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In contrast to a clean, orderly and safe environment, neighborhood physical 
disorder refers to poor space quality or even decayed urban landscapes caused by lack 
of repair and management or even long-term abandonment, and interferes with the 
normal use of public space by residents. With the increasing demand for urban space 
quality, the phenomenon of physical disorder, which is a negative feature of the built 
environment, has gradually attracted attention, and has been proved to have a negative 
impact on individuals' health, public safety, and even the urban decay. To respond and 
intervene in the follow-up, it is necessary to find the place where the disorder occurs 
first. However, there is lack of reproducible, low-cost and high-efficiency large-scale 
measurement method for physical disorder. Taking the street space with Beijing's Fifth 
Ring Road as an example, this study deconstructs the phenomenon of physical disorder 
in the context of construction and quality improvement of Chinese urban space and 
reveal the negative characteristics of street space and its potential externalities. Based 
on massive street view image data, combined with virtual audit and deep learning 
models, a reliable and efficient automatic measurement model of spatial quality is 
proposed quantify the physical disorder phenomena of urban streets, aiming at 
supporting city managers and planners to understand space quality and its changes from 
a more comprehensive perspective, and providing an important basis for further fine 
management, decision-making and intervention. 

Based on scoping review and field research, we build a quantitative checklist for 
physical disorder and a standard handbook for auditing that includes the characteristics 
of Chinese urban landscapes. Via the self-developed virtual audit online system, the 
validity of the checklist and the off-site audit method is verified through small-scale 
manual audit, and a sample library of disordered street view images is constructed. 
Model training and optimization are carried out applying Faster R-CNN, SSD object 
detection algorithm and SegNet segmentation algorithm. We finally select the optimal 
deep learning model for each physical disorder factor (with F2-score above 80%). 

With street view image data for multiple years, we further applied this model to 
carry out an empirical study on the street space within the Fifth Ring Road in Beijing 
and estimated physical disorder levels throughout the city, providing evidence for 



120 2

understanding the characteristics of urban physical disorder in China. The deep learning 
results show that although the overall urban spatial quality of the city is moderate, 
physical disorder is still common and spread to varying degrees in Beijing urban area, 
where ratio of the points with disorder has reached 69.8% among the 71,165 street view 
points. Also, disordered areas performed concentrated in the north within the Second 
Ring Road. Stores with poor signboards, garbage/litter on street and graffiti/illegal 
advertisement are the main factors of disorder that affect the quality of urban space in 
Beijing, leaving a negative impact on the vitality of the space. For the multiyear 
scenario, the overall street space quality tends to improve (50.4% of street view points 
have witnessed the decreasing or even disappearing of disorder, while 16.1% remained 
basically the same). For areas within the Second Ring Road and Chang'an Avenue and 
the extension area, the space quality has improved significantly, indicating the certain 
effects of the urban space renovation. This study also sorted out various intervention 
methods in the urban street design guidelines at home and abroad, proposed sustainable 
strategies for specific disorder factors which significantly improved the space quality.  

 
Keywords: public space; street quality; deep learning; street view images; 
Beijing
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乎 Inter-rater reliability IRR

乏 、 上
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乎 0.575 、

1%
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 4-2 A B C  

a4 t  

   

(Cronbach's alpha) A B C  

1.1   33 23 0 19 0.044 

1.2  30 47 13 30 0.654 

1.3  82 107 214 134 0.447 

1.4  726 302 618 549 0.672 

1.5 

 
244 69 260 191 0.606 

1.6  193 68 68 110 0.482 

2.1  188 187 91 155 0.403 

2.2  354 591 93 346 0.480 

2.3   105 146 84 112 0.688 

2.4  55 246 54 118 0.284 

3.1  238 528 344 370 0.756 

3.2  162 257 388 269 0.699 

3.3  1 2 0 1 -0.001 

3.4  83 103 16 67 0.575 

4.1  117 240 55 137 0.539 

4.2  53 184 914 384 0.336 

4.3  162 129 146 146 0.654 

5.1  9 88 5 34 0.104 

5.2  157 83 224 155 0.403 

 

 4

》

1=
0=

20 976/4852 19
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a4 t  

   

(Cronbach's alpha) A B C  

 728 1392 808 976 0.784 
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 Point-biserial Correlation 
 A B C 

Coefficient 0.68042** 0.58023** 0.74614** 

** p <0.01  
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[ 4-5 	� Logsitic�.iE��$]�0K#)IV> 

 
$]� A $]� B $]� C 

Coeffi
cient 

OR (95% CI) S.E. Coeffi
cient 

OR (95% CI) S.E. Coeffi
cient 

OR (95% CI) S. E. 

