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DESIGN AND ANALYSIS OF
AN ACTIVE BALL-HANDLING
MECHANISM FOR SOCCER ROBOT
IN ROBOCUP
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Abstract

Dribbling ability is of great value to a soccer robot in the RoboCup
Middle Size League (MSL). In the past, most soccer robots equipped
passive ball-handling mechanism because of its simplicity. But it
can only provide a quite limited control over the ball, while active
ball-handling mechanism could improve the robot’s dribbling ability
significantly. In this paper, an active ball-handling mechanism
The ball-
handling mechanism consists of two friction wheels driven by DC

is designed and utilized in the Jiaolong soccer robot.

motors and the ball-handling process is performed by individual
control of two DC motors’ rotation velocities. In the first part of
the paper, theoretical model of the active ball-handing mechanism
is derived and effects caused by different ways of installation and
different installation parameters are analyzed, which can help us
design the ball-handling mechanism. After that, control system of
active ball-handling is introduced. A velocity coordinator is devised
to optimize the motion of robot. In addition, a position loop is
added to prevent the ball from losing: based on the ball’s position
obtained from the omni-directional vision system, a fuzzy controller
is equipped to adjust velocities of two DC motors, so as to make
sure the ball is always under control. The result of experiments

show that it works as expected.
Key Words
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1. Introduction

RoboCup [1] is an international project that promotes
Al robotics and related fields. The ultimate goal of the
RoboCup project is to develop a team of fully autonomous
humanoid robots that can win against the human world
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champion team in soccer by 2050. Middle Size Robok
League is an important part of RoboCup. During the
match of Middle Size Robot League, a soccer robot needs
to search the ball, grab the ball, dribble and shoot. The
ability of grabbing and handling the ball is essential to a
soccer robot. With good ball-handling ability, the robet
can shake off defenders and create opportunities-to goal. In
the past, passive ball-handling mechanism was massively
implemented in the Middle Size Robot League of RoboCup
[2]. The principal of passive ball-handling mechanism is
very simple, for example, a small fork or a clamp, shaped to
fit around the ball. But the size of fork or clamp is limited
by the rule of “ball holding”. During a game, the ball
must not entering the convex hull of a robot by moré than
a third of its diameter except when the robot is stopping
the ball or not entering the convex hull of a robot by more
than half of its diameter if the robot is stopping the ball
[1]. When the robot is accelerating, passive ball-handling
mechanism can push the ball forwards. But when the robot
is decelerating, the ball’s momentum carries it away from
the robot. That is because in such a system, the force can
only be exerted on the ball with a pointing away direction -
from the robot. So to slow down or move sideways, the
robot has to rotate around the vertical axis of the ball;
which brings extra limitation to the trajectory planning.
To solve this problem, active ball-handling mechanism .
was Introduced into RoboCup [30]. With an active ball-
handling mechanism, the robot can move around easily
and freely with the ball under control. The ball is kept
in the same rhythm of the robot. The robot can finish
more complicated movement to break through, such as the
famous “Marseille turn” of Zidane. With improved ball-
handling ability, more tactical cooperation like wall pass
can also be carried out during the match. _

In the Small Size Robot League, active ball-handling
mechanism was utilized as early as in the RoboCup 2000
[2]. The team Cornell introduced a lot of innovation of ac-
tive ball-handling mechanism in that period [3]. With that,
Cornell dominated the Small Size Robot League in thak
year. Some teams in the Middle Size Robot League alsa



wdopted this method [4]. The active ball-handling mecha-
asen of Cornell was a rotating bar with a latex cover placed
st above the kicking mechanism. Upon contact with the
&ail, the rotation of the bar imparted a backward spin on
e ball [3]. But one disadvantage of this mechanism is that
‘the tangential velocity of the ball is uncontrollable. Later,
mew kinds of active ball-handling mechanism were designed
wd utilized, such as the active ball-handling mechanism of
Cambada (the champion of RoboCup2008) [5], which uses
y one friction wheel, the active ball-handling mecha-
sm of F'U fighter [6], Eindhoven University of Technology
he runner-up of RoboCup2009) [7], ENDEAVOR. (the
ampion of RoboCup China 2010) 8], NuBot (the cham-
ion of RoboCup China 2008) [9] and Team Water [10],
ich consists of two friction wheels driven by DC motors
{Omni wheels [6] or rubber wheels [7], [8], [9], [10]). There

