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chain. In recent computer game and movies, simulation of natural phefio has been
increased. Realistic simulation is a key to the simulation ral phepo 71t also comes
in as an important role when simulating predator- -prey ¢l Variou tors must be put

into consideration - such as physical condition, em e preded the environment
edator- ey ghasing. It is not easy to

of the pursuit - when creating a realistic simulation
er assumes that these
independent variables are converted in term ergy,g};%e ursuit. It will simulate the

Abstract y.
For the predator-prey model, most conventional researches have focuzd?" e food

simulate by reflecting all factors independe

situation of a predator chasing a prey s e ener: the pursuit”. To do this, we
proposed the consumed energy by usin foxce@used on Newton's law and the needed
energy based on physics theory for ator a distance as maximum velocity. A
number of experiments were con u in ordék torshow the correctness of the proposed

energies. Through experlmen s, papez i tr tes that the proposed energy models are
well suited for natural pursu
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1 Introduc@
Flocking is colle%%behawor of certain agents that move accordingly to speed
and create a gatherin s that travel together in the sky, herds of animals moving
across the land, fis wim through the ocean are all valid examples of flocking [1-4,
12]. These colle groups are often targeted as a prey of the predator. Generally,
preys form oup”as a mean of avoiding attack of a predator. These groups often show
great bond ct together when confronting a predator This collective behavior has
been us ovies and computer games in order to create a more vivid, lively scene.

@'neous flocking, which is often easily observed in nature, is introduced in

%nd computer games, it will create a far more realistic and rich content. Also,
because many researches require visualization of various scientific data, it can be
applied to these data visualization depending on time. For instance, it can be utilized in
simulating the process of separating impurities from liquid mixtures [6]. It can also be
used in clustering massive amounts of documents, which is a kind of data mining [5, 9,
11].

These collective models are mathematical models according to biological intuition
that simulate the animation of agent groups. In these models each agent determines the
movement based on the environment surrounding it and certain rules of which they
counteract with their neighbors in their group. Agent based models interact with other
agents depending on their location [1, 14, 15]. In this model, generally law of force is
applied; force of attraction (cohesion) and force of repulsion (separation). Cohesion is
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the force that keeps the agents together [7, 8, 10]. When a agent finds itself far away
from other agents, it moves towards the group. Each agent moves towards the others to
form a group. It keeps them from "merging" into one agent. Each agent looks for the
near-by agents. Then it finds the center of the group, that is, the average of the positions.
The agent steers towards the center position. Separation is similar to Unaligned
Collision Avoidance. This behavior keeps the agents a certain distance away from
others [7, 8, 10, 16]. This keeps the agents from colliding and crowding to close
together. To calculate separation, check each agent against the other agents. If the
agents are too close, they repel it using a force based on how close together the agents
are. Each agent adds up all the repelling forces to create the steering force. Other forees
such as momentum, and the force to avoid obstacles have been suggested ell.
Additionally in flocking, force of alignment is used in order to kee tst%meneous
agents together [10, 12]. These models have been applied successfu@ mulating
groups that can be observed in nature. These studie also d in solving
problems such as pedestrian simulation [8, 12]. \

The model used in this paper is basically the enegQy model b n the predator and
the prey based on conventional studies. A pre Is a | m that eats another
organism. The prey is the organism which thepredator eats. e examples of predator
and prey are lion and zebra, bear and fish, and rabbit. he words "predator" and
"prey" are almost always used to meaf anlmal t eat animals, but the same
concept also applies to plants: Bear ry, I b nd lettuce, grasshopper and leaf.
Predator and prey evolve together rey f the predator's environment, and
the predator dies if it does n d S0 |t es whatever is necessary in order to
eat the prey: speed, stealth, ca flage a d sense of smell, sight, or hearing to find

the prey, immunity to the poispn n to kill the prey the right kind of mouth
parts or digestive syste leev@ predator is part of the prey's environment,
and the prey dies i |t en by.theNpredator, so it evolves whatever is necessary to
avoid being eaten: , camo e to hide from the predator, a good sense of smell,
sight, or hearj etect th
bitten, etc.

