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Abstract. This paper describes the development of humanoid robots made by 

team EDROM since their last participation in Robocup 2014. These robots are 

intended to participate in Robocup 2018 Humanoid Teen Size category. The 

idea is that the robots can play a football match. The mechanical, software, 

hardware and scientific achievements are described in this paper. 

1 Introduction 

EDROM (Equipe de Desenvolvimento em Robótica Móvel) started participating in 

robots competition in 2010 at CBR (Competição Brasileira de Robótica) and LARC 

(Latin America Robots Competition). The team already participated two times in the 

RoboCup, in 2013 and 2014, these were the years with most growth to the team, due 

to the interaction with other teams [1]. 

In this paper there are the specifications of the team’s robots that will be used in the 

competition, such as mechanical, hardware, software, improvements and scientific 

achievements.  

2 Overview 

The project can be essentially divided in three areas: mechanical structure, hardware 

and software. Each robot has 20 degrees of freedom using Robotis Dynamixel’s actu-

ators [2] connected to an aluminum structure through screws and others non-

permanent connections. However, the team is researching about possible materials to 

replace aluminum at some points to reduce weight. 

The electrical circuit is responsible for ensuring the correct voltage and current for all 

servomotors, the Intel® NUC [3] computer and its external cooler. There are also 

some security mechanisms to prevent electrical damage to the components. The cam-
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era, IMU sensor and the TTL to USB converter are powered indirectly by the Intel® 

NUC.  

The robot’s intelligence is divided in many processes, some of them being multi-

threaded. The main process starts the communication with the Game Controller and 

uses its information to decide the robot’s next action. The other programs specialize 

in executing a certain task and the main process starts or stops them according with 

the robot’s current situation. 

3 Mechanic Structure 

The mechanic structures used were designed so as to fit the rules of the humanoid 

soccer competition [4] and based from the open source NimbroOP project [5]. For the 

design and prior analysis of the stiffness and movement, SolidWorks software was 

used, Fig. 1(a).  

We have some alterations in the mechanical project since 2014. The new robots were 

made mostly in aluminum, the plates have some perforations made in them, so the 

weight can be lightened, and the electrical system cables can pass through them. The 

hand was modified to assist the getting-up motion and the feet was modified to ac-

quire the ability to walk on the grass. The built robots are shown in Fig 1. 

 

              
(a)                                  (b)                                         (c)  

Fig. 1. (a) 3D project; (b) Robot Sakura; (c) Robot Steklovata. 



4 Hardware specifications 

The hardware is composed by a few components: Controller; Servomotors; Cables; 

Batteries; Camera; Cooler; Sensor; A physical interface composed by switch buttons 

and LEDs; A USB to TTL converter.  

The battery connects to a security circuit that is connected to the physical interface, 

the security circuit is elaborated to prevent overcurrent in the motors and to adjust the 

voltage. The battery (voltage of 14.8 and 5600mAH) offers 16.6V when fully charged 

and 14.8V when ending, so, the motors, who operate in the range of 10-14.8V [2], 

requires the voltage to be lowered to power them properly.  

The controller needs a voltage of 20V, so it’s also needed to increase the voltage. To 

do this it’s used two DC-DC Step Up and Down module to adjust the voltage needed. 

The cooler is used to maintain the DC-DC module in the right temperature. 

Some of the motors are powered by another battery (11.1, Li-Po 2200mAh) alone 

without pass through the security circuit because this battery provides 12.6V when 

fully charged and 11.1 when ending, so it can be used to power the motors without 

protection. 

Besides that, the security circuit also has the switch buttons and the LEDs, they are 

used to turn the motors the controller on and off and a switch that connect the battery 

to the circuit when on and disconnect when off. The LEDs are used to inform the state 

of the switches. 

The other components, such as the converter, the camera and the sensors are powered 

by the intel® NUC via USB cables. 

The USB to TTL converter is a project called Mojtaba [6] in homage to the member 

of the Iran team AUTMan [7]. In short, the team’s hardware is an electronic circuit 

who controls the power provided to the robot and protects it from any problem in-

volving current peaks. 

The controller used in the robot is an intel® NUC model 6i3SYK [3]. 

The servos used on the robot are MX-64 [8] for the two degrees of freedom on the 

head and the others are MX-106 [2].  

The camera is a Genius WideCam F100, with 120 degrees of FOV, low distortion and 

capability of 30 FPS. 

The sensor used is the Phidget Spatial model 1042, it has a Compass 3-Axis (not 

used), Gyroscope 3-Axis, Accelerometer 3-Axis. 

 

5 Software specifications 

The software is composed by the following categories: Vision; Sensor; Movement; 

Behavior; Strategy; Game Controller. 

The goal of the vision process is to locate the field boundaries, ball position, goalpost, 

landmarks and opponent robots. The implementation is done using the OpenCV li-

brary [9] with the “contrib” module which offers many open-source computer vision 

tools [10].  



Due to the change of the ball’s color in the RoboCup competition it was necessary to 

implement more sophisticated algorithms to achieve the ball identification. Nowadays 

there are color filters, morphological filters and tracking tools [11] working altogether 

to get the ball localization and there still work to be done aiming to improve accuracy. 

The vision process communicates with the others robot’s programs sending the ex-

tracted information so that it can be used in the execution of a more intelligent behav-

ior. Figure 2 show the graphic interface developed by EDROM to vision. 

 

 
Fig. 2. Program made by EDROM to encompass all the vision aspects.  

 

The sensor used is the Phidget Spatial model 1042, it has a Compass 3-Axis, Gyro-

scope 3-Axis, Accelerometer 3-Axis. However, since humans don’t have magnetic 

sensing, the compass data is not used in the robot’s software. 

