International Journal of Informatics Society, VOL.4, NO.1 (2012) 41-49 41

A Method for Modeling of Pedestrian Flow in the Space with Obstacles
using Laser Range Scanners

Yoshitaka Nakamura Yusuke Wadg Teruo Higashing and Osamu Takahaghi

fSchool of Systems Information Science, Future University Hakodate, Japan
{Graduate School of Information Science and Technology, Osaka University, Japan
{y-nakamr, osamu}@fun.ac.jpw-yuuki, higashind @ist.osaka-u.ac.jp

Abstract - The measurement of the pedestrians’ movementand distance for the scanner. In addition, the calculation cost
has high utility, because many efficient services can be pro-is relatively small because the size of scanner data is much
vided for pedestrians with the measurement data. There aresmaller than images. However, the laser range scanner is easy
some techniques to measure pedestrian traffic and especiallyo lose sight of measurement objects by occlusion, and it is
the method to measure pedestrian traffic with laser range scandifficult to completely measure the all behaviors of all pedes-
ners attracts considerable attention recently. However, thetrians in the measurement area.
lines of sights of the laser range scanners are obscured by In this paper, we propose the method for modeling pedes-
obstacles. Therefore, it is difficult to completely capture all trian flow by estimation of the routes that the pedestrians would
the pedestrians’ movement in the target area. In this paperhave passed not from the individual positional data of each
we propose a method that estimates pedestrian traffic frompedestrian but from the population density at each division
sectional population density instead of individual pedestrians’ of the measurement area. In our method, the measurement
data. Our method also generates pedestrians flow. We havarea is divided in the division of constant size at first. Next,
evaluated the proposed method with ideal scenario data. Then each division, the number of pedestrians is counted using
experimental results have shown that our method could repro4aser range scanner, and the population density in the divi-
duce pedestrian traffic with about 80% accuracy. sion is calculated. Finally the course where pedestrian passed
is estimated from the population density and generate pedes-
Keywords: Laser Range Scanner, Estimation of Trajec- trian flow model. In this way, our method can generate the
tory, Pedestrian Flow pedestrian flow model from the data that the all behaviors of

all pedestrians are not observed.
1 INTRODUCTION

With the recent development of the sensing technology,?2 RELATED WORK
various phenomena can measured in the real world and the
services using these measurement data become able to be pr@-1 Methods of measuring pedestrian flow
vided. As such an example, Cyber Physical System attracts
attention. The construction of the smart society by various There are various methods to track the pedestrians. For
services using various sensors becomes one of the new isexample, a tracking method using images recorded by video
sues in the future information and communication technol- cameras is often used. There is a method to measure pedes-
ogy. Among phenomena to be targeted for the measurementrian flow by recognizing the head of the pedestrians and track-
of the sensor, a tendency of the movement of the pedestriing automatically using a stereovision camera. However, the
ans (pedestrian flow) attracts attention recently. The informa-measurement using cameras has much quantity of data, and
tion of pedestrian flow becomes important because this infor-the calculation cost becomes high. And from the viewpoint
mation in roads or the underground shopping center is avail-Of privacy, the setting of the camera may be restricted.
able for the orientation of various services and the control of There is another method to let each pedestrian hold the
pedestrian flow. RFID tag which sends unique ID. This method estimates the

For the mainstream method of the pedestrian flow measureposition of each pedestrian from the position of the ID re-
ment, there is the method that processes the images recordegeiver and ID sent from RFID tags, and tracks pedestrians.
by cameras, and tracks the pedestrian using the informationHowever, for the tracking using the RFID tag, it is neces-
However, in the method using the camera, there are the pri-sary to build the environment where ID receivers are deployed
vacy problem of target pedestrians and the problem of settingenough and to let pedestrians hold the terminal with RFID tag.
cost and the angle of view of cameras. In contrast, the mea- There is a method to estimate overall pedestrian flows from
surement of the pedestrian flow with the laser range scannethe flow quantity of each gateway by counting the passage
attracts attention from a demand to measure the rough tennhumber of people. However, if the instrumentations are af-
dency of the pedestrian flow at low cost. The laser range scanfected by the occlusions, there is a problem that the numbers
ner can scan a wide area fast. There is little fear to infringe theof the pedestrians who are not measured definitely increase
privacy information of pedestrian targeted for a measurement,as quantity of traffic increases. In addition, because only the
because the measurement data which laser range scanner asumber of passing pedestrians is measured, some behaviors
quires are only positional information expressed as directionsuch as stopping in the measurement area cannot be detected.
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Some method using laser range scannerpramgosed. Ref-

