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3D Affordance Field based Crowd Agent Behavior Simulation

Sooyol Ok*, MyungWoo Han“,

ABSTRACT

Suk-Hwan Lee'™"

Crowd behavior simulations have been studied to further accelerated and refined by parallelism by
inducing agent-interacting forces into the image field representing the forces of attraction and repulsion.

However, it was difficult to consider rapidly changing environments such as fire situations in buildings

because texture images must be generated in advance simulation starts and simulations can only be

performed in 2D spaces. In this paper, we propose a crowd agent behavior simulation method based on
agent’s 3D affordance field for flexible agent behavior in variable geomorphological environments in 3D
space. The proposed method generates 3D affordance field related to agents and sensors in 3D space
and defines the agent behavior in 3D space for the crowd behavior simulation based on an image-inducing
field to a 3D space. Experimental results verified that our method enables the development of large—scale
crowd behavior simulations that are flexible to various fire evacuation situations in 3D virtual spaces.

Key words: 3D Affordance Field, Agent Behavior Simulation, Crowd Behavior Simulation
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Fig. 1. Proposed 3D affordance field simulation process with heat source,
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Fig. 2. Generated destination induction field and its
gradient,
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Fig. 6. (a) the problems of navigational fields hierarchically classified in 3D space and (b) the adjustment of the virtual

camera for a collision navigation field,

)

331 H4A FEAA 2A 2 A=9Z A

547 R 22w ge 33 Ao Ed
o Arith HEFS Foj ] Wl ool HE

o] 91A7F Qlele] 3k 7ol e w, e
AH AR e VYL A5 AevE ] Frol
whe} gkel Fpolzk U A, gl Aol7} gl &

917] wEel FeA BAA o)F YL FE] ol
o =S 2AA GRS Ao Bds fE
Aol MAE HRAZZ A TokE & A 9olE
NN FAT BAH BAY & Ak wA, of
JHEE Zel 9lo] AW FHE N3] et
ool el YA Qe 22 e ook B

o] 93l FAF4 #HEA (barycentric coordinates)
= Ez‘;ﬁ 24:@-8]— %}1\-_0‘ y_ﬂ.g]_ci 3}_0:)]:} =] _?‘19] Xﬂ
A vl 02, 138 71E0Z A pol Uig A4 y R
4 D BES 93 FAFA HEAS F L3 2
o533 2o

('UZy - zr3y)(p( —v3, )+ (DSI —v2, )(py — v3y)

o
=

,M’U = - r — 2 — 9
(2, — w3l — 3, ) + (u3, —v2,)(vl, — v3)
(2)
(3, =l )p, —3,)+(vl, —v3,)(p, — v3,)
Wor = (v?y — USU)(UII —3,) + (v3, — ”21)(”1;/ — LSL/)
(3)
W,y = 1 =W, —w, (4)

W,1Cyy F WyyChp W36,
%= +uw, +tw ®)
Wy T Wyy T Wy

ol Al ¢l 2Ze}t #hel Aol AlA
FEY Fo g FoygHn A¥AE Tl 2T 7
E3te A2 ged 29
= & PP
f.= =" (¢, —¢,;) (6)
i=1lp,; — p,ll

A7 9 o= AQE S T WA A
4 AnE olgs dolu ned A%P @o= oA
E9} 7 WA} Yol 2ze} e ojn

P 7 AAe A E UrEhH

ZZWEE A

=
o
rr
B d
=Sl
g fo :
2
-z
ﬁ rlr
2l
w5
2

>~
>
o
fo
rE
2
M = do



[kl
=

bt

i o
o

Mo — 2

2 g
o)

2 & W oo

HH S w37 9ste] vk o ® A gAT)

4G9S B 2FYL FEohe

It
=
el
Iz

ANA i, iy, FE
°ﬂ zj:sm 9% 2le) 2o}, o]
E

[
&
[
i
K
o

B no
2 o
of
ol
N o T )

o

o~
B
2
%

fliz,iy) ©] 3
ol 2ze} gte] Aol st

g5 Foz HuYe

H” J

i)

=

T 4

o o

= oo [y =

i)