e also different ways to install the friction wheels. The
effect caused by different installations will be discussed in
detail later. Touch-sensitive ball-handling mechanism is
also studied. In [11] and [12], four sensors are implemented
fo enable the robot have force and position feedback with
respect to the ball. In [19], a combination of a capacitive
and a pressure sensor is used to obtain the accurate infor-
mation of the ball position and movement within the ball
handling device. However, no further results have been
presented yet. At present, a lot of control algorithms for
active ball-handling have been proposed, such as open loop
- control system in the early period [3]. In [8], [9], [13],
. [14], the ball-handling process is performed by individual
. control of two DC motors’ rotation velocities in a close-
k loop way. But the motion state of the ball is not taken
into consideration. Some facts, such as the uncertainty of
- field condition (the ball may hop around when the field is
unsmooth), error of installation, might cause unstable ball-
‘handling process. Before the match, empirical adjustment
- of the control system is needed to achieve a good result.
L In [15], [16], the ball-handling mechanism consists of two
~levers. The rotation of the levers can be obtained using
potentiometers. Ball-handling controller is designed to
maintain the angle of the lever at a preferred angle, which
corresponds to a desired distance between the ball and the
robot. But controllers of two levers work independently
and the design of the controller is a little complicated.

The goal of this paper is to propose a method for the
design and control of an active ball-handling mechanism.
In this work, two DC motors are directly controlled to
handle the ball according to the velocity of the ball and its
direction, which is easy to realize. This method is also used
in [8], [9]. But the novelty of this paper is the proposed
theoretical model of the active ball-handling mechanism
used for control. And effects caused by different kinds of
installation are given. In addition, a velocity coordinator
is devised to optimize the motion of robot, and a fuzzy
controller is equipped in the feedback loop to increase the
robustness of the system.

This paper is organized as follows. After the intro-
duction, a theoretical model of the active ball-handling
mechanism (composed of two wheels, driven by two DC
motors) will be derived in Section 2. And effects caused
by different ways of installation or different installation
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Figure 1. Three different installation styles: (a) toe-out
style (6 >0° and 6 <90°), (b) parallel style (§=0°) and
(c) toe-in style (6 >90° and 8 < 180°).

parameters are also given in this section. Based on the
model, the control algorithm is designed, as introduced
in Section 3. A prototype is designed and manufactured.
Experiments in simulation and in practice are both carried
out as described in Section 4. Finally, the conclusions will
be drawn and future work will be given in Section 5. '

2. Theoretical Model of the Active Ball-Handling
Mechanism

2.1 Different Installation Styles

There are different kinds of active ball-handling mecha-
nism. For example, with one friction wheel, with two
friction wheels, bar dribblers or force-feedback handling
mechanism. As mentioned before, for bar dribblers and one
friction wheel, only longitudinal velocity component of the
ball is controllable. Force-feedback handling mechanism is
still unpractical. Thus, two friction wheel style is adopted
in this paper.

The elementary diagram of the ball-handling mecha-
nism with two friction wheels is schematically depicted in
Fig. 1. There are three different installation styles. All
of them can realize the rotation of the ball around both
the vertical and the horizontal axis, but the ball-handling
effects are different. The toe-out style can pull the ball
towards the centre of the ball-handling mechanism auto-
matically. Ball approaching in a big range of direction can
be taken under control easily rather than rebounded. Bug
the contact area between the friction wheels and the ball
is smaller than other two styles, which means the force
exerted on the ball is smaller, which is disadvantageous
to the robot when grabbing the ball with opponents. For
the toe-in style, the contact area is larger. The force ex-
erted on the ball can be greater. But it is hard to take
the ball approaching from the side under control since the
toe-in style cannot pull the ball to the centre of the ball-
handling mechanism automatically. The paraliel style falls
somewhere in between. In this paper, the toe-out style is
chosen.



Figure 2. Relation between the velocity of the robot and
the velocity of the ball.

2.2 Kinematic Model

In this section, a theoretical model of the active ball-
handling mechanism will be derived. First of all, we assign
a coordinate system on the soccer robot, as depicted in
Fig. 2.

The positive direction of X axis points towards right
ahead of the robot, and the positive direction of Y axis
towards left. Anticlockwise angle is positive when viewed
from above. The definitions of symbols in Fig. 2 are as
follows:

e V;, V, and w denote the z, y and angular components
of the velocity of the robot.
e The distance between the centre of the ball and the

centre of the robot is called d.

e Vo indicates the resulting velocity of the ball at an

angle of .

