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Abstract

Indoor evacuation model can provide scientific guidance for security solution design and
emergency plan making in indoor environment, and virtual 3D scene can make the
evacuation simulation more intuitive. An integration method of multi-grid evacuation model
in 3D virtual indoor environment is proposed here. It maps 3D scene to 2D plane and
establishes the grid table first, and then for each grid, calculates the shortest distance to
accessible exits. After that, using the route selection method of multi-grid model to calculate
the target position for each pedestrian in one time-step and matching the position to 3D
scene, and invoking the action library to simulate the movement. Besides, the effect of ground
slope is taken into account on pedestrian velocity. Experiment shows that the method is
feasible and effective.
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1. Introduction

In process of urban construction, many large and complex indoor environments, such as
commercial building, office building, parking lot and airport are gradually becoming the
important places for living and work. In recent years, due to fire, earthquake, criminal
activities and some other unexpected factors, the personal safety accidents in the indoor
environment have happened frequently. In order to avoid or reduce the expense of disaster,
many researches focus on the analysis of pedestrian indoor motion characteristics. Various
evacuation models can simulate the evacuation process. For example, Wang [1] calculated the
safe evacuation time and route by taking the geometric continuous evacuation space, and
constructed 3D models for building, fire and pedestrian to simulate the fire evacuation
process; Tang [2] proposed a pedestrian evacuation model according to the fire scene based
on GIS technology and realized real-time spatial analysis; Salvador [3] proposed an optimized
evacuation model and summarized the principles of solving indoor evacuation problems.
Zhao [4] proposed the self-organized criticality to reveal some hidden features of crowd
movement. However, these studies didn’t fully consider the interaction between different
pedestrians as well as between the pedestrians and buildings in the actual evacuation the
accuracy of evacuation simulation will be affected to some extents. In accordance with the
different physical space simulation methods, Xu [5] divided the existing models into discrete
model (such as cellular automaton model, CA) and continuous model (such as society force
model, SF), and proposed the multi-grid model based on these two types. It considered the
interaction between different pedestrians and even pedestrian and building, at the same time,
it has the advantage of high computation speed of the discrete model. Yuan [6] took into
account the factors which affect the pedestrian evacuation route selection, such as the
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physical condition, the ability of respond to emergencies, the distance to exits and the
changing of disaster source, and proposed an improved CA model. Liang [7] simulated the
multi-grid model by using multi-Go software and proposed recommendations according to
the evacuation simulation results. Li [8] analyzed the evacuation phenomenon in stairway and
introduced the multi-grid stairwell evacuation model. Most of the simulations are based on
the 2D plane, while it will be more realistic if performed in 3D scene.

Based on analysis above, integrating multi-grid evacuation model in virtual indoor scene
can make the simulation more efficient and realistic, and easy for subsequent analysis and
understanding.

2. Multi-grid Model

During the evacuation simulation, the distribution of pedestrian might be influenced due to
the inconsistent of pedestrian’s shoulder width and thickness, and the phenomenon of
blocking and extrusion might caused by moving expectation and the interactions between
pedestrian and building such as repulsion and friction. Traditional CA [9] model defined the
grid size as 0.4(m) x 0.4(m) according to the average of pedestrian’s shoulder width, each
pedestrian occupies one grid, the distance between pedestrians is equal to the shoulder width,
further more the distance that pedestrian moves during single time-step (time for pedestrian
position updating) is equal to the one grid length. This method can not reflect the subtle
movement and also the blocking and extrusion phenomenon during the actual evacuation
process.

Multi-grid model [5] subdivides the grid into 0.4/n (m) x 0.4/n (m) based on the CA
model, here n is grid density. The grid length is changed to 0.4/n (m), each pedestrian
occupies n x n grids, and the grid count that each pedestrian can move in a single time-step is
ranged from 0 to n. The formula to calculate the pedestrian velocity in this model is:

v=-24s )
AT

Where a is side length of the grid, AT is the time-step, AS is the grid count that
pedestrian can move. With the grid size reducing, the distance between pedestrians may less
than the shoulder width, and pedestrian can move more grids in single time-step. In this way,
it can easily reflect the subtle movement of pedestrian.

