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ABSTRACT: This paper describes the hardware and software design
of the kid size humanoid robot systems of the PERSIA Team in 2009.
This year, our developments for the humanoid robot is include: the
design and construction of our new humanoid robots structure and
implementation a new recurrent hybrid neural network for walking
control. The control system consists of two neural network controllers,
two standard PD controllers and robot walking planar. The proposed
neural network controller has three layers; which are input, hidden and
output layers.

The project is described in/two main.parts: Hardware and Software.
The hardware section consists of the mechanical structure and the
driver circuit. board -that Each robot is able to walk, fast walk,
autonomously get up, kick and dribble when it catches the ball and
The software i1s developed a robot application which consists of
motion controller, autonomous motion robot, self localization based
on.vision system, Al, Trajectory planning and Network. The project is
still in progress and some new interesting methods are described in the
current report.

KEYWORDS: Humanoid Robot, Neural Network Controller,
Intelligent Control, Biped Robot, Robot Locomotion

Introduction

The RoboCup scenario of soccer playing legged robots represents an
extraordinary challenge for the design, control and stability of autonomous
bipedal and quadrupedal robots. In a game, fast, goal oriented motions must be
planned autonomously and implemented online while preserving the robot’s
postural stability and adapting them in real-time to the quickly changing
environment.
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In the humanoid league, many technology issues and scientific areas
must be integrated to implement the humanoid robot, such as mechanics,
electronics, control, computer science, and semiconductor. Besides, the
research technologies of humanoid walking control, autonomous motion,
vision and Al system, kicking and shooting ball will be applied [MMKO0,
MMM10, MMT10a, MMT10b, M+09a, M+09b, M+10a, M+10b, M+10c,
PK99].

The Humanoid League team of the PERSIA was founded in 2008. In
2008 we ranked 1st place Humanoid Kid Size Soccer Robot League in Ist
national Khwarizmi Robotic Competitions the Khwarizmi Robetic is one of
the, Iranian major Robotic event. In 2009 we achieved the 5th in the 3rd
International Iran-Open Competitions in the 3-3 games out of 15 teams. The
basis for our success was the robust and reliable hardware design, well-
structured software architecture and efficient algorithms for sensor fusion
and behavior generation. Our main research interest is both, the
development of learning robots and the development of improved sensor
fusion and sensor integration techniques. In order to let the robot can
autonomous play a soccer game, three basic skills are designed and
implemented on it: image understanding for environment perception, move
ability, and artificial intelligence. In order to let the robot have a high ability
of environmental detection, a camera and array of sensor are equipped on
the body of the implemented robot to obtain the information of the
environment to decide an appropriate action. We used available personal
digital assistant (PDA) for processing vision and higher level reasoning and
brain of our robot. A control board with an ATMEGA 128 microcontroller is
mainly utilized to control the robot. Many functions are implemented on this
system so that it can receive the vision signal obtained by the camera via a
CF port and process the data obtained by gyroscopes and the digital
compass. It also can process the high level artificial intelligence, such as the
navigation. The humanoid robot is designed as a soccer player so that the
implemented robot can walk, turn, and shoot the ball.

In this paper, we will at first describe the general hardware design of
the PERSIA Humanoid Robocup Team, (section 1) and after that focus on
our scientific approaches in software such as robot motion controller, sensor
fusion, vision system and learning (section 2). Finally, section 3 concludes
this paper. This document describes the current state of the project as well as
the intended development for the RoboCup 2010 competition.
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1 Mechanical Design

Figure 1 show our humanoid soccer robot, Persia robot includes motion
mechanism, Shooting and dribbling mechanism. PERSIA kid-size
humanoids are built with aluminum brackets. The kinematics chains are
powered by high-torque servomotors. The actuators used in the PERSIA
robots are the Hitec servo motor. The motion mechanism consists of 20
degrees of freedom distributed in 5 per leg, 3 per arm and other two degrees
of freedom as a pan-tilt system holding the head and tow in trunk, we use an
aluminum mechanism powered by two micro servomotors directly
controlled by the camera, providing object tracking independently from leg
or arm motions. To facilitate exchange of the players, all robots use
mechanically the same structure.