From Fig. 2, it is easy to calculate the velocity of the ball
and its direction from the velocity and the angular velocity
of the robot:

%all - V:z

e+ (Vytw-d)-éy (1)

V,+w-d
Sy - 7 (2)

p = arctan
T

The ball is directly driven by two wheels. To handle the
ball, we need to find out the relation between the velocity
of the ball and angular velocities of two friction wheels.
Two wheels are placed on the top half of the ball and
1/3 X dpai away from the endpoint of the ball to avoid ball
holding, as shown in Fig. 3. The ball enters the convex
hull of the robot for one-third of its diameter, which is
the maximum allowed by the rules as mentioned before.
When the direction of ball’s velocity ¢ € [360° — 6, ], the
relation between the ball’s velocity and two wheels’ angular
velocities are illustrated in Fig. 3. Here the rotation of the
ball around Z axis will not be taken into consideration.
That is because the rotation around Z axis is independent
with the movement in the plane of XOY.
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Figure 3. Relation between the velocity of the ball (Vi)
and angular velocities of two wheels (w;, wy) when &
w€[360° -4, 6.

The definitions of symbols in Fig. 3 are given as: \‘

o Vi indicates the resulting velocity of the ball at an v
angle .

e V1 and V5, donate velocities of two contact points,
respectively.

e w; and wy are angular velocities of two friction wheels.

® wy,y stands for the angular velocity of the ball around
its axis of rotation. )

® dy,y is the diameter of the ball, while 7,4 is the radius
of the ball.

® Tyheet 18 the radius of the friction wheel. « is the angle
between the plane of wheel and X axis.

e r; and 7o are distances from the ball’s axis of rotation
to two contact points.

e 1 and 7,9 are auxiliary radii for calculation. 74,
is the projection of r; on the horizontal plane and
ry2 is the horizontal projection of rs. 1y is also
an auxiliary radius for calculation. It indicates the
horizontal projection of the radius which is through
the contact point.

e h is the distance from the contact point to the XOQY
plane.

Using the schematic representation of relevant veloci-
ties, radii and angles shown in Fig. 3, the relation between
the ball’s velocity and two wheels’ angular velocities can
be obtained. The ball is driven to rotate with an angular
velocity of wyqy. The centre of the ball moves with a
velocity of Vigy at angle w. We have:

®3)

Vioail = Whail * Thail

When no slip occurs along the direction of Vi and Vs, the
velocity of the contact point on the ball can be obtained.



Top view

Front view

Figure 4. The top view and the front view of the active ball-handling mechanism.

and it should equal the velocity of the contact point on the
wheel along the direction of V; or V4. Thus:

Vi = Wpatt - 71 = W1 - Tyheer - cOS(a + @) (4)
Vo =—Whalt - T2 = ~w2 * Tuheer - cOS(p — o) (5)
In (4) and (5), @, rwhee and gy can be obtained by
measuring. wpgy can be calculated using (3). But r; and
ry are still unknown. From Fig. 3 we can see that Tl

and 7,2 are perpendicular to the height h. Based on the
Pythagorean Theorem, it is easy to obtain:

1 =/12, + A2 (6)
ry = /T + B2 (7)

In (6) and (7), ry1 and rys could be obtained by:
Twd = Typ - SIn(0 — ) (8)
Twl = Twb." Sin(@ + 9) (9)

Substituting (6)—(9) into (4) and (5):

o — Voai - /(Tws sin(0 — )2 + A2
! Thall * Twheel - COS(ct + )

(10)

Voati - v/ (rwp sin(p + 0))2 + h2
Thall * Twheel * COS( — )

(11)

Wy =

In (10) and (11), rys, 6 and h are still needed to get
angular velocities of two friction wheels wq and wy. We can

calculate 7, angle 6 and height h with the help of Fig. 4.
Figure 4 is the top view and the front view of the active
ball-handling mechanism. The definitions of symbols in
Fig. 4 are as follows:
® dpan is the diameter of the ball, while Thail 18 the radius
of the ball.
e £ is the distance from the contact point to the XOV
plane.
® 7wp is an auxiliary radius for calculation, which indi-
cates the horizontal projection of the radius through
the contact point. @ is the angel between rwp and
Y axis. ro 7g are also auxiliary radii for calculation.
T donates the radius of the circle which is 1/3 X dpay
away from the endpoint of the ball. rg is the projection
of the radius 7, on the plain which is 1/3 X dpayy away
from the endpoint of the ball.
e U is the angle between r, and Tg.
Since r, donates the radius of the circle 1/3 % dpan
away from the endpoint of the ball. r, can be calculated by:

