ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Lecture with Computer Exercises:
Modelling and Simulating Social Systems with MATLAB

Project Report

Trail Formation in Ants

Mischa Miiller & Jerome Zemp

Zurich
December 2009



Eigenstandigkeitserklarung

Hiermit erklare ich, dass ich diese Gruppenarbeit selbstandig verfasst habe, keine
anderen als die angegebenen Quellen-Hilsmittel verwenden habe, und alle Stellen,
die wortlich oder sinngemass aus veroffentlichen Schriften entnommen wurden, als
solche kenntlich gemacht habe. Dariiber hinaus erklére ich, dass diese Gruppenarbeit
nicht, auch nicht auszugsweise, bereits fiir andere Priifung ausgefertigt wurde.

Mischa Miiller Jerome Zemp



Agreement for free-download

We hereby agree to make our source code for this project freely available for download
from the web pages of the SOMS chair. Furthermore, we assure that all source code
is written by ourselves and is not violating any copyright restrictions.

Mischa Miiller Jerome Zemp



Contents

ot

o a w »

Introduction and Motivations
Description of the Model

Implementation

3.1 Ground Potential . . . . ... ..
3.2 Trail Potential . . . . . . ... ..
3.3 Gradient . . . .. ... ... ...
3.4 Step calculation . . . . ... ...
3.5 Boundary Conditions . . . . . . .
3.6 Nest and Food Source . . . . ..
3.7 Parameters . ... ... .....

Simulation Results and Discussion
4.1 Parameter determination . . . . .
4.2 Ant colony with one food source .
4.3 Ant colony with two food sources
4.4 Dynamic worlds . . . . . .. ...

Summary and Outlook
Main MATLAB code
Ground Potential
Trail Potential

Check Boundaries

18

21

22

23



1 Introduction and Motivations

Many ant trails between foraging ground and nest are two-way roads on which out-
going and returning workers meet and touch. Returning ants are marking a path
for their nestmates with pheromones to lead them to the place from where they are
coming from. This place is the food source that was found by the returning ant
before. The orientation ability required of recruited individuals is to follow the scent
of the trail, which is kept fresh by the frequent marking behavior of the foragers, as
tiny drops of the trail pheromone are laid on the ground. The drops of pheromone
are not stable over time i.e. they are evaporating, so it becomes obvious that a
continuous trail of pheromones only exists if there is a high enough traffic density of
ants laying it down (1).

This trail formation behavior done by ants is called ”Swarm Intelligence” (2)
and is the property of systems whereby the collective behaviors of (unsophisti-
cated) entities (the worker ants) interacting locally with their environment (lay down
pheromone) cause coherent functional global patterns to emerge. Therefore, prob-
lems can be solved collectively without centralized control. An example for it is the
ant colony optimization algorithm (ACO) based on trail formation via pheromone
deposition / evaporation. The ACO is a probalistic technique for solving compu-
tational problems which can be reduced to finding good paths through graphs (3).
This can for example be used for routing vehicles or protein folding problems.

However, ants are not the only creatures that create trails. People also tend to
show some kind of swarm intelligence, as it has been shown in the self-organized
phenomena in pedestrian crowds. These phenomena include oscillatory changes of
the passing direction at bottlenecks or the emergence of lanes of uniform walking
directions [(4),(5)]. A phenomena that is more related to the behavior of ants is the
formation of trails in green areas such as parks. The formation occurs without any
communication between the single users of the path. The difference between the
people and the ants is that there is no communication with other individuals, but
simulations showed that this is not necessary for trail formation (7).

Parameters that play a role in the formation of these trails are different and
are for example the desire of the pedestrians to optimize large detour paths and
create a shortcut. However, this is not the only important parameter given the fact
that the characteristics of the trails are insufficiently explained (6) using only this
parameter. Other parameters that need to be taken into account are for instance
the attractiveness of a trail. If a trail is already available, people will tend to walk
on it and do not create a new trail. This attractiveness of a trail is comparable to
the pheromone trail that is layed down by ants. This analogy led to the idea to use
the active walker model by Helbling et. al for the simulation of ant trail formation.
The model has already been used by Helbling et al. (7) for simulate the formation



of trunk trails, a widely observed phenomenon in ant colonies such as Myrmicinae,
Dolichoderinae and Formicinae species.