Generally a predator

prey will maintain a
predator has enou

tor, thorns, poison to spray when approached or

ontinuously aim to have a chance to chase a prey and a
istance from a predator for avoiding it [17]. However if a
rgy to chase a certain amount of distance, it will begin to attack

a prey. In this v both predator and prey will apply force to reach a maximum
velocity. S Iﬁgy need energy for those forces. This paper focuses on modeling the
energy nee%tor the predator to pursue the prey. The system environment assumed in
this a two-dimensional infinite Descartes plane that represents the Earth’s
su ause this paper considers only a predator and a prey on the earth. This
envi ent can easily be transferred into a three-dimensional environment such as the

ocean where fish swim, and the sky where birds fly around. To simplify the problem,
the system environment assumes that only 2 agents - the predator and the prey - exist.
The friction of the surface is considered to the only interaction between the system
environment and the agents. For modeling of further complicated system environments,
trees and wind can also be included. This paper represents i as a predator, and j as a
prey. The notations, m,, p,, vy, and a, represent the current mass, location, velocity,
acceleration of agent x respectively. Also, the mass, energy, and time mentioned in this
paper are scalar and the location, velocity, and force are vector. In order to simplify the
expression, the notation of vector will be omitted.
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Chapter 2 will introduce the modeling of steering forces and the consumed energy of
movement. Chapters 3 will analysis on the energy model of a predator and a prey based
on physical theory. Chapter 4 will confirm how the energy model suggested in the
Chapter 3 operates correctly through an experiment. Chapter 5 will discuss the
conclusion.

2. Steering Forces and Energies

2.1. Basic steering forces

The model in this paper consists of two types of agents: predator and W’I’he
environment is a two-dimensional infinite Cartesian plane that represents t ace of
the earth. Three dimensional environments, such as the sky for blrds water for
fish, usually contain the most stunning swarming behaviot. There ed to be no
interaction between the agents and the environment ex runi friction.

The prey also maintains a certain distance fro tor erted of its foe. When
the predator begins to attack against the pre ey s ay to the opposite

direction of the predator with the maximum fo Thus dator applies pursuit
force - a kind of attraction force and the p pplles f ce - a kind of repulsion
force. The most basic forces of the agent t matlc 1 force are seek and flee [1,
14, 16]. The seek force is the force th ances Wg ximum force towards a target.
This force is expressed as the gap b n th locity and current velocity in [1,
3]. The flee force is the opposn seek % he seek force f;(i,p) and flee force
fr(i,p) of agent i to target foI wings not regarding the friction with the

surface.

'\
& p-normQ * vmi — vi
S )§ = ®

fri,p) = —f(i,p) )

Q

(p — p)-norm() refer,

e normallzatlon of vector p — p;. At is the time required for
force f;(i,p) to be d. Directly using seek force as a control force for the predator to
chase the prey is propriate because the prey is not fixed as a target but is moving. For
effective chdsi he most of systems use a method where predicts the location of the prey
after time t en chases the predicted location rather than the current location [3]. There
are variqe siderations to estimate the amount of time t. Because more amount of time t

éded if the predator is far away from the prey, the method in this paper for
estlmg amount of time t is set in direct proportion with the distance between the two
agents. The following (3) is the chase force needed when agent i chases agent j.

fo(i.4,80) = f5(i,p; + v; X t,At) (3)

where t'is an amount of time t which is in direct proportion with the distance between the
two agents. This paper uses (3) to estimate energy of the predator needed in chasing the prey.
When a predator begins to chase a prey, the prey will run away from the predator, and also
anticipate the predator’s future location while doing so. Thus the equation (5) is the flee force
needed when agent j flees from agent i.
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feU D) = fr(,pi + vy X t) (4)

2.2. Measurement of consumed energy of a predator and a prey

Generally when the predator pursuits the prey, it will check its energy on a certain
basis periodically and will decide whether it will continue the chase or cease [17]. For
these type of decisions to be made in the simulation, the consumed amount of energy
must be measured on a certain basis and must be deducted from the energy it currently
owns. In order to measure the consumed energy, the chasing distance can be divided
into several small distances as shown in Figure 1.

