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Abstract. In this paper, we present an overview of MRL small size
hardware and software design. We explain how we modified our soft-
ware in accordance with the new rules, enhanced reliability and achieved
higher accuracy. Finally we illustrate that by overcoming the problems
of electronic and mechanical structure, the ability of our robots in per-
forming more complicated tasks were boosted.

1 Introduction

MRL team started working on small size robots in 2008. We took the third place
in 2010, 2011 and 2013 and second place in 2015 RoboCup competitions. In 2016
our team was qualified to be in the final round and took the first place. In 2017
competitions in Japan, MRL team was placed among the top 8 teams.
This year, we changed the mechanical structure of our robots to improve their
movements efficiency, ball possession and kicking accuracy. Along with it, we
changed the relevant electronic parts to be matched with new mechanical struc-
ture.
Our main objective in software upgrading was to play a perfect game with 8
robots in a way that they can dynamically perform an efficient passing play.
In the other hand, performing perfectly in defense was our other objective. To
achieve these goals, in addition to redesigning the electric and mechanical mech-
anisms.
In 2019 we have just minor changes in the structure of the robots and the main
structure is unchanged. Figure 1 shows the MRL 2019 general structure of the
robots.
This paper is organized as follows: In section 2, we illustrate our defense details
and explain an algorithm to find the best location for the robots passes. The
new charger board for capacitors and electrical design including ARM micro-
controller, and other accessories of the robots onboard processors are explained
in section 3. Description of the new wheels and mechanical structure, which
modified the robots dribbler system, is the subject of section 4.

Some requirements to reach this target are achieved by redesigning the elec-
trical and mechanical mechanisms. Moreover, simple ML and optimization ap-
proaches will be employed in the way of more dynamic play.



Fig. 1. MRL robot for 2019 competitions

This paper is organized as follows: First of all, we illustrate our defensive
play details, and we explain an algorithm for finding the best location for the
pass in section 2. The new charger board for capacitors and Electrical design
including ARM microcontroller, and other accessories of robots onboard brain
is explained in section 3. Description of new wheels and mechanical structure,
which modifies the capabilities of the robots dribbler system, is the subject of
section 4.

2 Software

In this part the software main parts are presented. It is shown that how our new
modifications provided us with a more intelligent and flexible game. In this year
MRL software team did not change the AI main structure. The game planner
as the core unit for a dynamic play and strategy manager layer was not changed
structurally, but some new roles and skills were added to the defensive approach.
Also we implemented an algorithm to find the best pass location.In this section,
after a brief review about the AI structure, short description of the unchanged



parts are presented and references to the previous team descriptions are pro-
vided. Finally major changes and skills are introduced in details.

The software system consists of two modules, AI and Visualizer. The AI
module has three sub-modules being executed parallel with each other: Planner,
STP Software (see [3]) and Strategy Manager. The planner is responsible for
sending all the required information to each section. The visualizer module has
to visualize each of these sub-modules and the corresponding inputs and outputs.
The visualizer also provides an interface for online debugging of the hardware.
Considering the engine manager as an independent module, the merger and
tracker system merges the vision data and tracks the objects and estimates the
world model by compensating the system delay using Kalman filter. Figure 2
displays the relations between different parts. In this diagram, an instance of
a play with its hierarchy to manage other required modules is depicted. The
system simulator is placed between inputs and outputs and simulates the entire
environments behavior and features. It also gets the simulated data of SSL Vision
as an input and proceeds with the simulation.

Fig. 2. Block diagram of AI structure



2.1 Defense strategy for opponents free Kicks

Free kicks are essential strategies for all high ranked human and robotic football
teams. There are many samples in both human and robotic tough games in
which the scores are obtained from free kicks. So, for every team in SSL, it is
necessary to have good strategies for free-kicks granted in different areas of the
field. Also, it is crucial to develop good approaches to defend against opponent
free kicks. From RoboCup 2012, MRL team started to design and implement the
new defense algorithm. During these years, we have developed and modified the
algorithm by feedbacks from Robocup and Iran-open competitions. Following
points are noted about this defense algorithm:

– It is structurally static but functionally dynamic. In the other words, without
any changes in the algorithm, different behaviors against different teams will
be shown.

