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 7	

Abstract To investigate the influence of the walking preferences on pedestrian movements, 8	

a modified collision-free speed model is proposed by considering the expectations of 9	

comfortable walking for a pedestrian. In the model, the walking directions of pedestrians 10	

are determined by taking human perception of comfort and preference for walking straight 11	

to their intended destinations into account. The restriction of walls in heading direction on 12	

pedestrian’s walking is introduced to avoid potential collisions among pedestrians and 13	

obstacles. Model validation with respect to experimental data shows that our model 14	

performs better than the original model with regards to the trajectory’s distribution and the 15	

velocity profile, and can effectively alleviate backward movements. Furthermore, the 16	

speed-density relation in corridor inferred from the new model fits the experimental data 17	

well and the model performs more accurately in simulating the flow-width relation in 18	

bottleneck scenario than the original collision-free speed model. 19	

Keywords: Collision-free speed model, pedestrian dynamics, walking preference 20	

1. Introduction 21	

Dense crowds formed due to holidays or large scale activities are often related to risks, 22	

such as stampede[1,2]. To improve the safety of events, a variety of pedestrian models have 23	

been proposed to uncover the mechanism of individual behaviors and interactions among 24	

pedestrians and obstacles[3–7]. 25	

In the force-based models[8], the evolution of pedestrian movement over time is 26	

described by the Newtonian dynamics. Several self-organized phenomena like arching at 27	

bottlenecks and lane-formation in bidirectional flow[9,10] can be reproduced fairly well. 28	

However, pedestrians in these models are regarded as moving particles under the influence 29	
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of forces, which often leads to unrealistic backward movement and overlapping when the 30	

repulsive forces from neighbors and obstacles are larger than the self-driven force, 31	

especially under high densities[11]. Moreover, forces in these models are often defined to 32	

be long-ranged, which means that invisible or even pedestrians in a large distance still 33	

influence the movement of their neighbors. A usually used remedy is to introduce an 34	

artificial cut-off radius. In addition, force-based models require solving second-order 35	

differential equations with a small time step, which causes a high computational 36	

overhead[12]. 37	

Another category of models is velocity-based[13–16]. Here pedestrian’s speed is 38	

adjusted based on the relative positions and velocities of their neighbors. Compared to 39	

force-based models, they deal with overlapping among pedestrians efficiently with a 40	

reduced computational cost. However, these models often depend on a large number of 41	

parameters, which causes inherent calibration difficulties. The collision-free speed 42	

model[12] realizes collision avoidance solely depending on the minimum headway 43	

distance. Despite of its simplicity, it can reproduce many self-organization phenomena with 44	

higher efficiency. 45	

In fact, besides the exclusion among people or obstacles, pedestrians are affected by 46	

many other factors when deciding the moving directions like their perception of comfort 47	

and preference for walking straight to the intended destinations[17–19]. However, models 48	

mentioned above do not take these differences into account. The heuristic model was 49	

proposed to predict the walking direction and displacement of pedestrians based on 50	

behavioral heuristics[20,21]. It makes a trade-off between seeking an unobstructed walking 51	

direction and minimizing detours from the most direct route. Nevertheless, it does not 52	

consider the critical acceptable distance for pedestrians to maintain the desired direction. 53	

For example, if there are other people or obstacles in its desired direction, no matter how 54	

far away, the pedestrian in this model will immediately react by changing the moving 55	

direction to avoid obstacles, which is not in line with reality. In the collision avoidance 56	

experiment in[22], the probability of pedestrian changing movement direction decreases 57	

exponentially as the headway distance increases when the distance is larger than 1.099 m. 58	
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Furthermore, the displacement is solved by two integration steps of the acceleration, which 59	

results in an increased computational expense. 60	

To overcome these shortcomings, we developed a new microscopic model by 61	

integrating walking preferences of pedestrians into the collision-free speed model. Walking 62	

preferences include pedestrians’ inclination for a desired direction, demand for a longer 63	

walking way than the least comfortable headway distance and tendency to following 64	

others’ moving behaviors. Whereas from a modelling perspective, it is rather difficult to 65	

consider all these factors. In this paper, we only focus on the first two walking preferences, 66	

as we think they have a significant effect on pedestrian’s movement. 67	

The remainder of this article is structured as follows. The model is defined in section 68	