Figure 1. Chs%distan\x
The consumed energy to move the c@ Ary, ‘K@ represented as {f,, (i, j) + m;u}Ary,

where f,(i,j, Aty) is the chase f rcm ) an is the time to move the distance Ary.
Thus, total consumed energy |s& d as foIIo
\ S m& [fy (i Ati) + myu] Ay (5)

3. Estimatio Nee&@ﬁnergy of a Predator and a Prey

3.1. Force, frictiona, and energy

Kinetic energyNisdthe physical amount that shows the ability to work. Assume that
there is the b%gt oving with constant acceleration on the frictional plane. If force is
applied to ject in the moving direction, the velocity of the object will gradually
i tic energy is the physical amount needed when an object is moved to a
ance in constant acceleration and is defined as the following.

dE—F— + (6)
gy = F=ma+my

In (6), ma refers to Newton’s force, u refers to the coefficient of friction, and r refers to
distance. The equation (6) means that in order to move dr with a certain amount of force,

there must be dE amount of energy. If both sides of it were integrated, E is calculated as
follows.

E T T dv
= f (ma + mu)dr = f m—dr + muAr (7)
To To dr
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v

v dr
= f madv+mp¢Ar:j mvdv + mulAr
v,

o Vo

1 2 2
= Em(v —v§) + mulr

Here, 1, and v, refer to the initial location and velocity respectively. Ar refers to the
distance difference r — r,. Thus, the amount of energy needed for mass m to move distance
Ar while also reaching a velocity of v from the initial velocity of v, is same as (7). ¢

3.2. Estimation of needed energy for a predator Z

Generally, the predator will attempt an attack o hén it fa ugh energy.
During chasing the prey, the predator will consume“gllJof the e to reach the
maximum velocity. Therefore the predator will peeg rgy to ate this force, and
the prey will need a minimum amount of energ flee

oM, the predator’s attack. In
order to compute the energy for a predator to '@ase a prey, sume that the energy of

a prey is not limited. That is, a prey has i energ %that it can flee until amount
of any distance. '\ &

LA ¥

OO K
T N ]
G

Figure 2. Dist%ae between predator and prey and moving distance

As describeié ir@re 2, initially the distance between the predator and the prey is d.
jl

T
>
2,

Assume that redator successfully capture the prey after it moves the distance d + Ad.

Both agent move at their maximum velocity. Let the predator be named as agent i and
the agent j, and also the agents reach their maximum velocity from the initial
vel%, and then the following equation is established.
Ar =d+Ad
Voi + Ui
= %tmi + Vi (T = tmi) (8)
Voj + Upmj
= %tmj +d+ Umj(T — tmj)

In (8), T is the total amount of time needed in the pursuit, that is, t; — t, in Figure 2. v,,,
Uma» and t,,, represent the initial velocity, maximum velocity, and time consumed in
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reaching maximum velocity of agent x respectively. In the above equation, the second line
means the moving distance of the predator, while the third line is to sum the distance d and
the moving distance of the prey. Since v,;, v,; refer to the velocity just before chase and flee,
the value can be set to 0. If the value is set as 0, the equation (8) is like the following.

Umitmi — Umj tmj (9)

vmiT=d+vij+ 2

In (9), the last term refers to the distance gap of the two agents before they reach their

maximum velocity. Let 8 be the difference between t,,; and t,,,; such as t,,,; — Then, T
can be simplified as following. YV

ﬁv,

‘ Cﬁ
I'=——m— + - 10
Umi = Umj 2 VUm;) @ (10
By using (8) and (10), the value of Ar can be comp.g Ilovy\g})

Umi levm
T Ut Qs ; Z(Um&ﬁ b

Finally, based on (7) and (11), th nt 0 (;\ needed to chase the prey - Ej (i, ))
will be like the following.