– It is difficult to predict the defenders behavior by other teams.

– Expert knowledge is the basis of the algorithm. This advantage gives the
opportunity to different teams to develop their own algorithm based on this
structure.

– The main disadvantage of this algorithm is its high complexity; this makes
the algorithm so difficult to debug/modify during the competitions.

– It is a highly integrated and interconnected algorithm. So, we cannot change
any part or focus on any situation without paying attention to the whole
algorithm and other conditions.

– The aim of this algorithm is first protecting our goal against opponent kicks,
and second trying to catch/cut the ball.

The free kick defense algorithm starts with indirect or direct kick command from
the referee box. It ends at any of the following two situations:

– New referee command is received.

– One of our robots owns the ball, i.e., the ball is in front of the robot with a
distance less than 13 cm and speed less than 0.5 m/s.(BallOwner)

Algorithm 1: BallOwner (This code will apply for all robots)

Data: Ball position, Robot position , Ball speed vector
Result: BallOnwer
BallOwner ← False;
if Ball is in front of the robot and
RobotPosition.DistanceFrom(BallPosition) < 13cm and
BallSpeedVector.Size < 0.5m/s then

BallOwner ← True;



Between the start and end of the free kick defense algorithm, following steps in
three layers (Play, Roll, and Skill) are repeated at each frame (16 ms), respec-
tively. Play layer:

– Step 1: Calculating opponent robots scores; This score is a number between
[0,1] where 1 shows the most dangerous robot. For each robot, score depends
on the robot position, robot velocity vector, ball position, and ball velocity
vector. The procedure of finding scores has been introduced in details in
MRL-SSL ETDP 2011[2].

– Step 2: Finding possible opponent robots contributing in free kick attack,
i.e., each robot with a score more than 0.8 (adjustable)

– Step 3: Considering proper defending roles (e.g., Defender, Marker, Regional)
based on the number of attacking robots from step 2; Also for each role,
the corresponding opponent robot (if applicable) is considered in this step.
Different roles are discussed later in this section.

– Step 4: Assigning roles of step 3 to our robots; The role assigner module works
based on the distance between robots positions and desired target position
while considering the previous role of each robot and allowable switches.
Allowable switches between roles are described after discussing the roles.

Role layer:

– Step 5: Finding the proper state for each considering role in step 3; Proper
state depends on the situation (position and velocity vector) of the opponent
target, the situation of the ball and the position of defending robot which
assigned to this role in step 4. Different states of each role, are defined later
in this section.

Skill layer:

– Step 6: Calculating final commands for each robot. These commands are
based on the skills which are selected for each robot. Skills are simple and
small behaviors that are intended to be used in different parts of the whole
structure of MRL software. Since the most used skill in free kick defense
algorithm is simple GoToPoint skill, we do not discuss about skills here.

In the following we first introduce different roles and related states contributing
in the free kick defense algorithm. Then, different plays based on the number
of attackers is discussed. Finally, some notable points about the algorithm are
mentioned.

2.1.1 Roles in the free kick defense algorithm
As discussed in step 3 of the algorithm, different roles are selected at each play.
Following, all roles are listed with a short description about it and related states.
Note that each robot can have only one role at each frame.

1. Defenders1-3: The behavior of this Role is positioning on the line of penalty
area and trying to block the straight line of the target to the empty space of



goal line. This kind of blocking, results in less movement of the defender in
comparison whit the target motion. To do this, we draw a line from the ball
to the center of the blank part of the goal (considering only other defenders
and Goalie roles), and the robot is placed on the line of the penalty area
and at the intersection with this line. Defender2 and Defender3 have only
one state, while Defender1 can select one of two states:

– Ball: When the ball speed size is less than target robots speed size,
position point of the Defender1 is calculated based on the ball position.

– Robot: When the ball speed size is more than target robots speed size,
position point of the Defender1 is calculated based on the robots position.