erence [1] measures the ankle of the pedestrian using scan- Table 1: UTM-30LX

ners, detects walking rhythm of the bipedalism from the move- Item Spec
ment pattern of the ankle and tracks the pedestrian. However, Detection Range | 0.1 — 30m, 270°
in actual environment, this method may be influenced by the Angular Resolution 0.25°
existence of the bag with the caster. Therefore it is necessary Scan Time 25ms/scan
to devise measurement procedure. Accuracy 0.1 — 10m : £30mm
. . 10 — 30m : £50mm
2.2 Method of generating pedestrian flow Size W60 x D60 x H8Tmm
model Weight 370g

The generation of pedestrian flow model is mainly used

in the simulation of mobile wi_reless networks. Simple mod- o pedestrians by synchronizing four UTM-30LXs. Figlire
els such as Random Way Point Model [2] are often used for g,y the measurement area and the installing position of the
pseudo node mobility models. In late years some researchegyqer range scanners. The installed laser range scanners are

[3]-[6] to propose the mobility equal to subspecies of Ran- g, assed as the orange column of Fig. 1, the movable range
dom Way Point Model are performed. Many mobility models ¢ heqestrian is expressed with beige. The data measured by
to compose realistic mobility by the measurement data and

the geographical information have been proposed. Ref. [7]
proposes the model to reproduce the interception of the ra-
dio wave by the buildings(obstacles), and the mobility model
that nodes avoid those buildings. The method of Ref. [8] di-
vides the simulation domain into some zones depending on
the characteristic such as a residential area or a business dis-
trict. And the method estimates the change of the density of
every node classification by zonal unit using existing traffic
planning method.

In Reference [9], Weighted Way Point Model is proposed.
This method defines the domains with many people such as
a cafe or the university, and models the movement of nodes
between domains using Markov model by giving distribution Figure 1: Installation position of laser rangeanners
of the sojourn time in each domain and the transition proba-
bility between domains. Time Slot Urban Pedestrian Flows N ] o
model [11] estimates realistic movement routes on given roadUTM-30LX are position coordinate data of the pedestrian in
structure and derives the traffic quantity of each route to sat-the measurement area every one second, and the unit of co-

isfy given density. ordinate supportsvm of the real world. In addition, specific
ID is assigned to the pedestrian who appeared newly in the
3 PEDESTRIAN FLOW MEASUREMENT measurement area. While the tracking with the sensor suc-
ceeds, the identification of the same person is possible by this
USING LASER RANGE SCANNERS ID because the ID is unchangeable.

A laser range scanner is the sensor which can measure the ® Measurement timet:
distance from a sensor to an object using the spread time of
laser beam. And this sensor has characteristic to scan wide
area fast. But, there is the fault to lose sight of the pedestrian e ID of each pedestrian assigned to by the tracking of the
targeted for the measurement when the pedestrian is hidden laser range scanners:
by the shade of obstacles such as pillars or different pedestri- , o
ans(the occlusion problem). The laser range scanners whic€r analyzing actual measurement data, the tracking in UTM-
we used for pedestrian flow measurement is UTM-30LX [12] SOLX is proved thatit could continue only for a short time by
made by HOKUYO AUTOMATIC CO., LTD. Table 1 shows the occlusion prqblem. The life time of the ID from 30% to
the specifications of this sensor. As for this sensor, the track-40% Was approximately one second. It is caused by the fol-

ing of a pedestrian targeted for the measurement is possiloWing that a success period of the tracking shortens.
ble [17]. e A pedestrian is hidden behind obstacles such as pillars

e Position coordinates of the pedestridn; y)

3.2 Precedent experiment e A pedestrian is hidden behind other pedestrians

A precedent measurement experiment was conducted in e There are some pedestrian staying by the wall where
underground shopping center “Whity Umeda” of the neigh- sensors are installed and they narrow the measurement
borhood of subway Umeda Station of Osaka. We measured range of the sensor.
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There are some methots solve these problems. For exam- The pedestrian flow model is generated in the following
ple, they are methods to increase the number of sensors angrocedures.

