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1 Introduction and Motivations

The crowd is not controllable and crowd panic often are taking the lives of many
people. Panic situations happen as indoor as well outdoor, due to real hazards like
fire or other incidents or just because of fans, trying to reach certain place. In out-
door crowds we only can hope on human’s rationality, but the situation is totally
different in case of real hazards in the building. Sufficient amount of emergency
exits, distributed in an optimal way (and certainly having pointers on them) may
safe many lives, therefore having good model for simulation of evacuation process
is very important for our own safety as it may help in architecture design and in
placing emergency exits in an optimal places. The model should be able to simulate
evacuation process of room with arbitrary geometry and take into account different
human behaviors, combining individual decisions with collective behavior, as indi-
vidual human mind is generally unpredictable, but statistical models can be applied
on human masses.

The escape dynamics of individuals from a room has been intensively studied,
showing that in crowd, rooms are emptied in an irregular, strongly intermittent
fashion. In stampedes, the crowd starts pushing to get ahead faster. However, the
people instead obstruct each other, and clogging effects may occur at exits and other
bottlenecks, causing 'stop and go’ waves.

Many different models exist, used for simulation pedestrian dynamics: social
and the centrifugal force model[4], cellular automata[l,2] and lattice gas automata,
mean-field model[5] and analytical model of escape dynamics and granular bottleneck
flows[3] has been introduced.



2 Description of the Model

2.1 Model Overview

For my simulation, I've chosen the cellular automata model, described in [1]. Below
is a brief description of the model.

The space is discretized into cells which can either be empty or occupied by one
pedestrian. Each pedestrian can move to one of the unoccupied neighbor cells (i, j)
(the von Neumann neighborhood is used for this model) or stay at the present cell at
cach discrete time step according to certain transition probabilities p;;. The update
rules are applied to all pedestrians at the same time (parallel update).

The individual pedestrian behavior is described by Static Field .S, and collective
behavior - by Dynamic Field D. The static floor field S describes the shortest distance
to an exit door. The field strength S;; is set inversely proportional to the distance
from the door. The dynamic floor field D is a virtual trace left by the pedestrians.
Dynamic floor field D is modified according to its diffusion and decay rules, controlled
by the parameters a and §. In each time step of the simulation dynamic field D at
the origin cell of each moving particle is increased by one as well as decays with
probability ¢ and diffuses with probability « to one of its neighboring cells. D can
take any non-negative integer value.

Each pedestrian chooses randomly a target cell based on the transition probabil-
ities p;; determined by the two floor fields and one’s inertia. The values of the fields
D (dynamic) and S (static) are weighted with two sensitivity parameters kp and kg:

pij = Nexp(kpD;j)exp(ksSi;)pr(i, 7)pw, (1)

with the normalization N = ) p;;. Here p; represents the inertia effect given by
pr(i,j) = exp(ks) for the direction of one’s motion in the previous time step, and
pr(i,j) = 1 for other cells, where k; is the sensitivity parameter. py is the wall
potential which is explained below. In (1) obstacle cells (walls etc.) as well as
occupied cells are not taken into account.

kp The coupling to the dynamic field characterizes the tendency to follow other
people (herding behavior). The ratio kp/ks may be interpreted as the degree of
panic. It is known that people try to follow others particularly in panic situations.
This tendency lasts at least until they can escape without any hindrance. If hindrance
by other people takes place often and a tendency to clogging emerges, people try
to avoid such directions. This is taken into account in dynamic floor field which
is proportional to the velocity density, such that people will follow only moving
persons. Whenever two or more pedestrians attempt to move to the same target cell,
the movement of all involved particles is denied with probability p € [0, 1], i.e. all



pedestrians remain at their site. This means that with probability 1 — p one of the
individuals moves to the desired cell.
2.2 Wall Potential

People tend to avoid walking close to walls and obstacles. This can be taken into
account by using repulsive wall potentials inversely proportional to the distance from
the walls. The effect of the static floor field is then modified by a factor

Pw = exp(/{?wmin(Dmam d))7 (2)

where d is the minimum distance from all the walls, and ky is a sensitivity parameter.
The range of the wall effect is restricted up to the distance D,,,, from the walls.



