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A Model of Chasing Behavior for Two Virtual Humans

Yu-long Bian and Zhen Liu
Faculty of Information Science and Technology, Ningbo University, Ningbo 315211, China

Abstract: Emotion 1s an important parameter of chasing between two virtual humans; a computational emotion
model is an interesting topic. A mathematical model of virtual human’s chasing behaviow is set up, the model
integrate physiological variables and emotion parameters, emotion synthesis is based on Ekman’s basic
emotion, some formulas of emotion are constructed, a numerical simulation 1s realized on PC and the trend of
speed, physical strength and emotion are illustrated in some figures.
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INTRODUCTION

The impact of humans’ emotion on their behavior has
been a concerned subject for a long time and achieved
some outstanding result. For example, Loomes and
Sugden (1982) and Bell (1982) proposed 1 egret theory.
Mellers et al. (1997) presented subjective expected happy
theory. Loewenstein et al (2001) introdeced risk
immediate emotion model and this model is accepted by
most people now. The simulation of mankind mtelligent
behavior is also an important 1ssue too and large numbers
of outstanding achievements have bheen registered
(Tu and Terzopoulos, 1994, Funge et al, 1999,
Blumberg et af., 2002; Liu and Pan, 2005).

We try to set up a new method that describes the
chasing behavior, the model integrate physical strength,
weight and the impact of emotion together. The sinulation
test shows that our method can well describe chasing
behavior of two virtual human.

THE COGNITIVE STRUCTURE OF VIRTUAL HUMAN

The cogmtive structure of virtual human is shown in
Fig. 1.

First, virtual human receives mformation via varieties
of semsory organs. Second, the nervous system
transports the information to the brain. Then the
mnformation 1s processed and the emotion changes. And
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Fig. 1: The cognitive structure on virtual human

then the change of emotion impacts the decision-making.
The emotion can also impact humans’ behavior directly.
Finely the result of human’s behavior is received by
sensory organs and repeat this process.

Based on Darwin’s theory of evolution, Ekman
proposes that there are six base emotions, they are happy,
angry, sad, disgust, swprise and fear. Other emotions are
synthesized by these six base emotions. So we use a
six-dimensional vector to express the synthesized
emotion. That is em = (em,, em,, em,, em,, em., em,), em,,
em,, em,, em,, em., em, express the strength of happy,
angry, sad, disgust, surprise and fear. Let ev, = (£(1), £(1),
£,(1), £, £,(1), £,(1)), it represents the impact of the event 1
on the emotion em. f,(i) is the strength of em, after the
impact of event i. Different emotion has different stimulus
intensity to the same event. So some weight must be set.
Assume that the weight of the stimulus intensity em, of to
the event x is a, so the stimulus intensity of emotion em
to the event x 1s:

5
E a; - e,
=1

THE MATHEMATICAL MODEL DURING THE
CHASING BEHAVIOR

The assumptions of chasing behavior: There are two
people playing a chasing game in a yard, we name them
Chaser and Escaper. Chaser pursues Escaper. There 1s a
cylindrical object in the center of the yard. The radius of
the cylindrical object is R. The rule of the game is that
they run around the cylindrical object, they can’t climb
the cylindrical object. If Chaser catches Escaper in the
limited time, Chaser win, or Escaper win.

The factors that can impact the emotion should be
taken in to consideration, such as physical strength,
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opponent

Fig. 2: The relationship among related factors during the
chasing game

weight, speed etc. And the relationship among these
factors 1s shown m the Fig. 2.

The emotion model of virtual human: First some
stimulating events of them should be defined.

The stimulating events to Chaser: (1)the event that make
Chaser happy: The distance between them 1s very small
and he is likely to win; (2) the event that make Chaser fear:
Time 1s runmung out, he 1s likely to lose the game; (3) the
event that make Chaser surprise: The speed of Escaper is
so fast; (4) the event that make Chaser angry: A long time
has passed but he still cannot catch up with Escaper; (5)
the event that make Chaser sad: His physical strength is
runming out, he want to be faster but failed, (6) the event
that make Chaser disgust: he is very tired and don’t want
to play the game anymore.

The stimulating events to Escaper: (1) the event that
make Escaper happy: Time 1s running out and he 1s likely
to win the game; (2) the event that malce Escaper fear: The
distance between them is very small, he is likely to lose
the game; (3) the event that make Escaper surprise: The
speed of Chaser 1s so fast; (4) the event that make Escaper
angry: A long time has passed but Chaser still cannot
give up; (5) the event that make Escaper sad: His physical
strength 1s running out, he want to be faster but failed; (6)
the event that make Fscaper disgust: He is very tired and
don’t want to play the game anymore.

Because the emotion of human is cyclical, so we use
trigonometric function to describe the emotion of virtual
human.