method to use sensors which are not affected by obstacles. o .
However, these methods have high cost. 1. Division to the unit cells of the measurement area

2. Choice of the gateway cells
4 PROPOSED METHOD

. 3. Supposition of the route candidate between the gate-
4.1 Overview ways

Because of the characteristic of laser range scanner, itis ,
difficult to completely measure the behavior of all pedestrians
when laser range scanners are used for measuring pedestrian 5. Calculation of the number of sojourners
flow. On the other hand, changes of pedestrian flow as the
whole is regarded more important than each personal behav- 6. Estimation of the route where the pedestrian passed and
ior in the scene where the pedestrian flow is used including its traffic
trajectory analysis of customer in commercial facilities and
pedestrian flow analysis for refuge instructions. In this paper,
we pay attenFio_n to the change of the population density in theThe details of each processing are as follows.
partial domain in the measurement area. Generally, the pop-
ulation density on the route that many people pass becomes ) o
higher, and population density changes along the direction ofL- Division to the unit cells The measurement area is di-
the pedestrian flow. Using this characteristic, our method ex-Vided into cells like Fig. 2. Any size can set as the size of the

tracts the characteristic of the pedestrian flow in the measureC€ll. But it becomes hard to get the tendency of the move-
ment area. ment of the pedestrian group as much as the size becomes

In our method. at first the measurement area is divided in'@rge. And it costs for the calculation of the movement route
the plural square domains of the equal size (unit cells), and thef the pedestrian as much as the size becomes small. We as-
population density of each cell is calculated by the positional SUMe the size of the cell 6.3m every d|rept|on in consideration
data of the pedestrian. From a tendency of the population®f the speed of the pedestrian and the size of gateways.
density of each cell, our method estimates the cell which the

Calculation of the population density of each cell

7. Determination of direction of the flow

pedestrians passed and estimates the routes of the pedestri- = | ‘— [ /
ans. The direction ratio of pedestrian via the estimated route /E{T Ll

is decided based on the directional information of pedestrian e
provided by the tracking with the laser range scanners. Our -'_ 5 \ \
method expresses the number of pedestrians via certain route

and the movement direction of the route in the form of the
flow. This flow is the proposed pedestrian flow model.

4.2 Generation method of pedestrian flow
model based on the population density

In this method, we use the measurement data and the track- .
ing data of the laser range scanners for the measurement of the
pedestrian. The tracking of the walker with the range scan-
ner succeeds only for several seconds, 30% - 40% of IDs are
measured only for about one second. Some pedestrians are
expected to continue moving without being measured by sen-
sors for a long period. Therefore to estimate the movement of
the pedestrian we use the population density of the cells for2. Choice of the gateway cells We assume the cells in the
certain constant period. The following assumptions are putborder of the domain where sensors can measure and the do-
for the movement of the pedestrian. main where sensors cannot measure a gateway cells. The red-

dish cells are gateway cells in Fig. 2.
e Assumption 1 Pedestrians moves to the adjacent cell

of top and bottom right and left from the cell which
oneself is now.

Figure 2: Taget area divided into unit cell

3. Supposition of the route candidate between the gate-
ways For two different gateway cells, we assume a route be-
e Assumption 2 Pedestrians move from the entrance totween them as a route candidate. According to Assumption 1
the exit without making a detour under Assumption 1. and 2, we enumerate the route candidates for the combination
of all gateway cells. Figure 3 shows the state to assume route
e Assumption 3 Pedestrians are measured once in eacltandidates from two gateway cells. Yellowish green lines are
cell which he/she passes. the route candidates.
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Figure 3: Assumption of route candidate

4. Calculation of the population density of each cell Us-

ing the measurement data of the laser range scanner for th
constant period of time, the population density of the cells
is calculated. Our method count it up how many pedestri-

of Pedestrian Flow in the Space with Obstacles using Laser Range Scanners

population density also increases 1. Based on this assump-
tion, our method calculate the route and the traffic, so that
the population density of each cell calculated from the de-
cided quantity of flow and the decided route becomes near to
the population density of each cell really measured. Because
there is much number of route candidates, and the calculation
cost of verifying all combinations, we use the greedy algo-
rithm for calculating the optimum route. The optimum route
here is the route where the possibility that pedestrians pass
is the highest when the population density of each cell was

given. The criteria of the optimum route are as follows.
e

e Do not pass a cell with population density less than 0
as much as possible.

ans existed in each cell from the positional coordinate data of

measured pedestrians during the measurement period (Fig. 4).
Because the sizes of all cells are the same, the counted num-

e Pass the cell which is high in population density with
precedence.

ber of people is considered as the population density of the ¢ optimum route is calculated as follows by the greedy

cells.