The software implements a Madgwick filter which combines the angular velocities 

and accelerations provided by the IMU sensor and returns an orientation. This infor-

mation is useful to determine if the robot is falling or has fallen, making it possible to 

take the necessary action to reverse the situation. Also, the team is researching about 

different closed-loop controls for the robot’s movement that would use the sensor’s 

information as feedback. 

The movement software is subdivided in many other areas. One is responsible for the 

communication with the TTL to USB and creates a higher-level interface that facili-

tates the program of complex movements. The inverse kinematic model with the tra-

jectory creator altogether forms another subarea which is responsible to create new 

moves in real time execution and allows the robot to react in a more flexible way. The 



kinematic model was developed in [12]. The control module receives data from the 

sensor and edits the current trajectory if necessary. 

The Behavior is responsible for deciding which action the robot needs to perform and 

can terminate immediately the current activity if needed. To determine the best course 

of action, this process receives information from the Game Controller server and from 

other processes regarding the robot’s current state. 

The software area called Strategy implements some action that the robot needs to 

perform like a basic attack, recover from fall, defend goal, get in position, etc. Those 

are complex tasks and involves most of the software areas previously presented in this 

text. 

The Game Controller process creates the UDP socket and establishes a connection 

with the Game Controller server [13], all received messages are treated and its output 

sent to the main process that is called Behavior. This program is also responsible to 

send information back to the Game Controller server if needed. 

 

6 Research Interest and Scientific achievements 

The team’s research interests are in the areas that are currently in development such 

as vision improvement, communication with the motors improvement, structure im-

provement and others. 

In the vision area the team is researching a way to make the robot be able to locate 

itself in the field alone, it’s been tested a way to convert the lines on the field into 

graphs and compare it to a database who will contain various graphs correlated with a 

position on the field and by interpolation it it’s aimed to obtain the approximate loca-

tion of the robot. 

In the mechanical area it’s been researched a way to reduce the weight of the robot to 

make it easier to execute the movements needed.  

In the electric area is there a need to power the motors properly because due to the 

DC-DC module the motors are not receiving enough current, the module only permits 

the passage of 10A and each motor can use up to 6.3A when using its maximum 

torque. 

The EDROM team is working in the impedance control that is widely explained in 

Hogan (1985) [14]. The main idea of this method is to relate the manipulator varia-

bles, such as end-point position and force rather than just control these variables 

alone. In this regard, the impedance control will be analyzed to make the generated 

walking trajectory suitable with the ground stiffness.  

The simplest impedance equation for a single actuator can be described as follows: 

 

𝜏 =  𝐾(𝜃 − 𝜃𝑟𝑒𝑓) +  𝐵(�̇�   −  �̇�𝑟𝑒𝑓) (1) 

 

Where the variables 𝐾 and 𝐵 are related to the desired stiffness and damping for the 

manipulators respectively. The motor`s angular rotation, and angular velocity are 

described by 𝜃 and �̇�, and the desired position and velocity are respectively �̇� and 



�̇�𝑟𝑒𝑓. The torque 𝜏 is computed by the right side of the Eq. 1 and it is applied as an 

input for the servo motor. 

The equation (1) indicates a different outlook of the PD controller, in which the gains 

𝐾𝑝 and 𝐾𝑑 are equivalents to 𝐾 and 𝐵. Once the MX Dynamixel servos have an inter-

nal PID controller, the impedance behavior can be defined by setting the integrative 

gain to zero, and changing the 𝐾𝑝 and 𝐾𝑑 variables according the desired response 

when the robot hits the ground.  

Although suiting the proportional and derivative gain according to the ground charac-

teristics seems to be feasible by only changing the internal PD gains of the servomo-

tor, this transition may cause undesirable behaviors when tracking a specific trajecto-

ry. For this reason, it was added to the system a feedforward action for compensating 

unwanted effects, mainly the low-pass effect when the servo proportional gain is re-

duced to provide smoother impacts between feet and ground.  This effect is pointed 

out by Missura (2016) [15], and the applied feedforward compensation follows the 

same idea from Schwarz and Behnke (2013) [16], in which the MX 106 is modeled as 

a DC motor considering both the friction in the gear transmission and the internal PID 

system. The mathematical model is fitted to the data generated from a reference tra-

jectory. 

Figure 3 shows a comparison between the factory default gain proportional value (left 

figure with 𝐾𝑝  =  32), and a reduced gain (right figure with 𝐾𝑝  =  12) with feed-

forward action. Both tests were based on tracking a specified trajectory, and there 

were two moments with impacts as indicted in Figure 3. It is clear that a reduced gain 

provides smaller current peaks when the system suffers impacts. Moreover, analyzing 

the RMS error for the position, it was concluded the trajectory tracking follows the 

desired path with an acceptable tolerance.  

Therefore, changing the impedance characteristics of the overall humanoid robot 

seems to be both feasible and beneficial for the walking movement, since the feed-

forward action allows to keep an acceptable trajectory tracking even for small 𝐾𝑝 

values, besides, it provides a possibility for adapting to the ground stuffiness and, at 

the same time, it may save energy when the robot hits the floor. 

7 Conclusions 

This paper refers to the steps used by the team EDROM to build the two robots that 

are planned to compete in the RoboCup Humanoid Teen Size Soccer Competition in 

2018. 

The project is not in the final version, there are plans to optimize a few areas to have a 

more agile and enhance its performance. We want implement the impedance control 

in the humanoid robots until the RoboCup 2018. 

The EDROM’s team commitment of participating in the RoboCup 2018 Humanoid 

League competition, also that we will make a person with sufficient knowledge of the 

rules available as referee during the competition. 
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Fig. 3. Comparison of the current consumption and trajectory tracking for two values 

of 𝐊𝐩 for a single servo motor subjected to an impact during the movement. 
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