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Dense Crowd Simulation Based on Continuum Model and
Aggregate Dynamics Model

SUN Li-Bo SUN Xiao-Feng QIN Wen-Hu

(School of Instrument Science and Engineering » Southeast University s Nanjing 210096)

Abstract We present a novel approach for simulating crowd motions in high density realistically
based on continuum model as well as aggregate dynamics model. In our approach, we firstly consider
the crowd as continuum flow and splat the crowd onto a density grid with density conversion
function. In a second stage, the speed field and unit cost field are computed to construct the
dynamic potential filed so that we can compute the velocity field according to the gradient of the
potential field. Next, unilateral incompressibility constraint is integrated to constrain crowd density
and the velocity field is corrected through the nonnegative pressure imposed by dense crowd. We
update each person’s position by interpolating the velocity field and enforce a pair-wise minimum
distance between the people to ensure no two people intersect in the same grid cell. Finally, GPU
accelerating algorithm is applied to simulate dense crowd at interactive rates. Experimental
results show that our approach can well simulate the crowd motions in various scenarios such as
moving towards the same or assigned target, avoiding the collisions with dynamic or static obstacles,
intersecting with each other, which has certain guiding significance for formulating traffic evacuation

plans in real life.

Keywords crowd simulation; continuum model; unilateral incompressibility constraint; GPU

acceleration
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PR AT AR Z T RIS & I AL B Xk
SR S I AT RO AR R T e AT B
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REHE— B R A 45 7, 3+ CUDA 1
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SM. 4> SMHf X455 8 AN Ak B4R (SP) L &> SP
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@ NVIDIA Corporation. NVIDIA CUDA Compute Unified
Device Architecture Programming Guide, http://www. cs.
ucla. edu/~ palsberg/course/cs239/papers/CudaReference-
Manual_2. 0. pdf, 2008
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Thread (0, 0) Thread (1, 0) Thread (0,0) Thread (1, 0)
A A A A A A
Jey Jr B JRi ey
e 1k 1E0ik peaid
5 7 a s
A A A A
/4 A RS
Y
Bl ,4\——» R
o
51N A7 A

Bl 7 CUDA Bk 3 A Ji 21 5]

2 (EMMD #4743 B 1 F & oK 15K 1% eikonal J7 72
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e AT R R R P 2 4R 1k (Fast Tterative
Method) AN B 57 — A~ 52 2% 19 B4 25 4 o LR A7 BT
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P L IF 1) Bk B35 BT A 52 5 ) (%) A% . AR SO Bk
[11) 22 43 T3 SR Al >4 i I A% A BB 114 Jm 3 3 BLAEL, > #4
AE AT SIS 590 32 T A i A TBCTE 971 6 TR BB B B i
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R 2, A 7 L2 5 7 [ 09 BRI e PN 5 PR AT gk ik
L,k ] Godunov 3 [n] 22 43 J5 i » i 4 2 (16) R
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T R L
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(16)
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(D W6 Ak, B PR Y 301 5 55 4 Fw) Ba 18 H
FI AR 190 6 114 55— AH 408 00 A% i A 0TG 810 28 L T
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(2) BB MEIE SR L P A Mg ce L,
MR C16) THR A RE(E U, . I 5 WOk i (2517
Pl LA T L2 75 S8 o WA 8, DU 32 RO At T A A
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Bk 2. HHRE Update(X).

