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ABSTRAKT
Tato bakaléiska prace se zabyva implementaci systému vidéni na dvounohy humanoid
robot ze stavebnice Bioloid. Systém vidéni je slozen z bezdratové kamery, kterd je
namontovana na robotovi a z fidiciho pocitace.
Cilem této prace bylo zkonstruovat a ozivit humanoidniho robota, vytvofit systém vidéni a
bezdratovy komunikacni systém. V centru je robot, ktery pomoci bezdratové komunikace
soucasn¢ odesila i pfijima udaje. Tento systém nabizi skvélé schopnosti na dalsi rozsiteni.

ABSTRACT

This bachelor's thesis deals with vision system implementation on bipedal humanoid
robot made of the Bioloid assembly kit. The vision system is composed of a wireless camera,
mounted on the robot and the controlling computer.

The goal of this work was to construct and vitalize the humanoid robot, to establish the
vision system and to create a wireless communication system. The center of this system is the
robot, which wirelessly sends and receives data simultaneously. This system offers great
capabilities for further expansions.

Klicova slova: humanoid robot, Bioloid stavebnice, systém vidéni, dilkové ovladani,
bezdratova komunikace

Keywords: humanoid robot, Bioloid kit, vision system, remote control, wireless
communication
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1. INTRODUCTION

In our time, the new science of robotics is growing more and more important and for
the ordinary people more accessible. Scientists talk about a future, where intelligent robots
will control and help our life by accomplishing things, what a human being would only do
with difficulties. They talk about a humanoid robot with artificial intelligence, what will win
the olympics or a team of humanoid robots will win the world championships of football.
These robots are the "Androids", which is the male form, and "Gynoids", which is the female
form of these robots. Until recently, androids and gynoids have largely remained within the
domain of science-fiction, frequently seen in film and television. These movies are usually
about artificial intelligence, what changes the world in unimaginable measures, mainly
destroying our world and making us slaves. Sure, these stories are just creatures of the wide
imagination of the human brain, and we will talk about more actual problematics of robot
science.

The vision system is built on wireless communication between the camera and the
controlling computer. The Bioloid robot will function as a mobile platform reporting
information of its surroundings to the computer. The wireless camera should extend
navigational skills of the robot, what is the center of a wirelessly communicating system. The
remote controller sends data and commands to the robot's controlling unit wirelessly, as well
as the camera mounted on the Bioloid sends data back to the controlling computer, of course
wirelessly. The goal of this work is to establish a test robot with vision system, which will in
the future serve as a great start for further experiments.

In the future, this work will be upgraded to a state, where the robot will navigate by
the applied wireless camera and will avoid obstacles autonomously. The application written
for this work will not only view the picture of the camera and log the seen pictures, but it will
do a serious picture processing with image recognition and obstacle judgment. The processed
data will be sent to the robots controller unit, which by the received data will control the
robot.
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2. HARDWARE

Hardware is a definition of physical matters of a technology. We have used different
types of hardware for this work. First of all, we had to build up the mobile platform, the
bipedal Bioloid robot. The robot is built up of servo actuators, sensors and controlling units.
These pieces programmed together by a software give the bipedal Bioloid robot.

The vision system is combined of the second hardware set of this work. It is a
combination of a wireless router (the transmitter) and a wireless camera (the receiver).

Under the name "remote control" is the last set of our hardware. It is composed of a
CM-5, a CM-510 and a set of Zig-100 and Zig-110. The Zig-100 and the Zig-110 uses the
ZigBee wireless networking standard. Detailed information about these hardwares are below.

2.1 The bipedal Bioloid robot

The bipedal Bioloid robot is named by its shape. It has a head (the AX-S1
sensor), a body with two arms and two legs. So, bipedal means two legs, and as it is written in
the Bioloid User's Guide, this bipedal robot is a "humanoid". In this chapter we will talk about
the parts of the humanoid Bioloid robot.

2.1.1 Whatis the Bioloid?

Bioloid is an all-around robot kit that can be assembled in any way the user wants and
it has four versions. The Bioloid is similar to a block toy, but, whereas the user of an ordinary
block toy is only free to set the physical appearance of the toy, the user of a Bioloid can not
only manipulate the physical appearance but also set a certain behavior patterns. The CM-5 is
the CPU, which acts as the brain of the robot. This version of Bioloid needs AX-S1s so that
the robot can "hear", "see" and make noises. The AX-S1 is the sensor of the robot. The AX-
12+s act as the "musculature" of the robot. These servo motors realize the movements, which
were programmed before in the RoboPlus software. The name 'Bioloid' is a compound word
of bio + all + droid and means that all life may be embodied in the shape of a robot through
this Bioloid. [1]

For this work we have used a mixture of the Bioloid Comprehensive Kit and the
Premium Kit. We have also used some official accessories, for instance the wireless camera
kit and the ZigBee set. We will talk about these accessories later.

Bioloid reads various information from sensors and joints and then moves by itself
using these informations. For example, you can make a puppy robot that stands up when you
clap once and sits down when you clap twice; a robot that greets when people approach; a
robot that steers by itself through obstacles; and a robot that plays with a ball. In addition, you
can control the robot wirelessly. Even users without expert knowledge about robots can easily
program motions using an attached software. [1]
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Here is a list of used hardware and software from the Bioloid Comprehensive Kit, the
Bioloid Premium Kit and the accessories. [2]
The comprehensive kit allows to build 26 different robots. As an upgrade over the beginner
kit, it contains a different frame set (which lets you build more robots) and 18 servos instead
of 4.

