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Abstract. RoboDragons are a team of the RoboCupSoccer Small Size
League from Aichi Prefectural University, Japan. This paper shares two
technical topics with respect to our system updates between 2024 and
2025: one is to improve motor control by changing embedded computa-
tion and another is to introduce motion control for dribbling. The both
updates were validated and evaluated by experimental results using ac-
tual RoboDragons robots of the seventh and eighth generations.

1 Introduction

RoboDragons are a team of Aichi Prefectural University (APU) participating
in the Small Size League (SSL) of RoboCupSoccer. This team originated from
Owaribito—a joint team between APU and Chubu University—which was founded
in 1997. In 2002, since two universities have been ready to manage each indi-
vidual team, APU built a new team, RoboDragons. After that, RoboDragons
have been participating in the SSL for more than 19 years including activities
as CMRoboDragons—a joint team with Carnegie Mellon University in 2004 and
2005. Our best record was the second place in 2009. We also finished thrice in
the third place (2007, 2014, and 2022) and four times in the fourth place (2004,
2005, 2013, and 2016). In RoboCup 2024 (Eindhoven, The Netherlands), we
placed fifth out of nine teams in Division A.

By introducing the eighth-generation (8G) robots last year, RoboDragons
have been currently maintaining two generations for the competitions (Fig. ).

Fig.1: The 7G and 8G RoboDragons robots at the RoboCup 2024 venue.



This paper provides two technical updates over the two generations that Robo-
Dragons have developed between 2024 and 2025. In particular, the both updates
relate controlling SSL robots. Section B describes the improvement of motor
control by changing computation on the embedded system; Section B presents
stabilizing motion control for dribbling.

2 Improvement of Motor Control

In 2024, RoboDragons have newly introduced the 8G robots [d]. One of the
main changes between the 7G and 8G robots is to replace the processor in the
embedded system. In the 7G robots, a combination of Renesas Electronics SH-
2A [?] (as micro-controller unit (MCU)) and AMD (formerly Xilinx) Spartan
6 Field Programmable Gate Array (FPGA) [B] is used; AMD (formerly Xilinx)
Zynq XC7Z7010-1CLG400 [d] is chosen as the System on Chip (SoC) in the 8G
robots. As described in our ETDP2023 [[@], RoboDragons adopt a two-layered
(cascaded) control system and the role of the lower-layer controller implemented
in the embedded system is to control angular velocity of motors driving omni-
wheels. Referring to the datasheet [?], the MCU has a floating-point unit (FPU)
which can perform single/double-precision calculations. However, it was unavail-
able on the 7G robots due to any reason (the robot was out of control once trying
to perform floating-point calculations), so computation on the embedded sys-
tem had required fixed-point arithmetic instead. Introduction of the 8G robots
equipped with the Zynq means that floating-point calculations can be performed
on the embedded system. This section reports on its effectiveness based on an
experimental result of motor control.

2.1 Scaling and Rounding in Fixed-Point Arithmetic

In fixed-point arithmetic, scaling is crucial to prevent overflow and underflow
while ensuring computational accuracy. Scaling adjusts the bit allocation be-
tween the integer and fractional parts in order to keep numerical values within
an appropriate range, which allows computational results to avoid lowering the
precision as much as possible.

Now given an input data x. The bit width allocated for operations is described
by the total word length L., , with L;y, and L¢, representing the bit sizes allocated
to the integer and fractional parts, respectively. Basically, the scaling factor is
determined by L¢, as follows:

Lty = Ly — Liw (Liw = |—10g2 |$H) (1)

Data is scaled by bit shift operations with Eq. (I)——shifting the data one bit to
the right halves the value while shifting one bit to the left doubles it. Also, if the
number of fractional bits is insufficient, adjusting the scaling factor can improve
the computational accuracy.