2 while the validation and comparison between simulation results of collision-free speed 69	

model and proposed model are shown in section 3. In section 4, we discuss parameter’s 70	

influence on the results and the limitation of the model. Finally, we give a summary of the 71	

model in section 5. 72	

2. Model definition 73	

As for the walking preferences, pedestrians’ inclination for desired direction and 74	

demand for a longer walking way other than the least comfortable headway distance are 75	

considered. The proposed model is composed of two parts: a direction submodule and a 76	

speed submodule. Within this approach, the actual moving direction is obtained based on 77	

two walking preferences. First, a pedestrian has a strong expectation to maintain its desired 78	

direction unless the obstacle in the moving direction makes the walking uncomfortable[23]. 79	

Second, in case the direction of motion has to be changed, it is desirable to maintain the 80	

deviation from the desired direction as small as possible[24]. Finally, the influence of walls 81	

on the pedestrian’s walking speed is introduced into the collision-free velocity model to 82	

achieve collision avoidance for pedestrians. 83	

2.1. The direction submodel 84	

The movement of a pedestrian can be affected by the neighbors nearby. Pedestrians 85	

in the front have stronger impact on one’s movement than those in the rear and the closed 86	
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pedestrians have greater influence than those far away. Based on this assumption, only the 87	

pedestrians in the desired direction of the movement are regarded as neighbors in the model 88	

to maximize the computational efficiency of the model[12]. Here, we define the desired 89	

moving direction from the current pedestrian position to the final target point. 90	

Accordingly, the neighbors of pedestrian i are defined as follows: 91	

 𝐽! = {𝑗, 𝑒!" ∙ 𝑒!,$ < 0	and	,𝑒!"% ∙ 𝑒!,$, < 𝑙/𝑠!,$}, (1) 92	

where 𝑗 denotes other pedestrians (except pedestrian 𝑖), 𝑒!" represents the desired direction 93	

of pedestrian 𝑖, 𝑒!"%  is a vector obtained by rotating 𝑒!" for 90º counterclockwise, 𝑒!,$ is a 94	

unit vector from 𝑗 to 𝑖, 𝑙 denotes the diameter of pedestrians simplified to circles with same 95	

size, 𝑠!,$ represents the Euclidean distance between the centers of pedestrians 𝑖 and 𝑗. As 96	

shown in Fig. 1, neighbors of pedestrian 𝑖 are those who overlap with the grey area. 97	

	98	

Fig. 1: A sketch showing the neighbors of pedestrian 𝑖. In this model, 𝑋!, 𝑋$ and 𝑋& are 99	
positions of pedestrians. 𝑠!,$ and 𝑠!,& are distances between the centers of pedestrians. 𝑒!,$ 100	
and 𝑒!,& are unit vectors from 𝑋$ and 𝑋& to 𝑋!. 101	

The closest pedestrian 𝑗min in the desired direction of motion is defined such that 102	

 𝑠!,$min = min
$'!

𝑠!,$ . (2) 103	

As observed in people’s daily behavior in shared places, people prefer to make a 104	

detour from their desired directions, when the comfortable walking space is occupied by 105	

others. 106	
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Considering pedestrian’s preference for comfort during walking, we define the 107	

following condition: 108	

 𝑠!,$min < 𝑠( . (3) 109	

As shown in Eq. (3), 𝑠(  represents the critical comfortable walking distance in 110	

different scenarios. That is, if the distance 𝑠!,$min  for pedestrian 𝑖 is smaller than 𝑠( , the 111	

pedestrian will feel uncomfortable and prefer to pass the one ahead. Whether to take 112	

transcendental action or not, it ultimately depends on the size of the free space around. If a 113	

pedestrian decides to detour, deflecting minimally from the desired direction will be 114	

adopted. 115	

When the condition (3) is met, pedestrian 𝑖 will deviate from its desired direction and 116	

the change is minimized as far as possible. In this sense, two tangent directions 𝑒!) and 𝑒!* 117	

shown in Fig. 2 are considered as the best alternative choices. The corresponding deflection 118	

angle 𝛥𝜃) and 𝛥𝜃* can be calculated as: 119	

 
𝛥𝜃) = 6arcsin +

*!
− arccos8𝑒!" ⋅ 𝑒$!:; ⋅ 𝑔8𝑒!"% ⋅ 𝑒!$:

𝛥𝜃* = −6arcsin +
*!
+ arccos8𝑒!" ⋅ 𝑒$!:; ⋅ 𝑔8𝑒!"% ⋅ 𝑒!$:,

 (4) 120	

where subscripts 𝑜 and 𝑠 are short for “optimal” and “sub-optimal”, respectively. 𝛥𝜃) and 121	

