
  

 

Abstract— This paper documents the development and the 

project of the whole possible hardware in a humanoid robot to 

that it can work. It is shown a development a power circuit, a 

communication circuit, as also the implemented securities in each 

project and in programs, and optimization of old projects . 

I. INTRODUCTION 

The projects presents here is a part of what was developed 
and still is developed by EDROM (Equipe de 
Desenvolvimento de Robótica Móvel), a mobile robotic 
development team. This team does researches about 
humanoids and LEGO robotics to develop robots and 
participate of international robotics events as the Latin 
American Robotics Competition (LARC)[1] and the 
RoboCup[2]. Besides, the project are also to increase the 
students’ knowledge in various fields of mechatronics and 
robotics engineering. The mainly humanoid robot that was 
developed is called Eva. It was completely made by EDROM, 
including the mechanic, electric and software parts of the 
project. This paper highlights the electrical parts, the research 
and the ideas, the possible problems and the necessary 
securities to get the result. 
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II. DEVELOPMENT OF THE PROJECT 

The Eva's hardware is basically constituted of two 
principals parts: the supply circuit and the communication 
circuit.  

A. The Power Supply Circuit 

 A single battery providing voltage between 16.7 V and 14.8 

V, in direct current, makes the power source of the robot. This 

battery needs to supply the entire robot, including the on-board 

computer, the servomotors, sensors, camera, etc. The various 

components that receive power from this battery, however, 

operate at different levels of voltage and current, and to ensure 

proper operation for all, the supply circuit provides proper 

voltage and current to each component. The “Fig. 1” show the 

schematic electric circuit made in the ISIS mode of the Proteus 

Design Suite software and the “Fig. 2” show the layout board 

develop in the ARES mode of the same software. 

Figure 1.  Wiring diagram of the power circuit board. 

Figure 2.  Power supply board layout. 
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 The supply circuit is also responsible for protecting the 

components and the own circuit of bad operations and 

improper maintenances.  This is due a possible instability of 

the battery, and is necessary that the circuit be prepared to in 

interrupt the supply in case of malfunction to prevent damage. 

Lastly, this circuit also allows the supply control of each part, 

by a panel of keys, making possible the operation of one 

component during the others remain inactive. The control 

panel board project is shown in the “Fig. 3” and the “Fig. 4” 

on the next page. 

 

Figure 3.   Wiring diagram of the control panel circuit board. 

Figure 4.  Control panel board layout.  

 The circuit receives power from battery through connectors, 

which are easy to operate. There is two of them, used for 

connect in two batteries at the same time. This is to allow that 

the battery of the robot can be changed without having to turn 

it off. A battery is connected while the other is still in 

operation, and then turns on the key to this and turns off the 

other. 

 To avoid the current of the charged battery flow to the 

battery with no charge, that could make damage, two 6A10 

diodes in parallel are connected in series each one of the 

batteries, blocking the current of one flows to the other. Each 

one of the diodes supports in operation a current until 6 A, the 

parallel link allow a theoretical current of 12 A, however, the 

intern  resistance of  the diodes is a few different of one to the 

other, so the current won't be divided equally, and whether the 

circuit work in 12 A one of the diodes will be overloaded. 

Nevertheless, in normal operation, the current will just reach 

these values in shorts periods, so that it can be neglected.  

 The branches that lead the current of each battery bind in 

one node, after the diodes, and in series with this node is 

connected the fuse, where all the current of the circuit must 

flow. This fuse was dimensioned to 12 A, to provide the 

maximum current supported by the circuit. The end of the fuse 

is connected in another node that distributes de branches that 

goes in the connector KK, used to lead the wires until the keys 

that turn on each part of the circuit. Those are on the top of the 

robot, for better organization and ease of use. The same 

connector brings the wires of the keys back for the board, 

where then the current flow to others connectors, that will 

distribute the energy. It also leads the ground of the batteries 

that is interconnected to the ground of the GPIO pins of the 

on-board computer.  

 The on-board computer is connected in one chopper, one 

DC-DC converter that use semiconductors for voltage 

switching, and capacitors and inductors for analyze out signal 

voltage and out signal current. This chopper converts the 

battery voltage to 5 V, with until 10 A of current. Another 

connector leads the battery voltage directly, but it is connected 

in series with two diodes in parallel, and this prevents the 

current flow in the opposite direction, that could happen 

because this connector is used to supply power to some 

servomotors, and in case of fall of the robot, the motors are 

turned off for protection, but by Lenz's Law[3][4] they begin 

to operate as generators when the robot's inertial in the fall 

makes the motors rotate. This current reverse could damage 

various components, including the choppers. 

 There is another connector that leads the energy until a 

second chopper that converts the battery voltage to 12 V, and 

providing until 10 A of current. The out of this is connected in 

series with more two diodes in parallel, and then supply other 

group of motors operating in a voltage lower than the voltage 

battery. The supply circuit was projected to supply the servo 

motors MX-106T and EX-106, both digital servo motors of 

Robotis[5]. Both choppers used are step up-down or buck-

boost, it means, allow raise or reduce the input voltage level. 