3 Implementation

The starting point of the program is the evacuate.m file. calcStatField.m is respon-
sible for calculating static field and update.m - for updating pedestrian states and
dynamic filed at each time step.

3.1 Room geometry creation

First grid is populated with random pedestrians of given density, and certain num-
ber of random doors and obstacles are generated. For generating doors and obsta-
cles there are parameters controlling their number as well as minimal and maximal
lengths of doors/obstacles. Doors are located on the grid border and obstacles in
the interior area. There are two types of doors (vertical and horizontal) and three
types of obstacles (vertical, horizontal and diagonal). The random integer generator
chooses the left-bottom position of the door/obstacle and then they are prolongated
by random number of cells between minimal and maximal lengths.

3.2 Static floor field calculation

Once room geometry is ready, static floor field can be calculated. I've tried to take
inverse minimal distance to doors as value for static field as was written in the paper,
but it required some normalization for different grid sizes, otherwise changes in static
field were not enough to lead pedestrians towards the door - pedestrian was randomly
oscillating. 1 first modified formula for static filed to the following one:

StatField(i, j) = exp(Ks/(1 — sqrt(maxDist/minDistToDoor(i, j))));

where maxDist is maximal distance from any cell to closest door. i.e maxDist =
mazx;;(ming(dist(cell;j, doory))), For finding minimal distance to the door I consid-
ered contraction of wide exit, i.e. made attracting door smaller than actual door
is, so that pedestrian try to avoid door walls. Figurel. shows typical static floor
fields without obstacles. But it also was not enough. To have very strong directional
potential I used the following:

StatField(i,j) = Ks*exp(-minDistToDoor(i,j)/maxDist*750);

, which has the same behavior, just gradient is much bigger.
Also I have an option to include repulsive wall potential to the static filed. The
repulsive potential in my implementation also has a bit of different form:

exp(Kw * (1 — dMax/minDistObst));
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where dMax = 20 - radius of wall influence. Repulsive wall filed has values
between 0 and 1 and is multiplied by attractive door filed. Figure2 shows sample
repulsive wall field and repulsive wall field combined with attractive door field.

3.3 Main loop

Starting from initial state, at each time step pedestrian positions are updated, until
all pedestrians are evacuated or simulation time limit is reaches (not to run into
infinite loop in case of error)

3.4 State update

In update function, each cell decides where to go according to transition probabil-
ities, calling function move. For calculating transition probabilities old (computed
in previous time step) dynamic field and occupation states are used, thus making
update parallel for simultaneous for each cell. When cell is moving, its original cell’s
dynamic field’s value is increased by one and occupation state is reset to 0. Destina-
tion cell’s occupation state is combined with incoming neighbor id using bitwise or.
(i.e. if initially destination cell is empty and pedestrian is entering destination cell
from left then destination cell will get 2! value, where 1 is left neighbor id. If then
another pedestrian will enter the same destination cell from bottom, destination cell
will get value bitor(2!,23), where 3 is bottom neighbor id). After all cells has moved
conflicts are resolved if two or more pedestrians moved to the same cell. Conflicts
are resolved with friction parameter p - i.e. with probability p all pedestrians re-
turn to their original cells and their occupation state as well as dynamic fields are
restored. With probability 1 — @ moves just one random cell and all other return to
their places. In order to support the inertia factor p; occupied cells have values of
neighbor id, indicating the direction from which it was occupied (i.e. as for bitwise
or during cell moves, just with final one pedestrian). I also came up with idea, that
it might be better to use inertia factor with bigger weight if pedestrian was going
in the direction of maximal field gradient than if pedestrian was going in inverse
direction. Another my idea was that near the exit, pedestrian with more probability
will stay on place, rather than go away from the door if head cells are occupied.
After all conflicts are resolved, dynamic filed D is updated according to decay
and diffusion probabilities. D at each cell may decay (decrease on one unit) with
probability ¢ and one unit may move to neighbor cell with probability «

10
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3.5 Visualization

After each update at current time step, new pedestrian positions are visualized by
simply mapping all empty cells to 0 and occupied cells to 1. The resulted image is
added to the video sequence.

