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Abstract. This paper describes the mechanical, electronic and software
designs developed by Kharagpur RoboSoccer Students’ Group (KRSSG)
team to compete in RoboCup 2019. All designs are in agreement with the
rules and regulations of Small Size League 2019. Software Architecture
implemented over Robot Operating System(ROS), trajectory planning
and velocity profiling, dribbler/kicker design and embedded circuits over
the last year have been listed.

1 Introduction

KgpKubs is a RoboSoccer team from IIT Kharagpur, India. The research group
aims to make autonomous soccer playing robots and participate and conduct var-
ious related events. Undergraduate students from varied departments and years
are a part of this group. We have previously participated in FIRA RoboWorld
Cup in the years 2013-2015 in the Mirosot League and secured Bronze Medal in
the same in 2015. We have also participated in RoboCup SSL & 3D-Simulation
League in Nagoya, Japan 2017. In June 2018 we participated in RoboCup 3D-
Simulation League in Canada.

This paper is a continuation of last year’s Team Description paper and de-
scribes the developments made after last year’s participation. Mechanical design
of the robots is presented in section 2. The firmware and embedded circuits are
described in section 3, followed by the software system in section 4. Finally, the
discussion and future work are described in section 5.

2 Mechanical Design

The robots are designed in Solidworks. Most of the static simulations were done
extensively using Ansys (Workbench) whereas for dynamic simulations we used
Adams.



The current robot chassis is manufactured using Aluminium 6061 to ensure
the strength of the robot and keep it low weight. But we are looking forward
to a new version of bot whose chassis will be manufactured through FDM tech-
nique (discussed in section 2.4). All the electrical components are organized in
a housing compartment which ensures safety and accessibility inside the robot.
Table 1 summarizes hardware configuration of the bot.

Table 1: Robot Hardware
Dimensions Dia: 179mm , Height: 149mm
Driving motors Maxon EC-45 Flat (50W)
Gear Type Internal Spur
Gear Ratio 1:3.3
Wheel diameter 50mm
Dribbling motor Maxon EC-16 (30W)
Dribbling gear Ratio 9:11
Dribbling bar diameter Dia: 14mm
Max. ball coverage 19%
Sub-wheel Diameter 10mm

2.1 Locomotion System

The drive system is a four-wheel omni-drive with the rear wheels inclined at 90
degrees and the front wheels inclined at 120 degrees to provide space for the
dribbler and kicker mechanism. This time we are using a different motor, Maxon
EC45 flat (50W), which provides some space between the motor and the middle
plate. Spur gears are used between wheels and motors with a gear ratio of 1 : 3:3.

2.2 Dribbling Mechanism

The new dribbler design would be used this year. The four bar constrained
mechanism with linear damping, as mentioned in KGPKubs TDP 2018[13]. This
dribbler helps for two purposes:

1. Adjusting the best height for efficient dribbling of the ball without any slip-
ping between the dribbler rod and the ball.

2. The linear damping ensures a decent range of forward and backward accel-
eration without stalling the dribbler as well as without toppling the bot.

According to the dynamical equations formulated for the active handling
of the ball and the best range of accelerations were obtained from �3m=s2 to
+3m=s2. The best range of height for the dribbler rod from the ground is between
27:3mm to 29:3mm. Additionally, The best range of angles is from 0◦ to 20◦. All
the results were obtained by carrying out analysis in MATLAB. Simultaneously,



the analysis for the gears provided best gear ratio with the motor Maxon EC16
30W and gear-box is 4:4 : 1 which is 9 : 11. For the dribbler material, silicon
rubber has been used.
Few more changes have also been added to the existing design to facilitate the
chip plate, IR sensor and to stop the ball from escaping while the bot rotates.

Apart from that, we are changing the surface profile of the dribbler rod by
introducing concavity. This concavity will facilitate self centring of the ball while
the bot moves or rotates. The equation for the concavity was designed using cubic
spline where we applied certain boundary conditions, our required conditions of
no slipping and a range of angular acceleration of the bot within which the bot
holds the ball.

The latest design of the dribbler will be implemented before RoboCup 2019
as shown in Fig.1(b) .

Fig. 1: (a) First Prototype of the New Dribbler (b) The latest dribbler for
RoboCup 2019

2.3 Kicking Mechanism

Straight Kicker

The straight kicker is powered by two 250V 2200uF capacitors, which can
be charged by a step-up converter to 200V each. In the earlier design, we had
cylindrical solenoids made of 6061-Aluminium alloy. It had windings of 23AWG
copper wire and 680 turns. The straight kicker hits the ball at 2R/3 (height from
the ground) in order to obtain the optimum velocity. The new anodised plunger
and a 3D printed solenoid would prevent any short-circuiting problems which
used to happen.

Solenoid Optimization
The optimised rectangular solenoid mentioned in KGPKubs TDP 2018[13] is
being used. It facilitates both the straight kicker and the chip kicker within the
available space in the bot. The outer dimensions were decided by maximising the



volume of solenoids within the available space. Optimization of the inner dimen-
sions was carried out by implementing Finite Element Analysis using MATLAB
such that maximum flux should pass through the solenoid. The maximum flux
is found for l � b � h = 56mm � 40mm � 18mm Further, the thickness of the
winding layers is 3:4mm which sets the inner dimensions of the solenoid.

Fig. 2: Integrated views of straight kicker, chip kicker and dribbler

Chip Kicker
This year in RoboCup 2019, KGPKubs will be playing with chip kickers. The
implementation of two rectangular solenoids helped in facilitating the chip kicker.
This section discusses about the design and development of the chip kicker in
our SSL bot.

The designing of the chip plate on the front was the main challenge in mod-
elling the chip kicker. The design parameters included height of the hinge of chip
plate, front angle and moment of inertia of the chip kicker.

The dynamics model of the chip kicker was formulated accordingly and anal-
ysed in MATLAB by varying the parameters, considering Aluminium 6061 as
the material. According to the calculations, the velocity of the ball on chipping
increased with its moment of inertia which provided larger range and height to
the ball. Hence certain design modifications were attained in that direction.

The optimum height and range was obtained in MATLAB with a chip plate
front angle 45 degrees with horizontal. However, considering the rotation of the
ball due to the dribbler while chipping, the optimum angle would be more than
45 degrees (with horizontal). According to the calculations, the optimum height
and range of the ball on chip kicking obtained are 50cm and 140cm respectively.

However to validate the calculations we needed to carry out experiments for
variable chipping angle. Hence we designed an experimental setup with rectangu-
lar solenoid and variable angle chip plate. The variable angle chip plate facilitates
changing the front angle. Hence the experiments could be done at various angles
and accordingly the optimum angle could be obtained experimentally.

The range and height of the ball while chipping can be varied by changing
the kicking speed and rpm of the dribbler. Hence the relations obtained from the
calculations can be used to chip and pass the ball over the required distance and




