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Abstract. This document introduces the team Baset as the champion of
Humanoid adult-size league in RoboCup 2016 and describes the hardware,
software and electrical design of Baset adult-size robot platform which is
designed based on previous achievements of team Baset Adult-Size [1] and
Baset Teen-Size [2] robots. Some methods have been explained to adapt to the
changes in the rules of RoboCup 2016 and win the adult-size league, including
acceleration based walk engine with smooth and fast strides, soft jump motion,
perception of real soccer ball, particle filter based localization, path planning,
ball handling and fast trajectory using Gaussian filters, a behavior system which
decreases the time of scoring a goal considerably, and the changes in the
hardware which results in more stable movements of the robot.

1 Introduction

Team Baset, consisting of four team members working on different aspects of the
humanoid robots, has started its researches since 2014 at Baset Pazhuh Tehran1 com-
pany. This team participated in the RoboCup competitions and ranked 1st in Teen-Size
and 3rd in Kid-Size leagues, and introduced the first Teen-Kid humanoid robot platform
in RoboCup 2014. Following that year, team Baset ranked 2nd in soccer competitions
and 1st in the technical challenges in RoboCup 2015 adult-size league. After one year of
experience in the adult-size league, team Baset participated in the RoboCup 2016
adult-size humanoid league and ranked 1st in both the soccer competitions and the
technical challenges and consequently has been awarded the Louis Vuitton cup as the
best humanoid robot of that year. The results of team Baset in RoboCup 2016 com-
petitions are presented in Table 1, comparing them to the teams that ranked second.

The high weight and size of adult-size humanoid robots limit their speed, agility,
and their ability to play soccer for long periods. The rules of RoboCup 2016 limits the
time during which the robots can score a goal as a penalty kick with two randomly
placed obstacles on the field. Thus, the robots have to act fast to score a goal. An
adult-size robot should be able to handle the ball fast, avoid obstacles, and shoot toward

1 Baset Pazhuh Tehran is a well know company in electronic instruments such as measurement and
alarm units. http://www.basetp.com.
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the opponent’s goal. To achieve that, it needs to localize itself on the field, generate a
quick and confident trajectory toward the ball and find exact position of the obstacles
on the field. In this paper, we describe our approach to address these constraints and
overcome the slowness attribute of adult-size robots. In Sect. 2, the hardware and
electronics of Baset robot, and hardware related methods used to increase robot’s
stability is described. In Sect. 3.1, the methods to achieve a smooth, stable, and fast
walk engine, and also the jump motion, is explained. In Sects. 3.2 and 3.3, respec-
tively, the methods to perceive the standard soccer ball and the localization is
described. Finally, in Sect. 3.4 the new behavior system used during RoboCup 2016
competitions is explained.

By the methods described in this document, Baset robot could follow the rules and
despite the mentioned limitations, could act with high agility keeping its balance
without falling down and score goal in less than 90 s.

2 Hardware and Electronics

The most important aspect to construct the structure of Baset robot was its weight
because the robot’s agility depends heavily on its total weight. The initial design of the
robot weighed approximately 16 kg which decreased to 13.5 kg by making some
changes on the upper-body structure and the thickness of links before RoboCup 2016,
and make all the mechanical parts out of aluminum. The 13.5 kg weight of the robot is
significantly low considering the total of 28 MX-1062 actuators and robot’s 145 cm
height. The full configuration of Baset robot is shown in Table 2.

The structure of Baset adult-size platform is a parallel design with 6 degrees of
freedom on each leg, which is depicted in Fig. 1. In order to achieve both speed and
power, the total of 13 actuators has been used to construct each leg, 4 actuators working
together in each knee joint, depicted in the Fig. 1 top-right, 2 actuators working
together alongside external power transfer gears in each hip-roll and ankle-roll joints,
depicted in the Fig. 1 down-right, and 1 actuator alongside an external gear in each
hip-yaw joint.

Table 1. Results of team Baset in RoboCup 2016 competitions compared to others (https://
www.robocuphumanoid.org/hl-2016/results/#adult)

Adult-size
soccer

Baset
1st

Sweaty
2nd

Technical
challenges

Baset
1st

HuroEvolutionAD
2nd

Plays 6 6 Push recovery 10 5
Wins 6 2 Goal kick 10 7
Scored goals 15 5 High jump 10 –

Received
goals

1 3 High kick 7 7

2 MX-106 is a powerful actuator produced by Robotis. www.robotis.us/dynamixel-mx-106r.
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Thanks to the decreased weight of the robot and fast actuators, Baset robot was the
only adult-size robot that could actually jump in the technical challenges. Results of
which are shown in Table 1.