1.1 ,S+-�2g  
1.635 

** 
5.131 (2.027, 

12.988) 
0.474 0.796 

2.216 (0.634, 
7.748) 

0.639  - -  - 

1.2 ,SV=L5 
1.741 

** 
5.7 (1.988, 

16.265) 
0.535 

1.693 
** 

5.433 (2.063, 
14.312) 

0.494 1.635 
5.129 (0.773, 

34.039) 
0.966 

1.3 ,SRhL5 
2.003 
*** 

7.409 (3.751, 
14.634) 

0.347 
1.425 
*** 

4.159 (2.048, 
8.445) 

0.361 
1.938 
*** 

6.948 (4.184, 
11.538) 

0.259 

1.4 ,SRhA5 
2.395 
*** 

10.969 
(8.501,14.153) 

0.13 
2.131 
*** 

8.425 (6.056, 
11.722) 

0.168 
2.478 
*** 

11.914 (8.508, 
16.684) 

0.172 

1.5 ,SRhFj�%
(�Ta 

2.469 
*** 

11.81 
(7.912,17629) 

0.204 
2.562 
*** 

12.967 (6.89, 
24.404) 

0.323 
2.171 
*** 

8.765 (5.588, 
13.748) 

0.23 

1.6 P6�,��9,
SH 

1.96 
*** 

7.098 (4.605, 
10.939) 

0.221 0.639 
1.894 (0.949, 

3.78) 
0.353 

2.394 
*** 

10.958 (4.802, 
25.008) 

0.421 

2.1 *h3GA5�L
5 

1.167 
*** 

3.214 
(1.985,5.203) 

0.246 
1.698 
*** 

5.464 (3.738, 
7.988) 

0.194 
1.239 

** 
3.451 (1.543, 

7.72) 
0.411 

2.2 fhA5 
1.325 
*** 

3.764 (2.634, 
5.377) 

0.182 
1.772 
*** 

5.882 (4.728, 
7.318) 

0.111 
1.197 

** 
3.311 (1.584, 

6.919) 
0.376 

2.3 D��`  
1.437 
*** 

4.206 (2.269, 
7.795) 

0.315 
2.241 
*** 

9.402 (5.637, 
15.682) 

0.261 0.503 
1.654 (0.653, 

4.189) 
0.474 

2.4 fhQZ��� 
0.982 

* 
2.671 (1.192, 

5.982) 
0.411 0.351 

1.421 (0.994, 
2.031) 

0.182 
1.774 
*** 

5.893 (2.723, 
12.751) 

0.394 
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W[ 4-5 	� Logsitic �.iE��$]�0K#)IV> 

$]� A $]� B $]� C 
Coeffi
cient 

OR (95% CI) S.E. Coeffi
cient 

OR (95% CI) S.E. Coeffi
cient 

OR (95% CI) S. E. 

3.1 Y�<��;X1 
2.061 
*** 

7.853 (5.238, 
11.775) 

0.207 
1.872 
*** 

6.499 (5.106, 
8.272) 

0.123 
2.662 
*** 

14.327 (9.566, 
21.457) 

0.206 

3.2 ��!7��- 
1.53 
*** 

4.619 (2.839, 
7.516) 

0.248 
2.8 
*** 

16.452 (10.991, 
24.627) 

0.206 
2.512 
*** 

12.335 (8.394, 
18.126) 

0.196 

3.3 +-cd 17.595 43800561.6 
40192.

969 
-22.60

6
0 

23286.
792 

3.4 8&�4A5 
1.299 

** 
3.665 (1.762, 

7.622) 
0.374 

1.07
***

2.917 (1.754, 
4.85) 

0.259 
3.345 
*** 

28.357 (7.303, 
110.106) 

0.692 

4.1 eb;N� 
1.215 
*** 

3.369 (1.848, 
6.143) 

0.306 
2.004 
*** 

7.415 (5.074, 
10.838) 

0.194 
3.189 
*** 

24.256 (9.791, 
60.091) 

0.463 

4.2 ebL5 -0.122
0.885 

(0.377,2.077) 
0.436 

1.871 
*** 

6.494 (4.383, 
9.623) 

