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Fig. 3 Adaptive crowd density estimation and the early warning process

[26]

153 /m?,

1
Tab.1 Crowd density levels

¢ /m?)
<0.83
0.83~1.53 18

1.53~2.50 .
2.50~3. 30 , ;@ ,
3.30~5. 50

5. 50

A N A o

33 [ gt | mmgt |— imit |
.

(i |« RESHM f«—| ABESERS|

’ T ;
. [wEm | [(EmEsm | [ &WEs |
o ’ ’ 4
° Fig. 4 Flow chart of the crowd movement character
, extraction and analysis

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



6 689
4
4.1 10 — B R
(} i L 1 L 1 1 L L L A i N N1 i i 1
. 5 N 5a . 1112131415161 718191 111 131 151 171 191
Wi
5b . 5C 6
’ 5d Fig. 6 Low density crowd counting results
o b
b
’ : 16,
, GIS o B o
8, 07,457,135
o ’ o
, 90
’ . 0°  90° .
b A A Al A
b N N
AY 4 o b
4 40
2 . 95 63%.
2

Tab. 2 High density crowd levels classification results

%
(40) 38 0 0 0
(40) 2 39 0
95.63
() B MR (d) 45 R R A (40) 0 1 38 2
(40) 0 0 2 38
5
Fig.5 Spatial-video generated results 42
, 1.53  /m?, 6 ’ °
. 7(3) o
° ) 200 ’ - ’
s @)) . o
ii | () — p(D) | '
- () s
ar = np ! xX 100% (@)
s y(D) L p (D) N . . 8
N ’ ’ 7 (b) ° D
89.53%. 8 ,
’ SVM —

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



690 2012
s At s
120 - e B 120 ] 60
=1 - 20
(L7 A , %k [iE | Ak
415
150 K 30 150 — 30
0.5 19
5
4 | % 7 | o o] 3R
210 330 210 ‘330
PR A (i I i
240 _ 300 240 300
7] 2]
(a) ABizahiadE (b) AFizsh F AR L8 7 1 i) R
7
Fig. 7 Crowd movement analysis results
100 R m, m/s,
b b b
, 3 s 0. 237m/s 0. 223m/s,
3
Tab.3 Crowd average velocity estimation results
(m) 1. 6427 1. 8658 15. 7674 16. 5049 0. 0000 1. 2492 15. 5104 22.9317
(m) 0.0083 0.0114 0.0279 0.0237 0. 0000 0.0084 0.0210 0.0223
(m/s) 0. 0830 0. 1140 0.2790 0.2370 0. 0000 0. 0840 0.2100 0.2230
4.3 5
GIS ,
~ Y b b
, GIS ,
b b 90 % b
550 /m’ ; 95 %% ; .
b b
. ’
o b o
s GIS ,

GIS



691

) AFRAN ABMRG EE6) TR0 2Mmo)

s |
FROAEE |
EAKAEA |
Ex@sad |
FIgmA |
FHmNEA |
rEAEA_ |
TA6LEA |
ARAHEA

RUGAEA_|
ansnzd |
HRNEA

Layers
% B Converted Graphles 1
% @ Peop
«0hp
s0s

Fig. 8 System interface

) .
) o
(1] , ,
[Jl. ,2010,46(8) ;80-82.
[2] .
[Jl. . 2010,19(7) :37-41.
(3] , ,
L1l ( ),

2011,(5):180-184.
[4] ,

L. ,2011,44(10) :63-65.

[5] Ma R, Li L, Huang W, et al. On pixel count based
crowd density estimation for visual surveillance [ C].
Proc. IEEE Conf. Cybernetics and Intelligent Systems,
Singapore, 2004.

[6] , , ,

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

[yl »2011,39(5); 118~
122.

[7] ) ,

[l ,2011,24 (1) 30-
39.

[8] Rittsche J, Tu P H, Krahnstoeve N. Simultaneous esti-
mation of segmentation and shape[ C]. Proc. Computer
Vision and Pattern Recognition, Washington, DC,
2005.

9] . [J1.
(3):21-24.

[10] Jacques Junior J C' S, Muse S R, Jung C R. Crowd a-

, 2005,

nalysis using computer vision techniques[]J]. IEEE
Signal Processing Magazine, 2010, 27(5); 66-77.

[11] Lippman A. Movie maps: An application of the optical
videodisc to computer graphics[J]. SIGGRAPH’S0,
1980, 14 (3): 32-43.

[12] Stefanakis E, Peterson M. Geographic hypermedia:
Concepts and systems[ M]. Lecture Notes in Geoinfor-
mation and Cartography, Springer, 2006, 1-21.