Figure 1. Mechanical construction of the PERSIA humanoid robots

The PERSIA Humanoid robot designed for has multipurpose
capability. This robot equipped with main board for motion control, vision
sensor, other balancing sensors, servo motors and etc. Our robots perform
high mobility and stability. The maximum speed is approximately 0.25m/s.
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It can also walk to any direction and targeting smoothly. For stable walking,
we use an acceleration and gyro sensors. The acceleration sensor is also
used to detect falls. In our robots we use two processors; one is used for
motion control and receives data from gyro and acceleration sensors via
A/D converter, and another is used for image recognition, behavior
determination and so on.

2 Robot Software

In soccer game, for example, the robot searches a ball and two _goals, and
moves to its desired location with avoiding many obstacles, therefore we
developed our humanoid robot software in Visual C++ and robot software is
divided into four sections: vision, artificial intelligent, behavior engine, and
motion control (actuation).

Figure 2 shows the block diagram of the software which runs in the
robot’s main processor. The program consists of 4 main blocks:

e Hardware Interface: Contains all low level routines to access
hardware of the robot including sensors and actuators.

e Vision: Contains image processing algorithms such as recognition of
landmarks and other object. Self localization is done using particle
filtering. Particles are scored by comparing a simulated image from
each particle with the current frame captured by camera. Using
“Sampling-Importance Resampling” method, a new distribution of
the particles is created after each step. Particles are also updated
using a motion model. Final distribution of the particles converges to
the real pose of the robot.

o Planning: Planning system of the robot is based on a multi layer,
and multi thread structure. The layers are named Strategy, Role,
Behavior and Motion. Each layer contains a Scenario which runs in
parallel with the scenarios in the other layers. A scenario in a higher
level can terminate and change the scenario running in the lower
level; however it is usually done in synchronization with the lower
level scenario to avoid conflicts and instabilities. (Such as stopping
the walking motion while one of the feet is still in the air).

e Network: Mainly responsible for the wireless communication of the
robot with the other robots or the referee box. This is done via
WLAN.
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e Motion Control: manages all the actuators of the robot, and controls
locomotion or any other action of the robot according to the requests
from Cognition.

e Sensor Control: manages other sensors, and interacts with the Sub-

Controller.
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Figure 2. Block diagram of the software which runs
in the robot’s main processor

3 Motion Control via Artificial Neural Network

The neural network technique is a very effective tool for controlling complex
non-linear systems when we have no complete model information, or even
when considering a controlled plant as a black box. The use of a proposed
recurrent hybrid neural network to control of walking robot is investigated in
this section. The reason to use hybrid layer is that robot’s dynamics consists of
linear and non-linear parts. PERSIA Humanoid Robot has two kinds of
locomotion pattern: Omni directional walking and special actions such as
kicking and getup. Special actions are described using key frames, which can
be edited very fast by our software tool HumanoidRobotControl. Omni
directional walking means the robot can walk in every direction with variable
step length. The behavior module determines the target position and orientation
according to the results of localization and the sensor measurements, and then
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constructs an action series which consists of the elementary gaits to realize
Omni directional walking. A neural networks based control system is utilized to
the control of walking robot. The control system consists of two proposed
neural controllers, two standard PD controllers and two legged planar. The
proposed neural network (NN) is employed as an inverse controller of the
robot. The NN has three layers, which are input, hidden and output layers. In
addition to feed forward connections from the input layer to the hidden layer
and from the hidden layer to the output layer, there is also feedback connection
from the output layer to the hidden layer and from the hidden layer to itself.

A

yit+1)

“ w la
i \'m//;r .\\:\”: ,
g 1
/ \l '
S () x (D

B =
K ik
W W,

Ii' Input 1|
'\ Layer ,'
A e

e

X

udt}

Figure 3. Schematic representation of the proposed
three layered recurrent hybrid network

At a given discrete time ¢, let U (t)be the input to a recurrent hybrid
network, ¥ (t), the output of the network, X, (t)the output of the linear part
of the hidden layer and X, (t)the output of the non-linear part of the hidden
layer. The equation of the feed forward hybrid network is as follows:
X,t+) =W, *U(t)+ pX,(t) + aJY (¢)
Xy(t+ 1) = F{W, *U@0) + pX, (1) + aJY (1)}
Y+ =W, *X,¢+)+W,,X,(t+])

14
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If only linear activation function is adopted for the hidden neurons, the
above equations simplify to:
Xt+D)=X,¢t+)=X,(t+1)
Y+) =W, *Xt+)=>Y@)=W, * X(¢)