- 1 Bioloid CM-5 mcu (Atmel ATMegal28) controller

- 18 Dynamixel AX-12+ serially controlled servos

- 1 Dynamixel AX-S1 sensor module (3 IR sensors, microphone, piezo speaker, IR data
transmitter)

- 1 Rechargeable NiMh battery pack (9.6V)

- RoboPlus software (freeware)

- 2 Switch Mode Power Supplies

- Serial Cable (9pin D-type)

- 1 Bioloid Comprehensive Frame Set

- Quick Start Manual, User's Guide

- CD with Software (allows visual programming of the robot)

+ 1 Bioloid CM-510 mcu (ATmega 256) controller from the Bioloid Premium Kit

+ Wireless Camera Kit - official ROBOTIS Bioloid accessory

+ ZigBee communication module - a set of a Zig-100 and a Zig-110 - official
ROBOTIS Bioloid accessory.

{7

Pic. 2: The full Comprehensive Kit [3]
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2.1.2 CM-5

CM-5 is the CPU of Bioloid which acts as the brain of the robot and uses an Atmel
ATMegal28 processor. It can control 28 AX-12+s and 10 AX-S1s simultaneously. Buttons
are mounted inside to be used as an input device and can function as a remote control.
Rechargeable batteries are also mounted. [1]

In this work, the CM-5 not acts as the controller unit, so the brain of the robot. In our
case the CM-5 is just a remote controller programmed in included software to send data to the
another controller unit and act as the transmitter. The data transfer is implemented by a paired
Zig-100 and Zig-110 hardware and the ZigBee module. The CM-5 is connected with the
controlling computer by serial RS-232 connection.

i _' 5
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Pic. 3: The CM-5 controller [4]

Pic. 4: The CM-5 on the humanoid robot
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Pic. 5: Parts of the CM-5 [4]

- Detailed information about the parts, shown on Pic. 5: [4]

e Power Switch : The switch to connect the power.

e Power Jack : The socket to connect the power jack of SMPS.

o Start Button : The button to select the mode.

e Mode Button : The button to change the operation mode of CM-5.

e PC Link(Serial Cable) : The port to connect the serial port of CM-510 and PC using
serial cable; It is used for task code download or communication with PC.

o« U/L/D/R Button : The assigned buttons used for entering purpose during the program
operation; commands to robots are transmitted by these buttons.

e Mode Display LED : LED to display current operation mode of CM-5; Detailed
descriptions are provided as below.

[ MANAGE |

o It displays Dynamixel Management Mode is in progress.

o Itis used to set or test the operations of CM-5, AX-12, and AX-S1 using RoboPlus
Manager.

It is automatically executed when RoboPlus Manager and CM-5 are connected.

[ PROGRAM |

It displays the motion edit mode is in progress.

e It is used when the motions are editted with RoboPlus Motion.

It is automatically executed when RoboPlus Motion and CM-5 are connected.

[ PLAY |

o It displays the task code mode is in progress.

e It is used after downloading the written code to CM-5 with RoboPlus Task.

o The Start button must be pressed directly by the user to execute when PLAY LED flickers.
o Status Display LED : The LED represents the current status of CM-5. Detailed
descriptions are provided as below.

e POWER : Turned on if the power is ON; flickers if it is being charged.

e TXD : Turned on while CM-5 is transmitting the data to the outside.

e RXD : Turned on while CM-5 is receiving the data from the outside.

e AUX : Assigned LED to be used by the user in the program. It can be turned on or off
using task code.
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2.1.3 CM-510

This is our second controller, just like the CM-5, but the newest version of it. It is
smaller in shape, because the CM-5 has space for the included battery, but the buttons are
very similar. It has more functions than its predecessor, more connectors, improved memory
size and improved abilities. The basic Bioloid Comprehensive Kit contains the CM-5, which
acts as the brain of the robot. But in our case we need improved connectibility, so we used the
CM-510 to act as the controller unit of the bipedal Bioloid robot. Because of this we had to
change the shape of the humanoid robot a little bit, what made it a bit instable. We had to
modify the controller unit area, because the older version humanoid robots shape is not
compatible with the newer controller unit, the CM-510.

The CM-510 is coming with the Bioloid Premium Kit, like it has been said before and
instead of using an ATmega-128 processor, it uses an ATmega-2561 processor, which enables
to use twice as much memory as the CM-5 and enables the declaration of 50 variables. The
CM-510 is connected to the controlling computer by RS-232 serial cable and the servos are
connected to the controller unit by TTL serial connection.

Pic. 6: The modified controller unit area
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18

=
"
.
.

SEEesssE smsmsEmEN

T

y



- Detailed information about the parts, shown on Pic. 8: [4]

e PC Link (Serial Cable) : Used to connect the serial cable to the CM-510 and PC via serial
port. Used for communication with other PC or downloading task code.

e Communication Device Connection Jack : Used for wireless communicate with ZIG-
110, IR receiver modules or other boards

o Battery Jack : Used to connect with the battery.

e Power Jack : Used to connect the SMPS power supply

e Power LED : ON and OFF LED status for the power

o Power Switch : Used to turn the robot ON / OFF.

o MODE Button : Used to change the operation mode of CM-510. Please read below for
more information.

e START Button : Used to START selected mode. Please read below for more information.
e« U/L/D/R Button : Used for input purposes when a program is playing. These buttons
can be used to send commands to the robot.

e AX-12+ BUS Port : Used to connect the AX12+ Dynamixel in a daisy chain method.

e Peripheral Devices Connection Port : Used to connect Distance Measurement Sensor,
Touch Sensor, IR Sensor, and peripheral devices. The port numbers for each port are
represented in bars such as I, IT, IIT, IIII , IIIIT , and IIIIII.

e Mode Display LED : LED to display current operation mode of CM-510; Detailed
descriptions are provided as below.