2 Description of the Model

The model used in this work is based on the active walker model of trail formation
by Helbing et al. (7). In its general description the model can be applied to many
different specific cases. Two examples treated in the paper by Helbing are trail
formation in ants and human trail formation. The active walkers can generally be
regarded as moving agents, which leave markings on the ground while moving. In
our special case the agents are the ants and the markings are chemical markings
(pheromones). The distribution of the markings is described by the ground potential
Gy (r,t), where r is the position, ¢ the time and the subscript k& accounts for different
kind of markings. The evolution of the ground potential with time is given by

R — (Gl — Gt + > Qulret) 8l —rat). (1

The first term considers the decay of the markings, i.e. evaporation of pheromone. It
is inversely proportional to the lifetime given by Ty (r). G%(r) expresses the natural
ground conditions. The second term takes care of the deposition of pheromone
which is a sum over all agents a. Q,(ra,t) describes the amount of pheromone
which is deposited on the ground. Dirac’s delta function §(r — r,(t)) ensures that
the markings are only generated at the positions of the agents r,. As previously
mentioned different kinds of markings can occur. In this model the ants produce two
different types of pheromone, depending on if they are looking for food (pheromone
0) or if they are returning to the nest after having found a food source (pheromone
1). To take this into account we can define a parameter k, = {0,1}. Assuming an
exponential decay of the pheromone amount that is produced with time we get the
following expression for Q,(ra,t):

Qa(ra;t) = (1 = ka)goexp[=Po(t = 15)] + kaqrexp[=Fi(t — 17)]. (2)

¢o and ¢ are the initial amounts of pheromone 0 or 1, respectively, that are deposited
on the ground. [y and 3, are the decay parameters and ¢ and ¢{ the times leaving
the nest or food source, respectively.

However, the ants are not directly influenced by the ground potential but by the
so called trail potential Vj,.(r,,t), which in our case is given by

ViE(re,t) = / Gr(re + 1 t)dr'. (3)
A
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The integration is done over an area A, which depends on the distance for which
the ants can maximally detect the pheromone. Equation (3) is a simplified version
of the formula in the paper of Helbing, which also considers the walking direction of
the ants. The ant will be attracted to walk into the direction of the largest increase
in the trail potential. This is defined by the gradients

£ (r,) = (1 = ko) VVir (x,1) + ka VV(r, ). (4)

Furthermore the ants tend to keep their current walking direction so that equation
(4) is extended to
£ (r,t) + eq(t — At) .
Ng(r,t) (5)
with Ny(r,t) = |[fi.(r,t) + eo(t — At)|| as the normalization factor and e, (t — At)
the direction of ant « at time t — 6t. Finally, the equation of motion can be defined
as

e,(r,t) =

Va<rou t) = Ugea(rou t) + €aéa (t) (6)
The second term accounts for fluctuations, whereas €,(t) is the intensity of the ran-
dom contribution &,(¢). This random contribution is increasing with time as long as
the agent does not find any food. Equation (6) is again slightly different from the
corresponding one in the original model by Helbing to keep our model as simply as
possible. The time dependency is given by

eal(t) = (1 — ko)[eo + re(t — t§)]> + kaeg, (7)

where r. is the growth rate and ¢, is the initial noise intensity.

Another property of the ants is that the ones returning from the food source are
capable to recruit new ants when they arrive at the nest. However, the recruiting is
limited by the maximum number of ants N,,., living in the colony.