Ir rlo

Moo

2 ox
o> do

WA, AgE =3 FEES
ﬂvﬂﬂH =z wHo] HI 5 3l
g9 "2 Wt} 2ea o] o
Tzl A" Aol tst] =39E
o] HA= Hdl, HA S=9 A oA 9
o2 AAH I, FA Lol wheh AF 2
A A A 7Hed g ago] doiXl

A

i
s

l> bt
u

Ut o T
o

—H
door2 oy

o

=

of
of
S5

!> 2 2 o g

RN
s mlmr

N

Sy}

333 =T &4t

ool EE ThFs AEHOIM B 48T
=S Aol MM AN, Ad) ¥ AAEE
o A 5 2l oF SAL RalE + Tk 2F
Fe Adete BRAA 2 Wl 278 24T 4
UES FA7 FEYH FEAN FEYN 715
g gelol A% G Pk

fo=wf, v wf, ®)

3D

o

S REE DB 172 HO0IME &S A=l 635

3.4 Of0|™ME 0]

2
o
)
{rmt
Lo
o

°
o
>

o
-

B
o
k)

0,
o

oo o Of
o
=

N

of\

of

"1
N o
o2y X g

O
-
2

e

<

o 4 &

oo ol PN
Ok =

1ot =
fr oz
ol
R
L
>
o
m oo ro
£z
N
o

i
-
9
o
Y
[
o
H i)
f o
L/
i

2 L
>
>

M ox

2 2
=
ol
)
o
o
i,
&r
L

2
Lo
8}
v
ok
N
=
i
21
2
o
)
m
fr
o

2 o N 2 L o

w
)
RS
N
N
o
of
Y
2
>
B
e 2
N
o
t
)
=
o
o

o
)
re
i)

[

w
w
2L
2
R
e
ELJ
ol
o
o
2

k
o
Lo

Ze}t s ¢7] flste] o
Ae Y& UﬂH«] ® #ll E%Lg]o{o]: g
ot. Roman 51812 FATA A 54
edge Tx°| #A ]e A &5t 37<]'°J F3te
AEZF WL o]Fst7] #13 # A

AOAEE AZ ThE HAH
AW ED S A oA o] Fst7]
7V @A AAAE HolA & |
B o] o]Folxof gt} 7|4 =H HE
8 o] &stAY OIEQ AR oA o] &3 =2
<= 7] fsliMe HE3ZE HellA ol E’t HEZ e

oo x> = f B o 2
© o

I‘l

1

o &

|

Bloju=X ol tigk BEo] o] FojH} W] 9 Roj
9)& 72 half- edgee B3l o Wel HRE
dojA WEE Hol| £l Mo Yol 3

5 A% 9% A4 S

2
o
2
[
o
o
)
o
X
fo

2o AN o

ot

2
o0
v

Ul o ox

RS

e

3
LT
v e

2o g ot
x,

o
]
rlo
9
o
™
(mt
o
‘g
)
il
i

B

oly

&[r

N

ol
(o S

iy
)
R
i
N
AN

LA
i
&
i)



636 HEIOICIOES ==X M24A X55(2021. 5)

(a)

(b)

Fig. 7. (a) Test 3D library building model used in the experiment and (b) simulated geospatial model.

(a)

Fig. 8. Simulated maps with similar destination paths of (a) Goal A and (b) Goal B,
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Table 1, Same properties of agents with different forces of #, and Fj. F, and F}, is the attraction force and the

repulsive force,

Condtions Group P F, Minimum speed Maximum speed
Type 1. Same properties GroupA, GroupB 55 1.0 4.0
Type 2. Stronger attraction GroupA, GroupB 6:4 1.0 4.0
force than repulsive force. GroupA, GroupB 7:3 1.0 4.0
Type 3. Stronger repulsive GroupA, GroupB 4:6 1.0 4.0
force than attraction force. GroupA, GroupB 37 1.0 4.0
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(a) (b)

(c) (d)

Fig. 9. Experimental results of agents with same properties from (a) to (d).
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Fig. 10. (a) Dense problem in F, : F,=6:4 and (b) no avoid collision in F, : F,=7:3,