[ MANAGE |

o It displays Dynamixel management mode is in progress.
o Itis used to set or test the operations of CM-510 and AX-12 using RoboPlus Manager.
It is automatically executed when RoboPlus Manager and CM-510 are connected.

[ PROGRAM |

o It displays the motion edit mode is in progress.
e It is used when the motions are editted with RoboPlus Motion.
 Itis automatically executed when RoboPlus Motion and CM-510 are connected.

[ PLAY |

o It displays the task code mode is in progress.

o Itis used after downloading the written code to CM-510 with RoboPlus Task. The Start
button must be pressed directly by the user to execute When PLAY LED flickers.

o Status Display LED : The LED represents the current status of CM-510. Detailed
discriptions are provided as below.

e TxD : Turned on while CM-510 is transmitting the data to the outside.

e RxD : Turned on while CM-510 is receiving the data from the outside.

e AUX: Assigned LED to be used by the user in the program. It can be turned on or off
using task code.
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2.14 AX-12+

The AX-12+ is a robot exclusive servo actuator which acts as the joints of the robot.
AX-12+ controls speed, monitors location and senses both temperature and load using an
openly published instruction/status packet protocol. It can also be used as a wheel when set to
endless turn mode. The servo shuts down in the event of overheating, out of range voltage, or
several other user configurable alerts. [1]

The bipedal humanoid robot is built up of 18 AX-12+ servo actuators. The servos
realize the movements programmed in attached software. These software can be the older
editions coming with the Comprehensive Kit - the Behavior Control Programmer, the Motion
Editor or the Robot Terminal. We have used though the newer edition of software set in this
work, the RoboPlus, which contains all the necessary software: the RoboPlus Task, the
RoboPlus Manager, the RoboPlus Motion, the RoboPlus Terminal and the Dynamixel
Wizard.

Pic. 9: The AX-12+ servo actuator [5]
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These servo motors are connected to the controller unit with TTL serial cables. These
cables can communicate with the controller unit with the speed of 1Mb/s. Every motor has its
own identification number (ID). By the received ID the servo motor knows whether the
instruction sent by the controller is for itself, or not.

Every servo motor has 1024 possible positions. Like the picture shows below (pic. 10),
the possible positions are split into 300°, the remaining 60° is invalid range. The only case
when these angles are not forbidden is when the motor is set to endless turn mode - wheel
function. [6]

AX-12+ servo actuator parameters: [7]
Reduction ration: 1/254

Operating voltage: 10.0 V

Holding torque: 16,5kg . cm

No-load speed: 0,196 sec/60°

190°
[ Goal Position=512 [0x2001 ]

300° 3[][]-*_35[]’ 0
[Goal Position=1024  Invalid Angle  [Gopal Position=10
[0x3ff] ] [0x00071]

Pic. 10: Goal position [4]

2.1.5 AX-S1

Dynamixel Sensor Module ‘AX-S1° is a Smart Sensor Module that integrates the
functions of sound sensor, infrared remote control receiver, infrared distance sensor, light
sensor, buzzer, as well as the driver, control unit and network, in other words it acts as the
"eye", "ear" and mouth of the robot. Compact in size, AX-S1 has various functions and it is
made up of special materials that can withstand even the extreme external force. In addition, it
can readily recognize subtle changes such as internal temperature, service voltage and other

internal conditions and has built-in capability to resolve the situations at hand. [8]
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This sensor is the main sensing module of the Comprehensive Kit, what makes this
module very important. This little sensor makes the robot intelligent. The newer version of
Bioloid kits, the Premium Kit solves the sensor problem with more, separate sensors, which
are connected to the CM-510 controller unit. In our special case, the AX-S1 is a little less
important, because here we do not really need sensors. The orientation of the robot will be
done in the future with the help of the vision system - the wireless camera kit. Sure, if we
want the robot to use the AX-S1 module, we can easily connect the sensor to the CM-510 and
program it to work just as fine as it works with the CM-5.

Pic. 11: The AX-S1 sensor [9]
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2.1.6 Conjunction Parts

There are frames, cables, and wheels serving as conjunction parts. CM-5, AX-12+ and
AX-S1 can be connected and combined together using these conjunction parts. They can be
combined together using attached bolts and nuts. These conjunction parts are responsible of
the physical appearance of the robot. The Quick Start Guide shows the user how to assembly
easily robots by the examples. Or the user can make his own construction, everything is on
the user's imagination. [1]

Conjunction Parts
Bioloid Comprehensive Kit

@]n:d | Sticker |<32 | Fuse |<1

Nuts, screws and cables.
@0 = 12| romEsT -6
(@) 10 = =)
(s (7)< 400 = =
Qs @2 20 = "CABLE-10 | - & i
(asaenems (53) < 20 ol e N .
| @:< 20 imi. 2, i
(memmmonn (S5) < 20 =T N
(s (S6) 20 =15 ))
(s (S7) 20 | [CABLE-18 | 4