𝛥𝜃* represent the deflection angles required to turn from the desired direction 𝑒!" to 𝑒!) 122	

and 𝑒!* . 𝑠!  denotes the distance from the center of pedestrian 𝑖  to that of the nearest 123	

neighbor. Function 𝑔(𝑥) is 1 if 𝑥 > 0, and otherwise is equal to -1. It is noted that when 124	

the conditions of optimal and suboptimal directions are the same, that is, 𝑒!"% ⋅ 𝑒!$ is equal 125	

to 0, 𝑔8𝑒!"% ⋅ 𝑒!$: will be -1, resulting in a negative value of 𝛥𝜃). Considering that y-axis is 126	

defined along the direction of the exit, x-axis is defined in accordance with the right-hand 127	

rule and the desired movement direction of pedestrian corresponds to the angle away from 128	

the x-axis, it can be found that the negative deflection angle 𝛥𝜃)  makes the pedestrian 129	

choose the right side of the desired direction, which corresponds to the right-side preference 130	

of pedestrian for overtaking[25]. 131	
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Fig. 2: A sketch showing two tangent directions 𝑒!) and 𝑒!*. 𝑒!) represents the direction 133	
with minimum deflection angle to surpass the pedestrian ahead. 𝑒!* represents the direction 134	
with minimum deflection angle in the opposite deflection of 𝑒!). 135	

Based on this idea, we calculate the final deflection angle as defined in Eq. (5). Where 136	

𝑘) and 𝑘* represent the pedestrian’s choices of 𝑒!) and 𝑒!*. Only two values 0 and 1 can be 137	

chosen. 138	

 𝛥𝜃 = 𝑘) ⋅ 𝛥𝜃) + (1 − 𝑘)) ⋅ 𝑘* ⋅ 𝛥𝜃*. (5) 139	

The value of 𝑘) and 𝑘* is determined by the minimum acceptable distance and actual 140	

free space in the new direction. Specifically, 141	

 E𝑘) = 𝑠,)(𝑖, 𝑗, 𝑡) > 𝑠!-	and	𝑠,)(𝑖, 𝑤, 𝑡) > 𝑠!-
𝑘* = 𝑠,*(𝑖, 𝑗, 𝑡) > 𝑠!-	and	𝑠,*(𝑖, 𝑤, 𝑡) > 𝑠!-

 (6) 142	

Here, 𝑗 and 𝑤 indicate the pedestrian and wall, respectively. 𝑠,)(𝑖, 𝑗, 𝑡) and 𝑠,)(𝑖, 𝑤, 𝑡) 143	

are parameters in 𝑒!) direction. Specifically, 𝑠,)(𝑖, 𝑗, 𝑡) and 𝑠,)(𝑖, 𝑤, 𝑡) represent the space 144	

from the nearest pedestrian and the movable distance from the nearest wall for pedestrian 145	

𝑖  when there are other pedestrians or walls in its direction. Similarly, 𝑠,*(𝑖, 𝑗, 𝑡)  and 146	

𝑠,*(𝑖, 𝑤, 𝑡)) are parameters in the 𝑒!* direction. 𝑠,*(𝑖, 𝑗, 𝑡) and 𝑠,*(𝑖, 𝑤, 𝑡)) represent the free 147	

space from the nearest pedestrian and the nearest wall in 𝑒!*  direction. 𝑠!-  denotes the 148	

minimum acceptable distance for pedestrian 𝑖. 149	
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Next, we illustrate how a pedestrian makes a detour. Based on the preference for the 150	

desired direction, a pedestrian considers the direction with smallest deviation firstly. That 151	

corresponds to 𝑒!)  direction in Fig. 3. Then, the actual distance is compared with the 152	

minimum acceptable distance to decide which direction to choose. Only when both 153	

conditions 𝑠,)(𝑖, 𝑗, 𝑡) > 𝑠!-  and 𝑠,)(𝑖, 𝑤, 𝑡) > 𝑠!-  are satisfied, the pedestrian detours to 154	