(b)
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Fig. 11. Delay of agent movement in F, <Fp,
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Table 2. Agent properties with different ratios of #, and F},.
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Conditions Group FoF, Minimum speed Maximum speed
Group A 37 1.0 4.0
Type 1
Group B 4:6 1.0 4.0
Group A 4:6 1.0 4.0
Type 2
Group B 37 1.0 4.0
Table 3. Experimental results based on different ratios of forces.
A-B F i F, 4:6-4:6 3:7-4:6 4:6-3:7
A arrival time 71.0 84.0 76.0
B arrival time 87.0 92.0 105.0
Average arrival time 79.0 83.0 90.5
difference of arrival times 16.0 8.0 29.0
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(a) (b)

Fig. 12. Agent movement when force ratios are different; (a) F, <Fj, of group A and (b) F, <Fj, of group B,
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Table 4, Experimental results on different agent properties,
Experiment Group FoF, Minimum speed Maximum speed Arrival time
. Group A 3:7 1.0 4.0 67
Experiment 1
Group B 4:6 2.0 6.0 61
. Group A 37 2.0 6.0 61
Experiment 2
Group B 4:6 1.0 4.0 89
. Group A 4:6 1.0 4.0 70
Experiment 3
Group B 37 2.0 6.0 74
. Group A 4:6 2.0 6.0 55
Experiment 4
Group B 37 1.0 4.0 102




640 HEIOICIOES ==X M24A X55(2021. 5)

ol WS AtstA T Aeke FHE 3D FESI
9 FEAY HHA FEAY AL P, deig
oolHE L AlAMe TAE FY, 2T 7%, ¥
oo]HEQ] o]F WAlES Aot} 3D F3A| f
AL =2 Agld BE dAEFS 3D ALvEL
o] AH AR Rogto gy HAAT BH2] 5
AS 23 93 e e ED A A AR
oF A &2 dREF Hbol ofste] Tt
th. 3D FEIY 4L doHdE 91X HF
o] Bl~x Ao ot AHHET FE FLLS
7} ool A E 9] 7} FhvlEl e FE W Wl 3l
= $EIY =244 FAu FYsta AgFozH
AP HE3L dojAE Hyte vE /M It
Wzhe] Zgd W ol HIZee ddxet =y
Aol @31 2~z e S8 Aoz

3D ooJHE &Ao Ug P55 AP ZRE o
=3 22 475 gl Anh AR, TLT o)A
E EA AYo) Ag" 3D F2E EA = 23
Ao we} 3D FEE ol Felgt ol HE EAS
AA dobd 5= AU A, oo E EAL thoF
A WASHEA AA 3 v AlEE ool
7VEstanh AR, st A3l sk A4d Ads
#A=gozn g FEd doldE EXE G &
AR At HHLE o] HE FEI|F o] Fo] &
TEE 457t BAE olv|A] Foz FHFoR
A B AN 2TES 2Y F I, TS AF
F7Ael FaAstEA, tfE F3F dolHE A&
Ao HEgE Felstgt

REFERENCE

[1] C.W. Reynolds, “Flocks, Herds and Schools:
A Distributed Behavioral Model,” SIGGRAPH
Computer Graphics, Vol. 21, No. 4, pp. 25-34,
1987.

[2] L.F. Henderson, “On the Fluid Mechanics of
Human Crowd Motion,” Transportation Re-
search, vol. 8, issue 6, pp. 509-515, 1974.

[31 D. Helbing, “A Fluid-dynamic Model for the
Movement of Pedestrians,” Complex Systems,
Vol. 6, pp. 391-415, 1992.

[4] D. Helbing, “Traffic and Related Self-driven
Many Particle Systems,” FReviews of Modern

Physics, Vol. 73, issue 4, pp. 1067-1141, 2001.

[5] D. Helbing, I. Farkas, and T. Viscek, “Sim-
ulating Dynamical Features of Escape Panic,”
Nature, Vol. 407, pp. 487-490, 2000.

[6] S.R. Musse and D. Thalmann, “A Model of
Human Crowd Behavior: Group Inter-Rela-
tionship and Collision Detection Analysis,”
Workshop of Computer Animation and Sim-
ulation of Eurographics, pp. 39-51, 1997.

