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Abstract. We describe the hardware and software of the team ZSTT-
NTNU as well as our previous contribution to humanoid robot research
in this team description paper. This team is a joint team between Taiwan
and Korea. Team ZSTT-NTNU participated in the adult-size RoboCup
humanoid league for the first time in 2017. But ZSTT-NTNU was ranked
4th place in 2017 and got 3rd place in the ’technical challenge’ part in
2018, showing the potential for the development of their humanoid robot.
ZSTT-NTNU has a long history in humanoid robotics and were successful
in previous robot competitions such as RoboCup, FIRA, and the Robot
Magic competition of the 2018 IROS Humanoid Robotics Application
Challenge. This paper explains the design, hardware, and software of
our humanoid robot developed for RoboCup 2019 to be held next year
in Sydney.
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1 Introduction

Encouraging joint research in AI and robotics is an important goal of RoboCup
Humanoid league, to meet the difficult entry level of forming a much larger 11
member team that is able to achieve the ultimate goal of playing against hu-
mans [1]. Team ZSTT-NTNU is a joint team which consists of National Taiwan
Normal University from Taiwan and one software engineer from the Republic
of Korea. We participated in the adult-size RoboCup humanoid league for the
first time in 2017. We have performed in the technical challenge competition for
the RoboCup Humanoid League, winning third place at RoboCup 2018. This
joint team’s humanoid robot is a fully autonomous adult size humanoid, which
is 1.35m tall and weighs 12kg. It is constructed with 20 degrees-of-freedom. The
omni-directional walking gait of the humanoid is implemented based on param-
eterized motions using the inverse kinematics of the robot and is able to bal-
ance using IMU feedback. The software is implemented with python and using
OpenCV for the robot’s object detection and localization. Our system detects
the ball and opponents as well as field lines and goal posts for localization [2]. In
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Sec. 2 we describe the mechanical architecture of our adult-size humanoid robot
and explain some of the important design choices. And we show the electric parts
such as controllers, motors, sensors, and camera. We describe the motion algo-
rithm of our robot in Sec. 3. In Sec. 4, we show our software and algorithms for
recognizing the ball, goalposts, opponents, and localization. Finally, we mention
our future work in Sec. 5.

2 Hardware

This section describes the hardware of our new adult-sized humanoid robot. The
robot’s design is based on previous successful designs that competed in the kid
and teen-sized leagues. Our main improvement for RoboCup 2019 is the addition
of extra gears to increase the torque in the legs of the robot(see Fig. 1).

Fig. 1. Our new humanoid robot leg’s 3D design and real parts

The robot system is divided into 3 parts: the motion controller(MCR) that
controls servo motors and calculating motions, the sensor controller(SCR) which
reads sensors, and the perception controller(PCR) that recognizes the environ-
ment and controls the robot’s behavior (see Fig. 2). The motion controller is
composed of a Cortex-M3 board, servo-motors, and FT232/Bluetooth. The mo-
tion controller computes inverse and forward kinematics in real time.

The sensor controller reads sensor information and calculates the sensor data.
The perception controller, which is connected with other nodes, periodically
exchanges information. The main controller gets frames from the camera and
then tries to detect objects such as the field, the ball, the goalpost, and the
position of the robot. The game controller server broadcasts the game status
such as the current state (initializing, ready, set, etc.). When the main controller
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Fig. 2. Block diagram of our humanoid robot

receives the information, it sends a heartbeat to the game controller server to
notify that we are connected [2].

2.1 Mechanical Design

The specification of our humanoid robot is shown in Table 1. The humanoid
robot is 1.35m tall and weighs 12kg. The robot has 20 degrees of freedom: five
in each leg, four in each arm, and two in the head.