4 Simulation Results and Discussion

For simulation I used 50 x 50 grid with 0.2 density (i.e. 500 pedestrians) and tried
to investigate effects of all factors. In my experimental setup contraction of wide
exit was not giving significant different, but tiny difference was noticeable. To make
sure, I don’t have any significant error in the implementation I fixed Kg value to
1000 and varied Kp, p and p; parameters. (k; parameter in my implementation
is exp(kr) ). Effect of dynamic field as expected minimizes evacuation time when
Kp is around 1 and friction parameter decreases evacuation time. (Plots, showing
evacuation process with time for different parameters are shown on Figure 3-5. 1
also recorded some videos) Without any static floor (only dynamic floor is taken
into account) the evacuation process is totally random and pedestrian movement
is chaotic. If door influence is big enough pedestrian first rapidly run to closest
door and varying parameters just affects the overall evacuation time. On Fig. 6
and 7 is shown how number of evacuated pedestrian change with time and different
parameters (Kp and friction parameter).
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Dependence of evacuation time on friction factor
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Figure 4: Friction effect

Dependence of evacuation time on inertia factor
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Figure 5: Inertia

(The evacuation process contain many random parameters itself, so that evacua-
tion time may vary, but the median values were showing increasing or decreasing in
evacuation time) Inertia effect also may increase evacuation time, but the wall effect
is more complicated, because with combination of attractive and repulsive field po-
tential holes may occur, where pedestrians may get stuck. The simplest example of
potential hole formation is illustrated on Figure8 - when repulsive field on small wall
distances suppresses attractive door field. The problem can be solved by taking less
strong repulsive field, but then its effect will not be noticeable. (Please note, that
for situation on Figure8 attractive field for given pedestrian would not be affected if
for its computation visibility graph would be used, as pedestrian is visible from the
door)
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Changing number of evacuated persons with time
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Figure 6: Changing number of evacuated person with time and dynamic field influence
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Figure 7: Changing number of evacuated persons with time and friction parameter
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Figure 8: Illustration of possible potential hole

5 Summary and Outlook

Simple Cellular Automata model for simulation of pedestrian evacuation was imple-
mented. This model might be extended by considering many more different factors,
influencing the evacuation process.

As social experiments show people in a room try to evacuate with different strate-
gies. Below are some of them:

1. T escaped according to the signs and instructions, and also broadcast or guide
by shop-girls (46.7%).

2. I chose the opposite direction to the smoking area to escape from the fire as
soon as possible (26.3%).

I used the door because it was the nearest one (16.7%).
I just followed the other persons (3.0%).

I avoided the direction where many other persons go (3.0%).

A AN o

There was a big window near the door and you could see outside. It was the
most bright door, so I used it (2.3%).

15



7. T chose the door which Im used to (1.7%).

Current model simulates strategies 3,4 and 7, but other strategies also can be
modeled. For example if there are several exits and one is less dense (or already
free), some pedestrians may move to less dense exit if the distance between doors
is not very big. Dangerous areas, which pedestrians should avoid may be simulated
similar to obstacles, but with much bigger area of influence. Also pointer systems
can be modeled: at certain cells (where pointers are located) pedestrian may change
direction according to a pointer.