Xt+)=W,*U@)+ S, *X(t)+S,Y(?)
Replacing Y(¢) by W, * X(¢), gives:

Xt+D)=(S,+S,*W)HX@)+W,*U(¢)
where W, 1s the matrix of weights of connections between the input layer
and the hidden layer, W, is the matrix of weights of connections between
the linear hidden layer and the output layer, W,,, is the matrix of weights of
connections between the non-linear hidden layer and the output’ layer,
F{ }is the activation function of neurons in the non-linear hidden layer. .J
is, n, *n, matrices with all elements equal tol, where n,, is the numbers of
hidden neurons, and 7, , the number of output neurons. The weights in S,
and S, are related to the feedback connections and are fixed. The weights of

the connections from the output layer to the hidden layer have the same
value o and those of the connections. from the hidden layer to itself have

the same value #. S, and S, ‘are then given by S, =4/ and S,=a/,
Where [ is the n, *n, identity matrix.
=>Xt+D)=(BL+aJW, )*X()+W,*U(t)
General form of the equation can be written as follows:
X(+1)=A4X(t)+BU(1)
Where Aiis a n,, * n,, matrix and B is a n, *n, matrix.

The back propagation (BP) algorithm is used to update weights of the
proposed neural network. The BP algorithm is a method of supervised
neural network learning. During training, the network is presented with a
large number of input patterns. The experimental outputs are then compared
to the neural network output nodes. The error between the experimental and
neural network response is used to update the weights of the network inter-
connections. This update is performed after each pattern presentation. One
run through the entire pattern set is termed an epoch. The training process
continues for multiple epochs, until a satisfactorily small error is produced.
The BP algorithm is the most commonly used to update the weights of the
neural networks. Beginning with an initial (possibly random)
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Figure 4. Three-layered neural network controller

weight assignment for three-layer feedforward network, proceed as flow:

Stepl: Presenti”, and form outputs, o,, of all unit in network.
Step2: Use the below equation to update Aw, between the hidden layer and

the output layer.
OF (1)
W, =—n*———+aAw,(t-1)
awji (1)
Step3: Use the below equation to update weights between input layer and
the hidden layer.

E
Aw, =-n e710) +aAw,(1-1)
Step4: Stop if updates are insignificant or the error is below a preselect
threshold, otherwise return to Stepl.

Where 77 is the learning rate, and « is the momentum term. E, (¢) is the

propagation error between hidden layer and output layer. E,(¢) is the error

between desired and neural network output signals. Also as depicted in
Figure 4 and 5, the first layer received reference inputs from the trajectory
generator and also the control errors. Again, the second layer consisted of
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two parts, a linear part and a non-linear part. Finally, the third layer of the
network produced outputs to drive the robot joints. The forward walking
speed of PERSIA Humanoid Robot is 25cm/s. The image sequences of
forward walking are shown in Figure 5.
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Figure 6. Forward walking image sequence

Figure 7. Proposed neural control system for walking robot
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The image sequences of sideward walking and turning are shown in Figure
6 respectively.

4 Image Processing

One of the primary tasks for the vision system is to locate a particular goal
and calculate the robot’s position in relation to it. Utilizing a camera, each
time the personal digital assistant (PDA) on each robot performs the
processing of the current frame and calculates the position and direction of
the robot. It also determines the position and position of the opponent robots
as well as the position and velocity of the ball. The image-processing
algorithm first filters the image by using a table for labeling the colors
(Color Adjustment) then recognizes the contiguous regions through either a
BFS (Breadth-First Search) or a DFS (Depth-First Search) search algorithm
and finally extracts the necessary information like: self-localization, ball,
and goal and opponent position by looking in the Image to ground map
table. The server gives the necessary commands to the image processing
computers. The algorithm used to find-objects is optimized to process the
maximum number of frames. First it searches the pixels by swiping them
with certain steps, when it finds a desired one and detects that object, saves
its coordinates so the next time/it can start back with the same point about.
Sometimes for better image processing the RGB color space is converted to
HSL (Hue, Saturation and Luminance). To recognize a certain color, a
combination of. conditions on Hue, Saturation and RGB is used. This
procedure makes the color recognition independent from the change of
brightness-and other unpredicted conditions. We are trying to evaluate new
methods to find some kinds of objects based on pattern recognition to
reduce the effect of changing the colors on algorithm. The image processor
receives its data through SD port connected to a camera with the speed of 15
to 30 frames per second. After identify the different objects on the field and
estimated the  real information, we are developing self-localization
algorithms by classic triangulation methods. Basically, we infer robot
position on field by the recognition of two landmarks and the goal pose with
color. We will also implement localization algorithms based on field lines.
Our new robot self localization method is based on detection of white lines
in field. Because the white line points is one of the visual information that
could be used as landmarks for robot’s self localization. So our vision
system tracks all white lines that exist only in the region field color (green)
and robots use a digital compass (MTi-sensor) for the robot heading
reference.

