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Simulation of Pole Balancing Problem
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Figure 3.2: The pole-balancing task.
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maxsteps = 2000; % maximum number of steps per episode (1000)
statelist = BuildStateList(); % the list of states
actionlist = BuildActionList(); % the list of actions
nstates = size(statelist,l);
nactions = size(actionlist,l);
Q = BuildQTable( nstates,nactions ); % the Qtable
alpha = 0.3; % learning rate
gamma =1.0; % discount factor
epsilon = 0.001; % probability of a random action selection
grafica = false; % indicates if display the graphical interface
GSL s o alpha
discount ,giSLé : gamma
9las (action) Jee il Jlais! : epsilon
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for i=1:maxepisodes
[total_reward,steps,Q ] = Episode( maxsteps, Q , alpha,
gamma ,epsilon,statelist,actionlist,grafica );

disp(['Espisode: ',int2str(i),' Steps:', int2str(steps),’
Reward: ', num2str(total_reward),' epsilon: ', num2str(epsilon)])

epsilon = epsilon * 0.99;

xpoints(i)=i-1;

ypoints (i) =steps;

subplot(2,1,2);

plot (xpoints,ypoints)

title(['Episode: ',int2str(i),' epsilon: ', num2str (epsilon)])
xlabel ('Episodes')

ylabel ('Steps')

drawnow

if (i>1000) grafica=true;.sgiue Jlzbd Sodl 48 has Liw)y il 49 4SuTS)ygwya//
end
end
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function [ total_reward,steps,Q ] = Episode( maxsteps, Q , alpha,
gamma ,epsilon,statelist,actionlist,grafic )

global grafica

% state variables x,x dot,theta,theta_dot
X = [0 0 0 0.01];

steps =0;

total_reward = 0;

% convert the continous state variables to an index of the statelist

s = DiscretizeState (x,statelist);

$s = get_box(x);

% selects an action using the epsilon greedy selection strategy
a = e_greedy_ selection(Q,s,epsilon);

for i=1:maxsteps

% convert the index of the action into an action value
action = actionlist(a):;

%$do the selected action and get the next car state
Xp = DoAction( action , x );

% observe the reward at state xp and the final state flag
[r, £f] = GetReward (xp) ;
total reward = total_reward + r;

% convert the continous state variables in [xp] to an index of the statelist
sp = DiscretizeState(xp,statelist);

%¥sp = get_box(xp);

% select action prime

ap = e_greedy selection(Q,sp,epsilon);

% Update the Qtable, that is, 1learn from the experience
Q = UpdateSARSA( s, a, r, sp, ap, Q@ , alpha, gamma ) ;

$update the current variables
s = sp; a = ap; X = Xp;

%$increment the step counter.
steps=steps+l;

grafic=grafica;
% Plot of the mountain car problem
if (grafic==true)
plot _Cart Pole(x,action,steps);
end

% if the car reachs the goal breaks the episode
if (f==true)

break
end

end
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Table 1: System parameters and varable names for the pole balancing prob-

lem.
Symbol Name Diescription
i Pole Angle measured (in radians) relatively to the up-
right position, mitial value in 0.1, +0.1]
il Pole Velooity angular velocity of the pole in rad/s
f Pole  Accelara-  acceleration of the pole in rad/s?
tion
T Card Position measured relatively to the middle of the
track (in m), mitial value in [—1, +1|
Card Velocity velocity of the cart (in m/s)
Card  Accelera-  acceleration of the cart {in m/s)
tion
q Gravitational acceleration due to gravity (g =9.81 m/s?)
Acceleration
M, Cart Mass 1.0 kg
iy, Pole Mass 0.1 kg
1 Pole Length distance from pivot to the pole's center of
mass (1=0.5m)
t Time measured n s
F Force force applied to the cart at time ¢ (in N,
always F} # ) for a bang-bang controller)
h Track Limit +24m from track center
T Pole Faillure An-  £12° from vertical (127 2= [1.209rad)
gle
T Time Step discrete integration time step for the sim-
ulation [ = 0.02s)
F. Controller Con-  constant of linear controller (set to F,
stant 100N
k1, ko ks kg Controller Con-  Turther constants of controller (in |0, 1], to

stants

be optimized)
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function [s] = DoAction(action, s)

Cart_Pole: Takes an action (0 or 1) and the current values of the
four state variables and updates their values by estimating the state
TAU seconds later.

o0 d° o°

% Parameters for simulation

x = s(1);
x_dot = s(2);
theta = s(3);

theta_dot = s(4);

g = 9.8; $Gravity

Mass_ Cart =1.0; $Mass of the cart is assumed to be 1lKg
Mass_ Pole =0.1; $Mass of the pole is assumed to be 0.1Kg
Total_ Mass = Mass_Cart + Mass_Pole;

Length = 0.5; %$Half of the length of the pole
PoleMass_Length = Mass_Pole * Length;

Force Mag = 10.0;

Tau = 0.02; $Time interval for updating the values
Fourthirds = 4.0/3.0;

force = action * Force Mag;

temp = (force + PoleMass Length * theta dot * theta_dot * sin(theta)) /
Total Mass;

thetaacc = (g * sin(theta) - cos(theta) * temp) / (Length * (Fourthirds -
Mass_Pole * cos(theta) * cos(theta) / Total Mass)) ;

xacc = temp - PoleMass_Length * thetaacc * cos(theta) / Total Mass;

% Update the four state variables, using Euler's method.

x = x + Tau * x dot;
x_dot = x_dot + Tau * xacc;
theta = theta + Tau * theta_dot;

theta_dot = theta_dot+Tau*thetaacc;

s = [x x_dot theta theta_dot];
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function [ r,f ] = GetReward( s )
r: the returned reward.
f: true if the car reached the goal, otherwise f is false

o°

oe

X = s(1);

x_dot = s(3);

theta = s(3);

theta_dot = s(4);

r = 10 - 10*abs(10*theta)”~2 - 5*abs(x) - 10*theta_dot;
f = false;

twelve_ degrees = deg2rad(12); % 12°

fourtyfive degrees = deg2rad(45); % 45°

$if (x < -4.0 | x > 4.0 | theta < -twelve degrees | theta >
twelve_ degrees)

if (x < -4.0 | x > 4.0 | theta < -fourtyfive degrees | theta >

fourtyfive degrees)
r = -10000 - 50*abs(x) - 100*abs (theta);
f = true;

end
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4 Figure 1: Reinforcement Learning with a Scara Manipulator Robot = O
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Espisode: 95 Steps:58 Reward:-12741.9602 epsilon: 0.00038878
Espisode: 96 Steps:70 Reward:-15814.2442 epsilon: 0.0003849

Espisode: 97 Steps:71 Reward:-14239.0772 epsilon: 0.00038105
Espisode: 98 Steps:60 Reward:-13091.5997 epsilon: 0.00037724
Espisode: 99 Steps:80 Reward:-14161.8783 epsilon: 0.00037346
Espisode: 100 Steps:67 Reward:-13333.6392 epsilon: 0.00036973

Sade JiSlas a4y g it uloly 0gd oo cvdlin a5 jghilen : SLL ol jo Tal LS

| od.;u.u) 095

Espisode: 495 Steps:2000 Reward:19004.1705 epsilon: 6.9789e-06
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Espisode: 498 Steps:2000 Reward:19004.1705 epsilon: 6.7716e-06
Espisode: 499 Steps:2000 Reward:19004.1705 epsilon: 6.7039e-06
Espisode: 500 Steps:2000 Reward:19004.1705 epsilon: 6.6369e-06
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