A
8

8
B

Figure 4: Calculation of density of cells

5. Calculation of the number of sojourners In the mea-

surement area, some people may exist without moving (so-

algorithm. At first, the most suitable route candidate for given
population density is chosen as the temporary optimum route.
The population density of each cell except the pedestrians via
the temporary optimum route is calculated again. The opti-
mum route is calculated by repeating the same process for the
population density that updated a value. When one route cor-
responds to one pedestrian, the processing to remove pedes-
trians via the route corresponds to the process of reducing the
population density of the cell which a route decided from As-
sumption 3 passes. When all the routes are decided and the
population density of all cells became 0, the combination of

I might calculate for the original population density might be
calculated. Therefore the calculation by the greedy algorithm
is repeated and finished when the total absolute value of the
population density of all cells is minimized. The routes de-

journers). By this method, the sojourners may be countedcided by the end of the processing expresses the course where
several times, and the population density of the cell where ®ach pedestrian passed. The number of each decided route
the sojourners are may grow large unnaturally, because so€Xpresses the number of pedestrians via the route. The route

journers are hidden behind other pedestrians. Therefore, i@lculation processing is explained below by a specific exam-
ple.

is necessary to exclude the data of sojourners not to influ-

ence the value of the population density. We set the minimum
movement speed,,;,, for the pedestrian data succeeding for

tracking, and exclude the measurement data of a pedestrian

moving at a speed less thay;,, at the time of the population
density calculation.

It is necessary to know the number of sojourners because
the control of sojourners is needed for the control of the pedes-

trian flow. Therefore our method calculate the mean number

1. Calculate the most suitable course candidate as input
by population density
For example, the population density such as Fig. 4 is
assumed input. The number of figures expresses the
population density of the cell. The route candidates in
this domain are | - IV of Fig. 3, and with the case of
Fig. 4, route IV becomes the most suitable route candi-
date.

of sojourners during a measurement period based on the num-

ber of the pedestrians moving at a speed lessthanwhich
are excluded at the time of the population density calculation.

6. Estimation of the route where the pedestrian passed

and its traffic The route that the pedestrian passed is es-
timated from route candidates and the population density of
each cell. Pedestrian is less likely to pass the cell with the
small population density and pedestrian is more likely to pass
the cell with the large population density. From assumption

3, when one pedestrian passed a certain route, the population
of the cell which the route passes increases 1. As a result, the

2. Check the total absolute value of the population density
of all cells whether the most suitable route candidate
may be chosen as a route

The current total absolute value of the population den-
sity is 40, and the total value when the route candidate
IV is chosen as a route is 35. Because the total abso-
lute value of the population density becomes small, this

route candidate is chosen as a route.

3. Output the value that updated the population density of
the cell which the route passes

Because one route corresponds to one pedestrian, the
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population density of theell which the chosen route A e

passes is decreased 1. Route candidate 1V is chosen in ﬁ %

Fig. 3 as a route and Fig. 5 shows the value of the each Y

cell is updated. L N g o{' e,

V ool e — e

4. Return to (1) by the output in (3) as new input > B

The whole processing mentioned above is repeated by

population density of Fig. 3 as new input. Figure 6: Determination offirection of the pedestrians’

movement
A
/ 1 1 0 The pedestrian flow model is generated in the flow form

from the direction and quantity information of the flow by the
above-mentioned processing.