18



Anale. Seria Informatica. Vol. VIII fasc. 2 — 2010
Annals. ComButer Science Series. 8" Tome 2™ Fasc. — 2010

We employ a Monte Carlo Localization (MCL) method [MMT10b].
For our algorithm, the field model is a Cartesian coordinate system with the
origin at the center of the field. The robot’s state is represented by a vector

X =[x,,0] which consists of a position (X,Y) and € an orientation. We
provided the algorithm, which detects only orientation, made the posture
€ ingredient known in MCL, and planned the dimension reduction of the
state vector. The orientation detection is explained further below. For
localizing, we have to construct the posterior density p(xt | y]...yt) from the
state of a robot x, and the sensor data y, at the current time. In the particle

filter methods, a probability density is represented by a set of N random
samples (Particle). The method proceeds in two phases.

In the first phase we predict a current state of the robot. That is
specified as a conditional density p(xl | xH...uH) from the previous state

X

., and a control inputu, ;. The predictive density is obtained by the

following integral. For our algorithm, we set the control input u, as
odometry data and add it to each particle.

p(xt | yl"'yt)= jp(xt | xtfl’utfl)p(xt71| y]"'yt—l )dxtfl

In the second phase-we update the density according to the sensor
datay,. The likelithood of y, at state x, is represented as p(yt |xt). The

posterior density is obtained using Bayes theorem.

p(yt | xt)p(xt | yl"'ytfl)
P, 1 ev)

px )=

Sensor datay, is distance to the field line. The state is compared to
v, and the likelihood is updated of each particle. After that, weighted

particles are normalized and re-sampled. Re-sampling is done according to
the weight of each particle: new particles are generated around the particles
that have high likelihood.

In the RoboCup soccer field most constituents are straight lines or
perpendicular segments of lines. The robot’s orientation is detected by searching
for inclination of the straight line ingredients in the circumference seen from the
robot. This approach is simple, high-speed, and the derivation of the robot
orientation becomes efficient. Our task is to use MCL in the RoboCup
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environment. It is possible to falsely detect orientation because the form of the
field is symmetric against the center of the field. We solved the false detection by
using compass sensor for this problem. Our self localization algorithm is a one of
the very fast and effective algorithm to track robot’s localization, and it only
takes several milliseconds to finish the localization computation for one frame
image. Experiments show that the position error of robot’s self localization can
be less than 50 centimeter. We are also researching algorithms for color
segmentation robust to variant light conditions and noise. The location of ball on
the field is based on relative distance and orientation of ball with robot’s position.
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Figure 8. Vision Systems, Object detection (Goals, Flag Spots, Ball)
and line detection for Self Localization algorithm

5 World Model Construction

Although each agent tries to extract the real world map as accurate as
possible, but “noisy data” and “non-global optimized” algorithms reduce the
reliability of processed data. The world model module receives different
data sets from every agent. Each data set contains different environmental
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information like self, ball and opponents’ positions. Each data carries a
‘confidence’ factor; a larger confidence factor means a more reliable piece
of information. The most recent data sets are then chosen for data fusion, in
which the following rules and facts are applied:

- Closer object are of more accuracy.

- Objects further than a specific distance could be said to be totally
inaccurate. (This distance is experimentally known)

- An object in the field cannot move faster than an extreme value.

With respect to the above fact, the module filters unwanted duplicates
of objects, (many opponents close to each other seen by different agents),
calculates the best approximation for ball and opponents’ positions with first
order Kalman filtering, gives every object a confidence factor, applies a low
pass filter on data and finally constructs a complete world model. This new
world model contains information about the objects which may not have
been seen by each agent correctly and also enhances approximations of all
environmental information. The constructed world model is then sent back
to all agents so they will have a better view of the world around them!