The well-known scaling method is Fixed-point progRammlIng Design En-
vironment (FRIDGE) [8], which provides scaling specialized for the addition,



subtraction, and division. Consider two operands a and b where |a| < |b|. Then,
the integer part Liy, is defined as:

Liw = max {[logy [a[] + 1, [logy [b]] + 1+ Lgu } , (2)

where Lg,, represents a guard bit. The guard bit set to 1 is an additional bit to
statically prevent overflow. Based on the value of Liy, the fractional part Ley is
determined as:

wa = Ly — Lsign - LiW7 (3)

where Lg,n represents the sign bit, set to 1 for signed operations and 0 for
unsigned operations. As for the multiplication, AUTOSCALER in C [9] defines
Liy and Lg, as follows:

Liw = [logy [z[], (4)

Ly,
wa = 7 - Liw - Lsigm (5)

where x is one of the operands. Furthermore, to prevent overflow in the subse-
quent operations, using a rounding function is useful. Reference [[0] proposes
to apply the following rounding function into a computational result p when
shortening the word length:

D + 2n—2

m(p) : 1

(6)

2.2 Experimental Evaluation

Focusing on controlling the angular velocity of motor driving omni-wheels, this
subsection evaluates the performance differences between fixed-point and floating-
point calculations.

Experimental Setup The controlled objects are brushless DC motors driving
an omni-wheels of an 8G robot. In particular, the following custom-made motor
units are adopted:

— Maxon Brushless DC motor: EC 45 flat (Part Number: 651610) [6]
— Maxon Inductive Encoder: Encoder MILE (Part Number: 673031) [8]
— (Custom made) motor shaft length: 8.7 mm

The main board connecting to them is equipped with the above-mentioned AMD
(formerly Xilinx) Zynq XC7Z7010-1CLG400 that integrates a dual-core ARM
Cortex-A9 processor. The lower-layer controller implemented on it acquires pulse
values from the encoders attached motors and velocity commands via wireless
communication; the control input is the Pulse Width Modulation (PWM) duty
ratio that applies the corresponding voltage into the motor through the Field
Effect Transistor (FET).



Table 1: Parameters of motor and wheel.

Symbol Description Value Unit
Bi(= —p4) alignment angle of 1st (and 4th) wheel —(38/180)m rad
B2(= —pB3) alignment angle of 2nd (and 3rd) wheel —(142/180)w rad

d distance betw. wheel and robot’s center 7.88 x 1073 m
7 gear ratio 64/21 —
J inertia of motor with omni-wheel and gears  1.35 x 107°  kg-m?
B

coefficient derived from viscous friction,
back electromotive force (EMF) and so on

K, torque constant 29.5 x 107 Nm/A
R terminal resistance phase to phase 0.447 Q

Before an experiment, the computer and robot have to be connected via
two kinds of USB cables: a standard micro-A USB cable and a so-called Joint
Test Action Group (JTAG) cable (more specifically, Xilinx Platform Cable USB
IT [1]). Then, by using AMD Vivado SDK 2019.1 [1Z] and the terminal emulator
TeraTerm 5 [[3], data can be logged at a frequency of 1kHz during experiments.

Proportional-Integral Controller for Evaluation The definitions of vari-
ous parameters are shown in Table . Velocity commands (v}, v;,v;) that the
robot receives are converted into the motor angular velocity commands wy,;
(i =1,2,3,4) as follows:

Wi cosfy sinfBy —d »

*
Wi _ N |cos B2 sinfBy —d Uiﬁ (7)
wra dTw cos B3 —sin 83 —d U’{
wha cos 34 —sinfy —d a

In general, the dynamic model of the (brushless) DC motor with respect to the
motor angular velocity w,,; is formulated by

mez (t) + Bzwmz(t) + Texti (t) - KPWMD'L (t)v (8)

where Kpwwm = KV, /(200R), V, is the power supply voltage, Text; and D; are
an external force and a duty ratio to the i-th motor, respectively. Supposing
this model and using e; := w},; — wmi, a Proportional-Integral (PI) controller to
regulate wy,; into w},; can be designed as follows:

_ J
KpwwMm

Di(t) (eri(t) e /0 t ei(T)dT>, )

where Kp and K are the proportional and integral gains, respectively.
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Fig. 2: Step responses of the front-left wheel.