2. Goalie: The goalkeeper has the most complicated role. At each state, it
shows different behaviors as follows:

– Normal: In this state, Goalie treats depend on Defender1, and covers
parts of the goal that are not covered by this role.

– inPenaltyArea: When the ball is in our penalty are with margin +10 cm,
Goalie tries to catch the ball.

– KickToRobot: When the ball moves faster than 0.5 m/s and its velocity
vector intersects the current position of the goalkeeper, Goalie role tries
to stop and remain at the position.

– KickToGoal: When the ball moves faster than 0.5 m/s and its velocity
vector intersects the goal line, Goalie tries to go to the nearest point of
the ball speed line that is placed in the penalty area.

– BallInStartOfChip: When chip detector module shows that ball is in a
chip kick, we active this state for 30 frames. During this state, Goalie
takes the position at the goal center.

3. Regional1-2: These roles cover the empty area of the field for possible
future blocking of the moving opponents. These roles’ positions are in front
of the penalty area (like Defenders) in the middle of the clearest area. In the
case that two regional roles are selected by the algorithm, first Regional1 is
placed and then Regional2 is placed considering the position of Regional1.

4. Markers1-3: The task of these roles are marking the opponent robots in
the man to man manner. Different states of these roles try to find the best
action based on the situation of the target robot, ball and assigned robot.

– NearBlock: When the target robot does not move (speed size¡0.5 m/s),
Marker tries to be so close to the target robot and touch it.

– FarBlock: When the target robot moves along the width of the field,
Marker tries to block the goal from distance 0.5-1 m from the target
robot.

– InTheWay: When the target robot moves toward our goal, Marker tries
to go to the nearest point in its path.

– Cut: When the target robot does not move and the ball moves toward the
target robot and Marker is placed near the target robot, Marker forgets
about blocking the goal and tries to catch/touch the ball. Simply, it
moves to the point in the line of the ball and the target robot at distance
30 cm from the target robot.



5. Active: In this roll, the closest robot to the ball tries to catch the ball and
after that moving the ball to the opponent’s goal.

6. Stop cover: At the start of the free kick when the ball is not touched by
opponent team, this role stands at 60 cm from the ball and block the direct
kick to our goal.

7. Positioner: This role is activated when the opponent team attacks with less
number of robots. The role contains simple positioning in pre-defined points
usually in the opponents half field. Now, this position is set as 2 meters
from the middle of the field to the opponent’s goal, and 1 meter from the
longitudinal line. we have two points in the field with this description, left
or right side of the field. we choose the side which contains less opponent’s
robots.

2.1.2 Roles and targets selecting Here, we discuss the most important part
of the free kick defense algorithm mentioned in step 3. In this step, roles and
their related targets (if applicable) are selected. Selection is based on the number
of attackers (step 2) and state of the ball (is not moved or is moved). Roughly
speaking, opponent with the highest score will be defended with Defender1 and
the second-high scored opponent with Defender2. After that, we select Markers
and so on to the last score.
In the following, there are charts for each number of attackers in which the roles
are arranged in order of concessions. The sequence is important, because if the
number of our robots is reduced from 8, the roles will be removed from the
end. Each block in these charts contains a role of our robots and target(ball or
opponent robot) by its score-based rank, figure 3 shows a sample. In each part
an example for more clarification is illustrated.

Fig. 3. Role illustrations format



Fig. 4. Role selection if number attackers are 3



Fig. 5. Role selection if number attackers are 4



Fig. 6. Role selection if number attackers are 5



Fig. 7. Role selection if number attackers are greater than 5



2.1.3 Notable points

Roles switching rule: In step 4 of the algorithm, we assign each role from
the previous sub-section to our robots. Since the algorithm is highly dynamic
and at each frame roles and their its targets are calculated, it is important to set
a good role assigner that avoids unnecessary and conflicting movements. To this
end, we select the robots for roles based on distance from the current positions.
Moreover, we divide the roles based on their possible positions in two groups:

– First group contains Defenders1-3 and Regional roles.

– Second group contains Markers1-3, Stop cover, active and positioner.

At each frame role switching for a robot is constrained in its pervious group. For
example, if a robot took the regional role in the previous frame it is allowed to
take the same role or Defenders1-3 at this frame if the play is not changed.