[13] Klamma R, Spaniol M, Jarke M, et al. A hypermedia
Afghan sites and monuments database[ M ]. Lecture
Notes in Geoinformation and Cartography, Springer,
2006, Part III. 189-209.

[14] Berry J K. Capture ‘where’ and ‘when’ on video-

http://www.cnki.net



692 2012

based GIS[J]. GeoWorld, 2000(9): 26-27. [21] ; . Adobe Flex GIS
[15] Kim K H, Kim S S, Lee S H. The interactive geo- [Jl. ( ). 2010, 35
graphic video[ C]. TEEE International Geoscience and (6):743-746.
Remote Sensing Symposium, Japan, 2003. [22] , , . GPS
[16] Navarrete T, Blat J. VideoGIS: Segmenting and inde- [Jl. ,2007,2:51-53.
xing video based on geographic information [CJ. The [23] . s , .
5th AGILE Conference on Geographic Information Sci- [Jl. ,2012,28(5) :6-9.
ence, Palma, Spain, 2002. [24] , s . 3S LD2000
[17] Hwang T H, Choi K H, Joo I H, et al. MPEG-7 [J1. ,2008,37
metadata for video-based GIS applications [C]. Japan, (3):272-276.
2003. [25] Marana A N, Velastin S A, Costa L F, et al. Auto-
[18] Lee SY, Kim S B, Choi ] H. Joo I H. Design and im- matic estimation of crowd density using texture[ J].
plementation of 4S-Van: A mobile mapping system Safety Science, 1998, 28(3): 165-175.
[J]. ETRI Journal, 2006(3): 256-273. [26] Au S Y. Ryan M C, Carey M S, et al. Managing
[19] s . crowd safety in public venues: A study to generate
[Jl. ,2001,10(11) :31-33. guidance for venue owners and enforcing authority in-
[20] . GIS (7l spectors| R]. HSE Contract Research Report, 1993
( ),2010,35(2) :133-137. (53):993.

Real-time Monitoring for the Regional Crowds Status

SONG Hongquan, LIU Xuejun, LV Guonian and ZHANG Xingguo
(Key Laboratory of Virtual Geographical Environment, Ministry of Education, Nanjing Normal University ,
Nanjing 210023, China)

Abstract: With the rapid development of the social economy, the massive crowd gathering appears fre-
quently. Personnel casualties often caused by higher crowd density. So, video surveillance technology has
become a national policy in many countries. Surveillance cameras have been installed in various important
places of the city. Real-time monitoring of the crowds status in crowd gathering area can provide impor-
tant basis for crowd management and emergency warning. Existing video-based crowd analysis can only
monitor crowd status for each camera separately. We cannot get the spatial-temporal patterns of regional
crowd status from a spatial perspective. In this paper, we proposed a video-GIS framework for crowd a-
nalysis. Video frames can be mapped to geographic space based on the video-GIS framework. So we can
process crowd images and extract crowd density, crowd movement vector field in GIS. Then the crowd
movement pattern and the main direction of crowd movement can be acquired by the vector field analysis.
Finally, we design and implement a real-time monitoring system for the regional crowd status using video
surveillance system and GIS. Experimental results show that: (1) previous crowd analysis methods based
on the image space can only measure results by the unit of pixels. It requires further conversion if we want
to get the real value. But we can get the real value directly when we process crowd images in GIS using
the method we proposed. (2) The accuracy of the pixel-based low-density crowd counting estimation
results can be up to 90%. The classification accuracy of the high-density crowd levels support vector
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channels. The process of watermark detecting is the inverse process of watermark embedding. Finally,
the real-time copyright protection system for tile map is implemented and verified experimentally. By ex-
periments, it has been confirmed that the proposed watermark algorithm is robust to cutting, splicing,

and additive noise. Besides, the embedding has little effect on the size of original tile map.

Key words: tile data; indexing mechanism; watermark; copyright protection
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machine classifier is more than 95%. So, they can fully meet the needs of crowd monitoring. (3) We can
get the crowd movement pattern and the main movement direction by the analysis of crowd movement vec-
tor field in GIS. Also, we can obtain the speed of the crowd in different directions. These crowd charac-
ters all can be expressed in GIS. (4) The system we developed for the crowd monitoring can be applied to
crowd management and emergency warning. It can provide decision making basis for emergencies preven-

tion and crowd divert.

Key words: video-GIS; crowd status monitoring; spatial-temporal pattern; perception; real-time monito-

ring