16
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Appendix A: Source Code

December 15, 2009

% modelling of evacuation process
function evacuate()

GridDims = [50, 50];
Density = 0.3;

nDoors = 2;
minDoorLength = 5;
maxDoorLength = 10;

n0Obstacles = 0;
minObstaclelLength =
max0ObstaclelLength

|
o

10;

Ks = 1000;
Kw = 3;

Ki = 20;
Kd = 1;

alpha =
delta =
miu = 0.

contraction 0.6;

paramsDoors = [nDoors, minDoorLength, maxDoorLength];
paramsObstacles = [nObstacles, minObstaclelLength, maxObstaclelLength];

[Occupied, Doors, doorLengths, Obstacles, population] = ...
poulate(Density, GridDims, paramsDoors, paramsObstacles);
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params = [Ks, Kd, alpha, delta, miu, Ki];

StatField = ones(GridDims(1), GridDims(2)); % already in exponenta
DynField = zeros(GridDims(1), GridDims(2));

if (Ks)
StatField = calcStatField(GridDims, Doors, doorLengths, contraction,
nObstacles, Obstacles, Ks, Kw);
end

Jmovie object to record
mov = avifile(’output.avi’,’fps’,10,’quality’,100);

% Create a new figure - for occupation state visualization
fig = figure;
hold on

imagesc(StatField)
contourf (StatField)
pause(0.01) % Pause for 0.01 s

cnt = 0;
evacuated = 0;
while( (evacuated “= population))
cnt = cnt + 1;
draw(Occupied) ;
F = getframe(fig);
mov = addframe(mov,F);
[Occupied, DynField, cur_evacuated] = update(Occupied, DynField,
StatField, params);
evacuated = evacuated + cur_evacuated;
end

draw(Occupied) ;

F = getframe(fig);
mov = addframe (mov,F);
mov = close(mov);
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end

% function populate - allocates Occupied and populates it with random

% pedestrins, doors and obstacles

function [Occupied, Doors, lengths, Obstacles, population] = ...
poulate(Density, gridDims, paramsDoors, paramsObstacles)

n
m

gridDims (1) ;
gridDims (2) ;

nDoors = paramsDoors(1);
minDoorLength = paramsDoors(2);
maxDoorLength = paramsDoors(3);

nObstacles = paramsObstacles(1);
minObstaclelength = paramsObstacles(2);
maxObstacleLength = paramsObstacles(3);

population = floor(Density * n* m);
Occupied = zeros(n, m);
populated = O;

% borders are occupied with walls
Occupied(l,:) = 1;

Occupied(n,:) =
Occupied(:,1)
Occupied(:,m)

1;
1;
1.

)

Jpreallocate for speed
% for each door use random length between minDoorLength and maxDoorLength
lengths = zeros(nDoors, 1);
for i = 1:nDoors

lengths(i) = randi(maxDoorLength-minDoorLength+1) + minDoorLength - 1;
end

% for each obstacle use random length between
% minObstacleLength and maxObstacleLength
obstaclesLengths = zeros(nObstacles, 1);

for i = 1: nObstacles

20



obstaclesLengths(i) = randi(maxObstacleLength-minObstaclelLength+1)

end

Doors =

+ minObstaclelength - 1;

zeros(size(lengths,1), 2);

Obstacles = zeros(size(obstaclesLengths, 1), 2);

% gen random doors

cnt = 1;
for i =

1: nDoors

eventl = rand(1);

event2

rand(1);

if(eventl <= 0.5) Y% wvertical door

id = randi(m-2 - lengths(i)) + 1; % start y pos

idI = 1;

if (event2 > 0.5) % left or right wall
idI = n;

end

for j = O:lengths(i)-1 % append in right direction
Occupied(idI, id+j) = O;

Doors(cnt,:) = [idI, id+j];

cnt = cnt + 1;
end

else Y horizontal door

id = randi(n-2-lengths(i)) + 1; % start x pos

idJ = 1;

if (event2 > 0.5) % bottom or up wall
idJ = m;

end

for j = 0: lengths(i)-1 % append in top direction
Occupied(id+j, idJ) = 0;
Doors(cnt,:) = [id+j, idJ];
cnt = cnt+1;
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end
end
end