Importance of hysteresis: In this algorithm like any other algorithms that
contains if conditions, it is so important to use suitable hysteresis for each state
transition. In the proposed algorithm, one should care about changing number
of attackers, states of each role and role assignments. Using proper hysteresis
for each condition, avoids multiple switching especially at the borders of the
conditions.
Figure 8 and the following pseudo code illustrate the concept of the hysteresis
switch.

Fig. 8. Concept of hysteresis



Algorithm 2: BallOwner (This code will apply for all robots)

if LastConsequent = A then
if t > T1 then

NewConsequent←A
else

NewConsequent←B

if LastConsequent = B then
if t > T2 then

NewConsequent←B
else

NewConsequent←A

As an example, consider two states of the Golie role: Normal (Consequent A)
and inPenaltyArea (Consequent B). In this case the decision value is ball distance
to the penalty area (t). Thresholds are set as T1 = 10cm and T2 = 1.2× 10cm.
Roughly speaking, if the ball is somewhere between 10-12 cm distance from the
penalty area, state of the Golie role is not change.

2.2 Algorithm for finding the best location for pass

Sometimes in competitions, under some circumstances, ball owner robot prefers
to pass to other actions. Finding a position for pass is very meaningful and
valuable. In order to find the position for pass, first we select a rectangular
area in play field then we make a list of points in that area by creating a grid
with Width Step and Height Step parameters. We calculate two scores for each
of that points, first one is a score for catching the ball and then rotating and
shooting called CRScore, second one is for shooting the ball with one touch
called OTScore.

CRScore =
α β e f h i

time
(1)

OTScore =
Kθ α β e f h i

time
(2)



where:shooter = the robot that receive the pass
shootTarget = target of shooter (usually center of the goal)
oppMaxDis = the furthest distance of opponent robots to the point,

in meter
oppMinDis = the nearest distance of opponent robots to the point,

in meter
shooterDis = distance of the shooter to the point in meter
ballPointDis = distance of ball to the point in meter
pointTargetDis = distance of the point to shootTarget in meter
α = the angle between the ball and the two sides of the ma-

neuverable area for the robot (in the direction of per-
pendicular line of the ball speed vector to that point)
in radian

β = available angle for shoot (Including obstacles) from
the point in radian

θ = angle between the point to shootTarget and ball to
passTarget in degree

e = oppMaxDis
oppMinDis

ShooterTresh = maximum distance before skipping the shooter in me-
ter, we have set it to 10(trial and error)

f = 1− ((minimum(ShooterTresh,shooterDis)
ShooterTresh )

r = maximum distance for ballPointDis , we have set it to
2.3 (trial and error)

s = minimum distance for ballPointDis , we have set it to
0.7 (trial and error)

i = maximum(minimum(ballPointDis,r),s)−s)
r

time = ballPoint
passSpeed + pointTargetDis

shootSpeed

Kθ =


θ Kθ

45 if θ < 45

1 if 45 < θ < 90

0 if θ > 90

We choose the point with maximum amount of scoreOt or scoreCr, then pass
task will be executed.
For performing pass we need to calculate the pass speed and the time of reaching
the shooter to the pass target, these calculations are explained in synchronization
algorithm [1].

3 Electronics

The electronic part of the robot consists of 2 boards. Main board and charger
board. The main board contains an STM32 ARM microcontroller. The primary
task of this board is to communicate with the software server, controlling and
driving the motor and ball sensor implementation. Charging and discharging the



kick capacitors are goals of the charger board. The charger board and the way
it works will be explained in the following.

3.1 Capacitor charger board

For every kick we need a process,The charger board is an important part of this
process.
This board should handle these tasks:

– Charge the capacitors and keep them charged

– Discharge them in the right way

In the old range, capacitors were fully charged at 8 or 9 seconds, which was a
long time and caused trouble in consecutive kicks which take around 9 seconds.
One of the most important factors in kicking the ball is the equality of practical
velocity of the kick and the theoretical velocity from software. It was not good
enough in our older charger board. Therefore, in order to solve these problems,
a new PCB was designed. Features of the new board is explained as follows:

– Due to the considerable delay in charging the capacitors, in the new board
we use a transformers called DA20331 , which reduces charging time from
8-9 seconds to 4 seconds. This transformers works with a charging controller
called LT37512. By means of this piece, we can control the amount of charge
and charge process functions.