L
(s ($8) 20 %‘: :D
(o 20 * TOBE2D] 5

Pic. 12: The conjunction parts of the Bioloid Comprehensive Kit [4]
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2.2 The vision system

This wireless camera set is not part of the Bioloid Comprehensive Kit. This set is an
official ROBOTIS Bioloid accessory, although you can find the set in the Bioloid Expert Kit
too. The wireless camera set is composed of a wireless image transmitter (wireless camera)
and a receiver (wireless router). By receiving an image from the transmitter that is embedded
in Bioloid robot, the receiver connected to the PC via USB port can process the image. [10]

In the "Wireless Camera Kit (EU)" box you can find the receiver (a wireless router),
the transmitter (the wireless camera), an adapter, which is used to connect the receiver to the
power supply, and a USB cable to connect the receiver to the computer.

However, if you want to fully use the camera kit, you will have to apply power supply for the
camera. The camera needs to be connected to a Bioloid controller (CM-5 or a CM-510) with a
special TTL serial cable, what can be easily found among the conjunction parts.

Pic. 13: The wireless camera mounted on the robot.
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2.2.2. The receiver - wireless router

The wireless router is the pair of the wireless camera and acts as the receiver. It has
several inputs and outputs. In its box is an attachable antenna, which can be attached on the
front of the receiver, where the user can choose from four channels too, which one is wanted
to be used. On the back of the receiver is the 12V DC power input, the USB port, one Audio
and one Video RCA Cinch cable output slot. The last two slots are used if the user wants to
connect the receiver to the TV. Additionally the user can restrict the use of certain channels
with little switches. For instance, if the user wants to use only channel 1, physically turns on
channel 1 (presses down the first little switch) whereby restricts the use of the other three
channels.

Pic. 15: The receiver [10]
2.2.1 The transmitter - wireless camera

Usually the wireless camera is connected to a CM-5 since they come together in the
Bioloid Expert Kit. In our modified case though the wireless camera is connected to the newer
version of Bioloid controllers, the CM-510. Both controllers are compatible with the camera
and easily connectible. The wireless camera is recognized by the Windows like USB 2860
Device. The camera is an eMPIA Technology product, the company is focusing on
manufacturing video and audio interfaces.

Pic. 14: The wireless camera [10]
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2.3 Remote control

A remote control is a component of an electronic device used for operating the device
wirelessly from a short line-of-sight distance. [11]

We have used the Zig-100/Zig-110 modules, to solve the question of the remote
control. These modules are using the ZigBee standard, which is a wireless networking
standard.

2.3.1 ZigBee standard

ZigBee is a specification for a suite of high level communication protocols using
small, low-power digital radios. ZigBee is a low-cost, low-power, wireless mesh networking
standard. The technology defined by the ZigBee specification is intended to be simpler and
less expensive than other WPANS, such as Bluetooth. ZigBee is targeted at radio-frequency
applications that require a low data rate, long battery life, and secure networking. [12]

2.3.1.1 The Zig-100 and the Zig-110

The Zig-100 and Zig-110 use ZigBee connection and provide equal functions; the only
difference is the interface with the parts to be installed. One set is composed of two units of
Zig-100/110 for sale, and it can be used immediately without setting separate ID since the ID
of other module has been already set from the beginning of purchase.[4]

The connectable parts are as follows: [4]
. Z1G-100 : CM-5, ZIG2Serial, RC-100
. Z1G-110 : CM-100, CM-510, CM-700

We have used the Zig-100 + CM-5 and the Zig-110 + CM-510 combinations in this work.
The Zig-100 + CM-5 combination is the transmitter and the Zig-110 + CM-510 is the
receiver. We will talk about these combinations below.

Pic. 15: The Zig-100 module [4]
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Pic. 16: The Zig-110 module [4]

2.3.2 The transmitter (Zig-100 + CM-5)

In electronics a transmitter or radio transmitter is an electronic device which produces
radio waves. Tansmitters are necessary component parts of many electronic devices that
communicate by radio, such as cell phones, WiFi and Bluetooth enabled devices, garage door
openers, two-way radios in aircraft, etc. A transmitter can be a separate piece of electronic
equipment, or an electrical circuit within another electronic device. [13]

Our transmitter is composed of a Zig-100 ZigBee aided module and a CM-5 controller
unit. The Zig-100 is embedded inside the CM-5 controller, shown on Pic. 17. The CM-5 does
not come with this interface installed. The Zig-100 and Zig-110 modules are not part of the
Bioloid Comprehensive Kit, they have to be bought separately. The CM-5 is programmed in
RoboPlus to transmit data via the embedded Zig-100 to the paired Zig-110, which is
connected to the CM-510 and forwards the received data to the CM-510.

Pic. 17: Zig-100 Wireless Communication Module can be connected to CM-5[4]
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2.3.3 The receiver (Zig-110 + CM-510)

A receiver is an electronic circuit that receives its input from an antenna, uses
electronic filters to separate a wanted radio signal from all other signals picked up by this
antenna, amplifies it to a level suitable for further processing, and finally converts through
demodulation and decoding the signal into a form usable for the consumer, such as sound,
pictures, digital data, measurement values, navigational positions, etc. [14]

The receiver is composed of a Zig-110 wireless communication module and a CM-510
controller unit. Thanks to the configuration of the CM-510 the Zig-110 module is easily
connectable to the CM-510s "wireless" port. The Zig-100 and Zig-110 modules can be paired
together easily through the RoboPlus Manager software. The CM-510 is programmed in the
RoboPlus software to receive transmitted data by the CM-5 and the Zig-100 and force the
robot to act by the received instructions.