6 Artificial Intelligent

In this section the Al part of the software is briefly introduced. There are
three distinct layers: Al Core, Role Engine and Behavior Engine. Al Core
receives the computed field data from World Map Modeling unit and
determines the play state according to the ball, opponents and our robots
positions. Considering the current game strategy, determination of the play
state is_done by fuzzy decision-making to avoid undesirable and sudden
changes of roles or behaviors. [PK99, M+09a]

7 Role Engine

Role engine module receives information from Al core; process them, and
then selected a role. This module is the main section of robot software. The
proposed rules for role engine have been turned by various experiences and
they are independent of game field conditions. The output of this module is
a set of high level commands that send to Behavior engine. Some of high
level commands which are produced by role engine module are: Go to
position, Go to ball, Targeting, Shooting ball, ...
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Figure 9. World model construction and artificial intelligent structure
running on the PDA

8 Behaviors Engine

This module receives information from Artificial Intelligent unit. Total
functions about Robot Behavior such as stability motors actions, robot path
planning, turn camera, walking, shooting, dribbling; motion and etc are
controlled in this section.

9 Trajectory

Since the motion trajectory of each robot is divided into several median points
that the robot should reach them one by one in a sequence the output obtained
after the execution of Al will be a set of position and velocity vectors. So the task
of the trajectory will be to guide the robots through the opponents to reach the
destination. The routine used for this purpose is the potential field method (also
an alternative new method is in progress which models the robot motion through
opponents same as the flowing of a bulk of water through obstacles) [MMKO00,
M+10d]. In this method different electrical charges are assigned to opponents,
goal and the ball. Then by calculating the potential field of this system of charges
a path will be suggested for the robot. At a higher level, predictions can be used
to anticipate the position of the opponents and make better decisions in order to
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reach the desired vector. In our path planning algorithm, an artificial potential
field is set up in the space; that is, each point in the space is assigned a scalar
value. The value at the goal point is set to be 0 and the value of the potential at all
other points is positive. The potential at each point has two contributions: a goal
force that causes the potential to increase with path distance from the goal, and an
obstacle force that increases in inverse proportion to the distance to the nearest
obstacle boundary. In other words, the potential is lowest at the goal, large at
points far from the goal, and large at points next to obstacles.

U(q) = UGoal (Q) + UObstacle (q)

If the potential is suitably defined, then if a robot starts/at any point in
the space and always moves in the direction of the steepest negative
potential slope, then the robot will move towards the-goal while avoiding
obstacles. The numerical potential field path planner is guaranteed to
produce a path even if the start or goal is placed in an obstacle.
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Figurell. Obstacle force and Goal Force+ Obstacle force
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If there is no possible way to get from the start to the goal without
passing through an obstacle then the path planner will generate a path
through the obstacle, although if there is any alternative then the path will
do that instead. For this reason it is important to make sure that there is
some possible path, although there are ways around this restriction such as
returning an error if the potential at the start point is too high. The path is
found by moving to the neigh boring square with the lowest potential,
starting at any point in the space and stopping when the goal is reached.

10 Network

The network physical layer uses the ring topology. The UDP (User
Datagram Protocol) network protocol is wused for the software
communication layer. The data flow of the network is as follows: A half
field data (the data representing the position and, status of the robots,
opponents, goals and the ball) is transmitted to the server from each client
computer of robots, the server combines them; constructs the complete
global localization field then sends' the appropriate data and commands
(indicating which objects each robot should search for) back to the clients.
When the data is completed it is passed to the Al unit for further processing
and to decide the next behavior of the robots.

Conclusion and Future Work

In this_paper, we present the details of design and implemented method of
our humanoid soccer robot. The performance of our robot team in Iran-Open
Robocup competitions 2010 (3st place) and 1st national Khwarizmi Robotic
Competitions in 2009 showed that the combination of methods and
techniques that described in this paper are led to a successful Humanoid
Robot. In our robot, Omni directional walking, vision system and a novel
motion controller based on artificial neural network and PD controller have
been combined to create a comprehensive Humanoid robot. Our robots can
get up from a fall, walk forward and backward, turn right and left, and kick
the ball. A camera, two IR sensors and a digital compass are integrated so
that the robot can obtain the environmental information to decide the action
behavior. We try to making the robot more stable and reliable as the result
of our researches. Future plans are to develop and implement autonomous
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team actions towards participation in the three-by-three games similar to
other leagues in RoboCup. Further information’s and video about our works
are presented on our website www.lranAdro.com/HumanoidIndex.htm .
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