– We used MOSFET IXYS 3 for depleting the capacitors in the old board,
in order to optimize this depletion, the IGBT-IRG4PC504 transistor with
better guidance and switching is replaced.

– By changing the mainboard micro-controller from the LPC2378FB5 with the
the STM32F7466, the velocity of the robot kicks became very close to the
same command.

– By using the LT3751 we can get feedbacks such as beginning of the charge
cycle, Reaching the maximum voltage of capacitor, etc.

1 DA2033 datasheet: https://www.mouser.com/ds/2/597/da2032-463371.pdf
2 LT3751-datasheet: https://www.analog.com/media/en/

technical-documentation/data-sheets/lt3751.pdf
3 IXYS-Mosfet datasheet: https://www.ixys.com/documents/presentation/IXYS_

Power_MOSFETs_2015.pdf
4 IGBT-IRG4PC50 datasheet: http://www.irf.com/product-info/datasheets/

data/irg4pc50f.pdf
5 LPC2378FB-datasheet: https://www.nxp.com/products/

processors-and-microcontrollers/arm-based-processors-and-mcus/

lpc-cortex-m-mcus/lpc2000-arm7-mcus/arm7-with-512kb-flash-58-kb-sram-ethernet-usb-2.

0-device-can-and-10-bit-adc:LPC2378FBD144?&cid=Brand_nxpdatafeed-web_

third_party-11_01_13
6 STM32F746-datasheet: https://www.st.com/resource/en/datasheet/

DM00166116.pdf

https://www.mouser.com/ds/2/597/da2032-463371.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/lt3751.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/lt3751.pdf
https://www.ixys.com/documents/presentation/IXYS_Power_MOSFETs_2015.pdf
https://www.ixys.com/documents/presentation/IXYS_Power_MOSFETs_2015.pdf
http://www.irf.com/product-info/datasheets/data/irg4pc50f.pdf
http://www.irf.com/product-info/datasheets/data/irg4pc50f.pdf
https://www.nxp.com/products/processors-and-microcontrollers/arm-based-processors-and-mcus/lpc-cortex-m-mcus/lpc2000-arm7-mcus/arm7-with-512kb-flash-58-kb-sram-ethernet-usb-2.0-device-can-and-10-bit-adc:LPC2378FBD144?&cid=Brand_nxpdatafeed-web_third_party-11_01_13
https://www.nxp.com/products/processors-and-microcontrollers/arm-based-processors-and-mcus/lpc-cortex-m-mcus/lpc2000-arm7-mcus/arm7-with-512kb-flash-58-kb-sram-ethernet-usb-2.0-device-can-and-10-bit-adc:LPC2378FBD144?&cid=Brand_nxpdatafeed-web_third_party-11_01_13
https://www.nxp.com/products/processors-and-microcontrollers/arm-based-processors-and-mcus/lpc-cortex-m-mcus/lpc2000-arm7-mcus/arm7-with-512kb-flash-58-kb-sram-ethernet-usb-2.0-device-can-and-10-bit-adc:LPC2378FBD144?&cid=Brand_nxpdatafeed-web_third_party-11_01_13
https://www.nxp.com/products/processors-and-microcontrollers/arm-based-processors-and-mcus/lpc-cortex-m-mcus/lpc2000-arm7-mcus/arm7-with-512kb-flash-58-kb-sram-ethernet-usb-2.0-device-can-and-10-bit-adc:LPC2378FBD144?&cid=Brand_nxpdatafeed-web_third_party-11_01_13
https://www.nxp.com/products/processors-and-microcontrollers/arm-based-processors-and-mcus/lpc-cortex-m-mcus/lpc2000-arm7-mcus/arm7-with-512kb-flash-58-kb-sram-ethernet-usb-2.0-device-can-and-10-bit-adc:LPC2378FBD144?&cid=Brand_nxpdatafeed-web_third_party-11_01_13
https://www.st.com/resource/en/datasheet/DM00166116.pdf
https://www.st.com/resource/en/datasheet/DM00166116.pdf


Changes made to the micro-controller of the mainboard, caused the practical
and the theoretical velocity tend to each other. Also they helped us to control
the depletion of capacitors very well.
These achievements gave us the advantage of having accurate kicks in the com-
petitions. Figure 9 shows the comparison of the old board and the new board
.