Pic. 18: Zig-110 Wireless Communication Module connected to the CM-510 [4]
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3. SOFTWARE

Software, is a collection of computer programs and related data that provide the
instructions for telling a computer what to do and how to do it. In other words, software is a
conceptual entity which is a set of computer programs, procedures, and associated
documentation concerned with the operation of a data processing system. [15]

A software offered by Bioloid Comprehensive Kit contains the following three
programs. With proper use of these programs, the user can easily operate the robot even if the
user is a beginner. By combining the Behavior Control Programmer and the Motion Editor
will our robot function properly. An advanced user can program functions which are not
offered in the menu by properly using the scalability of these programs.

In the introduction of this chapter we will talk about the software offered by the
Bioloid Comprehensive Kit for a little while. We will just introduce these software, because
in this work we mostly used newer versions of these software, the RoboPlus software set. We
will talk about the RoboPlus software in detail later.

Behavior Control Programmer
Behavior control programmer is a software that sets rules for the robot on situation
recognition, situation judgment and behavior. For instance, with this main software can the
user tell the AX-12+ servo actuators how many degrees they have to turn or set the sensing
distance of an AX-S1 sensor. [1]

Motion Editor

Motion editor is a software that helps the user program complicated robot motions. Motions
created in this program can be called and used by the behavior control program. Our robot
works if these software are tuned together. [1]

Robot Terminal

Robot terminal is a software that is used for robot management, mostly used by advanced
users. It is kind of a serial communication terminal that can be used when the user wants to
send data to and from the robot. [1]
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Pic. 19: The Behavior Control Programmer Pic. 20: The Motion Editor
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3.1 Robot Motions

To vitalize a robot, the user needs to tell the robot, what to do, and how to do it. In
detail, the user has to tell the robot exclusive servo actuators how to behave in certain
situations. For these tasks the RoboPlus software is a vital option. The robot motions were
programmed in the RoboPlus Motion software, but if the user wants to realize these motions,
has to write a program in RoboPlus Task and then the robot will react to user-made
instructions. In this chapter we will talk about programmed robot motions in detail too.

3.1.1 The RoboPlus software

RoboPlus is a software to create a customized program for every ROBOTIS product.
This software offers solutions not only for Bioloid, but for an another ROBOTIS product,
OLLO. The RoboPlus contains all the necessary software for the robot. The user can choose
of five software which one wants to use.

-

| is RoboPlus

RoboPlus contains all the necessary software for your robot, -
Please read through the instructions and select accordingly,

[oLLD [ BIOLOID | Expet |

@ FoboPlus Task
% FoboPlus Manager

0 RoboPlus Motion
@ User's Guide !JJ e-Manual

LFT.: ::.] 1 ":1 Language: | English

Pic. 21: The RoboPlus software
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The RoboPlus Task software sets rules for the robot on situation recognition,
situation judgment and behavior. A task is a set of motions to perform certain actions.
RoboPlus refers to the source code that specifies tasks to be executed by the robot as "task
code". The robot moves according to the user's task codes. RoboPlus Task is a software to

make writing these task codes easier. [4]

[ _—
q’ RoboPlus Task - DemoExamp

File(F) Edit{E) Program(P]  Tool(T) Help(H}

DEHS (¥ 2@Re| v & Contraller: CM-5 ~ | Port: COMIO -

2 | |nitialize_program i

0 # 1D[100]: ™ Sound count =0 .

¥ | Program1_loop :

@ IF (# 1D[100]: ™ Sound count > 0 )

& JUMP Clap_response

1 IF (8B 1D[100]: T IR Center| >= 50 )

< JUMP Object_response

Eo JUMP Programi_loop

¥ | Clap_response :

38 ‘ Iteration_number = E ID[100]: @Sound count

3 @ Motion Page | = 20 |
40 CALL Wait motion_done

4 | Clap_response_loop : ’
| lteration_number = lteration_number - 1 |
a3 @ Motion Page | = 21 |
4 CALL Wait_motion_done r

Pic. 22: The RoboPlus Task software

The RoboPlus Manager software is used to handle devices used by a robot. Allows
the user to manage and test robots components, such as controllers, actuators, sensors, etc.

Major functions of this program are as follows: [4]
o Manage controller firmware. (Update and Restore)

o Inspect the status of the controller and peripheral devices. (Test)

o Set the required modes. (Settings)

P HoboPlis Manager
NE| D o -

28 Al ACTUATOR Contraller | Ext, Equipmant [A]
E %:ngg :?:? Address Description Yalue ™
: 12+
© [ID:003] Ax-12+ A 3 |AuLED i
@ ool ax-12e ||l & | % | Buton 1=
§ [ID:005] AX-12+ — -
§ [0:007] Ax-12+ ||||@) B | Timer 0
6 [ID:008] Ax-12+ 1] 3 Rernote 1D 65535
5 [ID:009] AX-12+
£ [D:010] Ax-12 (1] 3 My Remate D 0
6 [D:011] Ax-12+ @ 53 | Present Voltage 123 |y

§ (0:012] aX-12+
B [ID:013] AX-12+
6 [D:014] ax-12+

Dynamixel Search

§ [D:015] Ax-12+
§ [D:016] &x-12+ || Search List -
B [D:017] Ax-12+ &=
B [D:018] Ax-12+ Ue== . .
§ [ID:105] Ax-520 il '
[ ] .
—_— Al

Connection Complete (Controller Firrmware Version @ 1,1963)

Pic. 23: The RoboPlus Manager software [4]
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The RoboPlus Motion is a software, where the user can program robot motions. A
motion is a set of actuator position and speed data necessary for robot movements. In order
for the robot to move, a motion file is required. A suitable motion file must be downloaded
for the assembled robot.