Two controllers, one for high level processes such as image processing, and one for
low level tasks such as controlling and synchronizing actuators on every joint has been
used. A model of low level controller and power controller board is depicted in Fig. 2.
The low-level controller, using BeagleBone Black3 with Ubuntu operating system,
produces all the required information about sensors and actuators, and makes the data
available for the main controller through the communication interface over Ethernet
using UDP protocol for an uninterrupted and fast response.

Table 2. Hardware configuration of Baset adult-size robot

Weight 13.5 kg

Height 145 cm
DOF 18
Actuators Mx-106, Mx-64, Mx-28
Camera Logitech C905 640 � 480 @ 30 fps
Battery Li-Po 3Cells/6400 mAh
Controllers Low level controller Main controller
Computer BeagleBone Black Rev C [5] Intel NUC [4]
OS Ubuntu 14.04 Windows 10
Sensors IMUa via I2C Camera via USB
aInertial Measurement Unit

Fig. 1. Baset adult-size platform

3 BeagleBone Black is an industrial board with ARM processor. https://beagleboard.org/black.
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Using Ubuntu, as a non-real-time operating system for the low-level controller,
makes it easier and faster to develop and debug software on it, but it has a disadvantage
that it’s not possible to control half-duplex RS-485 direction pins in real-time, which is
needed to achieve a fast communication speed with actuators. In order to deal with this
issue, a MAX13488E4 IC is used to take the responsibility of controlling the direction
automatically in real-time. As shown in Fig. 3, in order to achieve the fastest com-
munication speed with actuators, 3 individual RS-485 ports, one for each leg and one
for upper-body joints have been used. The reason is that a single bus is not suitable to
communicate with too many actuators. Baset robot’s electronic schematics are avail-
able freely on our GitHub repository5.

Fig. 2. Robot’s low level controller and power board designed by team Baset
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Fig. 3. Electrical design of Baset robot

4 https://www.maximintegrated.com/en/products/interface/transceivers/MAX13488E.html.
5 https://github.com/farhadjafari/Humanoid/.
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3 Software

3.1 Walk Engine and Motion Control

A fast communication interface over Ethernet has been developed in order to access the
whole or partial data of objects on low level controller board, such as forward kine-
matics of all joints, and use them for the walk engine and static motions.

The parallel structure of Baset robot using multiple actuators for each joint, made us
develop algorithms for a stable and fast walking system [3] for RoboCup 2016, which
is based on the previous success of team Baset on Adult-Size and Teen-Size robots.
The algorithm controls the proportional gain of actuators relatively to each foot’s Z
trajectory. Figure 4 depicts the Z trajectory of robot’s left foot and the P-Gains of its
actuators during two full strides. As depicted in Fig. 4, the lowest gains are used when
the robot puts its foot on the ground, and the highest gains are used when the whole
weight of the robot is on the supporting leg. Compared to the swinging foot, higher
gains are used for the supporting leg. Following this approach, the robot is now capable
of switching supporting foots smoothly by putting each foot on the ground using lower
P-Gains which decreases the foot’s impact intensity on the field. The decreased impact
intensity increases the life time of the actuators significantly and helps the robot to walk
smoothly with lower noise using smoother strides. While the strides are smoother, due
to the high P-Gains set on the supporting leg, as well as higher stability on the field, the
maximum forward walking speed reached to 50 cm/s.

The new developed walk engine accepts acceleration for forward, sideward, and
rotation. The acceleration defines the robot’s tendency to change the speed and
direction of its current walking state every moment. The higher acceleration values help
the robot to be more agile whenever it is required (e.g. when dribbling the ball) and the
lower values helps the robot to walk with high confidence without worrying about
changing direction on a high-speed walk. The behavior system decides whether to use
the higher acceleration values or the lower ones in each situation.