3 Implementation

In the previous section the active walker model was described for the modelling of
trail formation in ants. To implement this model in MATLAB we now change from
a fully continuous to a discrete model. We first define a 2-dimensional area with the
side lengths L, and L,. Two (L, x L,) matrices G and G; are generated which store
the amount of pheromone at each position. Every single agent (i.e. ant) is described
by a vector

o = (T?,T?,k’a,tg,t?), (8)
where r, and r, are the positions in the x- and y-direction, respectively. The other
variables were already defined in the previous section. In MATLAB the r, vectors



are stored in a 5 X N matrix r;, where N is the number of ants, so that the row index
corresponds to the ant number a. The direction vectors e, (r,t) are stored in the
2 x N matrix direction. Again the row index corresponds to the direction of ant a.
So far we defined the basic elements of the model. Below the basic structure of the
MATLAB code is shown, which itself can be found in the appendix. In the following
subsections we will describe how we implemented the time evolution of the different
variables, especially r,,.

Define Parameters
for t=1:total
Calculation of the ground potentials G; and Gs.

for i=1:n

Calculate the gradient by using the function V' which
itself calculates the trail potential

Make a step by first calculating the new direction of
the ant followed by updating the position of the ant

Check if the ant is at the nest or food source position

Plot the position of each ant and the contour of the
ground potentials.
end
end

3.1 Ground Potential

The ground potentials Gy and G evolve in time according to equation (1). T(r) is
assumed to be equal for both kinds of pheromones and position independent (T =
Ty = T). The natural ground conditions contain no pheromone, so that G9(r) = 0.
The two contributions in equation (1) are split up into two L, x L, matrices dG;



and dG, with their values calculated by

1 1
dGo = T(Gga - Gka) = _TGk“ (9)

qoexp|—Po(t — t§)] for ko, =0
qrexp[—pr(t —t9)] for k, =1

While in equation (9) all elements are affected, equation (10) changes only the el-
ements at the positions (rg,ry), i.e. at the positions of the individual ants. In
addition, some problems arise when the ants arrive at the nest. Furthermore the
nest itself has a certain attractiveness for the ants. That is why for a square with
side length s around the nest the trail potential G is set to the maximum value of
(. Because of the same reasons the trail potential G, is set to the maximum value

of G; within a square around the food source.

dGy(re,rs) = { (10)

3.2 Trail Potential

The integral in equation (3) is changed into a discrete double sum. The area A is
simply taken as a square with side length smelldist. The resulting equation is

r&+smelldist  ry+smelldist

Valrgrg) = ) Y. Gulay) (11)

z=rg—smelldist y=r{ —smelldist

In MATLAB the summation is realized by two for-loops.

3.3 Gradient
The influence on the ants by the trail potential is realized by the gradient. The
derivatives in equation (4) are replaced by differences in the x- and y-direction.

grady = V(g + dr) = Vii(rg — dr), Vi(rg +dr) = Vir(ry —dr)] - (12)

T Y

3.4 Step calculation

Now the directions of each ant can be calculated as given in equation (6). For &, () a
random number is generated with MATLAB. Furthermore ¢, is calculated according
to equation (7). The direction vector e, is calculated from the previous direction of
ant « and the actual gradient as obtained from equation (12). Finally the fluctuating



and the gradient contribution are added up and stored in the matrix direction. Now
a new position can be calculated by

rerdy = [ro rdi—a + stepsize x |directiong, directiongs), 13
zr 'y zr'y

where the scalar stepsize is introduced, so that one step can be chosen to be larger
than the grid size of the ground potential. Since the positions [rg, ry] must be located
on a grid position the values ry and ry are rounded. Therefore a stepsize equal to
one would only give eight possible new positions (Moore neighborhood). For a larger
stepsize the number of possible positions increases and would reach infinity for an

infinite stepsize (continuous model).

3.5 Boundary Conditions

Since the world in which the ants move is finite, we need some boundary conditions.
For every step that each ant intends to carry out, it is checked if the resulting position
lies within this world. For that a matrix world is defined which has the values 0 for
allowed positions and 1 for forbidden positions. The function checkboundaries checks
if the calculated direction of ant « results in a position within the world. If this is not
the case a new direction is calculated. The calculated direction is only accepted if the
resulting position lies within the world. In a simple simulation the world is simply
a square with its side length smaller than L, and L,, respectively. In addition, a
proper choice of the world avoids problems in the calculation of the trail potential
near the borders.

