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Background COVID-19
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Literature Review Problems and Objectives
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Literature Review Related Works

« According to the multidisciplinary features, existing works can be categorized into
two main aspects, epidemiology and pedestrian dynamics.

Literature Review

SIR « Carli R et al. combined nonlinear model predictive control and improved SIR Model to support the
government to determine the most effective strategy in the multiregional mitigation.

Problems SEIRS « Based on SEIRS model, Huang et al simulated the epidemic situation of 4 countries and found that 50%
isolation in long-term social distancing is the turning point to control the transmission of the epidemic.
Related Works + Yu et al. Based on the computational fluid particle dynamics model simulation, confirmed the validity of
CFRD
wearing masks in public places;
Weak  Population remains constant, but the volume of pedestrians in real is variable
eakness « Fails to observe actual infections because not considered human interactions in crowds
Agent » Zhao et al. analyzed the agent simulation data through spatial clustering algorithm, which helps to reveal the
Based spread of the epidemic situation and plays a positive role in the monitoring and prevention of epidemics.

Al « Based on reinforcement learning, Fang et al. established the interaction model between individual and
environment to simulate the development process of covid-19 epidemic without intervention and with
intervention respectively

Force + Namilae et al. have formulated a SFM based multiscale model to study the Ebola transmission within airplanes,
the results of which guide boarding and deplaning policies on the geospatial spread of infectious diseases.
Weak « Few attentions have been paid to the social distancing dynamics.
eakness « Self-organization phenomena were not mainly considered in pedestrian dynamics
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Modeling

Social Force Model

Social distance Model

Infection Assessment

Modeling Methodology The Social Force Model

B Advantages
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effects

qualitatively describe
the phenomenon of
crowd dynamics

move continuously by considering physical and
defining some forces motivational forces

this study chooses the social force model as the basic

to study the social distancing dynamic.



Social Force Model Basic Concepts

The conception of “social force” was introduced to keep reasonable distances among
individuals. The social force model is proposed by Helbing and Molnar in 1995, where the
pedestrians were driven by three forces:

desired force fl interaction force between pedestrians fl j « interaction force between
pedestrian and walls fiW
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Modeling

Social Force Model

Social distance Model

Infection Assessment

Social Force Model desired force

Newton's second law: F = ma
Acceleration Formula: a

N CHOEHORO)

fi=m;

T

pedestrians i of mass m; likes to move with a certain desired speed v! in a certain

direction e , and therefore tends to correspondingly adapt the actual velocity v; with a
relax time t;



Modeling

Social Force Model

Social distance Model

Infection Assessment

Social Force Model interaction between pedestrians

= . - —>b -
fi}' —fj "‘fij +f;;

= f3 < (f3 = Avexp|(ry — dyy) /Bi] iy
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Pedestiran |

A

fi? — kg(rij — dij)ﬁij
\ f.r,}f = kg (r;j — d;;)A v}i 11-;

Including repulsive interaction force (7;?]-), body force (fﬁ’j), sliding friction force
(f{j). A; interaction strength, B; interaction range. d;; = ||7'; — 7;||is the normalized vector
pointing from pedestrian jtoi. r;; = (ri + r]-) the sum pedestrian radii.



Social Force Model interaction between pedestrian and walls

Modeling Wall w1 ]E,,)'W = fzﬁv + ]?13, — f_;]:,
Social Force Model
Social distance Model 2 (ﬁﬁ, = A; exP[(Tij — diW)/Bi]ﬁiW
Infection Assessment < A fiw SR f,:,?u =kg(r; — diw)ﬁ)iw
A P, \ﬁ,{, = kg(r; — du) @ * L) Ciw
90 ={3 X2 0

Similar to the interaction between pedestrians




Social Force Model The Simulation Outcome

Helbing, D., I. Farkas, T. Vicsek. Simulation Dynamical Features of Escape Panic[J]. Nature, 2000(407): 487-490.

picture source:
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Social Force Model

Social distance Model

Infection Assessment

Velocity
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Social Distance Model desired force

B Increasing distance dependence:

Modeling

- 2 2 2N . ] - _—>i
f.() fi(vy, T, 1) _Vrl.V](”ri I D
Social Force Model
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Social Force Model interaction between pedestrians

B Increase social distance repulsion:

Modeling

7ij(t), = Z 7ij(t) + 75-(15) 7ij(t)’ = z 7ij(t)
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Repulsive force from pedestrian j to i No repulsive force

Social Force Model

Social distance Model

Infection Assessment

Pedestiran j Pedestiran j

Pedestiran i Pedestiran i

.i“b

—
—

Destination




Social Force Model Infection Assessment

« denote by C,, the quanta of contaminants of aerosols that a
pedestrian contact in a breathing cycle with adjustment coefficient

y. Then the probability for infection p is given by a Poisson
distribution:
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Social Force Model

Social distance Model

Infection Assessment

Social Force Model Pattern diagram
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Computer Simulation environment

B Simulation environment

To verify the utility of the social distance model under the epidemic situation, we

designed three pedestrian activity scenarios as follows

7.5
15.0

—
4(

— ;r
3.0
¢ 30 ¢ === —T
. 6.75 v
Comparative 1 [ A N
[ T O I
i - [ T A
Dynamic iy " - o 5 5 NN
— O T R T I (R
| [ | | | |"° LEGEND
e I I I | I I Waiting Buffer
Ga I 1| I | — — Rope Separators
L ' L ' : VI % Two-way Traffic
—% T __J(1.5J/ ) » Entrance
Closed Room Corridor Winding Queue
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Conclusions

Conclusions

Hypothetical scenario analyses indicated that proper plan layout plays a vital role
in the spread of COVID-19 during social distancing.

Closed Room: Both strategies of increasing the numbers and width of the
entries are effective in infection propagation in a crowd and closed room.

Corridor: the study found that social distancing in a linear corridor used by
oppositely moving pedestrians may cause deadlocks and block the area, leading
to large-scale infection transmission. Arranging railings in the middle of the
corridor can avoid potential irregular motion, which effectively reduces contact
number and suppressing the disease spread.

Winding queue: the simulation shows that a winding queue with fewer corners
reduces the contact frequency of pedestrians and thus lowers the infection
spread. Setting sideward separations between adjacent aisles is another
effective configuration, leading to lower infective exposure.
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