[7] S. Kim, S.J. Guy, D. Manocha, and M.C. Lin.
“Interactive Simulation of Dynamic Crowd
Behaviors using General Adaptation Syn-—
drome Theory,” ACM SIGGRAPH Sympo-
sium on Interactive 3D Graphics and Games,
I3D 12, pp. 55-62, 2012.

[8] M. Sung, M. Gleicher, and S. Chenney,
“Scalable Behaviors for Crowd Simulation,”
Computer Graphics Forum, Vol. 23, Issue 3,
pp. 519-528, 2004.

[9] R. Narain, A. Golas, S. Curtis, and Mi.C. Lin.
“Aggregate Dynamics for Dense Crowd Sim-
ulation,” ACM Transactions on Graphics, Vol.
28, No. 5, pp. 122:1-122:8, 2009.

[10] S. Paris, J. Pettre, and S. Donikian, “Pedestrian
Reactive Navigation for Crowd Simulation: a
Predictive Approach,” Computer Graphics
Forum, Eurographics '07, Vol. 26, No. 3, pp.
665-674, 2007.

[11] I. Karamouzas, P. Heil, P. Beek, and M.H.
Overmars, “A Predictive Collision Avoidance
Model for Pedestrian Simulation,” Proceed-
ings of the Znd International Workshop on
Motion in Games, MIG '09, pp. 41-52, 2009.

[12] S. Patil, J. Berg, S. Curtis, M.C. Lin, and D.
Manocha, “Directing Crowd Simulations us-
ing Navigation Fields,” IEEE Transactions on
Visualization and Computer Graphics, Vol.
17, Issue 2, pp. 244-254, 2011.

[13] J. Berg, M.C. Lin, and D. Manocha, “Reciprocal
Velocity Obstacles for Real-time Multi—agent
Navigation,” IEEE International Conference
on Robotics and Automation, ICRA 2008, pp.



1928-1935, 2008.
S.J. Kang and S.K. Kim. “Crowd Control with

Vector Painting,”

[14]
Journal of Research and
Practice in Information Technology, Vol. 46,
No. 2, pp. 119-131, 2017.
S.-Y. Ok. “Large-Scale Realtime Crowd Sim-—
ulation Using Image-Based Affordance and
Navigation Potential Fields,” Journal of Korea
Multimedia Society, Vol. 17, No. 9, pp. 1104-
1114. 2014.
[16] JH. Kim, A Study on Crowd Agent Path
Finding Method based on Heat Equation for

Massive Crowd Simulation, Graduate School

[15]

of Tongmyong University, 2018.
K. Crane, C. Weischedel, and M. Wardetzky,
“Geodesics in Heat: A New Approach to

[17]

Computing Distance based on Heat Flow,”
ACM Transactions on Graphics (TOG), Vol.
32, No. 5, pp. 1-11, 2013.

R. Soukal, M. Malkova, and 1. Kolingerova.
“Walking Algorithms for Point Location in
TIN Models,” Computational Geosciences,
Vol. 16, No. 4, pp. 853-869, 2012.

[18]

o

s RTH Jlgt

72 OIOIME &S A=alolM 641

2 + «

19949 Fojul st bl 33}
AL B (FEAD
zujry et o) 35kl -3}
HAb EY(FEAAD
=) e; 3T

AL EY(FIAD

1998

2001

20019 ~20003'd o4& %— 1Z3SATFAINICT) E7-¢

&4 E 01:. WFX%EL HPC(GPU), AEA 5, JALYEY
s ¥ 2

51”\} =A(F3Ah

20200 FrThsta AFEHTIH A
g A E4(EE
A Ah

202067 @A ()l =8 &
g A

BAEF 1 GPGPU, 9348, AFA %
of 4
19994 A=t dAkg-sh

A EY(FHA)

F 3 2001d AEOgtn AR H
- FE Y A E2AQ(F
S 841
‘ )4 . 20044 AEUEE  AAA) A
FHEe uA EUE
s
20051 ~2020 EH TSt ARHE} Wp
2210~ 94 Follsa AHE A

FA R AIGRRL AT

FEIHIA, Bk-8, TOALEY