B From the measurement data which the experiment in “Whity
Umeda” provided, the pedestrian flow models are as follows
by the proposed method. The pedestrian flow model is gen-
erated from 10-minute measurement data until 8:26:08 a.m.
on December 24, 2010 from 8:16:09 a.m. on December 24,
2010. The measurement area is a rectangular domainof x
27.7m, and the size of the cell i6.3m square. This area is
divided in unit cells. The number of pedestrians who existed
in each unit cell for 10 minutes is counted and this number
is considered as the population density of pedestrians in each
unit cell. To calculate an average flow per time, the quantity
of the pedestrian flow is calculated from the population den-

6 6 7/ 7

Figure 5: Population densityhen route IV is chosen

7. Determination of direction of the flow The information

about quantity of flow and direction are necessary for pedes-
trian flow model. Therefore the direction of the pedestrian’s
movement via the route estimated from population density
is needed. Because it is difficult to estimate the movement

route of the pedestrian only from the positional coordinate sity that averaged the data for 10 minutes in the area for 1

data(x,y), we use the tracking function of the laser range . ; : .
o o minute. Figure 7 shows the population density of each cell
scanners. The direction of the pedestrian’s movement can be

. . : . Obtained from measurement data.
estimated from the position difference of an equivalence per-
son provided by tracking while tracking succeeds. If a certain =]
routep between gateway cellgl andg?2 are given, the direc- O//%
tion of the pedestrian’s movement in each cell which the route 17T
passes is examined. About a pedestrian moving along the A
route, the number of people according to a movement direc- 40 | 240| 89 41
tion (someone move toward? from g1 and someone move o] |o 0 o Q
towardsg1 from ¢2) is counted. From the result of counting,
the direction ratio of the pedestrian’s movement is calculated, 1. 228 154 | 1 13
and the quantity of flow of the route is divided to accord with 2 A o Jj: / f
this ratio. In this way, the quantity of flow froml to ¢2 and F ! ' ‘
the quantity of flow frony2 to g1 on the routey are obtained. ) 121
Figure 6 shows a specific example. The points in a figure
express a pedestrian, and the arrows connected to each point
express the direction of the pedestrian’s movement. The long Figure 7: Population densit:16:9 - 8:26:8)
arrows between gateway cell A and gateway cell B expresses
routes between A and B. The quantity of flow of the route
is expressed by the number of the arrow. In the example of Figures 8 and 9 show the pedestrian flow model generated
Fig. 6, the quantity of flow of the route between A and B is from population density of Fig. 7. Figure 8 is a figure ex-
3, and there are 3 walkers in each cell which the route passespressing each pedestrian flow from a certain gateway cell to
When the number of pedestrians is counted according to thea different gateway cell. Figure 9 expresses pedestrian flow
direction of movement, the number of pedestrians toward cell of throughout the measurement area by expressing quantity
B from cell A (the pedestrian with red arrow) is 10 and the of movement to the cell which is adjacent for each cell as ar-
number of pedestrians toward cell A from cell B (the pedes- rows. The direction of the arrow is the direction of the pedes-
trian with blue arrow) is 5, because each pedestrian movedrian flow, and the quantity of the pedestrian flow is propor-
along the route. As for the direction ratio, the pedestrian to- tional to the thickness of the arrow. The numbers in figures
ward B from A becomes 66.7% and the pedestrian toward A expresses the number of the sojourners of the same cell for 1
from B becomes 33.3%. Our method divide quantity of flow minute. The movement speeg;,, which is standard to judge
according to this ratio, and obtain a flow with 1 quantity to- a sojourner or a pedestrian is assurd@dn/s.
ward A from B (blue arrow) and flows with 2 quantity toward Furthermore, another pedestrian flow model is generated
B from A (red arrows). from the measurement data until 6:36:08 p.m. on December
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Figure 11: Pedestrian flow (Cell ©ell)

visually.

5 PERFORMANCE EVALUATION

Because of the failure in the tracking of the pedestrian by
occlusion, the measured data which completely caught all
pedestrians in the measurement area cannot be acquired us-
ing laser range scanners. Therefore, we artificially generate
the scenario data which the behavior of all pedestrians can
completely reproduced based on actual survey data by count-
ing the number of people. And the pedestrian flow model is
generated using the proposed method for this scenario data.
By comparing this produced pedestrian flow model with the
scenario data, we evaluate the reproducibility of the proposed
pedestrian flow model to the scenario data. We compared the
24, 2010 from 6:26:09 p.m. on December 24, 2010 on the flow quantity toward exit cell, from entrance cell;, and
equal conditions. Figure 10 and Fig. 11 show the generatedexamined how much quantity of flow is reproduced.
pedestrian flow model. The scenario data is generated from the data measured in
"Whity Umeda”. The position of gateway cells and the size
of each cell make setting same as Fig. 2. Figure 12 ex-
presses flows of the movement of pedestrian of the scenario
data which made from the measured data of about 8:00 a.m.
of December 24, 2010. The reddish cells in the figure are
gateway cell (A - E), and the black arrow expresses the move-
ment of pedestrians of scenario data. The thickness of the
arrow expresses to the flow quantity of pedestrians. There are
particularly many pedestrians moving between A - D or C -
D in this scenario. We evaluate the precision of the proposed
model for the state with many pedestrians who move to top
and bottom, right and left for a cell by the index of the re-
production rate. The reproduction rate means the ratio that