B MRS X IEsIR L

Bt - 2% AR i SR Y HA RE

1. Initialization (X: grid points, L: active list) :

2. for each x in X do
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3 if x is source 25. end
4 U,=0 26. end
5 else U, =0 27. end
6. end 28. remove x from L
7 for each = in X do 29. end
8 if any neighbor of x is source 30. end
9. add z to L; 3l. end
10.  end K8 R TR kAR f) 4R R 2T
11. Update grid points in L; A A S AR A A R R A s B E RS HRE
12. while L is not empty A% K {8 ) A% 32 7 b T 38536 31 25 v G A L B
13. for each & in L do kR A A HEE TS 18], (K] 8 Ca) R WIAR AR S 8T 8
14. p=U, (b)J& 55 1 RH B 5 BR8] 8 (o) J& 46 2 W
1o a=new U T TR ARAS . R 2 s 1 94l £ 1 i e 40810 6
S D TR T 9 o A7 0 0 €6 A )
18: for each neighbor 2, of z do HEAT HBEAE 1 SE BT DR ik AR R O AU L
o P e LR 512 R LB I ()
" U, FER A IL T TS 575 B2 35 16— U it 418 1
21. g=new U, SR FREAH. Sy 1 I O L W A AR S AT
22. it (p=>q) T B E SCRRE B8 AR D M — A% 3 5 — XY
23, U., =q & B B DU B 5 98 I AR 90 R AIE A 5 7 A 4 J0E 1)
24. add z, to L; ] & A1 5 N 7 TR AT 1

8

(1) SRR 3% A2 19 07 1] 45 7% 5 4 1B A9 5 18] 22 1]
(9 A1 /N T ASTI L 5 PR Rl A i R PR
PEAT — YR T 510 3 I A% 1) 3 B R A A 14
AR LR TR — UK B0 B 3 R R 1 3 RE
(B WA BIC 715 T i — [ 408 e 10 A% A 3

(2) AL B AR 19 J7 1) 5 7 5 3 2k 149 7 1) 22 (8]
(9 A1 KT 457 I s X T HF AR B AR B T 1) K A A
(19 A% LB RE AR 0 2 o T o P A 2 A XA 408
WA T3 T B0 A S 2 1 2k AR R X AT
TE S PR 32 WA A 2 A3 81 2 v A Bk ) L BT
ZIEAH RS RE(E. il UL - BV R AL B A A4 7 1] B
AR (AR 2 S R 0 K AT R K SRR A Bl

PR AR T

B I s 77 RO 9 3 o L 2 o 6 £ 0 4
JEE T 45 e 324 190 00 0 90 RE . D D (8 7 B
YR IA B8R e 2% 1R 7% 010 1l 2 R 19 Jeong
52 7 )« e i 5 003 A I 1] — e e
AT B — k.

4 MEZR

ASCHRE SRR & o — /B PC Ui, CPU 2
Core % E8400, 45 Ky 3. 0GHz, NfE K 4GB, &
+ 4 NVIDIA Geforce 9800GT. 2% 3¢ 1114 4 3 52
W5 EER T Unity3D 5| 854 Bk C£ 1k
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Background
This article focuses on high density crowd simulation. planning. Therefore, we present a novel approach for

To produce behaviorally interesting agents, crowd simulation
takes one of two approaches: microscopic approach or macro-
scopic approach. Microscopic approaches focus on the realism
of individual behavior by simulating the perception, memory,
planning and emotion of every agent. As a result, the
computational cost increases rapidly due to the complexity of
behaviors and variety of agents composing the crowd. Macro-
scopic approach aims at achieving real-time simulation for
very large crowds, thus the behavior of each individual is not
as important as long as the overall crowd movement produces
realistic emergent behavior. The focus is on locomotion and
collision avoidance while maintaining appropriate velocities,
motions and directions. Classically this was done with
continuum crowds based on dynamic potential field integra-
ting global navigation with moving obstacles and a real-time
and hybrid approach with a dual representation for simulating
agents as both a discrete and single continuous system. The
former method is more concerned with global planning while
the latter method is more concerned with local collision
avoidance. However, local collision avoidance alone cannot
properly model real crowds with specific goal due to the
possibility of getting stuck while it is time consuming to

consider all static and dynamic obstacles/agents for global

simulating crowd motions in high density realistically based
on continuum model as well as aggregate dynamics model.
We firstly consider the crowd as continuum flow and
construct the dynamic potential filed to compute the velocity

field. Then

constraint to constrain crowd density and correct the velocity

we integrate unilateral incompressibility
field through the nonnegative pressure imposed by dense
crowd. Finally, we adopt GPU accelerating algorithm to
simulate dense crowd at interactive rates. Experimental
results show that our approach can well simulate the crowd
motions in various scenarios such as moving towards the
same or assigned target, avoiding the collisions with dynamic
or static obstacles and intersecting with each other.
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