3.6 Nest and Food Source

Finally the ants need to recognize the food source and also their nest. This is simply
done by checking if the resulting position of each ant lies within the nest (food source)
position plus/minus a finite extension parameter s. In addition ants returning to the
nest recruit new ants as long as the number of ants n is smaller than the colony size
Nmax-

3.7 Parameters

The success of the model is strongly depending on the parameters used for the
simulation. An overview for the different parameters used in the experiments is
shown in table 1.
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Table 1: Parameter values for the different experiments. The remaining parameters were
kept constant for all experiments and can be looked up in the MATLAB code in the
appendix.

Experiment L,(=Ly) n Npaee dr smelldist €pqe T
1 500 5 30 10 30 0.02 10000
2 500 10 50 15 25 0.02 1000
3 300 10 50 15 25 0.01 800
4 500 10 50 15 25 0.02 1000

4 Simulation Results and Discussion

4.1 Parameter determination

In several trial and error runs proper parameters were determined, which result in
successful trail formation. These parameters are listed in table 1.

Some rules of thumb can be taken into account, when choosing the parameters.
For instance the parameter 7', i.e. the lifetime of the pheromone, needs to be large if
compared to the time needed for the formation of a trail. Otherwise the pheromone
would have already been evaporated, even though the ants have not jet found the
food source.

The parameter smelldist needs to be bigger for a larger parameter stepdist. If
smelldist is chosen too small not a smooth trail is formed. In extreme cases no trail
is formed at all. On the other hand dr and smelldist should be kept as small as
possible, to have a physical meaning. A further treatment of these two parameters
is given in the discussion of experiment 1.

4.2 Ant colony with one food source

In the first experiment, referred to as experiment 1, just one food source is placed in
the world and marked by a circle. The ant nest is positioned at the lower left corner
and indicated by a cross. The ants simply move out of the nest and look for the
food source. Figure 1 shows snapshots at different times t. The formation of a trail
is seen soon after the first ant has discovered the food source (figure 1 for t = 200
and t = 500). Interestingly the trail leading to the food source differs slightly from
the trail returning to the ant colony. This effect might result from the calculation of
the gradient. More precisely from the parameter dr. For a large dr, pheromone is
detected which is far away from the ant, which in reality would have no influence. So
dr should be kept as small as possible. However, if dr is too small the gradient might
simply be zero. Besides dr also the parameter smelldist will have a big influence on
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the gradient calculation and therefore also needs to be adjusted to get an optimal
trail formation behaviour.
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Figure 1: Snapshots of experiment 1 with just one food source at different times t =
20, 100, 200, and 500. The nest (x) is located in the lower left corner of the accessible world
(square of size 300 times 300), while the food source (o) is in the center of the world. The
small squares surrounding the nest and the source represent their size. At ¢ = 20 all ants
are heading out of the nest and looking for food (green dots). The logarithmic pheromone
amount is further shown as colored lines behind the ants. At ¢ = 100 the first ant has
found the food source and is on its way back to the nest (red dot). At ¢ = 200 the trail is
emerging and at t = 500 strongly marked with pheromone.
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Figure 2: Snapshots of experiment 2 at t = 100, 500,1000, and 2000. The nest is again
depicted by an x (center of the world) and the food sources by circles. Ants looking for
food are green and ants returning to the nest are drawn red. Both sources were discovered
approximately at the same time. While at ¢ = 100 ants are found on both trails, at later
times only the trail leading to the closer food source is used.

4.3 Ant colony with two food sources

A second food source was introduced in experiment 2. In addition, the nest was
moved into the center of the world. Snapshots at different times ¢ are shown in
figure 2. Both food sources were discovered approximately at the same time. In the
beginning a trail was formed for each food source. However, the trail leading to the
food source further away form the nest was given up after just a few time steps.
In the end only the trail connecting the closer food source with the nest was used
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by the ants. The other trail was slowly disappearing due to the evaporation of the
pheromone.