% gen random obstacles
cnt = 1;
for i = 1: nObstacles

eventl = rand(1);
if (eventl <= 0.33) % vertical obsracle

idJ = randi(m-4 - obstaclesLengths(i)) + 2; % not to obstruct the door
idI = randi(n-4) + 2; % not to obstract the door

for j = O:obstaclesLengths(i)-1

if (Occupied(idI, idJ+j) ~= 0)
break;

end
Occupied(idI, idJ+j) = 100;
Obstacles(cnt,:) = [idI, idJ+j];
cnt = cnt + 1;

end

elseif (eventl <=0.66) Y horizontal obstacle

idJ
idI

randi(m-4) + 2; % not to obstuct the door
randi(m-4 - obstaclesLengths(i)) + 2; % not to obstuct the door

for j = O:obstaclesLengths(i)-1

if (Occupied(idI+j, idJ) ~= 0)
break;

end
Occupied(idI+j, idJ) = 100;
Obstacles(cnt,:) = [idI+j, idJ];
cnt = cnt + 1;

end

else % diagonal obstacle

idJ = randi(m-4 - obstaclesLengths(i)) + 2; % not to obstuct the door
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idI = randi(m-4 - obstaclesLengths(i)) + 2; % not to obstuct the door

for j = O:obstaclesLengths(i)-1

if (Occupied(idI+j, idJ+j) ~= 0)
break;

end
Occupied(idI+j, idJ+j) = 100;
Obstacles(cnt,:) = [idI+j, idJ+j];
cnt = cnt + 1;

end

end
end

% populate after obstacles has been generated
while(populated = population)

i = randi(n-2) + 1;
j = randi(m-2) + 1;

if (Occupied(i, j) == 0)
Occupied(i, j) = 1;
populated = populated + 1;
end
end
end

function draw(Occupied)

clf % Clear figure
imagesc(Occupied, [0 1]) % Display grid
pause(0.01) % Pause for 0.01 s
colormap([1 1 1; 0 0 01); % Define colormap

end
function notdone = not_done(Occupied)

[n m] = size(Occupied);
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notdone = 0;
for i = 2:

n-1
for j =2

: m-1

if (Occupied(i, j) > 0)
notdone = 1;
return;

end

hcalculates static field - returns computed static field
hinput:

% n - x dimension

% m - y dimension

% doors - array of doors - each row represents one door cell
yA and consist of two columns - (i,j) coords

%  doorLengths - array, containd lengths of each door

%  contraction - effectiveDoorLength/doorLength

% nObstacles - number of obstacles. Necassary, because matlab don’t
h know how to pass array with zero length

% Ks - influence for door field

%  Kw - influence of wall field

function StatField = calcStatField(nm, doors, doorLengths, contracion,
nObstacles, obstacles, Ks, Kw)

n = nm(1);
m = nm(2);
nDoors = size(doorLengths) ;

if nObstacles "= 0
nObstacles = size(obstacles);
end

StatField = zeros(n, m);
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maxDist = 0;

for i = 2: n-1
for j = 2: m-1

minDist = inf;
% find minimal path to doors

effectiveLength = contracion*doorLengths (k) ;
offset = floor((doorLengths(k)-effectiveLength) * 0.5);
for 1 = offset: offset + effectiveLength-1
% may use squared distance for less computations
po = power((i-doors(cnt+l, 1)),2)+power((j-doors(cnt+l,2)), 2);

% if the door is not visible the distance to it is
% more than straight line and therefore more than minDist
if (po >= minDist)
continue;
end

% check if there is visible path to doors
% TODO:

minDist = po;
end
cnt = cnt + doorLengths(k);
end

StatField(i, j) = minDist;
if (maxDist < minDist)
maxDist = minDist;
end
end
end

25



dMax = 4; % radius of wall influence

StatFie
StatFie
StatFie
StatFie

for i =
for

h
h
h
h

T

1d(1,:) = -1; %does no matter what will be here
1ld(n,:) = -1;
1d4(:,1) = -1;
1d(:,m) = -1;
2: n-1
j=2: m1
attractive potential of doors
if (maxDist == StatField(i,j))
StatField(i,j) = 0;
else hexp(Ks/(1-sqrt (maxDist/StatField(i,j))));
StatField(i,j) = Ks*exp(-StatField(i,j)/maxDist*750) ;%
end
% find min dist to the obstacle
minDistObst = inf;
%n0bstacles = 0;