𝑒!) direction with the angle 𝛥𝜃). Otherwise, the other direction 𝑒!* is considered using the 155	

same criterion. When both conditions 𝑠,*(𝑖, 𝑗, 𝑡) > 𝑠!-  and 𝑠,*(𝑖, 𝑤, 𝑡)) > 𝑠!-  are met, it 156	

will choose the 𝑒!* direction with the angle 𝛥𝜃*. If the conditions in both directions do not 157	

hold, the original movement direction will be kept without deflection. 158	

 159	

Fig. 3: A sketch showing elements in 𝑒!) and 𝑒!* directions. Red and green indicate the 160	
elements in 𝑒!* direction and 𝑒!) direction, respectively. The dashed circle represents the 161	
furthest position that the pedestrian can reach when there is a wall in the new direction. 162	

The corresponding flow chart of direction model is shown in Fig. 4. 163	
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 164	

Fig. 4:The flow chart of the direction model. 𝜃"!,  represents the angle between actual 165	
movement direction and x-axis. We define that x-axis is the direction perpendicular to the 166	
exit direction. 𝜃" represents the angle between desired direction and x-axis. 167	
 168	

2.2. The speed submodel 169	

As defined in the collision-free speed model, the speed of pedestrian 𝑖 is given by 170	

 𝑣. = minI𝑣/,	max{0, (𝑠 − 𝑙)/𝑇}K. (7) 171	

Where, 𝑣/ is the free speed. 𝑇 represents the time gap for a pedestrian to accelerate 172	

from static to 𝑣/. 𝑠 denotes the distance from the center of a pedestrian to that of its nearest 173	

neighbour. 174	

However, in addition to other pedestrians, there are still some other obstacles and 175	

walls affecting the pedestrian’s movement state and the magnitude of speed in real 176	

environments. 177	
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Based on these considerations, we introduce the effect of the wall into the original 178	

collision-free speed model. As shown in Fig. 5, 𝑠!0 represents the maximum distance a 179	

pedestrian can move when the movement direction is occupied by the wall. To realize no 180	

collisions with walls, a constraint of speed is added as follows: 181	

 𝑣0 = min{𝑣/, 𝑠!0/𝑇}. (8) 182	

 183	

 184	

Fig. 5: The maximum distance that a pedestrian can move when the front is a wall. The 185	
solid circle represents the current position of the pedestrian. The dashed circle represents 186	
the furthest position that the pedestrian can reach when there is a wall in the new direction. 187	
𝑠!0 represents the maximum distance a pedestrian can move with a wall in a new direction. 188	

 189	

Combining the above constraints, the final speed model is defined as 190	

 𝑣. = min{𝑣/,max{0, (𝑠 − 𝑙)/𝑇}, 𝑠!0/𝑇}. (9) 191	

3. Simulation results 192	

In this section, we set up a series of simulations to verify and validate the model by 193	

comparing it with the original collision-free speed model and empirical findings. Several 194	

scenarios are considered, including narrow corridor, corridor with periodic boundaries and 195	

bottleneck. The simulations are executed with JuPedSim[26] using a time step 𝛥𝑡 = 0.04𝑠. 196	
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3.1. Test in narrow corridor 197	

Firstly, we perform simulations in a narrow corridor as shown in Fig. 6. In this 198	

scenario, a pedestrian is set to move straight along the corridor, while another pedestrian is 199	

standing on the way. The free speed 𝑣/ of the pedestrian is set as 1.6 𝑚/𝑠. 𝑇 is equal to 1.0 200	

𝑠  in both collision-free speed model (CFM) and the proposed model. The minimum 201	

acceptable distance 𝑠!-  is equal to 0.1 𝑚  in 𝑒!)  and 𝑒!*  direction. 𝑠(  is the distance at 202	

current speed in a time step. 203	

	204	

	205	

	206	

Fig. 6: A sketch of the test in narrow corridor. The corridor is very narrow such that only 207	
one person can pass at the same time. The green circle denotes the pedestrian who wants 208	
to go straight and the grey one indicates the person standing in the corridor. 209	

 210	

The positions of the pedestrian during the movement in both models are shown in Fig. 211	

7. It is clear that the moving pedestrian in the CFM starts to oscillate in a certain distance 212	

to the pedestrian in front. The occurrence of such oscillations is due to the superpositive 213	

nature of its destination sub-model. However, the pedestrian stays close to the static one 214	

without oscillations in our model. 215	
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 216	

Fig. 7: The position of the moving pedestrian versus time. While the original model shows 217	
an erroneous oscillatory behavior, the trajectory simulated by our proposed model is 218	
smooth and shows no oscillations. 219	
 220	
3.2. Corridor with periodic boundaries 221	

