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A Method for Modeling of Pedestrian Flow

in the Obstacle Space Using Laser Range Scanners

YUSUKE WADA, ! Yosnitaka NAKAMURA 2
and TERUO HIGASHINOT!

The measurement of the pedestrians’ movement has high utility, because
many efficient services can be provided for pedestrians with the measurement
data. There are some techniques to measure pedestrian traffic, and especially
the method to measure pedestrian traffic with laser range scanners attracts
considerable attention recently. However, the lines of sights of the laser range
scanners are obscured by obstacles. Therefore, it is difficult to completely cap-
ture all the pedestrians’ movement in the target area. In this paper, we propose
a method that estimates pedestrian traffic from sectional population density in-
stead of individual pedestrians’ data. Our method also generates pedestrians’
flow. We have evaluated the proposed method with ideal scenario data. The
experimental results have shown that our method could reproduce pedestrian
traffic with about 80% accuracy.
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Fig.2 Target Area Measured by Laser Range
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Fig.3 Target Area Devided into Unit Cell
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Fig.5 Compute Density of Cells
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Fig.17 Senario Modeling Measured
Data in the Afternoon

gooooooooooo e,boooooooOoOoO0OO0OO0OO0O0O0O0 ¢coooooooo
goooooooooooooobooboobooooboooooobobob0o vooooooooooo
00000000 87%00000000000000000000D00DO0DODOOOO0
goooobooooooooboooooooooooobooooooooobooooooDoboo
goboooooboooobooooooboboooobooooboooo

6. DOOooOOoOOOd

goboooobobooobooooooobooooooboooooooooobooooooooo
goooboobooooooooobooooobodoooboboooooooboooooooo
gooobooooooooobooooobobobobooooooooooooooooooo
gooobobooodoooooobooooobooooOoooobooooooooboooooboo
goboooobooooo

gobooboobooouooooooooboooooooboOobooooooobooobooooooboo
00o0o0oo0ooOo0o0o0oOO0oU0UO0n (ooooobDoUOoOo)oooo
ooooooo

is=4PN|
140

120

100

80
u YA

60 mAERTO—

40 +

20 1

A>C  C3A  ASE  E>A  B3C O3B CE  E3C
BaEE (AOwL-»E0O0L)

019 0000000000000000000
Fig.19 Comparing Scenario Data and Generated Flow

o o 0O 0O

1) O000,0000,00000 “O0000000000O0O00OOOOOOy 000
o0ooooooooooooogo, Volll, No.5, pp.131-138 (2009).

2) UO0OO0,000,0000,“RFIDOO0OOOOUOOODOUOODOOUOOOO) O
000o0o0ooooooo, Vol.107, No.53, pp.31-36 (2007).

3) 000,000, 0000,0000,0000,0000, “0O00000O0O0O0O
goooooooooooUooooooooUoooUoy Dogoooooooaa,
Vol.J88-D-II, No.7, pp.1143-1152 (2005).

4) 0000,000,0000,0000,0000,0000, “CO000O00O0OOO
goooooooooy 0000000000000 O00O0OOODOOO, pp.409-414
(2004)

5) Josh Broch, David A. Maltz, David B. Johnson, Yih-Chun Hu and Jorjeta
Jetcheva, “A Performance Comparison of Multi-Hop Wireless Ad Hoc Network
Routing Protocols,” in Proceedings of the 4th Annual ACM/IEEE International
Conference on Mobile Computing and Networking(MobiCom’98), pp.85-97 (1998).

6) Esa Hyytia, Pasi Lassila and Jorma Virtamo, “Spatial Node Distribution of the
Random Waypoint Mobility Model with Applications,” IEEE Transactions on Mo-
bile Computing, Vol.5, No.6, pp.680-694 (2006).

7) Christian Bettstetter, “Mobility modeling in wireless networks: Categorization,

— 1191 —



smooth movement, and border effects,” ACM SIGMOBILE Mobile Computing and
Communications Review, Vol.5, No.3, pp.55-67 (2001).

8) Tommy Chu and loanis Nikolaidis, “Node Density and Connectivity Properties of
the Random Waypoint model,” Computer Communications, Vol.27, No.10, pp.914—
922 (2004).

9) Andres Rojas, Philip Branch and Grenville Armitag, “Experimental Validation
of the Random Raypoint Mobility Model Through a Real World Mobility Trace
for Large Geographical Areas,” in Proceedings of the 8th ACM/IEEE Interna-
tional Symposium on Modeling, Analysis and Simulation of Wireless and Mobile
Systems(MSWiM2005), pp.174-177 (2005).

10) Amit Jardosh, Elizabeth M. Belding Royer, Kevin C. Almeroth and Subhash Suri,
“Towards Realistic Mobility Models For Mobile Ad hoc Networks,” in Proceedings
of the 9th Annual ACM/IEEE International Conference on Mobile Computing and
Networking(MobiCom?2003), pp.217-229 (2003).

11) Matthias Hollick, Tronje Krop, Jens Schmitt, Hans-Peter Huth and Ralf Stein-
metz, “Modeling Mobility and Workload for Wireless Metropolitan Area Networks,”
Computer Communications, Vol.27, No.8, pp.751-761 (2004).

12) Wei-Jen Hsu, Kashyap Merchant, Haw-Wei Shu, Chih-Hsin Hsu and Ahmed
Helmy, “Weighted Waypoint Mobility Model and its Impact on Ad Hoc Networks,”
ACM SIGMOBILE Mobile Computing and Communications Review, Vol.9, No.1,
pp-59-63 (2005).

13) Minkyong Kim, David Kotz and Songkuk Kim, “Extracting a Mobility Model from
Real User Traces,” in Proceedings of the 25th IEEE International Conference on
Computer Communications(Infocom2006), pp.1-13 (2006).

14) Kumiko Maeda, Akira Uchiyama, Takaaki Umedu, Hirozumi Yamaguchi, Keiichi
Yasumoto and Teruo Higashino, “Urban Pedestrian Mobility for Mobile Wireless
Network Simulation,” Ad Hoc Networks, Elsevier, Vol.7, No.1, pp.153-170 (2009).

15) 0000000000000 0 UTM-30LX,
http://www.hokuyo-aut.co.jp/02sensor/07scanner/utm\_301x.html.

16) Hirohiko Kawata, Akihisa Ohya, Shin’ichi Yuta, Wagle Santosh and Toshihiro
Mori, “Development of Ultra-Small Uightweight Optical Range Sensor System,” in
Proceedings of the IEEE/RSJ International Conference on Intelligent Robots and
Systems 2005(IROS2005), pp.1078-1083 (2005).

17) Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Clifford Stein,
“Introduction to Algorithms, Third Edition,” The MIT Press (2009).

18) 000000000000 MobiREAL, http://www.mobireal.net/.

— 1192 —