A task code file is a program while a motion file is data. For better understanding, let
us think about MP3 players and MP3 files. If there were no MP3 players, you will not be able
to listen to music because MP3 file could not be played. The result is the same when there is
an MP3 player but no MP3 file. If you want to make your robot move, you need a task code
file. If the task code downloaded into your robot uses motions, you must download the
motion file as well. If no motions are used in the task code, you do not need the motion
file.[4]

. Fose Uity [t Al page

Fause Time Robot Name: [Elioloid Humanoid v] [ Initial Pose ]
b STEPD
STEP1 0 032
STEP2 a 024
STEP 3 0 0.16 @
= » =13
4 |:| 3
Page Parameters
Repeat time: l_l_g [Joint Softness]
1
Speed rate: 23 2] zvel e
£ = & o | 7
Ctrl Inertial iur[;e: . 2] 7 v A e
|_4 E o3 7 @ Pose of Step _@_ _@% _ Pose of Robot
Real Play Time D[4 7 W
= Omin 0.595sec 3 B & ;
D[] 7 = *;i Excf'lan?e (7) Symmetric
bm | 5 b
@ Left Origin Right Origin
ID[g] 5
Sy ]
D107 5
10[11] 5 £
10012] 5
10[13] 5
1D[14] 5

Pic. 24: The RoboPlus Motion software
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The RoboPlus Terminal is a tool to help users to manipulate the controller by
themselves through text-baed User-Interface. The terminal program communicates with the

controller in the basis of ASCII code, and it prints various information transmitted by the
controller for users. [4]

(53 RoboPlus Terminal v1.03

Setup  Files

F

Mo recent file

— =

Disconnect

Pic. 25: The RoboPlus Terminal software

The Dynamixel Wizard software helps the users manage Dynamixel more easily.
The main roles of the program are as follows: [4]
o Manage Dynamixel's firmware.
o Check Dynamixel's status.
o Set up the necessary modes.

& | o -
d(]:IUATQEL........._ Addr Description Value ["
[ID:002] &x-12+ z||| 14 | Max Torgue 1023
[ "LD003] AR 2y ! 16 | Status Return Level 2
EI%D:]D]] sest |l 17| Alarm LED 3
: = [ID:102] AR-51 18 Alarm Shutdown 3
E| BaUdad[ID:IDEJ An-sz 24 | Torque Enable 0
=1 e ACTUATOR 25 LED 1]
E [ID:001] AX-12+ 26 CW Compliance Margin 1 E' Goal Bositon oty
27 CCW Compliance Margin 1 =k !
2 | CW Compliance Slap 2 |k 2
@)z CoWComplanceSlop | 2 ||
g g o p -
3 Torque Limit 0z | | B85

36 | Present Position

% | Pracent Snoad
COMMUNICATION STATUS
ERROR pam

Total 6 Dynamixels found

Pic. 26: The RoboPlus Dynamixel Wizard software [4]
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3.1.2 Initial action command

Six functions were programmed and downloaded to the used humanoid robot. These
six functions call forth five motions by pushing five buttons separately on the transmitter. The
first motion is called after the "Start" button is pressed and that is the "Initial action". Like the
function's name says the robot takes its initial position, which is an ideal position from which
the robot can start its next movements. The robot gets to the initial pose state from any other
pose.

The motions were programmed in the RoboPlus Motion software. The used motions
were made by ROBOTIS and these motion files come with the attached software. Naturally
the user can program own motions, although these pre-programmed motions are perfectly
functional.

5 | FUNCTION InitialAction
70 {
! ® Motion Page =1

@ CALL MotionComplete
73 }

\V4
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>
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9 0o | o

10 | StdownlUp 0| o g
11 | GetupBackView 0 0 %.:
12 | LieBackView 0o | o P 2 % w
13 | GetupFront\ie 0o | o p‘,:.: e M$
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Pic. 27 + Pic. 28: The function programmed in RoboPlus Task
calls the "Motion Page 1" programmed in RoboPlus Motion.
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3.1.3 Go forward command

After the "Start" button is pressed on the transmitter and the initial pose has been
taken, the user can control the robot with the four direction buttons on the CM-5. The "U"
button calls forth the "Forward" function, which is paired with "Motion page 60" in the
downloaded motion file. After pressing the "U" button the robot performs the instructions and
starts to walk forward. This is an endless motion, which can be stopped by pressing again the
"Start" button - this is the "Stop" function of which we will talk about in chapter "3.1.7 - Stop
command".

3.1.4 Go backward command

If the "D" button is pressed on the CM-5, which is in our case the transmitter, the
"Backward" function is called, which calls forth "Motion page 69" and the robot starts to walk
backwards. This is an endless motion again, so it has to be stopped by the "Stop" function.