8
Ta = \/Thur = (Thai /3)? = \/grball (12)

And from the front view in Fig. 4, we get:

Tg = T4 - COSY (13)
h=r4-siny (14)
From the top view:
1 2
Twh = 4|75+ (gﬁmz) (15)
8 = arctan 22 (16)

T
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Figure 5. Relation between the velocity of the ball and angular velocities of two wheels when:
(b) @ €{90° + 0, 180° —8]; (c) p € [180° — 4, 180° + ); (d) ¢ € [180° + 8, 270° — 8]; (e) ¢ € [270° — 6, 360° — 4.

Combining (12) (13) and (16), the relation between ¥ and
@ can be derived:

1
V8cos

tanf = 17)

Substituting (14) (15) (16) into (10) and (11), we have:

B Vba”\/(% cos? Y + ¢) sin? (¢ — 6) + gsin2 P

Wi —
Twheel - COS(a + )

(18)

Vbau\/(% cos® Y + 3) sin?(p + 0) + %Sin21j)

Wy =
Twheel - COS(@ — @)

(19)

In (18) and (19), U, 8, ryneer and « are determined after
installation of the active ball-handling mechanism. w; and
wy are only determined by the resultant velocity of the ball
Viair and its direction .

In other conditions, the same conclusion can also be
derived. For example, when ¢ € [6,90° + 4], relation be-
tween the velocity of the ball and angular velocities of two
wheels are illustrated in Fig. 5 (a).
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(a) pelf, 90°+46;

The definitions of symbols in Fig. 5 are the same as in
Fig. 3. And relations obtained are almost the same except
(4) (5) (8) and (9). In this case, (4) and (5) should be:

VI = Whail " T1 = W1 * Twheel * COS(a + @) (20)
Vo = Whati -T2 = —Wa - Twheer - COS(0 — )  (21)
And (8) and (9) should be:

Tw2 = Twb - Sin{p — ) (22)
Taw1 = Toyp - Sin(p + ) (23)

With those new relations, we get:

Viaur - \/(% cos? 9 + §) sin?(p — 0) + %sin2 P

wre Twheel - COS(Q + ) 24
o Ve[ (foos? vt §)sin’(p - 6) + oin’ 25)

Twheel - cos{yp — )
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Figure 6. Angular velocities of two DC motors needed (wjws) when the velocity of the ball Vi =1m/s and its direction
@ changes from —6 (—21.8°) to 6 (21.8°). In (a), dwheer = 70mm, o = 10°, =~ 21.8° and ¥ ~ 27.9°.

We can find that (24) and (25) are consistent with (18)
and (19) because sin®(p — ) = sin? (8 — ). And in other
conditions shown in Fig:- 5, (24} and (25) can also be
obtained.

2.3 Effects Caused by Installation

Thus using (24) and (25), we can calculate angular veloc-
ities of two DC motors needed to drive the ball. When
heet =T70mm, a==10°, rg~=5/6 Tpey and 07221.8° (from
(17) we can get ¥ ~27.9°), the velocity of the ball V,q is
1m/s, and its direction ¢ varies from —8 to 8, values of w;
and wy are shown in the left figure of Fig. 6(a). To show
those changes brought by different parameters clearly, only
values of wy, wo are depicted here. In fact, ws is negative.
With different parameters (dypeer, ¥, 8 or @), angular
velocities of two DC motors needed are different. For
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example, when the diameter of two friction wheels changed
from 70 to 100 or 50 mm, angular velocities of two DC
motors needed are shown in Fig. 6(b). We can see that
angular velocities needed are smaller when bigger friction
wheels are implemented and vice versa. But using bigger
friction wheels also mean that, a higher output torque of
motor is necessary and free space available in the front of
robot is reduced.