0.201 
2.028 
*** 

7.598 (5.801, 
9.953) 

0.138 

4.3 P
H���e
b

1.71 
*** 

5.529 (3.311, 
9.232) 

0.262 0.528 
1.696 (0.968, 

2.971) 
0.286 

2.41 
*** 

11.137 (5.153, 
24.073) 

0.393 

5.1  M^8L5 
2.307 

* 
10.043 (1.551, 

65.047) 
0.953 

1.999 
*** 

7.385 (4.276, 
12.753) 

0.279 2.637 
13.976 (0.278, 

703.258) 
1.999 

5.2 �"��?L5 
1.391 
*** 

4.019 (2.371, 
6.814) 

0.269 
1.594 
*** 

4.925 (2.778, 
8.731) 

0.292 
1.719 
*** 

5.577 (3.378, 
9.208) 

0.256 

C�$]� C;_���,S+-QZ�+-Bc\U� 

***[O:J/@' p <0.001�**[O:J/@' p <0.01�*[O:J/@' p <0.05� 
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 4-6  

78

(Cronbach's alpha) 

1. 1.1  0.857 a 

1.2  0.960 a 

1.3  0.942 a 

1.4  0.965 b 

1.5  0.978 c 

2. 2.1  0.883 c 

2.2  0.919 c 

2.3  0.927 a 

3. 3.1  0.948 b 

3.2  0.971 a 

3.3  1.000 c 

4. 4.1  0.919 a 

4.2  0.946 c 

5. 5.1  0.959 a 

5.2  0.943 c 

a) b) 
c) 

 23
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、 4-2 15 。

。 、

。

100
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。 2000-4000

48000

19676 1-6 4-7

30000 12490
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 4-7  

78

* 

1. 1.1  422 384 243 

1.2  2396 833 1534 

1.3  2110 1626 2674 

1.4 
3065 826 4443 

1.5 
536 370 46 

2. 2.1  491 588 642 

2.2  1405 470 1432 

2.3  660 269 785 

3. 3.1  1191 968 1867 

3.2  2610 2723 2386 

3.3  550 369 1532 

4. 4.1  1867 1056 1147 

4.2  288 526 5765 

5. 5.1  1425 598 234 

5.2  660 884 1223 

* SegNet

23 .

Faster R-CNN SSD SegNet 15 。

Titan RTX

24G NVIDIA Titan V 
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64G

Pytorch  

 

 

  . 3

Faster R-CNN SSD 4.2.2 6

2 2 。 SegNet

10 9/10

1/10

 

。

4

。

 

 

 

Faster R-CNN 1

2

softmax “

sofamax

Faster R-CNN

RoI Pooling 、

PyTorch

0.0005 epoch 30

0.0005 0.9  

SSD 1

2

3

300*300 。 SSD 8732
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SSD

PyTorch

5e-4  batchsize 32 120000 0.9  

 SegNet 4 4 

2 2 

VGG16 

。

PyTorch

0.001 epoch 100 batchsize

0.9  

 

. 2

 2 4 1

Precision Recall F F-score

F

 

                          (4-1) 

                           (4-2) 

             (4-3) 

Precision = TP
TP + FP

Recall = TP
TP + FN

F − score = 1+ β 2( ) ⋅ Precision ⋅Recall
β 2 ⋅Precision + Recall
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4-1 4-2 TP FP  

FN 4-3 “ =2 
 F2-score  

。  

。  

“  

 TP  FP  

F  

Faster R-CNN SegNet  

 Faster R-CNN  

“ ”  SegNet  

 SSD  

。

4-8

 4-8  

78

F-score Precision Recall 
(ms) 

Faster-RCNN 78.44% 75.92% 78.24% 73.09 

SSD 41.82% 43.67% 40.81% 17.45 

SegNet 70.86% 66.10% 74.02% 28.70 

4-9 。

4-4 。 4-5

。

。
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 4-4

(a) (b)