Table 1. Robot specification

Height 135 cm

Weight 12 kg

DOF 20 (12 in legs, 6 in arms, 2 in the head)

Actuators MX-106, RX-64, RX-24F

Sensor 6-axis IMU

Camera C930e

Perception controller Intel core-m5

Motion controller Cortex-M3

Sensor controller Cortex-M3

Walking speed 20 cm/s

The robot frame is manufactured using aluminium and uses Robotis Dy-
namixel MX and RX series for each joint. MX-106R servos are used in the legs,
each joint in the leg is composed of two motors, and RX-64 servos are used in
the arms, and RX-24F in the neck [3]. We have controlled the adult-size robot
with the MX-106 motor without an external gear up to the last competition.
However, there was a problem that the internal gear broke because the motor
could not generate enough torque. So we designed new humanoid legs with an
external gear system to provide the necessary torque to our robot.
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2.2 Electronics Design

Our humanoid has 3 controllers which are the perception controller, the motion
controller, and the sensor controller. A tablet PC is used for computation, with
a 1.1GHz Intel Core M5-6Y57, 4GB RAM, and 120GB SSD. We use the tablet
PC as the perception controller which is used for vision and decision-making.
The motion controller and the sensor controller use cortex-m3. They control
Dynamixel servo-motors for moving the robot, communicate network data using
FT232/Bluetooth, read IMU sensor information and calculate the data for local-
ization and feedback for walking. For better noise resistance we use an RS-485
bus to communicate with the actuators in a star topology. There are commu-
nication buses connected to the motion controller, one for the legs, another for
the arms, and the other for the head.

3 Motion

We found the appropriate swing value for a stable walking gait of a humanoid
robot using IMU. Our humanoid robot applied a basic walking gait using inverse
and forward kinematics. Software for making a basic walking motion is made
available by calculating those kinematics (see Fig. 3). We calculate walking gait
by analyzing IMU sensor values calculated by our algorithm. And the motion
program shows an inverted pendulum simulation and the output of the sensor
data. Our robot can walk stably in all omni-direction. We can make motions
such as kicking a ball, moving the arms, moving the head, and so forth in our
motion software. The motion software and the humanoid are connected by serial
communication.

Fig. 3. motion software
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4 Software

Our software system is implemented with python and OpenCV(see Fig. 5). When
the humanoid robots play soccer, they need to know a lot of information about
the environment: the field, the humanoid’s position in the field, the ball’s po-
sition, the opponent’s position, the opponents goalpost, and so forth. To play
without any human interruption, the humanoid robot needs to know the cur-
rent position, the situation and then be able to handle it. For example, when
the robot succeeds in scoring a goal in a game, he must go back to the starting
position autonomously [3].

Fig. 4. Vision System

There are three nodes in the software system: the perception controller, the
game controller, and our robot (the motion and sensor controller) (see Fig. 5).
As mentioned before, the perception controller, which is connected with other
nodes, periodically exchanges information between the game controller and the
humanoid robot. The perception controller gets frames from the camera and
then tries to detect objects such as the field, the ball, the goalpost, and the
position of the robot. The game controller server broadcasts the game status
such as the current state (initializing, ready, set, etc.). When the perception
controller receives the information, it sends a heartbeat to the game controller
server to notify that we are connected. The robot periodically sends IMU data
(roll, pitch, and yaw) to the perception controller. The perception controller gets
frames from the camera and then attempts to detect objects such as the field,
the ball, the opponent, and the opponent’s goalpost. The perception controller
determines the command and sends it to the robot [3].
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Fig. 5. System architecture of our adult-sized humanoid robot

The localization system uses vision data and IMU data. In our system, we
calculate the distance of the ball, the opponent, and the goalposts. The distance
is calculated using the angle of the head (camera) and the vertical position
of objects on the image (from camera) and the height of the robot (height of
camera from ground). After detecting the objects’ positions such as the ball, the
opponent, and the goalpost, the robot estimates its position in the field using the
IMU data and the result of the image processing. Finally, the robot determines
its next action based on the calculated result. Up until the last competition, we
have been able to detect objects such as the ball, the goalpost, the field, and the
opponent using the hough circle and colour based methods. However the system
based on colour detection is too unstable to receive colour information which
is heavily influenced by ambient light. For this reason, we are developing our
vision system based on Deep Learning for detecting the ball, the goalposts, the
opponents, the centre circle, and the lines [4].

5 Conclusion

This paper describes team ZSTT and details about the humanoid robots mechan-
ical design, electronic design, motion, and software system. We are continuing
and expanding our above research. In this year’s competition, we will use the
new humanoid robot with external gears and the new system with deep learning.
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