To further verify and validate the model, we carry out a simulation in a 30 × 1.8	𝑚1 222	

corridor with periodic boundary conditions and compare the results with the experimental 223	

data downloaded from the website1. 224	

Fig. 8 shows the sketch of the experiment scenario, which is composed of two 6 𝑚 225	

long straight corridors and two semicircular corridors with the inner radius 2.0 𝑚. The 226	

width of the corridor is 1.8 𝑚 . Pedestrians were distributed uniformly along the oval 227	

corridor at the beginning of the experiment and then they were asked to walk clockwise at 228	

a normal speed. In the experiment, different crowd densities were formed by changing the 229	

number of the participants in the corridor. 230	

	

1 http://doi.org/10.34735/ped.2009.13 
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 231	

Fig. 8: The sketch of the experiment scenario. The measurement area is set in the straight 232	
corridor with the length of 6 𝑚 and width of 1.8 𝑚.The pedestrians were asked to move in 233	
the direction shown by the arrow in the oval corridor. 234	

 235	

Considering that the desired directions of pedestrians in this scenario are parallel to 236	

each other and there are little competition among them for side-wise movement space, we 237	

make the critical distance of the detour 𝑠( consistent with the distance of 0.1 times free 238	

velocity in speed model. The parameter setup of the new model is shown in table 1. The 239	

shape of pedestrian is circular with a constant diameter 𝑙, which is determined by the 240	

highest density in the experiment. Specifically, we calculate the average area occupied by 241	

each pedestrian in the high-density area in the experiment. Then the diameter of the 242	

equivalent circle under the same area is calculated as the pedestrian size. Based on the 243	

experiment data, we get the value of 𝑙 0.36 𝑚. 𝑇 is the ratio of pedestrian interval to the 244	

moving speed defined in Eq. (9) before the one reaches the free velocity. Pedestrian 245	

intervals and speed under different densities in the experiment are calculated and then we 246	

get the value of 𝑇 0.86 𝑠. The parameters of the original model(CFM) are from[27] and 247	

shown in table 2. The strength coefficient 𝑘 is 3.0. The distance coefficient 𝐷 is 0.1 𝑚. The 248	

experimental data with 15 participants (the minimum number of participants) are selected 249	

to obtain the free speed of pedestrians with the consideration that the average interval is 2 250	

𝑚, which is enough for pedestrians to walk at the free speed when the participants are 251	

distributed uniformly in the corridor. Based on this, we get the mean value of the free speed 252	

1.186 𝑚/𝑠 and a standard deviation of 0.05 𝑚/𝑠. 253	



13	

	

Table 1: Parameters of pedestrian and model in corridor with periodic boundary scenario. 254	

where, 𝑠(𝑥) denotes the minimum distance when the speed is 𝑥, which is consistent with 255	

Eq. (9). 256	

𝑙 𝑠( 𝑠!- 𝑇 

0.36 𝑠(0.1𝑣/) 𝑠(𝑣/) 0.86 
 257	

Table 2: Parameters of pedestrian and CFM in corridor with periodic boundary scenario. 258	

𝑙 𝑘 𝐷 𝑇 

0.36 3.0 0.1 0.86 
 259	

We use method D in[28] to calculate the density and speed of pedestrians in the 260	

measurement area. As shown in Fig. 9, with the increase of the crowd density, the 261	

movement speed of the crowd decreases. It is worth noting that when the crowd density is 262	

greater than 3 𝑚21, the speed decreases very slowly and is mostly less than 0.2 𝑚/𝑠. These 263	

results of CFM and new model both fit well with the experiment. 264	

 265	

Fig. 9: The relationship between speed and density. Blue, orange and green represent the 266	
results of experiment, new model and original CFM, respectively. 267	
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 268	
3.3 Bottleneck 269	

In order to test the rationality of the model in the bottleneck scenario, we set up the 270	

model’s simulation scenario referring to the setting in the experiment[29]. 271	

The parameters of the new proposed model are shown in table 3. 𝑣3 is the moving 272	

speed of pedestrian in current frame. The free speed of pedestrians are obtained from the 273	

experiment scenario with the bottleneck of length 0 𝑚  where the pedestrians move 274	

relatively freely after walking out of the bottleneck. The free speed follows a normal 275	

distribution with a mean value of 1.200 𝑚/𝑠 and a standard deviation of 0.249 𝑚/𝑠. The 276	

time gap 𝑇 is obtained based on the ratio of pedestrian interval to walking speed in the 277	

experiment. The value of 𝑇 is 0.61 𝑠. Considering the desired directions of pedestrians in 278	

this scenario are intersecting so that the competition among them for movement space is 279	

more intense than that in corridor scenario, we make the critical distance of the detour 𝑠( 280	

consistent with the distance of free velocity in speed model. The strength coefficient 𝑘 and 281	

the distance coefficient 𝐷 in CFM are shown in table 2. 282	

Table 3: Parameters of pedestrian and new model in bottleneck scenario. 283	

𝑙 𝑠( 𝑠!- 𝑇 

0.36 𝑠(𝑣/) 𝑠(𝑣3) 0.61 

 284	

Trajectories and spatial profiles of velocity and density of pedestrians are shown in 285	