Experimental Result and Evaluation Due to the constraint of the wired
connection between the computer and robot, experiments were conducted while
keeping the wheels off the ground. To observe the step responses of each motor,
the angular velocity command was set to

vslf[0,0, w]T,te(0,25
vy = ,
o [0, 0, —7]T, ¢t € [2.5,5

which means pure rotational motion if it is on the ground. In the experiments,
floating-point calculations were performed at double precision; fixed-point cal-
culations were at word length of 16 bits.

Figure B presents an experimental result with Kp = 504, K; = 4, and the
parameter values shown in Table M. Note that Fig. B shows only the result of
the front-left wheel because the results of the other wheels were similar. Fig-
ure B represents time responses of w; and wi in the both case of floating-point
and fixed-point calculations, respectively. From the results, it can be observed
that steady-state error occurred on the response in the case of floating-point
calculations is reduced in comparison with the case of fixed-point calculations.
On the other hand, it can be found that the transient behavior in the case of
floating-point calculations is slightly settled down than the case of fixed-point
calculations. This is not a surprising result, but it is confirmed that the perfor-
mance of motor control is improved thanks to floating-point calculations enabled
by the 8G robot.

3 Stabilization of Forward Dribbling

Ball possession is known as one of the significant factors, at least, for the team
performance in not only human but also robotic soccer games [I4,15]. A typical
skill contributing to ball possession is dribbling a ball. In the SSL, some re-
search, developments, and technical challenges with respect to dribbling [I6-19]
have been proceeded. In particular, the recent advancement has been highly
stimulated by an impact of the auto-centering dribble roller [20], by the ball



placement rule [Z1] introduced since 2018, and by one of long term goals [27]
established in 2020.

For ball placement, RoboDragons exploit diagonally kicking [23], passing,
and forward/backward dribbling. Among those skills, forward dribbling tends
to be unstabilized or failed. The cause may be that the ball obtains backspin
from the dribbler simultaneously with getting forward spin from the ground.
Motivated on this, RoboDragons have considered improving forward dribbling.
A control method for stabilizing it is presented in this section.

3.1 Problem Setting

Table 2: Definition of frames and variables. Every frame is a right-handed coor-
dinate system.
Symbol Description
Yw World frame
Y» Robot frame (the positive direction of z-axis points to the robot’s front)
Yt Desired trajectory frame
(the positive direction of z-axis points to the traveling direction)
(“zp, “y») Coordinates of ball’s center on Xy,
(“zr,"yr) Coordinates of robot’s center on X,
“9,  Orientation of X, on X,
(Yx¢,“y:) Coordinates of Xy on Xy,
“9; Orientation of Xy on Xy,
("vz, vy) Translational velocity of X on its frame
(“us, 'wy) Translational velocity of X; on its frame

For simplicity, assume as follows:

— a desired trajectory for dribbling is a straight line;

Fig. 3: Frames and variables for dribbling.



— an SSL robot for dribbling can be controlled by velocity command ("v,, vy, "vg ),

where variables used here base three kinds of frames: the world, robot, and
trajectory frames as shown in Fig. B and Table B. Giving an initial position “ps =
(“zs,"ys) and a terminal position “py = (“xf,"“yy), the desired straight-line
trajectory and its orientation on X, are defined as follows:

Yy — Ys
Yy —"ys = m(wﬁ — "), (10)
Y, = atan2 (“yr — “ys, Yxy — “xs) . (11)

Then, as a stabilizing problem for forward dribbling, consider how to control the
SSL robot so as to dribble a ball forward on the desired trajectory even if the
ball is away from the trajectory.