Fig. 9. Comparison of the real velocity of the kick in old board and the new board at
the 6 m/s command

4 Mechanical Design and construction

Typically, the main portions of the mechanical structure of a small size robot,
include 4 wheels, two kickers, a dribbler and the motion transformer system.
Regarding the league rules, the diameter of the robot is 179mm and the height is
140mm. The spin back system conceals 20% of the ball diameter in the maximum
situation.

Due to some drawbacks in the previously proposed design, we have decided
to improve both the mechanical design and the construction materials. Main
changes in the mechanical structure of the robot are described in the following
paragraphs. The other parts are the same as 2014 robot described in MRL-SSL
ETDP2014[1].

4.1 Rail-Wagon mechanism for Dribbling system

In previous version of our robot, the mechanism which was used to move the
Dribbling system forward and backward at the desired angle was non-industrial
and hand-crafted.The implemented mechanism consisted of a frame and rhombus
shape rails rolled inside. To reduce the friction between rail and frame, a linear
bearings was used. This mechanism faced some drawbacks:



– Recoil arising between parts of the mechanism caused the entire system did
not work properly.

– In some cases, friction prevented the Dribbling system to return to the right
place.

– Backlash caused the Dribbling system to move to the sides. This changes
the position of the sensor which was connected to the dribbling system.
Consequently, it leads to problems in identifying the ball.

To solve these drawbacks, we design the new mechanism using linear guideways
and wagon. These parts provide low friction resistance so with a small force
wagons moving along the rails. One of the advantages of this new system is
quick returning into the proper place. Due to the size of the robot, we selected
MGN12 Miniature Linear Guideway7

Fig. 10. New Dribbling system and kicker mechanical parts

4.2 Wheels gearbox

The old wheel gearbox was designed with a ratio of 72:20, a module of 0.5 and
a backlash of 0.2. In order to increase the precision of the robot movement, we
designed a new gearbox with an almost-zero backlash. By making this change,
accuracy increases in the movements with directional change.
To produce the gears, the below steps are followed:

7 MGN12 Miniature Linear Guideway datasheet: https://www.hiwin.com/pdf/

linear_guideways.pdf

https://www.hiwin.com/pdf/linear_guideways.pdf
https://www.hiwin.com/pdf/linear_guideways.pdf


– Circular pieces of stainless steel with diameters equal to outer diameter of
the gear are cut

– Thermal processing on the cut pieces are performed
– The pieces are stress relieved and size up again
– The gears teeth are cut with precision of 10−5 m by Wire-Cut machine

enhancing backlash will cause lost motion between motor and gearbox, which makes it
difficult to achieve precise positioning and certainly reduces the accuracy of movement.

Fig. 11. old gearbox vs new gearbox

To compare the performance of the old and new wheel system; We tested the robots
in equal conditions with a back and forth movement of half a meter to 2 meters and
measured the time. The following results are obtained from an average of 10 tests for
each distance

Fig. 12. result of comparison of old and new wheels

4.3 Direct kicker

The former plunger did not have a groove or guide and with the arrival of the
solenoid force, it spins around its axis due to its high backlash. This issue itself



causes problems during the game, e.g., after the force enters while the iron part
return into the Solenoid, it stuck to the front of the Dribbling system.
This issue raises problems during the competition, e.g., when plunger wanted to
come back into the Solenoid, it stuck to the front of the Dribbling system and
creating problems in the next kick.
So, to prevent these movements of the Plunger around its axis, we used two
grooves as a guide around Plunger, preventing excessive spin and Plunger rota-
tion.
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