Fig. 10[29]. We can intuitively find that the trajectories follow a cone distribution in the 286	

experiment due to the normal walking without pushing in the experiment. Compared with 287	

the trajectories distribution from the CFM, which is like an arching shape, the trajectories 288	

obtained from our model are more similar to those of the experiment. Moreover, comparing 289	

the velocity profiles among the experiment, CFM and new model, we find some common 290	

characteristics of them. Firstly, the velocity of pedestrians in front of the bottleneck 291	

entrance is relatively uniform. This may because the pedestrians are congested before the 292	

narrowing in both models, while in the experiment, according to the recorded video, 293	
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pedestrians rarely take surpass behavior and they enter the bottleneck with an orderly 294	

manner, which leads to the similar moving state of pedestrians. Secondly, pedestrians in 295	

the bottleneck are in an accelerated state, which may due to the increase of the exit 296	

attraction as the pedestrian approaches the exit. Furthermore, although the bottleneck limits 297	

the moving space, the speed in it is higher than in front of it, which is due to the lower 298	

density and competition in the bottleneck. Compared with the velocity profile from the 299	

CFM, the speed calculated by the new model describes the velocity profile of the 300	

experiment better. From the density profiles, it is found that the density in the bottleneck 301	

decreases as the distance to exit decreases, since the pedestrians ahead are in an accelerated 302	

moving state so that the distance between the agents becomes larger and the density 303	

becomes lower. In addition, although the densities in front of the bottleneck entrance 304	

obtained from the new model are higher than that of the experiment, a visible enhancement 305	

can be observed compared with the density profile from the CFM. 306	

       307	
(a) Trajectory, experiment          (b) Trajectory, CFM          (c) Trajectory, new model 308	

       309	
(d) Velocity, experiment            (e) Velocity, CFM              (f) Velocity, new model 310	
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       311	
(g) Density, experiment               (h) Density, CFM               (i) Density, new model 312	

Fig. 10: Trajectories and spatial profiles of velocity and density in the experiment and 313	

simulations. Pedestrians passed through the bottleneck from the bottom to top. The width 314	

of the bottleneck is 1.2 𝑚. Columns from left to right show the data from experiment, CFM 315	

and new model, respectively. Rows show the trajectories, velocity profile and density 316	

profile from top to bottom, respectively. 317	

To validate the model quantitatively, we further analyze the relationship between the 318	

flow and bottleneck width by adjusting the bottleneck width from 1.0 𝑚 to 2.5 𝑚 in our 319	

simulation. Here, we choose the line at the middle of the bottleneck as measurement line 320	

to calculate the flow defined in Eq. (10). For each bottleneck width, ten runs are performed 321	

and the mean of these results is shown in Table 4. 322	

 𝑓𝑙𝑜𝑤 = (𝑁 − 1)/𝛥𝑡. (10) 323	

Where, 𝑁  is the number of participants in the experiment. 𝛥𝑡  represents the time 324	

interval between the first and the last person passing the measurement line. 325	

 326	

Table 4: Pedestrian flow in bottleneck scenario. 327	

𝑊𝑖𝑑𝑡ℎ/𝑚	 𝐹𝑙𝑜𝑤/(𝑠24)	 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒	𝑒𝑟𝑟𝑜𝑟(𝑒)/%	

	 𝐸𝑥𝑝	 𝐶𝐹𝑀	 𝑁𝑒𝑤	 𝑒(𝐶𝐹𝑀)	 𝑒(𝑁𝑒𝑤)	

1.0	 1.791	 1.302(±0.024)	 1.701(±0.046)	 27.33	 5.02	
1.1	 1.952	 1.568(±0.029)	 1.885(±0.049)	 19.68	 3.43	
1.2	 2.258	 1.735(±0.036)	 2.079(±0.044)	 23.15	 7.91	
1.4	 2.644	 1.954(±0.030)	 2.407(±0.084)	 26.11	 8.98	
1.6	 2.688	 2.386(±0.054)	 2.767(±0.126)	 11.24	 2.95	