78



�

�   

B 4-9 �90�	C=�A$.1G 

- C=
Faster-RCNN SSD SegNet 

F2-score Precision Recall F2-score Precision Recall F2-score Precision Recall 

1.1�<���"J 69.2% 72.1% 68.5% 14.1% 6.6% 19.7% 69.6% 68.0% 70.0% 

1.2�<;K6& 71.0% 70.0% 71.2% 16.0% 16.5% 15.9% 65.6% 68.0% 65.0% 

1.3�<;K2& 79.9% 76.8% 80.7% 52.7% 75.4% 49.0% 74.0% 74.0% 74.0% 

1.4�<;K3L����E 76.2% 73.2% 77.0% 17.3% 22.2% 16.4% 90.2% 71.9% 96.3% 

1.58'����*�<5 73.9% 72.5% 74.3% 55.7% 58.8% 55.0% 32.7% 36.0% 32.0% 

2.1�K#42&6& 58.9% 53.7% 60.4% 27.8% 11.8% 42.0% 76.6% 52.3% 86.7% 

2.2IK2& 93.4% 89.4% 94.4% 73.0% 64.9% 75.4% 61.4% 59.0% 62.0% 

2.3IK:@��� 79.0% 71.4% 81.1% 36.8% 35.2% 37.2% 61.4% 59.0% 62.0% 

3.1?
,��+>! 77.1% 91.2% 74.2% 56.4% 64.9% 54.6% 78.2% 79.0% 78.0% 

3.2���(��� 76.5% 70.2% 78.3% 25.4% 46.9% 22.8% 79.7% 73.4% 81.5% 

3.3)��%2& 83.8% 75.7% 86.2% 82.7% 85.3% 82.1% 81.2% 78.0% 82.0% 

4.1HF6& 85.3% 82.4% 86.1% 39.1% 43.0% 38.2% 93.0% 78.2% 97.6% 

4.28�5���HF 93.5% 89.6% 94.5% 49.1% 71.4% 45.5% 77.2% 74.0% 78.0% 

5.1�7D)6& 80.5% 89.4% 78.6% 39.4% 39.4% 39.4% 51.4% 49.0% 52.0% 

5.2����/6& 66.6% 61.3% 68.1% 17.2% 12.7% 18.9% 87.9% 71.7% 93.2% 

注：标红为该空间失序要素最终选用的模型。
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    (4-4) 

                      (4-5) 

                 (4-6) 

 

4-4 dpoint_i_j i 。 j dj_k

k k = 1 2 3 4

4-5 Dpoint_i i 4-6 Dstreet_k

m n m  

 

1

。 、

。 、 。

15 。 2 。

2 1

。 3

。 8 。 Faster 

R-CNN 2 。 SSD 5 SegNet

F2-score 80%

dpoint_i_j =
d j_k

1

4

∑
4

Dpoint_i = dpoint _ i_ j
1

15

∑

Dstreet_m =
Dpoint_i

1

n

∑
n

(i = 1,...,n)
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                       (5-1)  

                  (5-2) 

Yi Xi Xj  
β0 βi βj 、 ε  

 

 

lnYi = β0 + βi ln Xi∑ + ε

lnYi = β0 + βi ln Xi∑ + β j ln X j + ε



�

�  

X 5-1 JO�`'��:^5TY 

8 5  

�`R� �`�N '� ;9AG �	 !� B�, >+

� 
>"� 

SFE� Price_housing 7� 
�]W_�
%��I

7� 
b( �/m2 77242.1 24356.8 4552.0 149963.0 

K�E� 
Den_weibo 2�*/ D@W_ 50mU��I

"�HZ*/�2�*

/ 

2� #/km2 8590.7 16193.5 0.0 202045.7 

Den_dianping HZ*/ HZ #/km2 1005.8 1739.6 0.0 45513.9 

�	8B 

D_zhongguancun  ��?\L 
�W_�H�#&d�

�?�CBD6>] 
aQIC0\L 

g3 � 

km 12.6 5.7 0.0 25.4 
D_substation  �>] aQ\L km 1.0 0.9 0.0 6.3 
D_CBD � CBD\L km 10.3 5.1 0.1 22.4 
D_tiananmen �#&d\L km 8.7 3.6 0.1 17.7 

�V*/

8B 

Den_POI �[H*/ D@W_ 50mU��I
�[H*/����*

/ 

g3 � #/km2 2072.9 2856.0 0.0 54119.3 

Den_junction ���*/ g3 � #/km2 31.7 11.8 0.3 63.3 

W_Pe

148B 
Width W_)/ W_<f)/ g3 � m 35.3 18.7 2.0 78.0 
Length W_c/ W_c/ g3 � m 248.9 181.2 70.0 2948.7 


7fM

8B 
Area -!
7fM 

�]W_�
%��-

!
7fM 
b( m2 92.7 51.7 10.0 975.4 

Pe$.
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