In multi-grid model, the interaction between pedestrians and even pedestrian and building
will be transformed into the probability. P; j is the probability of the pedestrian moves to the
grid (i, j). The formula to calculate P; j is as follows:
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Among them, D is the self-driving force that shows the movement expectation of
pedestrian. Its value range is from 0 to 1, and the direction always points to the pedestrian’s
destination such as exit; D; j is the expect projection value of pedestrian moves to the grid (i,
J). Itis only projected to the three closest directions, and D; j in other directions is O; if it does
not breach the volume exclusion principle[5] of multi-grid model when pedestrian moves to
grid (i, J), then &; j= 1, else O; I ; is the inertia factor that pedestrians maintain their last
movement; N is the normalization factor; P is the interaction between pedestrians and
Z fi,j
W indicates the interaction between pedestrian and building.

)
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It may occur that a few pedestrians compete for the same grid during actual
evacuation. To simplify solve this problem, we can calculate the probability of each
competitor moves to the grid by using formula 2, in which the one with maximum
probability can access the grid and others should reselect other grids as their target
positions.

3. Integrating Multi-grid Evacuation Model with 3D Virtual Indoor Scene

Generally, the entities in the indoor environment can be divided into three categories
including pedestrians, obstacles and exits. Obstacle means the entity that pedestrian can only
walk around but not across such as walls and tables. Exit presents the target position of
pedestrian such as main gate and emergency exit. To integrate the multi-grid evacuation
model with virtual indoor scene, firstly mapping all entities to the 2D plane where the floor
in, and establishing the grid table based on the minimum bounds rectangle (MBR). Then,
expressing all entities to the related position of the grid table and initializing the states of each
grid, such as the accessibility and recent distance to accessible exit (RDTAE) value, and
calculating the RDTAE value of each grid. Finally, calculating the target position of each
pedestrian by using the route selection method of multi-grid model in single time step, and
invoke the action (such as running) library to implement the animation of moving from the
current position to the target position in 3D scene. The flow diagram for the integration
method is shown in Figure 1.

Begin Slonlat NG
Mapping 3D Establishing Initializing Calculating Gettlrllg'turrent
O—> —_ . —» —» the RDTAE of | position of
scene 2D grid table grid table . .
each grid pedestrian
i i
Calculating (Calculating Invoking
target position probability by animation of
of pedestrian using Formular 2 pedestrian
Figure 1. Integration Procedure of Multi-Grid Model with 3D Virtual Indoor
Scene

3.1. Mapping 3D scene to grid table

In order to simplify the creation of the 2D grid table, the floor is selected as the reference
plane. Firstly, we divide the MBR of the plane into 0.4(m) x 0.4(m) so that to form the 2D
grid table G. Then we subdivide each grid in table G according to the size of n x n, and get
the table G’.

It is easy to understand that with the degree of subdivision increasing, the accuracy of
simulation will be improved, but the cost of calculation will also heighten at the same
time. Therefore, an appropriate n should be chosen according to the performance
requirements. We define the grids in table G’ as grid (RowNum, ColNum, State,
RDTAE), where RowNum and ColNum indicate the row number and the column
number of the grid respectively, State is the accessibility of the grid, and RDTAE is the
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RDTAE value of the grid. Among them, RowNume{O LM* nﬂ ColNume[O LN* nﬂ
104 104

where n is the grid density, M and N indicate the horizontal width and vertical height of
the MBR respectively.

Suppose that the corresponding position in 3D scene of grid, (0, 0, State,, RDTAE,)
is Py (Xo, Yo, Zo), then the position of any point P (x, y, z) in 3D scene is gridp

([_ J [_ J State,, RDOTAE;) in grid table G,
0.4 0.4

Then, we map the obstacles and exits directly from their regions in 3D scene to the
grid table. The region that is less than one grid will be processed as one grid. Pedestrian
will be presented as a circular which radius is the width of the pedestrian’s shoulder and
center is the pedestrian centroid. The number of grid occupied by each pedestrian is n.