17	

	

1.8	 3.397	 2.677(±0.052)	 3.102(±0.066)	 21.21	 8.69	
2.0	 3.375	 3.009(±0.045)	 3.434(±0.096)	 10.84	 1.73	
2.2	 3.783	 3.313(±0.072)	 3.784(±0.168)	 12.43	 0.03	
2.5	 4.797	 3.712(±0.078)	 4.301(±0.083)	 22.61	 10.35	

mean	error/%		 /	 /	 /	 19.40	 5.45	

Values between brackets represent the standard deviation of pedestrian flow. 328	

The relative error is calculated as 329	

|𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡	𝑓𝑙𝑜𝑤 − 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝑓𝑙𝑜𝑤|
𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡	𝑓𝑙𝑜𝑤 × 100% 330	

As can be seen from Table 4 and Fig. 11, with the increasing bottleneck width, the 331	

pedestrian flow increases in the experiment and both models. Further comparing the 332	

relative errors between the results of the two models and that of the experiment, it can be 333	

found that the relative errors from the new model are smaller than those obtained from the 334	

CFM. 335	

 336	

Fig. 11: The relationship between flow and bottleneck width. Rhombus, circle and square 337	
represent the results of experiment, CFM and new model, respectively. 338	

Next, to test whether our model can effectively alleviate the backward movement of 339	

pedestrians in the bottleneck scenario, we calculate the angle between the actual movement 340	
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direction and the y-axis (We assume that the y-axis direction is consistent with the direction 341	

along the exit) during the entire movement in bottleneck scenario. When the angle is larger 342	

than 𝜋/2, we regard it as a backward movement. The results of angles are shown in Fig. 343	

12. As we can observe, there is a part of pedestrians moving backwards in the original 344	

model, whereas this backward movement is strongly reduced in the new model which is 345	

more consistent with the experimental data. Therefore, the new model alleviates unrealistic 346	

backward movement effectively. 347	

 348	

Fig. 12: The angle between pedestrian’s moving direction and y-axis during the entire 349	
movement in bottleneck scenario. The box plots on the left, middle and right are from the 350	
CFM, new model and experimental data, respectively. 351	
 352	
4. Discussion 353	

The parameters and the limitation of the model are discussed in this section. The 354	

values of parameters depend on the situation and they may change in different scenarios. 355	

The possible reasons are as follows: in straight corridors with periodic boundary 356	

conditions, all pedestrians are expected to move straight. Hence, their desired movement 357	

directions are parallel so that there is little competitive behavior during walking. In this 358	

case, pedestrian’s motion inertia dominates the movement and the intention to turn is not 359	

strong. However, in the bottleneck scenario, this behavior changes, since the bottleneck 360	

limits the movement space of pedestrian. In the simulation, the desired directions of 361	
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pedestrians point to the bottleneck entrance. As the crowd gets closer to the bottleneck, the 362	

desired directions of pedestrians tend to intersect, so that the competition between 363	

pedestrians is intensified. This may lead to a decrease in pedestrians’ inertia influence, 364	

resulting in more frequent steering maneuvers. In order to increase the probability of 365	

obtaining free space as soon as possible, pedestrians will force themselves to react faster, 366	

which leads to the decrease of 𝑇. 𝑠( denotes the critical comfortable distance for pedestrian 367	

to maintain the desired direction. When there is more competitive behavior during walking, 368	

pedestrians will prefer larger value of 𝑠( to make them feel comfortable. Factors affecting 369	

𝑠!-  are similar to that of 𝑠( . That is, the more intense the competition, the smaller the 370	

minimum acceptable distances in the new direction. Therefore in straight corridor with 371	

periodic boundary, 𝑠!- and 𝑇 conditions are larger than in the bottleneck scenario, whereas 372	