Fig. 4. P-Gains (green) relative to left foot’s Z trajectory (orange) (Color figure online)
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The new walk engine also accepts multiple configurations and can linearly combine
them to provide custom configuration depending on the robot’s situation and state on
the field. The combination is linear and every parameter in each configuration is
combined with the same parameter in the other configurations, resulting a new con-
figuration which is between the pre-defined configurations. One configuration is for
ball handling and has the minimum, yet working, time period for strides and lower
amplitudes of Z axis movement of each foot. The other configuration is specialized for
the fastest and the most stable omnidirectional walking without handling the ball. The
last configuration is specialized for the goal keeper which increases sideward move-
ment and acceleration to help the goalkeeper walk immediately on the desired direc-
tion. Other configurations have been used for technical challenges. The behavior
system combines these configurations during the match in accordance with the situa-
tion. When the robot is not handling the ball, it combines dribbling and fast-walking
configurations depending on the ball’s distance to the robot, helping the robot walk fast
and confident when it’s far from the ball and perform quick and agile actions when
dribbling the ball. The system also uses the goalkeeper configuration when the robot
acts as a goalkeeper. Due to the smooth linear changes in these configurations, the
robot doesn’t act abnormally on the field and the average balance of the robot is
maintained. The high confident walking system with high speed played a major role in
winning the RoboCup 2016 adult-size competitions.

The high weight and size of adult-size robots forces many teams to considerably
increase the double support time of the walking system. It’s obvious that during double
support time, on which both feet are touching the field, no actions can be requested
from the walk engine. Thanks to the light materials and powerful actuators used to
construct Baset robot, it is possible to achieve the quickest response, by setting the
double support time of all the configurations of walk engine to zero seconds. The result
is depicted in Fig. 5.

The static motion generator controls proportional gains just like the walk engine
system. To design a motion, depending on the pressure and strike on each joint, custom
gains can be used, making it possible to design a jump motion. As shown in Fig. 6,
Baset robot could jump about 3.4 cm during technical challenges. The high jump
challenge is defined in RoboCup 2015 rules6 as the time that the robot terminates

Fig. 5. Walking with zero second double support time

6 http://www.robocuphumanoid.org/wp-content/uploads/HumanoidLeagueRules2015-06-29.pdf.
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ground contact and stays in the air. The jump time is measured with a special device
provided by the league. In order to make the jump motion we had to make sure that the
mechanical structure of the robot could provide both the speed and the power. Thus, the
knees constructed with 4 actuators working together in parallel, which is depicted in
Fig. 1 top-right. To generate the jump motion, first the upper parts from the knee joints
are moved upward while increasing both the speed and P-Gains of each foot, then after
reaching the highest position, the lower parts of each leg are moved upward which lets
the robot terminate the ground and make the jump. Then, while decreasing the speed
and P-Gains of both feet, the robot lands on the ground with the lowest possible
P-Gains set to the actuators. Therefore, the robot can jump without getting hurt.

3.2 Perception

In Humanoid adult-size league detecting the obstacles and the opponent’s goal keeper
plays a major role to win the competition. To locate each object in real self-
coordinating system, the DH parameters and extrinsic camera matrix provided by
motion module has been used. Lines are detected by a customized low computational
cost method using RANSAC algorithm [6].

To calibrate the cameras, the chessboard calibration method [7], provided by
OpenCV, has been used.

Ball Perception. The standard soccer ball has been used in the adult-size league since
RoboCup 2015. In order to perceive the ball, using a growing color table and a simple
contour detection algorithm [8, 9] on the binary image after removing white lines, the
potential spots are detected first. Then these spots are compared to the ball and a
confidence value is calculated.

Fig. 6. Jump motion for 3.4 cm during the technical challenges, RoboCup 2016
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To determine how much each spot resembles the ball, three algorithms have been
used. Each algorithm calculates the confidence value using its specific Gaussian filter
which reduces the effect of noises. By combining these confidence values according to
their importance, each spot’s overall likelihood to be a ball is calculated. A sample of
detected ball is depicted in Fig. 7. The algorithms used to calculate the confidence of
each spot are as following:

– The size of the spot is compared to the size of the real ball.
– The best matching circle is detected using OpenCV Hough Circle Transform [10]

and its radius is compared to the actual ball’s radius.
– Using Correlation Histogram Comparison algorithm [11] with 32 bins, all three

HSV color channels of the spot is compared to the previously trained colors of the
real ball. This algorithm output has more importance than the other two when
combining them to get the overall confidence.

There is an ongoing research in the team Baset to use stereo camera’s depth image
to achieve more robust ball perceptions.

3.3 Localization

A good and robust localization method is the key to succeed in the humanoid league.
To localize the robot, the Sample Importance Resampling method has been used due to
its simplicity and low computational cost.