Figure 10: Pedestrian flow (Gatayto Gateway) the flow generated by proposed method reproduces the flow
of each route in scenario data. Figure 13 shows the compar-
ison between scenario data of Fig. 12 and the flow quantity

Because there are many people moving for commuting andof routes linking each gateway cell of the generated pedes-
attending school in the time of the morning, the characteristic trian flow model. Though some false detection occurs, the
flow that there is much movement quantity for the same direc- average reproduction rate of the pedestrian flow quantity is
tion is seen. People toward various directions are detected irabout 82.9%, and pedestrian flow can be reproduced almost
the evening time. In addition, the existence of the sojourner definitely by the proposed method.
is outstanding because there are many people to stop in open Next, we evaluate the model using the scenario data which
spaces such as the measurement area. made from the measured data of about 6:00 p.m. of Decem-

We also reproduced the people moved along flows basedber 24, 2010. Figure 14 expresses flows of the movement of
on the flow on Fig. 9 and Fig. 11, using MobiREAL Anima- pedestrian of the scenario data. There are particularly many
tor [13] realistically to output comprehensible animation data pedestrians moving between A - E or B - D in this scenario.

Figure 9: Pedestrian flow (Cell ©ell)

~
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Figure 12: Scenario modelinffom measured data in the
morning
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Figure 13: Comparing scenarnifata and generated flow

We evaluate the precision of the proposed model for the state
with many pedestrians who move for a cell diagonally. Fig-
ure 15 shows the comparison between scenario data of Fig. 14
and the flow quantity of routes linking each gateway cell of
the generated pedestrian flow model. The average reproduc-
tion rate of the pedestrian flow quantity is about 82.9%, and
pedestrian flow can be also reproduced almost definitely in

this case.

Figure 14: Scenario modelinffom measured data in the

evening
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Figure 15: Comparing scenarnifata and generated flow

proposed model for the state that there are the moving pedes-
trians to various courses at the same time. Figure 17 shows
the comparison between scenario data of Fig. 16 and the flow
quantity of routes linking each gateway cell of the generated
pedestrian flow model. The average reproduction rate of the
pedestrian flow quantity is about 59.6%. In this case, pedes-
trian flow cannot be reproduced definitely. It depends on the
difficulty of the distinction of a pedestrian moving between
C - E, B - C and a pedestrian moving between D - E, B - D
respectively, because gate way cell C and D are adjacent.

A\ , B
) 4
//
A £
A
=
cC “ b

Figure 16: Scenario modelirfgpom measured data in the af-
ternoon
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Finally, we evaluate the model using the scenario data which
made from the measured data of about 1:00 p.m. of Decem-

ber 24, 2010. Figure 16 expresses flows of the movement

Figure 17: Comparing scenarniata and generated flow

of pedestrian of the scenario data. Pedestrians move to vari-
ous courses in this scenario. We evaluate the precision of the
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6 CONCLUSION

In this paper, we proposetthe method for modeling of

pedestrian flow in the space consisting of some gateways,

Computer Communications, Vol.27, No.8, pp.751-761
(2004).

[9] Wei-Jen Hsu, Kashyap Merchant, Haw-Wei Shu, Chih-

some passages and various obstacles such as underground
shopping center. The proposed method estimates the routes

that the pedestrians would have passed not from the individ-
ual positional data of each pedestrian but from the population[lo]
density at each cell of the measurement area. As a result,

the proposed method can generate the pedestrian flow model

from the data that the all behaviors of all pedestrians are not

observed.

Future works include the model generation using the so-[11
journer information of pedestrians, and the revision of the
population density of each cell by the complement of the pedes-
trians who cannot observe by laser range scanner.
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