When ¥ or 6 changes, which means the contact points
change (rg and h changes), the shape of the angular
velocities curves also changes, as shown in Fig. 6(c). When
¥ increases, for example, from 27.9° to 35°, which means
two friction wheels get closer, curves of w; and wy move
up. When V¥ is reduced from 27.9° to 20°, curves of wiwy
sink down correspondingly. In this case, contact points
shift sideways, angular velocities of two DC motors needed
become smaller, but bigger torques are needed to drive
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Figure 7.  Angular velocities of two friction wheels needed when Vi =1m/s, dynees =70mm, ¢~21.8°, U= 27.9° and

(a) «=10°, (b) a=30°.

the ball. Thus ¥ cannot be too small. Likewise, when o

changed, for example, from 5° to 30°, the shapes of curves
also changed, which is shown in Fig. 6(d). These changes
are not obvious here, which will be discussed later with the
help of Fig. 7.

2.4 The Control Rules of Two Wheels

We can control velocities of two wheels based on (24) and
(25). Angular velocities of two wheels needed to drive the
ball are shown in Fig. 7(a). Here dyneer = 70 mm, a =10°,
0 2221.8°, U=227.9° and the ball is driven with a velocity
of 1m/s. If Vi =2m/s, then wy needed =2 X w1, S0 1S wy.

As we can see, when ¢ > 67°, w; becomes very large and
increases dramatically, as shown in the red rectangle area.
Our DC motors cannot provide such a high speed. Thus in
this case (dwheer =70mm, a=10°, §~21.8°, ¥ ~27.9°),
it is impossible for the robot to carry out lateral movement
without losing the ball.

When « is changed from 10° to 30°, curves are shown
in Fig. 7(b). The curve is much steeper, and the red
rectangle area becomes smaller, but there are four red
rectangle areas here. And with wj, wy;=>500rpm, the
robot can move laterally with the ball. If we only want
to make sure that the robot can handle the ball well when
dribbling forwards and backwards, the lateral movement
is not important, then a should be small, from 5° to 10°
is ok.

3. The Control System

The architecture of the control system of our soccer robot
is shown in Fig. 8. It consists of four modules: Omni-
directional vision system, Linux PC, motion controller
and five motor drivers for five wheels (three on chassis
and two for ball-handling). The Omni-directional vision
system is in charge of self-location and ball detection. The
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Linux PC processes information from the Omni-directional
vision system and carries out motion planning. Motion
controller obtains the motion control commands from PC
and controls five motors to realize the desired motion of -
the robot.

3.1 Cross-Coupling Control of Five Motors

There are five motors on the soccer robot, three on chas-
sis and two for ball-handling. Three motors on chassis
should accelerate or decelerate proportionally, so that the
resultant velocity of the robot could increase or decrease
smoothly. And the velocities of two ball-handling motors
are dependent on the resultant velocity of the robot. Thus
the speeds of five motors should always be in proportion or
be coupled. For éxample, an accelerating process is shown
in Fig. 9. Motor1 needs to reach a speed of 1000 rpm, while
motor2 needs to get to 3000 rpm. During the acceleration,
the speeds of two motors should always been maintained
at a ratio of 1:3 to make sure the resultant velocity of the
robot increases smoothly. Normally each motor is con-
trolled by a PID motion controller, which is simple and ef-
fective. Fach PID controller works independently. Hence,
the speeds of two motors are disproportionate during ac-
celeration, as shown in Fig. 9(a). The robot will start to
move with an unexpected wriggle. Cross-coupling control
of five motors is needed. In [17], a cross-coupling controller
is introduced to coordinate the speeds of three motors on
chassis, but it needs additional sensors to obtain the real-
time linear velocity and angular velocity, based on which,
the speed of each motor is adjusted to amend the resultant
velocity of the robot. And it can’t coordinate the speeds
of two ball-handling motors with other motors. Also in
[18], [20], [21] and [22], only the cross-coupling control of
three chassis motors are discussed, while two ball-handling
motors are not taken into consideration.




Figure 8. The architecture of the control system.
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Figure 9. The acceleration process of two motors: (a) without a velocity coordinator; (b) with a velocity coordinator.

Here a velocity coordinator for five motors is added Then based on the longest acceleration time, the coor-
to make sure five motors accelerate or decelerate in the dinator will adjust the accelerations of other four motors,
same pace, as shown in Fig. 8. The coordinator gets the so that five motors step up at the same pace.

target speeds of five motors {V1, Vo, V3, V4, V5} from PC.