𝑠( is the opposite. 373	

While the trajectories and profiles of velocity and density of pedestrians obtained from 374	

the new model are qualitatively more consistent with the experimental results than those 375	

from the CFM, the distribution of pedestrian and the density before the narrowing obtained 376	

from the new model are still divergent to the experiment to some extent. The shape of 377	

trajectories in front of the bottleneck entrance from the experiment is more conical. The 378	

density obtained from the new model is higher than the experimental results. The possible 379	

reasons are as follows: first, the patience and humility of human are not considered in the 380	

model, pedestrians are competitive at the entrance of the bottleneck, which results in more 381	

pedestrians staying close to each other and waiting at the bottleneck entrance, while under 382	

the non-emergency conditions in real life, pedestrians showcase a polite behavior, so they 383	

pass through the bottleneck in an orderly manner, hence the density of crowd in front of 384	

the bottleneck is lower. It is also confirmed in the experiment video that pedestrians enter 385	

the bottleneck continuously, without excessive clustering or long waiting time before the 386	

narrowing. Second, to make pedestrians in our model pass through the bottleneck, we use 387	

strategy 2 in JuPedSim to set target for every pedestrian. The target setting which affects 388	

the position of high-density area in the CFM and new model is shown in Fig. 13. In the 389	

model, the room is divided into three areas. Pedestrians in area 1 and area 3 try to move 390	

towards target 1 and target 2, respectively. Pedestrians in area 2 are expected to walk 391	
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straight. Compared with the density profiles shown in Fig. 10, it is found that pedestrians 392	

in both two models cluster around the target point and lead to high density of nearby areas. 393	

In both two models, the target point for each pedestrian is static and never be changed in 394	

front of the bottleneck entrance. However, the target point for every pedestrian in real life 395	

may be dynamic and related to the surrounding environment, that is conductive to make 396	

people walk with less competition. At last, to improve the calculation efficiency, the 397	

pedestrians in the model are simplified to circles with equal diameters, which is different 398	

from the shape of people in daily life. When a pedestrian is in a stationary state, the shape 399	

of the real pedestrian is closer to an ellipse, which may also affect the form of the entire 400	

crowd distribution. 401	

 402	

Fig. 13: A sketch shows the target setting in the CFM and the new model. Pedestrians in 403	
both two models aim to move based on the shortest distance to their target line. 404	

The simulation results show that the model can simulate the pedestrians in bottleneck 405	

or corridor with periodic boundaries accurately, but it is not suitable for the counter-flow 406	

scenario. In reality, pedestrian’s preferences in counter-flow are different from those in 407	

bottleneck or corridor with periodic boundaries. In the counter-flow scenario, before the 408	

formation of the layer, the potential conflict for pedestrians is greater than that in the other 409	

two scenarios. In this case, pedestrians are more inclined to avoid people further but 410	

moving in the opposite direction to avoid conflict, rather than overtaking the neighbor near 411	
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but in the same direction ahead. That is, even if the distance factor is not taken into account, 412	

pedestrians do not treat their neighbors equally. However, to simply the model, neighbors 413	

are treated equally by the pedestrian except for the distance factor. To improve the 414	

calculation efficiency, only the nearest neighbor is considered to determine the walking 415	

direction of pedestrian, no matter what the moving direction of neighbor is, which causes 416	

the congestion in counter-flow scenario. It’s the limitation of this model which needs to be 417	

improved in the future. Validation of the model is geometry dependent. This is a clear 418	

limitation of the model’s application and usability in complex evacuation scenarios. 419	

However, for understanding of phenomena emerging from pedestrian’s movement in 420	

simple geometries, for example, the bottlenecks, our developed model is able to offer new 421	

insights and can be used as a valuable tool. 422	

5. Conclusion 423	

In this paper, we propose a microscopic pedestrian model by combining the 424	

pedestrian’s walking preferences and collision-free speed model. We define the direction 425	

submodel by considering subjective factors of crowd, like perception of comfort and 426	

preference for walking straight to destination. The effect of walls is introduced in collision-427	

free speed model to calculate the speed of pedestrians in normal motion. Finally, we 428	

conduct several simulations in corridor and bottleneck to verify and validate the model. 429	

The results show that the proposed model can effectively eliminate the oscillating 430	

phenomenon in the narrow corridor persisting in the collision-free speed model. Moreover, 431	

it fits well with the experimental results in simulating the relationship between the density 432	

and speed of pedestrians in the corridor with periodic boundaries. It also performs well in 433	

the bottleneck scenario. On the one hand, it shows a visible enhancement in predicting the 434	

trajectories and velocities of the crowd and mitigates the backward movement of pedestrian 435	

effectively when compared with collision-free speed model. On the other hand, the model 436	

predicts the pedestrian flow with different bottleneck widths more accurately. In the future, 437	

further mechanisms of pedestrian’s behavior, like the tendency to follow others and the 438	

polite behavior (e.g. way giving), can be introduced to the model. 439	

 440	
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