% mid BVmiVm;
@ vml @’n v_ vm} m 2( Umi — v:n])

In (12), we ca me t)saéf%predator already learned m;, vp,;, Vp;, t through
experience an@s e variablés/aré only d and u. The equation (12) is in general. For
nt v

instance if the (voi) becomes very fast and thus makes (vZ; — v%) smaller,
less amount of energy be needed. Also the amount of energy needed will increase

according to the g‘wetween the predator and prey, which is mentioned in the second

Ey(i, 1) (12)

termin (12). If th etween the maximum velocity of the two agents is similar, more time
will be consymed ifrthe chase and will result in need of more energy - this also is included
the second terfegin (12).

i@ion of needed energy for a prey

In milar method for the predator, we can compute the minimum energy for a prey
to escape from a predator. In order to survive in fleeing, the prey should move at least
Ad in Figure 2. That is, it means that the prey must have enough energy to move the
distance Ad with maximum velocity from stopping state.

The minimum energy for a prey to flee from a predator can be induced from (7) by
substituting Ad to Ar. And also Ad can be calculated from Ar-d in (11) as following.

vmjd ﬁvmivmj

Ad =Ar—d =
Umi _vmj 2(vmi _vmj)

(13)
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As replacing Ad in (13) to Ar in (7), we compute the minimum energy for a prey to escape
from a predator as following.

vmjd +mu vaivmj

1
Ef(i,j) = m(v v2) +mu———— ——
4 JRmi 0] ! Umi = Umj ! 2(Vmi - vmj)

(14)

Because the prey should move at least Ad, it must have at least the energy induced in (14).
However, the energy in (14) is proportional to the distance d between the predator and the
prey. It is correct because (14) is induced under assumption that the predator has already the
energy in (12). That is, if the distance d between the predator and the prey is large, then the
predator has more energy as shown in (12). Consequently it makes the prey %ﬂore
energy.

4. Experiments \ﬁj 6

A number of experiments were conducted in ord the gatrectness of the
proposed energies. An objective of experiment ompare eeded energy (12)
with the consumed energy (5). Even if the ener apre iven in (14), we assume
that the prey has infinite energy. This assumgtion is vali ause the predator may
selectively chase or does not chase the %the preyzmust not only passively make
it’s movement according to decision of mredator also must be more desperate
than the predator. The experiments execu%‘& cordlng the procedure shown in

Figure 3. To simplify the expresii% moer)\ apture of a prey was omitted.

PredatorBehavuMut Aty @;k, (Hltpllt none)
{

if(Is su1t(1 ]

\ 1f(E<
Q'\ ‘%, PursuitForce(i, j, Aty ); // compute (3)

{fptmiu}Ary // compute (5)
6@ E(i)= E(i)- -e,

// compute next location

@ p;= GetNewLocation(p;, fp);
telse{

&V // Chase is abandoned

resetOnPursuit(i, j);

}
telse{
E, (i, j)= NeedEnergy(i, j); / compute (12)

f(E(D) = En(i, DN
setOnPursuit(i,j); // start to pursuit
telse{

}

restoreEnegry(i); // in rest

Figure 3. Procedure to control predator's energy
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For the experiments, Windows7 was used as the operating system and C++ was used
as a programming language. Also, algorithms for "seek", "flee", "pursuit”, and "evade"
was used those suggested in [3, 16]. The experiment focuses on how much the needed
energy, (12), based on physical theories is coincided to the consumed energy, (5), based
on simulations of "seek", and "pursuit".