for 1 = 1: nObstacles
po = power((i-obstacles(l, 1)),2)+power((j-obstacles(1,2)), 2);
if (po < minDistObst)
minDistObst = po;
end
end
hStatField(i,j) = 1; % for visualization of repulsive wall field
% repulsive potencial of walls
if (minDistObst ~= inf)
if (minDistObst == 0)
StatField(i,j) = 0O;
continue;
end

minDistObst = sqrt(minDistObst);
if (minDistObst < dMax)
StatField(i,j) = StatField(i,j)*exp(Kw*(1-(dMax/minDist0bst)));
end
end
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% function update - updates grid cell

h

% input parametrs:

%  Occupied0ld - grid cell in previous time step

% DynFiled0ld - dynamic filed values in previous time step

%  StaticField - static filed - constant in each time step

% params - set of simulation parameters: [Ks, Kd, alpha, delta, miu, Ki]
h

% output parametrs:

% Occupied - updated grid cell - grid cell in current time step

% DynFiled - updated dynamic filed

%  cur_evacuated - number of evacuated pedestrians in current time step

function [Occupied, DynField, cur_evacuated] =
update (Occupied0ld, DynField0ld, StatField, params)

% von Neumann neighborhood - each neighbor has it own id

% 1-left neighbor, 2-righ neighbor, 3-bottom neighbor, 4-top neighbor
% inverseNeighbors map gives neighbor_id of cell(i,j) relative to its
% neghbor i.e. given cell is right neighbor for its left neighbor or
% inverseNeighbors(1l) = 2

global neibrs;

global neighborFlags;

global inverseNeighbors;
global inverseNeighborFlags;

neibrs = [-1 0 ; +1 0 ; 0 -1; 0 +1; 0 0];

neighborFlags = [1, 2, 4, 8, 16, 0];
inverseNeighbors = [2 1 4 3 0];
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-

inverseNeighborFlags (1)
inverseNeighborFlags(2)
inverseNeighborFlags(4)
inverseNeighborFlags(8) ;
inverseNeighborFlags(16) = 4;

o e

b

I
w N = O

[n, m] = size(Occupied01d);
Occupied = Occupied0ld;
DynField = DynField0Old;

miu = params(5); % friction parameter
cur_evacuated = 0;

for i = 2: n-1 % start from 2 as 1 are walls or exit
for j = 2: m-1

%100 - obstacle

if (Occupied01d(i,j) == 0 || Occupied01d(i,j) == 100)
continue;

end

[moveI, moveJ, id] = move(Occupied0ld, DynField0ld, StatField,
i, j, params);

if(id "= 0) % if we moved - to door or to empty cell
id = neighborFlags(id+1);
DynField(i, j) = DynField(i, j)+1;
Occupied(i, j) = 0; %free moved

%if not door
if ((moveI>1) && (movelI<n) && (moveJ>1) && (moveJ<m))
% keep tracking who is in
Occupied(movel,moveJ) = bitor(Occupied(moveIl, movelJ),id);
else
cur_evacuated = cur_evacuated + 1;
end
end
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end
end

hresolve conflicts

% if several pedestrains decided to move to the same cell -

% with probability miu all pedestrains stay on thier previous places
% and with probability 1 - miu one random pedestrain moves

for i = 2:

1

n-
for j = 2: m-1

if (Occupied(i,j) == 0)

end

continue;

candidates = zeros(1l);

cnt
for

end

=1;

k=1:4

and_ = bitand(Occupied(i,j), neighborFlags(k+1));

if (and_ == neighborFlags(k+1)) % if somebody entered cell
candidates(cnt) = k; % from direction of k-th neighbor
cnt = cnt + 1;

end

if (length(candidates) > 1)

event = rand(1);
if (event > miu) Y%one moves

% chose moving with equal probability
move_id = randi(length(candidates));

