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Abstract  When the dense crowd is in closed space and emergency, it is easy to cause extruding
and trampling which lead to some great disaster. Now, how to improve the evacuation efficiency
of crowd to decrease the loss has been paid more attention by scholars. But it is difficult to get
the data from reality in this research, so computer simulation plays an important role. This paper
focuses on pedestrians in evacuation how to get the information from environment and plan their
evacuation route by using computer simulation. In this paper, a route choice model based on the
evacuation route set is proposed by means of the analysis about the cause of effecting efficiency
for evacuation to simulate that pedestrians in evacuation get all information from environment and
plan their evacuation routes. First, the evacuation route set in the model is obtained by an improved
social force model that is usually used to simulate the crowd evacuation in emergency, and then
the routes in set are discrete and optimized through a route learning algorithm presented in this

paper. The improved social force model is more capable to avoid the obstacle than the original one
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during the evacuation. The route learning algorithm can remove the redundant information of
routes in the route set. Second, the model has quantified four causes affecting on the pedestrian’s
route choice: route’s distance, route’s length, route’s congestion and the size of exit to evaluate
the selection probability of one route. By evaluating routes in route set, the pedestrian can get
more evacuation information from environment, and evaluating value of every route in set is
regarded as its selection probability. The higher route’ value is, the easier it is to be selected by
pedestrian, and the converse is also true. Third, the route choice model has updated pedestrians’
evacuation route by selection probability of routes and roulette algorithm, which has further
simulated that pedestrians in evacuation do not always choose the best route to evacuate because
of their panic and anxiety. When route is selected, pedestrians will adjust their tactics to move
toward a new target until leave the scene. Last, the proposed route choice model is validated by a
crowd evacuation model based on reciprocal velocity obstacle. The reciprocal velocity obstacle is a
suitable technology for avoiding collisions among pedestrians, and it can better simulate the basic
behavior of pedestrians. Experimental results show the route choice model proposed in this paper
can effectively simulate that pedestrians achieve information from evacuation environment in
real-time. Moreover, the experimental results also indicate that the evacuation is more efficient
when all exits in the scene are made more full use of, then based on that a theory about improving
evacuation efficiency is presented. The theoretical analysis of the theorem also shows the validity
of our model. Comparing with other evacuation models, the route choice model in this paper gets
more evacuation efficiency, because pedestrian in this model has more intelligence, which contributes
to work out or optimize the evacuation scheme in emergency.
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Background

With the development of public facilities and improvement
of people’s living standard, more and more people attend
all sorts of huge party, which often results in extruding and
trampling, and these events lead to some great disaster for
human. Now more and more scholars have paid greater
attention to pedestrian’s station and complex behavior during
evacuation in emergency. However, it is difficult to get the
actual data from reality, therefore computer simulation plays
an important role. The research focuses on how to describe
pedestrian’ s behavior and social action in emergency in the
machine world. The work can provide the safety evaluation
and design suggestion for community facilities, improve a
building structure, plan evacuation routes, and then decrease
loss caused by extruding and trampling in emergency. Most
studies have generally divided crowd dynamics and pedestrian
behavior into three levels: operational, tactical and strategic,
which represent basic walking behavior, evacuation route
choice and general planning respectively. Most studies focus
on pedestrian behaviors in crowd evacuation, such as cellular
automata model, lattice model, social force model and
reciprocal velocity obstacle model. Although these models
can better describe pedestrian’s basic behavior (self-organi-

zation) , they can’t still fully reflect pedestrian’s complex
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motions during evacuation.

In this paper, we propose a route choice model based
on the evacuation route set to simulate the crowd evacuation
in an emergency. In the model, the four causes affecting
the route choice of pedestrian (i.e., the distance between
pedestrian and route, length of route, traffic congestion of
route, and density of exit) are used to evaluate route in route
set to simulate that pedestrian gets environmental information
in emergency. The experimental results demonstrate that the
proposed model effectively simulates that pedestrian plans the
evacuation route by his/her perceiving evacuation environment
in real-time, which has contributed to work out or optimize
the evacuation scheme. Moreover, the theory about how to
improve evacuation efficiency is analyzed and proved in this
paper, and it is also verified by simulation result of our
model.

The work received the support of the National Natural
Science Foundation of China (Nos. 61472232, 61876102). The
contribution of this paper is designing a route choice model to
simulate the pedestrian’s perceiving evacuation environment
and planning the evacuation route in real-time. As a case, the
model and proposed theory can effectively support our

following research work.