4.4 Dynamic worlds

One big advantage of our implementation of the model is that we can have a dy-
namic world, i.e. the matrix world changes in time. In this way a food source can
for instance be hidden at the beginning (e.g. in reality by a wall) and just made
available after a certain time. Another application of dynamic worlds are paths. In
experiment 3 the world is a triangle and only the longer path is available at the
beginning. However, after the discovery of the food source, also the shorter path be-
comes available. The question now is if the ants are capable of giving up the longer
trail in favor of the shorter one. The answer is no as can be seen in figure 3. Even
though some foraging ants have found the food source via the short path, they take
the longer path back to the nest. This might be due to the fact, that they arrive
later at the food source and therefore their amount of pheromone is lower than on
the longer path. In addition, the longer path is used by more ants, while only two
individual ants have used the short path, so that the pheromone amount on the long
path is much higher than on the short path.

One problem that arose in this experiment was that ants were not able to satisfy
the checkboundary condition anymore. The reason for this is that a bent trail is
always shortcut a little bit by the ants. If this shortcut results in a step leaving the
accessible world no alternative step is found because the fluctuation part of an ant
following a trail is very small. Thus the fluctuations can not overcome the tendency
to walk along the trail potential gradient, which itself points outside the world.

In experiment 4 again two food sources were placed in the world. The food source
close to the ant colony was however first outside the accessible world, so that the ants
could not reach it. After ¢ = 100 the barrier was removed. As can be seen in figure
4 at t = 150 already a trail existed to the food source further away from the source,
while the closer food source was just discovered by another foraging ant. In fact a
trail was formed leading to the close food source. In this example it is shown that in
contrast to experiment 3 the ants in our model are capable of giving up an existing
trail in favor of a shorter trail. Important is that ants can still be recruited when the
first ant returns from the close food source. Further on the close food source must
be located significantly closer to the nest, so that the time needed to return to the
nest is much smaller than for the longer trail. In this case the pheromone amount
close to the nest, which corresponds to the shorter trail, will be much higher than the
pheromone amount deposited on the long trail, even though the long trail is much
more frequently used at this time. After some time the ants will give up the long
trail and switch to the short trail (figure 4 ¢t = 600).
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Figure 3: Snapshots of experiment 3 at t = 50,100, 150, and 200. For ¢ = 50 and ¢ = 100
only the long path is available. After the discovery the shortcut is opened by changing the
matrix world. However, the ants are not able give up the long path in favor of the shorter
one. What can be seen is that between the snapshot at ¢ = 150 and ¢t = 200 the path is
flattening out and therefore becomes a little bit shorter than the initial path.
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Figure 4: Snapshots of experiment 4 at t = 50, 150,250, and 600. At ¢ = 50 the close food
source is not accessible to the ants since it is outside the world. The ants therefore use
the other food source and a trail is formed. After the close food source is unveiled and
discovered (¢t = 150) a trail is also formed to this food source. In the end the longer trail
is given up and only the short trail is used.
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5 Summary and Outlook

The simulations show that the model can be used to describe trail formation in
ants. However, a proper formation of trails is strongly depending on the choice of
parameters. By introducing a dynamic world many different experiments can be
created. Two examples were carried out for this work. It was shown that the ants
are capable of changing their food source to a more favorable one (i.e. closer to the
nest) even though a trail already exists to the less interesting food source. Other
experiments with dynamic worlds could be to interrupt an existing trail (e.g. by a
rock) and see if the ants can find an alternative route. Furthermore it would be very
interesting to compare the results from our simulations to reality. Real experiments
carried out in a terrarium might even reveal so far undiscovered parameters for the
simulation.
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A Main MATLAB code

06.12.09 15:31 C:\Users\Mac\Documents\MATLAB\Experiments\051209\ants.m 1 of 3

clear all;
%$%%%% Define Parameters

global Lx Ly stepsize nmax nj;