3.1.5 Turn left command

"Motion page 96" is called after pressing the "L" button on the transmitter. This
motion page refers to a "Turn left" motion. After the CM-510 received the sent commands
forces the robot to act by the received instructions, so turn left. Just like the forward and
backward functions, this motion is endless so it has to be stopped by pressing the "Start"
button on the CM-5.

3.1.6 Turn right command

The last motion is the "Turn right" motion. After pressing the "R" button on the
transmitter, "Motion Page 87" is being executed and the robot starts to turn right. Again, this
is an endless motion, so when the robot reaches the desired direction it has to be stopped to
start an another motion.
3.1.7 Stop command

This command is very simple. It calls "Motion page 0", which is an "Exit page". It is

designed to stop a motion in any time the user calls the "Motion page 0" almost immediately.
After the initial pose has been taken the robot can start an another motion.
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3.2 Remote control

The wireless communication between the transmitter and the receiver is established by
the ZigBee standard. Both the CM-5 and the CM-510 were programmed in RoboPlus Task
software to communicate with each other. The CM-5 sends instructions with the "Remocon
TXD" command, which is used to transmit data via a wireless communication module. The
CM-510 receives the sent instructions with the "Remocon RXD" command, which is used to
read the data received via the wireless communication module.

3.2.1 The transmitter program

The CM-5 is the remote controller in this system. When the "Start" button is pressed
on the CM-5, data is sent to the CM-510. This action is implemented by the "Remocon TXD"
command, a RoboPlus Task software command. Like the picture below shows (Pic. 29), the
CM-5 sends a variable, named "data" with the value of "555" if the "Start" button is pressed.
The "555" is an arbitrary number, what can be anything from 1 to 65535, except 1, 2, 4, 8, 16,
32, 64, 128, 256 and 512. These are in our case taken numbers, because the CM-5 uses these
numbers for button identification. The CM-510 receives the sent number, and acts by the
received data, which will be explained in the chapter "3.2.2 - The receiver program".

6 IF (® Button == ®S|)
i {

8 CALL

: ]

2 | FUNCTION

29 {

30 data = 555

3 < Remocon TXD = data

3d }

Pic. 29: If the "Start" button is pressed, "Initial action” is called,
what sends data value "555" to the receiver.
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If the "U" button is pressed on the transmitter it sends the data value "1" to the
receiver. After the CM-510 receives the data, it performs the "Forward" function. This
happens, because the number "1" is the code of the "U" button. The CM-5 transmitter acts just
like the RC-100 transmitter, so the button codes are the same, like the picture shows below

(Pic. 30).

©—5H12

FUNCTION Forward

{

data =1

< Remocon TXD = data
}
FUNCTION Backward
{

data =2

< Remocon TXD = data
}
FUNCTION Turn_Left
{

data =4

< Remocon TXD = data
}

FUNCTION Turn_Right
{

data =8

< Remocon TXD = data
}

Pic. 30: Code map of the RC-100/ CM-5 [4]

data_received = data
IF ( data_received == DU ) {

5—256

FUNCTION Forward

® Motion Page = 60
CALL Forward }
FUNCTION Backward

IF ( data_received == DD ) {

® Motion Page = 69
CALL Backward }
FUNCTION Turn_Left

IF ( data_received == &L ) {

® Motion Page =96
CALL Turn_Left }
FUNCTION Turn_Right

IF ( data_received == &R ) {

® Motion Page = 87
CALL Turn_Right }

Pic. 31: On the left of the vertical red line you can see the transmitter commands, on the right
you can see the reactions of the receiver for the received instructions.
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3.2.2 The receiver program

The other three buttons, the "D", "L" and "R" work on the same principle, like the
"Start" button (Pic. 31). If the CM-510 receives the buttons' codes it will call forth the

functions that are associated with the received codes.

Although the stop function is a little bit more complex. If the "Start" button is pressed
during a running motion, the program gets the value "555", which means that is the value we
want, so the program stops the motion with the "Motion page = 0" command and then leaves

the loop.

IF (data == QU || data == DD || data == DL || data

{

data_received = data
ENDLESS LOOP

{
IF (<®Remocon Arrived == TRUE )

{
data =< Remocon RXD
IF ( data == 555 )
{
® Motion Page =0
BREAK LOOP

Pic. 32: RoboPlus Task program piece of the "Stop" function.
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3.3 The control program

The control program is used to help the user follow and monitor robot movements.
The wireless camera is mounted on the "head" of the robot, so the user can see, what the robot
"sees". The program itself was made in Microsoft Visual C#. For this work we have used an
open source library, the Direct Show Library. It is a free library, where free means freedom of
use and freedom to distribute copies of free software. The user can change the software and
use pieces of it in new free programs.

The application creates a preview window for available video capture devices it
locates on the user's system. The main function of this application is the logging of the
snapshots taken. If the user starts the logging, the application starts to make snapshots in a
chosen time interval. It creates a second window too, where the user can see the last picture
taken. The taken shots are saved on the hard disk.

This application is the predecessor of a more serious program, where the application
will not only view the picture of the camera and log the seen pictures, but it will do a serious
picture processing with image recognition and obstacle judgment. Then the data of the
processed picture will be sent to the robot, which will act by these data.

