Bzd L BRI
AL m~
Department of Electrical Engineering

National Sun Yat-sen University

Master Thesis

BEALAB LT 2B RET &
The Graphic Authoring Platform of Screenplays for Robotic
Puppet Shows

SRS
Jhih-Jhong Siao
hERE A% EL
Dr. Kao-Shing Hwang

# #1101 & 8

August 2012



By LRERARXLEPMBXELE

ARTRIAELLZAATH
ok Wi P (3% MI83010099) At

W B ANMEFHE A Z B ALk T 6
The Graphic Authoring Platform of Screenplays for Robotic
Puppet Shows
HPHERAI0] 8 A 2888 4K FEEMT
Q3R 0 AL R SRR -

LA RERRET

axr b+ % 2w '{Ji‘?(m
#ﬁﬂf?@(ﬁﬁ % A

oS




Wig LI E
(B # 48P &0 T 7oAk 93.2.6)
di&ﬁtﬁr&ﬁ-ti%i&;h/\& H i AR(ER)_THIE A

Wi S SEFE | PHRA M LSRN
WX LA MBAANBEER A EAMLikE-TE
RE [OFRE

AARAFEMAEMZAXEXTH  BTAARBEHLELR THAER
HEE P (AR EzE) BREEHRAASKEREEE A
7RI B B SRR ORGSR AR A F B A WO R AT

HEHRAL -
ARXARAGGHEIE SMER T HEHCRTHARRRARTEE)
WREZ— PHXRA VRIS X TR
FEROH -

@/ﬁlt OF# &

AARAFHMAEMZ R XAXTH  BTHFTHELEMZMEMAAL
ARESREEHE AL EAR2ANUEM7 Y A LEBNA
B ARZEF HEY » RReEMeER] - BAR—THR -

LB BHEATLRARKBBRYOE - RARMZHTH AR BB
WA - AR A ZISE - X - RARPEARHAHLEM - LERERTR

T2 A0 A 89189 #AF]:E% ] # 4k -
6 455 :M983010099

HEHRE L

m%iﬁzizx f

(M EEH) (Fre i E)

AM:RE (o # A 58

1. &1 & (A @ hup//sticnetstic.gov.tw/sticweb/html/theses/authorize.-html F % * &
http://www.stic.govtw & A& F # T &) &MI*#HJEJEEPKE?Y‘# RZAR o

2.BME—RA  FARERRTE R # &k iﬂﬁfﬂﬁ-ﬁ"?ﬁi AE &L (106-36)
Ao 106351702 £ AHTALBEEAH T KETFD iﬂ."( -fﬁﬂ"ﬁ-ﬁ]
®3%:02-27377606 {4 K : 02-27377689)

s



F&RK 101
g1
Rkt Be L&
T AR
W PR(P ) WEAAB LR A BA T RET S
#~ LAE(#®) © The Graphic Authoring Platform of Screenplays for Robotic Puppet
Shows
& apn 0 AL
%~ H o Eng
g5 1 M983010099
BEERE LA
F#c: 76
FrAC ) #
Fra(P)e o e
i 2 (®): Siao
3 2(#) % Chih-Chong
I EFR( )L R
dn ERP(F)H & ¢ Kao-Shing Hwang
PEAEE () BEBALHE
B4 (#) © User interface
itz (%) XML
45 (¥) © DARwIn-OP
B 4E 3 (#) : Puppet show