The emotion model of Chaser:

¢ The strength of happy:

CiHap:cosk‘[ _dls -EJ (1)
dis,,, 2

¢ The strength of fear:

CiFe=sink’[ .dis LEJ (2)
]

»  The strength of surprise:

C_Sur:sink{ *. E} (3)
e_sp... 2
s The strength of angry:
C_An:sink‘{ .dis LEJ 4
8 e 2

Cisad=cosk{ e, g} (3

s The strength of disgust:

C_Hat:cosk{ en, g} (6)

c_en

— N max

C Hap, C Fe, C Sur, C An, C Sad, C Hat are
strength of happy, fear, surprise, angry, sad and disgust
of Chaser. dis is the distance between them, Dis,, is the
max distance between them. sp, Speis the speed of
Escaper, e sp,.. 1% the max speed of Escaper. t,,, is the
deadline time, t 1s the current time. en, is the current
physical strength of Chaser, ¢_en,,, 1s the max physical
strength of Chaser. K|, k,, ks, k., ks, k;, are control factors.
Assume that the weight of Chaser’s emotions to the event
of chasing are: 1, 1,, 1, 1, 1., 1, and 1,+1,+1,+1, 4141, So the
stimulus mtensity of a chaser's emotion to the event of
chasing is:

C em =1,. E Haptl, E Fetl, E Surtl,. E An+l..
E Sadtl,. E Hat (7

The emotion model of Escaper:

¢ The strength of happy:

E_Hap-sin®| 35 . L % (8)
dis | A—

max

¢ The strength of fear:
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E Fe:coshn[ _dis LE] (9)
dis,,, e 2
*  The strength of surprise:
Eisur:sinhf[ P -EJ (10)
C_SPuuy 2
*  The strength of angry:
Eian:cosh“[ e, EJ (11)
e_en,, 2
*  The strength of sad:
Eisad=coshf[ e, -EJ (12)
e_en,, 2
*  The strength of disgust:
Eisad=coshﬂ[ o, E] (13)
e_en,, 2
E Hap, E Fe, E Sur, E An, E Sad, E Hat

are strength of happy, fear, surprise, angry, sad and
disgust of Escaper. sp, is the curent speed of Chaser,
C 8P, 18 the max speed of Chaser. en, is the current

physical strength of Escaper, e en,, 15 the max
strength of Escaper. h;, h; h; h, h.h ,are control
factors. Assume that the weight of Escaper’s
emotions to the event of escaping are: n,, n, n, n,
n,, 1n, and nFmntnAndndn, So the stumulus
intensity of a escaper’s emotion to the event of
escaping 1s:

E em =n,. E Haptn, E Fetn, E Surtlnd. E An+n..
E Sad+n, E Hat (14)

The speed model of virtual human: We compare the
virtual human as a vehicle for simplicity. People have to
overcome resistance when he 1s running, such as friction
and gravity. The speed model is:

spzf%t (15)
" m

F 1s the tractive force of virtual human f is the
resistance he have to overcome, m 1s the weight of the
virtual human. So the acceleration of the human is:

F-f
m
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According to the theory of human biology, human
will be tachypnea after running some distance. But he can
get more oxygen and then some of lis physical
strength will be recovered. The model
force is:

of tractive

en
o8 (———

max

F=F (16)

max

-E)-COSS‘ em-Z | dir- run
2 2

F.... 18 the max tractive force of virtual human, en is
the cwrrent physical strength of virtual human, en,,,, is the
max physical strength of virtual human, dir is the direction
of virtual human’s movement. There are two directions:
clockwise and counterclockwise. If dir = 1, the virtual
human run along the clockwise direction; if dir= 0, the
virtual humen run along the counterclockwise direction.
Run 1s the decision of whether to run or not. If rum =1,
the virtual human decide to run; if run = 0, the virtual
human decide to stop; if o<tun<l, the virtual human is
hesitate. s,,s, are control parameters. The resistance that
the virtual human have to overcome is described by
formula (17):
a7

f=s,;m*sp”
where, s,, 8,, 8, are control factors.

The physical strength of virtual human: The physical
strength of virtual human is impacted by the speed,
acceleration and weight. The physical strength model is
described by formula (18) follows:

(18)

en=en 7J.;(F-sp ~P)-dt

where, en, ., 15 the max physical strength of virtual human,
sp 1s the current speed of virtual human, P 1s the rate of
physical strength recovery and it is impacted by his
current physical strength and lung capacity. The model of
physical strength recovery rate i1s described by formula

(19):

en, ..

(19)

P:k-lc-cos“{

where, lc 1s the lung capacity of virtual human, k and q are
control factors.

Experiment: The values of the parameters m the model
are show in Table 1.

The weight of Chaser is 70, the weight of Escaper is
75, the max physical strength of Chaser is 10000 and the
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Table 1: The values of parameters
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k k; k: ky k kg I L L 1y 1 L hy hy h hy h hg
Chaser 1 1 1 1 1 1 1/6 2/6 1/6 1/6 1712 1712 1 1 1 1 1 1
Escaper 1 1 1 1 1/6 2/6 1/6 1/6 1/12 1/12 1 1 1 1 1 1
1y n, I 1y n 14 5 5 3 N 3 S
Chaser 1/6 2/6 1/6 1/6 1412 1412 1 1 0.01 1 2 1
Escaper 1/6 2/6 1/6 1/6 1/12 1/12 1 1 0.01 1 2 1
20+
3 1000
154 g
10+ E
; o 5000+
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Fig. 3: The distance between them Fig. 6: The physical strength of Chaser
0.6+ CONCLUSION
E A mathematical model of virtual human’s chasing
5"5) 0.4 behaviour is built in this paper, in which the change of
£ physiological and psychological 18 taken into
E 02 consideration. Siumulation 18 made on the computer and
& ) the result shows that our method can well describe the
emotional game during the chasing behaviour.
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