The localization problem has been solved by using 110 particles, which are living
by the probability proportional to their weights. For calculating each particles’ weight,
a Gaussian function has been used on distance and orientation [12].

The sensor-reset technique [13] has been used in order to solve the global local-
ization problem. This method solves the kidnaped robot problem by spreading 10
random particles in the field. For tracking the robot’s position, the dead reckoning data
provided by the motion module has been used. The motion module gathers all the
required information from each joint, such as current position and speed, and keeps
track of the robot’s current speed and acceleration. It also provides camera’s position
and orientation toward the robot’s ground contact. Localization output is depicted in
Fig. 8.

Fig. 7. Ball perception
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3.4 Behavior

The adult-size league has customized rules compared to the other size classes. A team
takes a penalty shoot and has up to 150 s to score a goal. The ball is placed behind the
robot which is faced the opponent goal. Then the robot starts the penalty from the
center of the field, while two obstacles are randomly positioned on the opponent’s field.
The robot has to reach the ball, dribble it to the opponent’s field while avoiding any
touches with the obstacles, and shoot the ball toward the goal. Touching the obstacles
finishes the penalty chance. The opponent team uses its robot as the goal keeper during
each penalty shoot. After each penalty, the teams replace the roles and the penalty
shoot continues for 5 strikes for each team in a normal match.

Because the adult-size robots are big and usually heavy, they can’t move as agilely
as teen-size and kid-size robots. Thus, they have to act smart to score a goal during the
limited time they have which underscores the importance of the behavior that the robot
follows.

The robot’s camera has limited field of view while the obstacles can be placed near
the robot forcing it to spend reasonable time scanning the field in order to find the
obstacles exact position. To deal with this issue, the robot does not search for obstacles
at first, instead it starts to find the ball as soon as the game starts then walks behind the
ball. As shown in Fig. 9, when the robot is behind the ball in its own field, due to the
obstacles long distance to the robot, by looking toward the opponent’s goal, both
obstacles will be within the field of view of the camera and there won’t be necessary to
scan the field to detect the obstacles. Therefore, the time to find the obstacles on the
field is reasonably decreased.

Thanks to the perfect omnidirectional walking capability of Baset robot, it is
possible to follow a trajectory which considers robot’s yaw angle on the field as a
parameter. To produce the trajectory, three Gaussian filters have been used which
determine the sideward, forward, and rotation speed of walking system. These filters
use the ball position toward the robot which is produced by the robot’s vision system
all the time as the input. A linear relationship between rotation speed and forward or
sideward speed is used by which the higher value of rotation speed decreases both
forward and sideward speeds. This way the robot moves toward the ball with a short

Fig. 8. Initial particles (left) and after conversion to one location (right)
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trajectory considering robot’s angle on the field and can handle the ball without losing
its own desired direction. A sample of resulting trajectory is depicted in Fig. 9 with
black curve.

The robot, after walking behind the ball and finding the obstacles, considers the
three free gaps made by obstacles and selects the one which is bigger and also needs
less time for the robot to pass through (red circle on Fig. 9). Then, it shifts the ball
there. As the robot is always maintaining its desired direction while handling the ball,
when it reaches the ball, it has already aimed the opponent’s goal and moved one of its
feet behind the ball. Otherwise, if the desired direction of the robot or the location of
the ball toward it’s foot is not obtained, the robot will spend extra time to fulfill it. Then
it shoots the ball toward the opponent’s goal.

4 Conclusion

In this paper, we provided our approaches and methods which let us win the humanoid
adult-size league in RoboCup 2016 competitions. We first described our robust hard-
ware and electronic devices which helped the robot play for long periods. Then we
described the walk engine that controls P-Gains of actuators and accepts acceleration as
a parameter. We also described how we obtained agile walking system by zeroing the
double support time, how we could make a jump motion, how we perceived the real
soccer ball and localized on the field, and finally described the behavior system of the
robot to play the adult-size soccer.

During the competition, our robot proved to be the most stable one without even
falling once. We demonstrated that an adult-size robot can play real soccer instead of

Fig. 9. Robot’s behavior. Black curve indicates robot’s trajectory toward ball, and gray lines on
that curve indicate robot’s direction on the field. Yellow lines show the camera’s field of view.
Red circle is the place to which the robot shifts the ball then shoots it toward opponent’s goal.
Violet segments of lines indicate the gaps between obstacles and field lines. (Color figure online)
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penalty shoots using the high walking speed and stability. We also demonstrated the
capability of jump motion for the first time in the adult-size league.