The size (s;), mass(m;), maximum velocity(v,,;) of a predator were each set to 5
pixels, 5kg, and 10 pixels/sec respectively. The size, mass, maximum velocity of a prey
were each set as 60% of those of the predator. Under the mentioned circumstances, the
needed energy and the actual consumed energy were calculated with a variable of
distance between the predator and the prey and friction by performing the procedure of
Figure 3. It is not easy to estimate the value of § in (11). This is because i Neasy
to estimate the time t,,, that takes for an agent x to reach max vel it&Pﬂr those
reasons, this paper has set 8 as 0 for calculation. 6

Table 1. E,,(i,j) and E.(i, ) ve&@sta&:&

distance 165; 325, 4, N ] l- )‘V 2565,

E(i)) 14250 28250 | 36250 M 224250
. . Y

E.(i)) 15558 20561 (1\¥57558 ° | Comasso 225564

delta 1308 13@\\ 1303 Y 1300 1314
A4

Table 1 shows the consu gy and \leeded energy based on the distance
between the predator and the . The coq%?l nt of friction was set to 7.0. In Table 1,

s; refers to the size of thespredator, b@ 2s; means that the distance between the
predator and prey is 3%& the sj the predator. The collected data in Table 1
shows, regardless d% ce, that E, ,1) is deficient as much as about 1310. This is
because the g valuoxg een ‘%ﬂ The B value in (12) is independent of d, and thus

ly constant. The data in Table 1 shows that as the

the value of d able 1
distance incr :E@d E.(i,j) increases as well. This is the obvious result

according to (12) and (5

Tab a(i,j) and E (i, j) versus coefficient of friction
{ wY 1 3 7 13 19
N %)) 8250 24250 56250 104250 152250
O E.(i,)) 8355 24756 57560 106778 155988
@ delta 105 506 1310 2528 3738

Table 2 is the measurement of the needed energy and the consumed energy according
to the coefficient of friction. The distance between the predator and the prey has been
set to 64s;, and the coefficient of friction is a variable that varies through 1 to 19. As
shown in Table 2, the needed energy and the consumed energy are increasing along as
the coefficient of friction increases. This also is because (12) and (5) are in direct
proportion with the coefficient of friction u. Contrary to Table 1, the value of the delta
increases as the value of u varies in Table 2. This is because the g value is in direct
proportion with u value in (12). Regarding the results of Table 1, 2, it is plausible to
conclude that the consumed energy of (5) which was based on "seek™ and "pursuit” and

154 Copyright © 2014 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.4 (2014)

the needed energy of (12) which was based on physical theories were correctly
modeled.

Finally, Table 3 shows the relationship between the needed energy and the consumed
energy according to the value of B, where the value of the distance and the coefficient
of friction are fixed as 16s; and 7.0 respectively. Because E.(i,j) is independent on the
value of g, its values must be constant. But the values of E.(i,j) in Table 3 are to be
measured, not to be calculated, and so they are nearly constant. However, the fact that
E,(i,j) does not exactly same to E.(i,j) is because E.(i,j) is calculated as the unit of
Atk.

Table 3. E, (i,j) and E.(i,j) according to B(= ty; — tm)) Yx)

B 0 1 2 4 8 6 «’
E(ij) | 8250 | 8400 | 8550 | 888Q4) dus0

E(ij) | 8957 | 8957 | 8957 | g@g\ JSQK 3956

delta 707 557 407‘_ )oe ‘4@; )1 -1694

5. Conclusions Q’
In the environment of predator—pre% st of tg X’ arches are to study the food

chain, while this paper is to study rgy dator and a prey when a predator
pursuits a prey. In order to cha ,apr N should save its energy so that it can
move some distance. And a prey s sh serve always the minimum energy in
order to avoid attack of a redator. Tht Qu@allstic simulation for a predator to chase
prey should be executed on t rgies. In order to do this, we simplified the
environment of the ?u@v such a predator and a prey allowed and introduced
the method to mea e con ed energy based on steering forces. And then we
proposed the me ‘? 0 estinm h needed energy for a predator and a prey based on
physical theo thatap at can decide by considering its energy whether it chase
the prey or do€S not. h experiments, the paper has shown that the suggested
energy models are ited for natural pursuit. Further research will focus on
environments wi;e@ ious predators and preys coexist. Thus, in an environment

where multiple ors and preys exist, the choice criterion of the predator and
cooperation:&f@rye ators will be researched.
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