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Abstract – The macroscopic pedestrian behaviour was 

studied under this research work with major focus on 

interaction between the pedestrians. For this purpose, 

evacuation experiments were conducted on groups of 

students, with difference in age and educational level.  

The speed of the pedestrians  was recorded to know the 

difference in their behavior was made on the pedestrian 

behaviour changes with change in age and education 

along with many other factors. This paper gives 

comparison of the pedestrian behaviour during 

evacuation based on age and educational level of the 

pedestrians. 
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1.INTRODUCTION  

Pedestrian walking is one of the most 

 important parameters and it is very important 

 to estimate the number of  pedestrian and their  

behaviour before designing any facility such as 

footpath, stadium, train station, etc. [1], [2]. The 

pedestrian  

behaviour changes under different circumstances  

and evacuation of pedestrian facility is a challenging 

 task during emergency situation [3],  like natural  

disaster and man-made disaster [4] and even in  

overcrowded places at different facilities, especially 

 at transport stations, high-rise buildings,  

educational institutions, shopping centers where  

human gather on daily basis [5]. When people gather  

at one place in a closed space like theatre, classroom,  

seminar hall etc.,  situations may arise where  

emergency evacuation of close amenities is required 

 but due to design of buildings with inadequate exits 

and 

 the panic behaviour of pedestrian, the egress get block  

often leads to pedestrian being crushed . The fear  

of pedestrian due to the out breake of the  

pronimemt disaster everyone in the building tries to 

escape the danger, that result in change in behaviour of 

the pedestrians, during this emergency [6]. However, 

the different pedestrian behaviour like self organizing 

[7],  

group behaviour [8], [9] of pedestrian, transition in 

walking speed [38], have been studied  

by various researchers. The behaviour is affected by 

both physiological and psychological behaviour of the 

surrounding traffic [37]. 

Pedestrians dynamic is one of the most interesting  

area for researchers, especially during emergency  

evacuation, and is significant interm of planning  

or organizing the process of evacuation in emergency  

[10]. The number and with of  egress  for safe and  

efficient evacuation and estimation of occupancy of 

public amenities like subway stations, transportation 

terminals, shopping center, etc. is significant in 

designing such amenities  [11], [12], [5]. Howevr, 

during design stage the  egress may be predicted with 

simulation of pedestrian behaviour with different 

models proposed by different researchers [13].  

Many simulation models have been developed  

and software packages for simulating pedestrian 

behaviour. These models can be classified based on 

level of detail (macroscopic / mesoscopic / 

microscopic). Macroscopic models take the crowd as 

whole such as 

 fluid-dynamic models [14] theoretical macroscopic  

model approach [15]. In microscopic model, the 

 individual characteristics are considered, such as 

 individual interactions, direction and speed and  

interaction with the surrounding environment or 

 building structure [16],[17].  

In late 80s, Craig W. Reynolds studied the  

collective motion of flock of birds, herd of animals  

studied and presented simulation of his work [18].  
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 It is very difficult and costly to perfom actual studies 

 on crowd to know its dynamic that is why crowd  

modelling and simulation is used as alternative in 

many 

 fields such as safety engineering, architecture,  

civil engineering, computer games, [19]. Different 

 approaches have been used for crowd modelling since 

the last decade some of them are : 

1.1 Flow Based Approach:  

In the flow-based approach the crowd is 

considered  

as whole as a continuous flow of some fluid. The 

environmental impact with respect to the crowd  

is considered by vector field while crowd  movement 

 is considered by differential equations. However, the 

dissimilarity of crowd from a usual fluid is the property 

that a crowd has the capability of thinking of 

interesting new physical ideas that control their 

behaviour [20] 

1.2 CA Model-Cellular Automata Model 

The Cellular Automata model (CA Model) was first  

developed in 1940s by Neumann and Burks [21] to  

study biological reproduction [22]. The CA Model is  

widely used in many research areas for modelling  

complex processes [23], especially in traffic flow  

dynamics [24], [25]. However, CA model is not used 

much 

 for the pedestrian modelling [26].  

The CA Model consider uniform grid of cells  

where individuals had the ability to move into a  

connecting free cell. [27], and its approach is to 

minimize  

the contact between the agents.      

1.3 SF Model-Social Force Model  

The Social Force Model (SF), a part of microscopic 

model is popular choice of researcher to model 

pedestrian behaviours [28]. This model is based on 

Newtonian mechanics and was first proposed by 

Helbing [29] to study the pedestrian  behaviour.   

It produces realistic movements in simulations by 

taking the individual characteristics into account, such 

as pedestrian speed, destination, physical interaction 

with each other and can replicate pedestrian collective 

behaviour in nature, for example the lane formation 

[30],[31], the stripe formation [32], the oscillations at 

bottlenecks [30] the faster is slower effect , the 

clogging effect, the herding and ignoranceof available 

exits and the freezing by heating [30].   