Finaly, we initialize the grid state and RDTAE value. The grid state of exit should be
labeled as accessible and the RDTAE value should be set as 0. The grid state of obstacle
and the areas in the MBR where the pedestrians cannot access should be labeled as
inaccessible, and the RDTAE should be set as infinite. The grid state of others should be
labeled as accessible and RDTAE should be set as infinite.

3.2. Calculating the RDTAE of each grid

The RDTAE value is important data for pedestrian evacuation route selection. To calculate
the RDTAE value, a queue is introduced. Firstly, adding all exits into a queue, then get the
head node of the queue in turn and decide whether its eight grids that around it can access or
not, and plus 1 to the RDTAE value of the grid that is labeled as accessible to the head node
which hasn’t been accessed and is not in the queue, after that add this grid to the queue; plus 1
to the RDTAE value of the grid that is labeled as accessible to the head node which has been
accessed and is greater than the queue head node.The pseudo code for this procedure is as
follows:

Input: The initialized grid table
Output: The grid table with RDTAE value
Procedure:
Queue Q; //Queue, to store all accessible grids
Grid firstElem; //Type Grid, to store the information of current grid
Begin
For each e €{all exits} do{
Q.Enqueue(e);} //add all exits to Q
While(Q is not null) do{ //calculate the RDTAE value
firstElem = Dequeue(Q); //get the head node of Q
for each g € {the eight grids which adjacent to firstElem} do{
if(g.state == accessible && g.RDTAE > firstElem.RDTAE){
if(g hasn’t been accessed){
if(g not in Q){
Set g.RDTAE = firstElem.RDTAE + 1,
Q.Enqueue(g); //add the eligible grid
Set g has been accessed;} //end if
} /lend if
} /lend if
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else
if(g.RDTAE > firstElem.RDTAE + 1)
Set g.RDTAE = firstElem.RDTAE + 1,
} /lend for
} //end while
} //end for

End

It is necessary to modify the states of grids which occupied by the pedestrians to
inaccessible after calculating.

Supposed that there are K exits in an indoor environment, and the count of grids in grid
table is N® and each of them is accessible, then the time complexity for calculating RDTAE is
O(8*K*N?). However, not all grids can access all exits in actual situation.

3.3. The slope factor

Considering some planes such as stairs in indoor environment have certain slope and these
planes also have an important influence on evacuation. We take the slope factor into account
to make it more available. Suppose the slope degree is represented by o, when a pedestrian
walks on the slope, his velocity can be divided into the horizontal and vertical. The horizontal

Vy =V*sina

velocity V, =V *cose and the vertical velocity are as shown in Figure 2:

Figure 2. Diagram of Velocity Resolution
So we can get the formula 1’ from the formula 1:

a
V =—AS*cosa
AT (1)
The range of a is [0, 90). And the center of target object will change with its movement,
which can be fit into the formula as:

y=Y,+AL*tanx (3)

Yo is the vertical height of target current position, AL is distance that target moves along
the slope, y is the final vertical height after moving.
We add the slope factor into the grid. When pedestrian walks through these grids, we
should take the effects on the pedestrian velocity and position into account.
3.4. Evacuation route selection

During the process of evacuation, the position change of pedestrians in each time-step is
based on the current grid RDTAE value and the target grid RDTAE value. Generally,
pedestrians will try to select the route which RATAE value is reduced, and when the RDTAE
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value of the optional grid is increased, they will choose to wait. After deciding all
pedestrians’ target grids in a single time-step, the target position in 3D scene can be
determined. Finally, calling the corresponding pedestrian action library, and implement the
animation of pedestrians from the current position to the target position during this time-step,
and updating the states of all grids and pedestrians. Repeating the process above until the
pedestrian evacuation is completed. The detail evacuation route selection procedure is:

1.