3.2.1 Graphical User Interface

The Graphical User Interface (GUI) is a type of user interface that allows users to
interact with electronic devices with images rather than text commands. [16]

On the picture below you can see the actual image of the GUI of the application. It is a
very simple, but user friendly environment with 2 preview windows - the smaller one is the
actual image of the camera, and a larger one shows the last snapshot taken - and several
funtion buttons and a menu.

Devace Last picture inken:

Sadect oo ] Brovae |

Timer: 1 sec Sarving in directony: Taking pictures

Pic. 33: The Graphical User Interface of the application.
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3.2.2 Functions

There are several functions usable on the interface. In this chapter we will talk about
these functions in detail. You can see the buttons and the menu on Pic. 33.

e Start
By clicking on the Start button, the picture logging is started. The application starts to
take snapshots by the selected time interval. The logged pictures are saved in the
directory chosen before by the "Browse" function.

e Stop
The started logging and snapshot taking is stopped by clicking on the Stop button.
Now the user can check the saved pictures in the defined directory.

o Select device
The select device function uses the "DsDevice" class, which is the Direct Show
Device function. With this class' functions the user can find all video input devices on
the user's PC and choose the indexed device for use.

e Browse
With this function the user can choose the directory where the snapshots will be saved.
This function is executed by the "FolderBrowserDialog" command.

e Time interval
In the "Edit" menu the user can find the "Set time interval" function. Like its name
says, the user can choose from four time intervals: 0.5, 1, 2, 3 seconds. This time sets
how many seconds have to elapse between two snapshot takings.
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4. CONCLUSIONS

The goal of this work was to establish a vision system on Bioloid robot. The Bioloid is
an all-around robot kit by the Korean company ROBOTIS, that can be assembled in many
ways. We have chosen to vivify a bipedal humanoid robot from the Bioloid Comprehensive
Kit for this work. The robot was built by the Bioloid Quick Start Guide, its motions and
behaviors were programmed in the RoboPlus software.

We have used two Bioloid controller units in this work. The first one is the CM-5, an
older version controller by ROBOTIS coming with the Bioloid Comprehensive Kit. We used
this unit to send instructions wirelessly to the second controller unit, so use it as a transmitter.
The CM-5 combined with the Zig-100 module is able to send data wirelessly. Without the
Zig-100 the CM-5 is only able to establish wired communication. The Zig-100 is a small
module capable of transmitting data wirelessly to a paired Zig-110 module. The Zig-100
comes along with its paired counterpart the Zig-110. They have similar identification numbers
and that is why they can communicate with each other. These modules use the ZigBee
standard, which is a low-cost, low-power wireless networking standard. The Zig-110 is
connected to our second controller unit, the CM-510, which is the newer version of the CM-5.
The CM-510, which is coming with the Bioloid Premium Kit, combined with the Zig-110 is
capable of receiving wireless instructions coming from the CM-5 transmitter. The CM-510 is
mounted on our humanoid robot, and connected to the servos. In fact, the CM-510 is not
compatible physically with the older, Comprehensive Kit humanoid robot. We had to change
the controller unit area a bit in shape, so that the CM-510 could be mounted. This change
made the robot a little bit instable during movement. The CM-5 sends commands to the CM-
510 wirelessly and the robot realizes the received instructions.

The motions and commands were programmed in the official ROBOTIS software, the
RoboPlus, which is in fact a set of robot software. The RoboPlus Task sets rules for the robot
on situation recognition, situation judgment and behavior. The RoboPlus Manager manages
robot parts, for instance the servos or the sensors. The RoboPlus Motion is the software where
the user can program several robot motions. The RoboPlus Dynamixel Wizard and the
RoboPlus Terminal are mainly for advanced users. By combining these software our robot
will behave like we want to. The remote control and the robot motions were written with the
help of these software.

The vision system is based on wireless communication between the camera and the
router, which is connected to the controlling computer. The wireless camera kit is coming
with the Bioloid Expert Kit, or it can be bought separately. It is a simple wireless camera kit
composed of a wireless router and a small wireless camera. The router is connected to the
controlling computer via USB connection. The camera needs power supply, so it has to be
connected to a Bioloid controller unit via TTL serial connection. This controller unit is in our
case the CM-510. The camera is mounted on the Bioloid's head, so it feels like the camera is
the eyes of the robot. The camera sends the images to the controlling computer, where the
computer with the help of the control program monitors the images.

The control program application is a simple Direct Show Library aided computer
program, which has several functions. The main function of this software is the logging of the
images received from the camera. By pressing the Start button on the software's user
interface, the program starts to take snapshots in the selected time interval. These snapshots
are saved on the controlling computer's hard disk, after the user has selected the desired
directory. With these taken snapshots the user can easily follow the robot movements.
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The main goal of this work was to build up a vision system, which will be a good base
for further experiments. In the future, this basic system will be upgraded, so that our robot
will navigate only by the mounted wireless camera and avoid obstacles autonomously.
Finally, here you can see the whole communication system on an illustration. The robot is the
center of a wireless communication system, where it receives and sends data simultaneously
to several mediums.

Robot +
Transceiver

Received
image

@ I Wireless
—_ connectlon
CM = é CM - ‘510
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.” /G} (O <---- | ot Lo
@09 %< .
.‘\U "'(’ Serial connection k‘ (') A
@ © &
Zig-110

©

. _.f« 5 ' 3 3 ¢ 3 ' ' ' J | -->
Wireless connection
(ZigBee)

Pic. 34: The wireless connection system
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