Lx=500; Ly=500; stepsize=5; nmax=50; % nmax = Size of ant colony, Lx,Ly: Total are¥¢
size, stepsize: length of one step

ttotal=2000; % Number of time steps

GO=sparse (zeros (Lx,Ly)); Gl=sparse(zeros(Lx,Ly)); % Natural ground potential

n=10; % Number of foreaging ants

nest=[250,250]; % Nest position

ri = zeros(n,2); ri(:,1)=nest(1l); ri(:,2)=nest(1,2); ri(:,4)=0; ri(:,5)=0; ri(:,3)=0;¥
% Initial ant parameters ri(x-position, y-position, state, time when leaving the¥
nest, time when leaving the food source)

source = [120,180; 380,110]; % Food source position

ns = length(source); % Number of food sources

s=10; % Size of the food source and the nest

epsilon_0 = 1; % Initial fluctuation intensity

epsilon = zeros(n,1l)+epsilon_0; % Fluctuation intensity matrix
epsilon_rate = 0.02; % Fluctuation intensity growth rate
epsilon_max = 5; % Maximum fluctuation intensity

aviobj = avifile('trail.avi'); % Start a new movie file

dr = 15; % dr

checkboundary = 0; % if checkboundariy = 0 —-> need to calculate new step, if = 1 —>¢
step ok!

drand=[0,0]; % Initiate drand

grad = [0,0]; % Initiate grad

direction = randn(n,2)*2-1; %$Initiate direction

$%%%% Generate world (triangle)

world = ones(Lx,Ly);
world(100:Lx-100,100:Ly-100)=0;
world = sparse(world);

$%%%% Time iteration

for t=l:ttotal
%$%%%% Calculate pheromone matrix
for ii=-s:s
for jj=-s:s
for src = l:ns
Gl (source(src, 1)+ii,source(src,2)+3jj)=max(max(Gl));
end
GO (nest (1)+ii,nest(2)+jj)=max(max(G0));
end
end
[GO,G1]=G(ri,t,G0,Gl,direction, n);

$%%%% Calculate new positions for ant number i

for i=1:n
checkboundary = 0;

18
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06.12.09 15:31 C:\Users\Mac\Documents\MATLAB\Experiments\051209\ants.m 2 of 3

if ri(i,3)==1
VrXpos=V([ri(i,1)+dr,ri(i,2)],G0,direction(i,:));
VrXneg=V([ri(i,1)-dr,ri(i,2)],G0,direction(i,:));
VrY¥pos=V([ri(i,1),ri(i,2)+dr],G0,direction (i, :));
VrYneg=V([ri(i,1),ri(i,2)-dr],G0,direction(i,:));
elseif ri(i,3)==0
VrXpos=V([ri(i,1)+dr,ri(i,2)],Gl,direction(i,:));
VrXneg=V([ri(i,1)-dr,ri(i,2)],Gl,direction(i,:));
VrYpos=V([ri(i,1),ri(i,2)+dr],Gl,direction(i,:));
VrYneg=V([ri(i,1),ri(i,2)-dr],Gl,direction(i,:));
end
grad = [(VrXpos-VrXneqg)/2, (Vr¥Ypos-VrYneq)/2];
%$%%%% Make a step
while checkboundary ==
if t==1
fluctuation = rand(1l,2)*2-1;
direction(i, :)=fluctuation/norm(fluctuation);
else
fluctuation = rand(1l,2)*2-1;
direction(i,:) = (direction (i, :)+grad)/norm(direction(i, :)+grad);
direction(i,:) = stepsize*direction(i,:)+epsilon(i,1l)*fluctuation;
direction(i,:)= direction(i,:)/norm(direction(i,:));
end
checkboundary checkboundaries(ri(i,1:2),direction (i, :),world);
end
ri(i,1:2)= round(ri(i,1:2)+stepsize*direction(i,1:2));
%$%%%% Ant looking for food

if ri(i,3)==
if epsilon(i,1l)<epsilon_max
epsilon(i,l)=(epsilon_O+epsilon_rate* (t-ri(i,4)))"2;
end
for src = l:ns
if ri(i,1l)<source(src,1l)+s && ri(i,1l)>source(src,1l)-s && ri(i,2)¢
>source(src,2)-s && ri(i,2)<source(src,?2)+s
ri(i,3)=1; ri(i,5)=t; continue;
end
end