1.4 Emergency Building Evacuation 

Emergency is an event, actually happened or 

imminent to happen, which endangers or threatens to 

endanger life, property, or the environment and which 

require significant and coordinated response [33].  It is 

very important to have well established evacuation 

plan and consider this during design phase of building. 

When an emergency such as a fire, earthquake, 

terrorist attack, flood, breaks out the occupants try to 

evacuate the building and at this time most of the 

evacuee loss their temper, that why their behaviour 

changes.  

To handle the situation and to respond to the 

situation there is a person called incident commander, 

who is familiar with the plan and prepared to handle 

the situation and is responsible for efficient 

coordination and allocation of resources [34]. 

Moreover, the occupants must be familiar with the plan 

and the egress so that they escape quickly and as safely 

as possible.  

4. Evacuation Rehearsal  

With the increasing number of population huge 

number of people of gather at one place like 

educational institution, shopping places, religious 

building. Most often the emergency situation arises 

during such gathering of people at one place, where 

emergency evacuation is required. During emergency 

evacuation due to fear of the danger of natural or man-

made hazard, the evacuees are rushing toward egress 

[35]. Therefore, the pedestrians push each other to 

escape the danger. However, if they have the   the  

knowledge and is in use to the evacuation plan of 
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building then the evacuation process is smooth and fast 

[36]. 

3. Analysis 

Cadence (steps/s) and velocity (m/s) recorded for 
different group of pedestrians during the experiments  
under normal and emergency condition have been 
analyzed. 

 Regression analysis is used for estimation of 
dependence of one variable (dependent variable) with 
the other variable (independent variable), this 
relationship may be linear, non-linear, or multiple 
regression for complex problem. Regression analysis 
gives the relationship of an independent variable on a 
dependent variable and give how is percentage of total 
variation in the dependent variable that is accounted 
for by the independent variable, whether it is straight 
line or quadratic. Moreover, it tells that how the 
regression line fits the data (‘goodness of fit’) R2, the 
coefficient of determination, and its value varies 
between 0-1 that from 0 to 100 percent. Further 
statistical analysis can be achieved with multiple 
regression analysis.  

Figure 1: Velocity and cadence analysis, regression 
coefficient R² = 0.6536 for linear regression y = 

0.3976x +0.2054. 

 

From Figure 1, which shows velocity Vs Cadence plot 

for a group of pedestrians under normal evacuation. 

The dots show actual observations taken during 

experiments, the value of the R2 shows that how is 

fitting of the data into the regression line, which in 

this case is moderate. For the linear regression line R-

square value is R² = 0.6536. However, for changing 

trend line from linear to quadratic the R-square value 

changes R² 0.7426 as given in Figure 2, that is the 

value of R-square increases this means that it is 

quadratic variations. Similarly, the equation of y 

changes from linear to quadratic equation. 

Figure 2: Velocity and cadence analysis, regression 
coefficient R² = 0.7426 for quadratic regression  

y = 0.9142x2 + 2.4778 x + 0.9633. 

 
Figure 3 : Velocity and cadence analysis, with 

regression coefficient R2 = 0.9885, and equation of 
line y = -0.0018x2 + 0.4071x - 0.0055 for 

experiment II. 

   From Figure 3, which shows velocity Vs 

Cadence plot. The dots show actual observations, the 

value of the R-Square show that how is fitting of the 

data into the trend line for experiment II, that is for 

emergency evacuation, which in this case R-square 

value is strong that is it is very close to 1,that is with R² 

= 0.9885, and equation of line y = -0.0018x2 + 0.4071x 

- 0.0055.  
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Figure 4: Velocity and cadence analysis, 
regression coefficient R² = 0.9984, and 

equation 
 

 y = 0.064x2 + 0.4494x + 0.0842 experiment IV. 
Figure 5: Velocity and cadence analysis, 
regression coefficient R² = 0.9876, and 
equation 
 y = 0.4128x - 0.0357 experiment IV. 
 

From Figure 4 & Figure 5, which shows velocity Vs 

Cadence plot. The dots show actual observations, the 

value of the R-Square with R² = 0.9984, and equation  

y = 0.064x2 + 0.4494x + 0.0842 for experiment-III and  

R² = 0.9876, and equation y = 0.4128x - 0.0357 for 

experiment-IV and show that how is fitting of the data 

into the trend line which in this case is strong , as it is 

very close to 1. 

4. CONCLUSIONS 

In this study it was found that the behaviour of 

pedestrian changes with the change in the surrounding 

conditions, especially during emergency evacuation. 

Different scientists have developed different 

mathematical models for different scenarios, that is 

used to simulate the behaviour of pedestrians. 

Therefore,  it is essential to analyze the behavior of 

pedestrians during planning and designing pedestrians 

faciality, by using the models to simulate the 

pedestrian behaviour to accommodate for emergency 

conditions. For educational institutions evacuation 

rehearsals make the students familiar and use to the 

egress plan. 
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