Occupied(i, j) = neighborFlags(candidates(move_id)+1);
(@ <=1 Il @G> Il (G<=1 Il (j>m) %if door
cur_evacuated = cur_evacuated-length(candidates)+1;

end

for k=1:length(candidates)
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if (k ~= move_id)
[moveI, moveJ] = getNeighbor(i, j, candidates(k));
DynField(movel, moveJ) = DynField(movel, moveJ)-1;
Occupied(movel,moveJ) = 1;
end
end

else % nobody moves
Occupied(i,j) = 0;

(@ <=0 |l G>mn Il (G<=1 || (j>m) %if door
cur_evacuated = cur_evacuated - length(candidates);
end

for k=1:length(candidates)

[moveI, moveJ] = getNeighbor(i, j, candidates(k));
DynField(moveI, moveJ) = DynField(moveI, moveJ)-1;
Occupied(movel,movel) = 1;

end

end

end

end
end

Jiuppdate Dynamic field

alpha = params(3); % diffusion of dynamic field
delta = params(4); % decay of dynamic field

for i 2: n -1
for j =2: m-1
eventDecay = rand(1);
if (DynField(i,j) == 0) % D must be non-negative
continue;

end

if (eventDecay < delta)
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DynField(i, j) = DynField(i, j) - 1; % decay
end

if (DynField(i,j) == 0) % D must be non-negative
continue;
end

eventDiffuse = rand(1);
if (eventDiffuse < alpha)

DynField(i, j) = DynField(i, j) - 1; % diffuse

% choose neight to which boson will move
nightborToDecay = randi(4);

[moveI, moveJ] = getNeighbor(i, j, nightborToDecay);
DynField(moveI, moveJ) = DynField(moveI, moveJ) + 1;

end
end
end
end

function [moveI, moveJ, id] = move(Occupied, DynField, StatField,

global inverseNeighbors;
global inverseNeighborFlags;

Ks = params(1);
Kd = params(2);
Ki = params(6);

probs = zeros(5, 1);
prob_sum = O;
id = 0;

maxDir = O;
maxProb = 0;
maxInvProb

o~

0;
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for ii = 1: 4
[moveI, moveJ] = getNeighbor(i, j, ii);

if (Occupied(movel, moveJ) “= 0)
maxInvProb = max(StatField(i-1,j), maxInvProb);
continue;
end
probs(ii) = StatField(moveI,movel);
if (probs(ii) == -1)
id = inverseNeighbors(ii);
return;
end

if (probs(ii) > maxProb)
maxProb = probs(ii);
maxDir = ii;
end
end

% get previous direction for inertia factor.
prevDir = inverseNeighborFlags(Occupied(i, j));
if (prevDir ~= 0)

prevDir = inverseNeighbors (prevDir) ;
end

for ii = 1: 5
[moveI, moveJ] = getNeighbor(i, j, ii);

if (Occupied(moveI, moveJ) “= 0)
continue;
end
probs(ii) = exp(Kd*DynField(moveI, movelJ))*StatField(moveI, movelJ);
if (prevDir == ii ) %&& maxDir == ii)
probs(ii) = probs(ii)=*Ki;
end

prob_sum = prob_sum + probs(ii);
end

if (prob_sum == 0) %say on place

id = 0;
movel = i;
moveJ = j;
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A

end

return;
end

% normalize probabilities
for ii = 1:5

probs(ii) = probs(ii)/prob_sum;
end

Jrandomly choose where to go according to probabilities

val = rand(1);
probSum = O;
for ii = 1:5
probSum = probSum + probs(ii); % should sum up to one
if(val < probSum)
id = 11i;
break;
end
end

[moveI, moveJ] = getNeighbor(i, j, id);
id = inverseNeighbors(id);

id = 27id; % for bitwise or operations

function [moveI, moveJ] = getNeighbor(i, j, id)

global neibrs;

movel = i + neibrs(id, 1);

moveJ

end

j + neibrs(id, 2);
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