Figure 5.    Best vision of ODROID XU3-Lite. (Figure taken from 

website http://www.hardkernel.com/main/products/) 

 

The on-board computer used is the Odroid XU3 - Lite, an 

embedded system equipped with Samsung Exynos5422 (two 

quad-core processors, Cortex™-A15 1.8Ghz and Cortex™- 

A7 1.3Ghz) an Heterogeneous Multi-Processing (HMP), 2 

 

 

 



  

Gigabytes of RAM's memory (LPDDR3; 933MHz), mini 

HDMI port for display, a USB 3.0 port, a USB 3.0 OTG, 4 

USB 2.0 port and eMMC 5.0 memory card. In addition to the 

considerable processing power and low power consumption 

(20 W in total operation), this computer have pins of General 

Purpose Input/Output (GPIO), used in the interface of 

communication between the robot and theirs operators. The 

on-board computer model is shown in the “Fig. 5” and “Fig. 

6”. 

 

Figure 6.  Top of ODROID XU3-Lite. (Figure taken from website 

http://www.hardkernel.com/main/products/) 

 

B. The Communication Circuit 

 The communication circuit have the function of establish 

communication with the on-board computer with the rest of 

the robot, and it is composed by interface between the 

computer and the servomotors, and interface between the 

computer and the humans operators. The “Fig. 3” show the 

schematic electric circuit made in the ISIS mode of the Proteus 

Design Suite software and the “Fig. 4” show the layout board 

develop in the ARES mode also of the same software. 

 

Figure 7.  Wiring diagram of the communication circuit board. 

 

Figure 8.   Communication board layout. 

 The interface between computer and servomotors is an 

converter circuit that converts the communication USB to 

serial. This circuit was based in the project USBzDxl[6] of 

Iran AutMan[7] team. It receives data packages through the 

USB port and then they go to a serial converter, the FT232rl 

that has three gates as outputs, Tx, Rx and DEN. The Tx and 

Rx ports are respective ports transmitting and receiving data. 

The Tx port takes data from the computer to the motors. The 

Rx makes the opposite.  The DEN port transmit a signal 

showing if the computer is receiving or transmitting data in 

that moment.  

 These ports are so linked to a quad-state buffer, the 

integrated circuit 74HC126, where each port is connected to a 

unit buffer. They will keep the signal on the line until their 

status changes. These buffers are activated by the DEN gate 

signal.  The Tx gate buffer is activated by the high signal in 

the DEN gate, and the Rx gate buffer is activated by the low 

signal. For this, the DEN gate signal passes through a logic 

port NOT, the 74HC04, which inverts the logic level signal, 

once the buffer is only physically triggered by high level.  

 The other terminal of both buffers are interconnected and 

this branch is linked to the data pin of the TTL output. This 

pin also is linked with a pull-up, that is, a resistor linked in the 

high level, guaranteeing that this pin has high level if no signal 

comes from the serial converter, avoiding the fluctuating logic 

level that could bring unpredictable and random operations to 

the circuit. 

    This serial communication is half-duplex, i.e. by a single 

bus transmits and receives data. The circuit however has 

another branch that takes the signals from de RX and TX ports 

to another component, called MAX485, a low power 

transceiver to RS485 communication. This component has 

two output ports that are linked in the RS485 data ports of the 

motors. This is a full-duplex communication serial, a bus to 

transmit and another bus to receive data. The input RX of 

MAX485 is also linked to a pull-up by the same purposes 

previously explained. A 100nF capacitor is linked between the 

supply of the interconnected circuits and the ground, to 

eliminate small fluctuations. The group of this circuit is also 

the ground of the USB port and the on-board computer, and it 

is linked to the ground of the both serial ports, therefore is also 

the ground of the servomotors. And this converter circuit. 

 

 

 



  

  

C. Low Level GPIO Library 

 

 The interface between the computer and the humans 

operators is made by the supply circuit that have the keys to 

turn on or turn off the components and by the other circuit 

which communicates with the computer. This circuit has one 

connector where are available 30 several pins, including pins 

GPIO. This pins are programmable, i.e. theirs logic values can 

be changed though command's computer. To interact with this 

pins, was develop a low level program library which 

manipulates this pins writing in files that control the variables 

of these pins.  

 The operational system used, Ubuntu 14.04 LTS abstract 

any peripheral as a file, and these are in directories of the 

system. Once accessing these directories and changing the 

value these files with writings and readings is possible to 

control the peripherals. The library offers functions to 

manipulating of pins, improving the behavior in high-level 

programming. A latch connector links the pins of the computer 

at to a circuit on top of the robot. These pins are of two types: 

output pins and input pins. The output pins are digitals, i.e. 

works with only two voltage levels, high level (1.8 V) and low 

level (0 V). The input pins can be digitals or analogs, but for 

the analog configuration, the maximum input voltage must be 

1.8 V. The developed library has a series of definitions that 

facilitates the use. The pins are mapped to facilitate the 

identification, once that to the computer numbers without a 

direct link or sequence with the physical composition 

recognizes them. This way, the library user needs only to 

know about which pin will use according to the physical 

layout. 