3.2 Proposed Control Method for Stabilizing Forward Dribbling

Our basic idea to solve the problem is to determine the velocity command by
proportional control based on the distance between the desired trajectory and
ball. In particular, its point is to exploit an intermediate position behind the ball
for pushing into the trajectory. So, our proposed control method for stabilizing
forward dribbling is divided into two phases: the first is to drive the robot to the
intermediate position and then the second is to push forward the ball so as to
put it on the desired trajectory smoothly. Hereafter, for design easiness, handle

Xy u = [fug, uy, )" instead of v = ["v,, vy, ",] T as the velocity command.
Note that u is related to V as follows:
v=R,(“0, —"“b:) u, (12)

where
cosf —sinf 0

R,(0) = |sinf cosf 0
0 0 1

A controller to realize the above-mentioned control method can be designed
as follows:

tum = tu;’ (13)
Kypeyp, if |eq| < dg,

tuy: yb Eyb lal - 0 (14)
Ky, eyr, otherwise,

tua :Ka5a7 (15)

where Ky, Ky, and K, are proportional feedback gains and dy is a threshold for
switching the control phases. The command %, is feedforwardly controlled by
giving an appropriate desired velocity ‘. As for designing ‘u, and “u,, errors ey,
€yr, and g, are used. Those derivations are a bit complicated, so the details are
individually described in the following paragraphs.



Fig.4: Geometric definition of €,

Derivation of €,, and &, The error ¢, is the distance along the 'y-axis on
X;. Using the orthonormal basis ‘e, on ‘y-axis, e, is represented as

Eyb = te;(wpt - wpb)a (]—6)

where “p; = [Yzy, Yy;] T and “py = [Yxp, Yyp) T. On the other hand, letting “¢*
be a desired pushing angle on X, the error €, can be determined as

€q = Q" —"0,. (17)
Introducing ‘% as a desired pushing angle on X}, “¢* is set as
Yot =", + ‘9, (18)

which is validated by the geometric relationship as shown in Fig. B. Here, so as
to minimize £, the authors design ¢ as follows:

o = —Kyey, (19)

where Ky is a proportional feedback gain.

Derivation of €,, Given an appropriate intermediate position as “p,, define
the error gy, as

Eyr = te;(“’pa —“p,.). (20)
As one of appropriate intermediate positions, this paper gives
“po ="y — dRa(th)teza (21)

where ‘e, is the orthonormal basis on ‘z-axis. Equation (1) supposes that the
ball is located at the front of the middle of the dribble roller when “f,. = “¢*. In
such a situation, d is defined as the distance between the robot’s center and ball’s
center. Then, Eq. (1) means that difference between “p, and “p;, corresponds
to the vector that —’e, is scaled by d and then rotated at .
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Fig. 5: Definition of gy, .

Table 3: Relationship between mode and condition.
mode conditions
0 |ea| <o
la  |ea] > dp and |eys| < 0.2
16 |ea| > o and |eyp| > 0.2

3.3 Experimental Result

An experiment was conducted under the following parameters:

Upg = [—4.5m, —2.0m]", “p;=[1.5m, —2.0m]",
Ky =196, d=0.78m, K, =10, J=0.2rad,

Ky o) = {(5.0,0.52) i o] < 0.2,
(3.33,0.79) otherwise,

At t = 0, the robot rested at its position (“z,,"y,) = (—4.5m, —2.5m) and ori-
entation "0, = 0.0rad. The ball was set against the middle of the dribble roller.
The experimental result is shown in Fig. B. Figure B (a) depicts the desired and
actual trajectories on X,; figure B (b) represents time histories of angles on X,
y-coordinates on X, and mode, where the parameter mode stands for the condi-
tions as described in Table B. From Figs. B (a) and (b), it can be found that the
robot was always positioned a bit behind the ball so as to push it forward to-
wards the desired trajectory. On the other hand, it can be observed that the ball
widely behaved at the moment that the mode transitioned. Improving behavior
such transition is one of future works.

4 Concluding Remarks

In this paper, the technical updates of RoboDragons 2024—-2025 has been shared.
The contents are divided into two parts: the first is about the performance im-
provement of motor control by enabling floating-point calculations in the em-
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Fig. 6: Experimental result for dribbling.

bedded system and the second is about stabilization of forward dribbling by
introducing feedback control.
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