%$%%%% Ant returning to nest after discovering the food source
elseif ri(i,3)==1
epsilon(i,1l)=(epsilon_0)"2;
if ri(i,1l)<nest(l)+s && ri(i,1l)>nest(l)-s && ri(i,2)>nest(2)-s && ri(i,2)¥
<nest (2)+s

$%%%% Recruit new ants

if n<nmax
n=n+1;
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end

ri(n,1:5)=[nest(1l),nest(2),0,t,0]
direction(n,1l:2)=-direction(i,1:2
epsilon(n,1l)=epsilon_0"2;
end
ri(i,3)=0; ri(i,4)=t; continue;
end
end

%$%%%% Plotting

if ri(i,3)==1
color ="'

end

set (gca, 'FontSize', 16);

xlabel ('x-Position', 'FontSize', 16);
ylabel ('y-Position', 'FontSize', 16);

)

7

plot(ri(i,1),ri(i,2),color); axis ([0 Lx 0 Ly]);

end

box on;

caxis ([0 81);

cb = colorbar('vert', 'FontSize',16);

zlab = get(cb, 'ylabel');

set (zlab, 'String', 'log (Pheromone Amount) [a.u.]','FontSize',16);
text (50,450, ['Time t = ', num2str(t)], 'FontSize',16);

for src=l:ns

plot (source(src, 1), source(src,2),'o");
end
plot(nest (1), s
contour (log(G0")
contour (log(Gl"'")
if mod(t,100)==

hgsave ([num2str (t),"'.fig']);

ne

7

7

t(2),'x");
)
)

end

Frame (t) = getframe;
hold off;

pause (0.01);

aviobj = addframe (aviobj,Frame);

aviobj = close(aviobj);
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Ground Potential
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function [G0,G1]=G(r,t,G0i,Gli,direction,n)
global Lx Ly stepsize;
T = 10000; % Life time of pheromone
g0=500; %Amount of pheromone deposited
b0 = 0.08; %Deposition decay parameters
Go = 0;
dGll = sparse(zeros(Lx,Ly)); dGl0 = sparse(zeros(Lx,Ly)); dG00=0; dG01=0;
for ii=1:n
x = r(ii,1); y= r(ii,2);
if r(ii,3)==
t0 = r(ii, 4);
if t-t0 == 1
dG10 (round (x),round(y)) = gO0*exp(-b0* (t-t0));
elseif t-t0>1
for i = l:stepsize
dG10 (round(x),round(y)) = gO0*exp(-b0*(t-t0));
x = r(ii,1l)-i*direction(ii, 1);
y = r(ii,2)-i*direction(ii,2);
end
end
dG00=1/T* (Go-G01) ;
elseif r(ii,3)==1
t0 = r(ii,5);
if t-t0 ==
dG1l1l (round(x),round(y)) = gO0*exp(-b0*(t-t0));
elseif t-t0>1
for i = l:stepsize
dG1l1l (round(x),round(y)) = gO0*exp(-bO0*(t-t0));
x = r(ii,l)-i*direction(ii,1);
y = r(ii,2)-i*direction(ii, 2);
end
end
dG01=1/T* (Go-G1l1i);
end
end
GO=sparse (G01i+dG00+dG10) ;
Gl=sparse (G1i+dG01+dG1l1);
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Trail Potential

06.12.09 15:40 C:\Users\Mac\Documents\MATLAB\Experiments\281109 - Kopie\V.m 1 of 1

function V=V (r,G,v)
global Lx Ly;
smelldist = 30;

vV =0;
for i = -smelldist:smelldist
for j = -smelldist:smelldist
xy = r+[i,3];
x = xy(l); y=xy(2);
V = V+G(round(x),round(y));
end
end
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function checkboundaries = checkboundaries(r,direction,world)
global Lx Ly stepsize;
r_new = round(r + stepsize*direction);
position = world(r_new(l,1),r_new(1l,2));
checkboundaries = 1;
if position==
checkboundaries=0;
end
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