 The library disposes the following functions:  

 setPin; 

 setPinMode; 

 digitalWrite; 

 digitalRead; 

 analogRead; 

 closePin;  

 

 The function setPin receives as input argument the 

identification of the pin and is responsible for enable the pin 

to be used as GPIO. This is because in an embedded system 

each pin can have several functions and may serve as GPIO, 

communication pin of various types. Therefore, before it can 

be used as GPIO it needs to be enable for this. With this 

purpose there is in the directory /sys/class/gpio a file that 

contains a list of enabled pins to this function, the file 'export'. 

Thus, what the function setPin does is write the code of the pin 

in this file. To open and write in the files are used standard 

system calls of the Unix[8], 'open' and 'write' respectively . A 

string is mounted using the function 'snprintf' containing the 

address to open the file, which is passed to the open function. 

In sequence is performed the writing and a delay time is 

expected to allow the operational system to create the folder 

and the files of the enabled pin. Once this occurred, it can 

already be used.  

 The function setPinMode receives as arguments the code of 

the pin and the operation mode. This function allow the 

change of the pin mode to input or output mode. By default, 

the pin are defined as input. The way this function do this 

change is the same of the function setPin, but is written in a 

file called 'direction' that is at the pin folder. 

 The functions digitalWrite and digitalRead are responsible 

by, respectively, change the output pin value (which can be 

high or low level) when this is in the output mode, and read 

the pin value (which will be high or low) when this is in the 

input mode. To the function digitalWrite the procedure is 

similar to that employed in the functions previously cited, just 

changing the file. For the function digitalRead the open file is 

the same as above, but the read is made through the system 

call 'read', also standard of the Unix. The read value is of the 

char type, and it is converted to int type by the function 'atoi', 

to facilitate the manipulation. 

 The function analogRead has its opening and reading 

operation as the same the one above function, but the file read 

is another, and the used pins are the ADC configured. The file 

read is the "", and the returned value is a number between 0 

and "", proportional to the read voltage. Then this value, to be 

of type char, is converted to double type by the function 'atof' 

and then, through constant by which this is divided, the 

voltage value read is obtained.  

 Finally, the closePin function is responsible for disabling a 

pin that is being used as GPIO, enabling it to be used for other 

functions or applications. Its works similar to the function 

setPin, but the file where writing is the 'unexport'. 

  For reasons of facilitation debug problems, was developed 

in each of these functions a specific error callback method, 

where a predefined error code identifies that there was error in 

the functions being closed program and a distinct negative 

integer value is returned depending on the type of error.  
 The library also makes mention of each of the passive pin 

use, since not all are programmable, providing in comments on 
the program the reasons for non-use of each of the pins. All the 
pins information were obtained by computer documentation 
used, provided by the enterprise Hardkernel[9], manufacturer 
of the Odroid's embedded system.   

 

D. Implementation of LEDs 

 

The output GPIO pins are connected to the common LEDs 
and an LED RGB (LED that varies in color depending on the 
signals on its three ports), used for various functions such as 
informing the current state of the robot while it is working for 
its operators, inform decisions taken by him, perform debug 
code, etc. However, computer pins voltage level (maximum 1.8 
V) is too low to trigger an LED, except the LED red for which 
the driving voltage is lower. To provide adequate power to the 
LEDs, the output GPIO pins are connected in a shifter-level 
integrated circuit, TSX0108E, which converts the voltage level 
from the two references, the input and the output. The reference 
input is provided by the computer itself that provides a pin of 
1.8 volts, and the output is connected to the computer power 
that is 5 V. In this way, the pins start to enable ports of 5 V and 
50 mA. Thus, the LEDs connected in series to resistors that 



  

control the current passing through them operate normally even 
RGB. In relation to the input pins, these are connected to keys 
linked in series with resistors, in turn connected to pin 1.8 V 
supplied by the computer. When the button is pressed, a high 
logic level can be read in the input pins internally connected to 
a pull-down (maintains logic low when nothing is connected). 
The resistors in series with the buttons limit the current to be 
drained from 1.8 V pin, preventing a short-circuit in the 
computer. Finally, there are two 100nF capacitors that are 
connected in parallel in both references, to prevent small 
fluctuations in them. 

Something important to note in all circuits is that the trails 
were scaled second sizing tables to thick copper plate in the 
3oz. Also all cards have ground plane, to avoid noise in the 
circuit ground which is all interconnected, and the trails were 
created avoiding corners at 90 degrees, the source of electrical 
noise that can affect the operation of the circuits. The trails 
were also coated with silver iodide solution at 5% to protect 
them from corrosion. 

III. CONCLUSION 

All of was informed, discussed and presented here was is 
part of an optimization research and project of EDROM, which 
the main goals is reach a hardware system without failures, 
malfunctions, and provides the best communication between 
components and secure supply energy to them. It is possible. 

This paper attempts to arrange a form of content that 
everyone can understand and develop a humanoid robot 
hardware project if they wish. 
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