For further researches, we are updating the mono vision of the robot with a stereo
camera. The provided information from the stereo camera is going to be used to
perceive the obstacles and the opponent’s robot as well as the ball more accurately, and
to record the visual odometry of the robot’s head in three dimensions. Afterwards, a
fusion between robot’s walking pedometer and the visual odometry of camera is going
to be used to enhance the robot’s localization accuracy. We are also planning to make
our robots play real soccer in the adult-size league more efficiently in the future.

References

1. Mohammadi, V., Hosseini, M., Jafari, F., Farazi, H., Bamdad, E.: Baset Adult-Size 2015
Team Description Paper

2. Farazi, H., Hosseini, M., Mohammadi, V., Jafari, F., Rahmati, D., Bamdad, E.: Baset
Teen-Size 2014 Team Description Paper (2014)

3. Hosseini, M., Mohammadi, V., Jafari, F., Bamdad, E.: Baset Adult-Size 2016 Team
Description Paper

4. Intel NUC Mini Personal Computers. http://www.intel.com/content/www/us/en/nuc/
overview.html

5. BeagleBone Black development platform. http://www.beagleboard.org/BLACK
6. Fischler, M.A., Bolles, R.C.: Random sample consensus: a paradigm for model fitting with

applications to image analysis and automated cartography. Commun. ACM 24(6), 381–395
(1981)

7. Camera Calibration with OpenCV. http://docs.opencv.org/doc/tutorials/calib3d/camera_
calibration/camera_calibration.html

8. Suzuki, S.: Topological structural analysis of digitized binary images by border following.
Comput. Vis. Graph. Image Process. 30(1), 32–46 (1985)

9. OpenCV Official Documentation Site. http://docs.opencv.org/modules/imgproc/doc/structu
ral_analysis_and_shape_descriptors.html?highlight=findcontours#findcontours

10. Hough Circle Transform by OpenCV. http://docs.opencv.org/2.4/doc/tutorials/imgproc/
imgtrans/hough_circle/hough_circle.html

11. Histogram Comparison Algorithms by OpenCV. http://docs.opencv.org/2.4/doc/tutorials/
imgproc/histograms/histogram_comparison/histogram_comparison.html

12. Strasdat, H., Bennewitz, M., Behnke, S.: Multi-cue localization for soccer playing humanoid
robots. In: Lakemeyer, G., Sklar, E., Sorrenti, Domenico G., Takahashi, T. (eds.) RoboCup
2006. LNCS, vol. 4434, pp. 245–257. Springer, Heidelberg (2007). doi:10.1007/978-3-540-
74024-7_21

13. Coltin, B., Veloso, M.: Multi-observation sensor resetting localization with ambiguous
landmarks. Auton. Robots 35(2–3), 221–237 (2013)

RoboCup 2016 Best Humanoid Award Winner Team Baset Adult-Size 477

http://www.intel.com/content/www/us/en/nuc/overview.html
http://www.intel.com/content/www/us/en/nuc/overview.html
http://www.beagleboard.org/BLACK
http://docs.opencv.org/doc/tutorials/calib3d/camera_calibration/camera_calibration.html
http://docs.opencv.org/doc/tutorials/calib3d/camera_calibration/camera_calibration.html
http://docs.opencv.org/modules/imgproc/doc/structural_analysis_and_shape_descriptors.html%3fhighlight%3dfindcontours#findcontours
http://docs.opencv.org/modules/imgproc/doc/structural_analysis_and_shape_descriptors.html%3fhighlight%3dfindcontours#findcontours
http://docs.opencv.org/2.4/doc/tutorials/imgproc/imgtrans/hough_circle/hough_circle.html
http://docs.opencv.org/2.4/doc/tutorials/imgproc/imgtrans/hough_circle/hough_circle.html
http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/histogram_comparison/histogram_comparison.html
http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/histogram_comparison/histogram_comparison.html
http://dx.doi.org/10.1007/978-3-540-74024-7_21
http://dx.doi.org/10.1007/978-3-540-74024-7_21

	RoboCup 2016 Best Humanoid Award Winner Team Baset Adult-Size
	Abstract
	1 Introduction
	2 Hardware and Electronics
	3 Software
	3.1 Walk Engine and Motion Control
	3.2 Perception
	3.3 Localization
	3.4 Behavior

	4 Conclusion
	References