Rather than control five motors directly, the coordinator

will figure out at first, how long it will take for each motor {a1,09,a3, 04,05} = {

to reach its target speed with the maximum acceleration

of five motors. { Vl - Gmax V2 * @max V3 * Omax ‘/4 * Gmax V5 . amax}
Vm ax ' Vm ax ' Vm ax ’ Vm ax ' Vm ax

V1V2V3V4V5}

? ) 3 b
lbase tbase thase tbase thase

) ? 3 k]
max amax amax amax arnax

{tlatZ,t3,t4,t5}:{ i 2 3 il D}

In this way, all motors can accelerate in the same
Max(Vy, Vo, V3, Vi, V) pace, the velocity of robot increases smoothly, as shown in

tbase - Max(tl s t27 t37 t47 t5> = Flg g(b)

amax
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Figure 10. (a) A frame of the Omni-directional vision system. With Ad= (e, ey) = (21 — Zo, ¥1 — Yo) as input of the fuzzy
controller, velocities of two friction wheels are amended to bring the ball back to Of,;,. Membership functions of input are
shown in (b). The control flow chart of the ball-handling mechanism is depicted in (c).

Table 1
Rules of the Fuzzy Controller
Angepe and Angpigpy ey

NB|NM|NS | ZO | PS |PM|PB

N PS|Z0 |ZO | ZO |20 | Z0 | PS

70 PS|PS|ZO | ZO |20 | PS | PS

€x PS PMi{PM|PS PS|PS|PM PM
PM PB|PB |PM|PM|PM | PB | PB

PB PB|PB | PB|PB|PB|PB|PB

3.2 Assisting Fuzzy Controller

In a match, the robot moves in a dynamic and oppositional
environment. There are a lot of disturbances that might
cause losing control of the ball. To deal with those distur-
bances, a feedback controller is necessary to keep the ball.
Fuzzy control system is based on fuzzy logic and doesn’t
need the precise model of the controlled object [23]. Thus,
it’s-very simple and effective and is widely used in the
RoboCup [24], [25], [26] and [27]. In this paper, we will
also utilize a fuzzy controller to help the robot protect the
ball [23], [28], [29].

As shown in Fig. 10(a) is a frame from the Omni-
directional vision system. When the robot is dribbling,
the ball should been kept in front of the robot. Linux
PC can calculate the position of the ball from this picture.
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When the ball is under control, the position of the ball’s
centre should locate at Oga”, which will be recorded. In
the match, due to uncertainty of the field condition (the
field may be uneven, and friction coefficient also changes
in the same field), the ball’s centre might be no longer in
Oy, maybe in O},,. The distance between O}, and
Of,,, can be calculated as input of the fuzzy controller.
Then velocities of two friction wheels are amended to pull
the ball back to OY ,. Membership functions of input
are shown in Fig. 10(b). e, ranges from —y» to y2. In
the direction of X, only positive e, is concerned. That is
because the robot can push the ball when e, is negative.
The control flow chart of the ball-handling mechanism is
depicted in Fig. 10(c).

4. Experiment Results
4.1 Simulation Results

First, the model and its controller are verified with the
help of a joint simulation of ADAMS and Matlab. A
simplified model of ball-handling mechanism is established
in ADAMS, as shown in Fig. 11. The parameters of
ball-handling mechanism are given by:

Twheel — 35 mm;, o = 100; g~ 0.64T’ba”; 6~ 27.510;
U~ 21.74°; dpg = 220 mm; mypey = 0.45 kg;

Pdynamic (ball, ground) = 0.5; usiaric (ball, ground) = 0.7;
kpeu = 310 N/mm;c =3 (damping)
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Figure 12. (a) The result of experiment 1; (b) the result of experiment 2; (c) the result of experiment 3; (d) the result of

the comparison experiment of (c).

The tire model of Adams is referred to help determine
those parameters for simulation.

Experiment 1: the robot moves backwards with a velocity
of 300 mm/s, while the ball moves towards the robot with
a velocity of 1000 mm/s.

Experiment 2: the robot moves forwards with a velocity of
300 mm/s, while the ball moves towards the robot with a
velocity of 1000 mm/s.

The results are shown in Fig. 12(a) and (b). We can
see that, the ball is driven with the same speed of the
robot.