Firstly, the pedestrians check whether the ideal target position (RDTAE value is less than
the current position’s) which has not been accessed and is one of the eight grids that
around the pedestrians is accessible,

(1) if it is accessible, then select the grid as the initial target grid,

(2) if it is inaccessible, then decide whether the less ideal target position (RDTAE value
is equal to the current position of the grid) is accessible or not,

1) if it is accessible, then select the grid as the initial target grid,
2) if it is inaccessible, then assign the current position as the target position;

Decide whether there are two or more pedestrians select the same initial target position in
the same time-step,

(1) if there are, using the probability formula of multi-grid model to calculate the
probability respectively, and then decide whether the maximum probability is unique or
not,

1) if it is unique, then assign the grid as the target position with the maximum
probability,

2) if it is not unique, then assign the grid randomly as the target position for any
with the maximum probability;

Decide whether there are some pedestrians who haven’t determined the target position
yet,

(1) if there are, then repeat step 1,
(2) if there aren’t, then go to step 4;

Decide whether the current position and the target position of each pedestrian is the
same,

(2) if it is the same, then call the static action from the action library,

(2) if it is not the same, then call the running action from the action library, and
implement the moving animation from the current position to the target position;

Decide whether the pedestrian evacuation is completed,
(1) if it is completed, then output the evacuation time and finish the process,
(2) if it is not completed, then repeat step 1.

4. Experiment and Analysis

We take a supermarket for example which ground is 110 meters long and 72 meters wide.

The 3D virtual scene with some pedestrians is built by using 3D Studio Max 9.0, and the
evacuation simulation is developped by using Unity3D 3.5.0. 3D Studio MAX is a 3D

260



International Journal of Multimedia and Ubiquitous Engineering
Vol. 8, No. 3, May, 2013

modeling software which developped by company Autodesk. It supports Windows 95/98,
Windows NT platform and supports parallel modeling, animation making. Besides, it has the
ability of multi-thread computing. Now it is widely used in making character animation and
visual effects. Unity3D which developped by company Unity Technologies can be used to
creating 3D video game, architectural visualizaton and 3D real-time animation. Now it is
widely used in game development, film making, education and training because of its
high-performance lighting system, AAA-level renderring efforts, professional development
tool (JavaScript, C# and Boo) and intellective Ul design. Figure 3 shows the 3D scene of the
sample supermarke with pedestrians. For pedestrians, we also built the running and idle
actions. Programming is using C# language in Visual Studio 2008. Figure 4 shows the initial
state of the grids which belong to a region, where “1” indicates the grid is inaccessible and
“0” is accessible. Figure 5 shows the RDTAE value of this region. In order to describe the
RDTAE value of the inaccessible grids simply, the RDTAE value is set to “-1”. For
evacuation simulation, the grid density is set to 3, the initial count of pedestrians is 50 and
they are randomly distributed in the scene, the count of exits is 3, inertial factor I is 1.2,
self-driving force D is 0.6, average value of the interaction force F is 2.5, the pedestrian
average velocity without crowded V is 1m/s. Figure 6 shows the simulation of evacuation
process, the evacuation time is 75s. Figure 7 shows the position updating of a pedestrian from
initial position to exit.

Figure 3. 3D Scene of a Supermarket
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Figure 4. Grid Initial States of a Region
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Figure 5. RDTAE Value of a Region

Figure 6. Evacuation simulation in 3D scene
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Figure 7. Position updating of a Pedestrian
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5. Conclusions

With the peoples’ activities becoming more and more frequent in indoor environment, the
personal safety accidents which due to fire, earthquake, criminal activities and some other
unexpected factors can be seen everywhere. To avoid or reduce the expense of these accidents,
many researches aim to reveal the characteristics of pedestrian evacuation. Among them,
evacuation simulation is a common research method to reappear the evacuation process. In
order to make the simulation of evacuation model more intuitive, an integration method of
multi-grid evacuation model in 3D virtual indoor environment is introduced. The whole
procedure includes mapping 3D scene to 2D plane firstly, and establish the grid table on it.
Then calculating the RDTAE value for each grid. After that, calculating the target position for
each pedestrian by using the route selection method of multi-grid model in a single time-step,
and matching the position to 3D scene. Finally, calling the pedestrian action from the action
library to implement the animation of evacuation simulation. Besides, it takes the effect of
ground slope into account while pedestrian evacuating. An example of supermarket
evacuation in 3D scene validates the effective of the integration method. The simulation
results can provide the scientific guidance for indoor security solution design and emergency
plan making.
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