHR 2848 BT B AR SO0l i ml APk A B 10 38T A R 4
fifp 20 AR ST A R R AR A L E R R T O B A AU VR e sk B AT LA
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