Experiment 3: the robot moves forwards with a velocity of
300mm/s, while the ball moves towards the robot with a
velocity of 1000 mm/s. But the initial position of the ball
changes from (—150mm, 20mm) to (—150mm, 0 mm),
which is considered as a disturbance. The ball is no longer
in the central plane of the ball-handling mechanism. The
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result of this experiment is shown in Fig. 12(c). The ball is
taken back under control soon. The result of a comparison
experiment is also shown in Fig. 12(d). In the comparison
experiment, fuzzy controller is not used. When velocities
of two friction wheels are not appropriate, the dribbling
process will be unstable. As shown in the right figure, the
ball is out of control in 0.5s.

4.2 Hardware Experiment

Here a prototype is designed and manufactured as our test
platform. Its schematic diagram is depicted in Fig. 13.
The ball-handling mechanism consists of two bars. The
end of each bar is mounted on the chassis of robot through
a joint so that the bar can rotate around it. On the bar
there is a buffer connected, as shown in Fig. 13. It is used
to absorb the energy of the impact when the ball enters
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Figure 14. The result of experiment.

into the ball-handling mechanism with a high speed. Since
the bar can rotate, those parameters needed in (24) and
(25) are measured in the work state (when the ball is in
the ball-handling mechanism), instead of in the free state.
For our robot, the parameters are listed as follow:

35 mm; a=10°; 7 =~ 0.647pq1;

Twheel =
0 ~ 27.51°, ¥ a2 21.74°
Experiment: The initial position of robot is Point

A and the ball locates at Point B at first. The robot

friction wheel

ball joint
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finds and catches the ball, then dribbles the ball from
Point B to Point C and stops at Point C, as shown in
Fig. 14. Velocity of the ball is shown in the figure below.
Velocity is calculated by differentiating the position data.
A filter is used to process those velocity data to make
the curve smooth. The bottom left picture shows the
velocity of the ball when the robot dribbles forwards. The
bottom right picture shows the velocity of the ball when
the robot decelerates. When the robot decelerates, the
ball’s momentum still carries it forwards. The compressed
spring (as shown in Fig. 13) is released. Thanks to that,



the friction wheels can still touch and exert forces on the
ball. Then the fuzzy controller adjusts the velocities of two
wheels to pull the ball back. Thus, the ball will decelerate
gradually. Finally, the robot stops with the ball. While
in the acceleration process, the ball can also be pushed
forwards since the spring is compressed. The ball will
accelerate to the speed of the robot quickly. That’s why
the velocity control performance of acceleration is better
than deceleration.

5. Conclusion and Future Work

In this paper, an active ball-handling mechanism for soccer
robot in RoboCup is designed and utilized in the MSL
team Shanghai Jiaolong. The ball-handling mechanism
consists of two friction wheels and the ball-handling process
is performed by individual control of two friction wheels’
rotation velocities. Compared to other methods proposed
for active ball-handling, this method is simple and effective.
A theoretical model of such kind of active ball-handing
mechanism is derived, and effects caused by different ways
of installation and different installation parameters are
analyzed. Two DC motors’ rotation velocities can be
directly obtained according to Fig. 7, which can be turned
into a table stored in the Linux PC. A velocity coordinator
is then devised to optimize the motion of robot. In
addition, a fuzzy controller adjusts velocities of two DC
motors based on the ball’s position obtained from the
Omni-directional vision system, so as to make sure the ball
is always under control. The design of fuzzy controller
is not complicated and better results can be achieved by
refinement of the fuzzy control rules. In the end of this
paper, a joint simulation of Matlab and Adams was utilized
to help design the fuzzy controller. And some experiments
were carried out to verify the effectiveness of this method.
The result shows that, the robot can handle the ball well.

But in practice, we find that, the position of the ball
obtained from the Omni-directional vision system is not
stable despite a filter is used to process those position
data. This may be caused by many factors. For example,
omnidirectional wheels are used in the soccer robot, which
cause vibration during the movement. The body of the
robot shakes a lot. So does the body of camera. And the
ball’s position obtained from the Omni-directional vision
system is also effected by the ambient light. Due to those
reasons, the effect of the fuzzy controller is weakened. We
have to find another way to help determining the precise
position of the ball in the future. Only with precise real-
time positions, the fuzzy controller can adjust the control
precisely, so as to improve the robustness of the control
system. Further information about our works are presented
on our website http://robolab.sjtu.edu.cn/robocup/
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