LR

REE R BARRARE R S A PR AR RARY IF AR R P BT TR o F
o R EAZHEOEFE 2 3L RIVNEHIE - B FE A o AR P R
”ﬁ»—%«Wﬂm%$45%aﬁﬂmlr,vﬁ%§%w¢A;ﬁﬁ%WA
FIpp A BT SR T d T i o AR PEFRE > IR A BER* B EA
BIF A FRET SRR PFPBEA A R RIS - B ekl TP
FoWBARFLFAUET S0 L2 BIA DA BRI B0 A RET S
(GAP) ~ IZH 8 B A 2 EFERF S~ 2B EAL o dAgh2 hE LA FA
B~ dET 502 4 F 18 B 4 (DARWIN-OP) e 170 A 18 k352 B2 1 j A il
ToREIBPFALRT FEH I RY FEBER AR R F ERRE
PR S EARI A R REATRBAGH TN TENE A AR -
Bl A LRTEE > kAL g p B ] A 5 2 XMLAE & 358 o 0 B2 1 ) A hiET S 3%
EIHIHNFAESRRTFIRY FV ) EMAPEL ST BEL



e —‘F%E'L'rﬁi%]/\ LS A EAE G o @ —g'a SIS A R %gu 1R+
R E el ok BB ts 1 p A 7do-as-1-do” ok B IR 0 T R A ARl S B Y B
YouTube: “http://www.youtube.com/watch?v=v8ErTOgAQSo”.

B

With the development of the network, people are increasingly used to
exchanging information on the Internet. Therefore, the capability of robot controller
should not be limited to control robots locally. The objective of this thesis is to
provide a system, the screenplay based performance platform of Robotic puppet
shows (SBPP), commanding multiple robots; each robot performing its own role
based on a script composed by the developed authoring tool. Wherever and whenever
a user wants to use SBPP, he/she just needs connect to the network and begins to
design a script. SBPP consists of three parts: the graphic authoring platform (GAP) of
screenplays for robotic puppet shows, the screenplay interpreter (SI) for
multi-morphic robots, and robots themself. The work of this thesis is concentrated on
the implementation of the GAP and robots (model: DARwIn-OP) control. The GAP
provides options for a variety of robots to users. The users can easily design their own
robot scripts merely by drag-and-drop operating on icons representing the actions,
behavior, and short scripts, respectively. Whenever a script is created or updated, GAP
will automatically save the script as an XML file format internally. In addition, robots
can be conducted to express their emotions orally by utter the lines composed. The
system is demonstrated by a play of “do-as-1-do” and recoded in a video at YouTube:”
http://www.youtube.com/watch?v=v8ErTOgAQS0”.
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Abstract

With the development of the network, people are increasingly used to
exchanging information on the Internet. Therefore, the capability of robot controller
should not be limited to control robots locally. The objective of this thesis is to
provide a system, the screenplay based performance platform of Robotic puppet
shows (SBPP), commanding multiple robots; each robot performing its own role
based on a script composed by the developed authoring tool. Wherever and whenever
a user wants to use SBPP, he/she just needs connect to the network and begins to
design a script. SBPP consists of three parts: the graphic authoring platform (GAP) of
screenplays for robotic puppet shows, the screenplay interpreter (SI) for
multi-morphic robots, and robots themself. The work of this thesis is concentrated on
the implementation of the GAP and robots (model: DARwIn-OP) control. The GAP
provides options for a variety of robots to users. The users can easily design their own
robot scripts merely by drag-and-drop operating on icons representing the actions,
behavior, and short scripts, respectively. Whenever a script is created or updated, GAP
will automatically save the script as an XML file format internally. In addition, robots
can be conducted to express their emotions orally by utter the lines composed. The
system is demonstrated by a play of “do-as-1-do” and recoded in a video at YouTube:”

http://www.youtube.com/watch?v=v8ErTOgAQS0”.

Keyword: user interface, XML, DARwIn-OP, puppet show, robot controller
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l. Introduction

1.1 Motivation

With the advancement of Technology, the scene that robots and humans live

together we seen at movies, it will be realized. Robots into the human life will

dramatically change the current human lifestyle. For example, robot will do the

repeated trivial work instead of human; humans cannot load the high-precision work

will also use robots; even more, the robot will walk into the entertainment of human

daily life.

Although the robots become more and more diverse, but the entertainment robot

is still relatively unpopular. However, entertainment is an integral part of human

beings. In recent years with population aging, Taiwan gradually become an aging

society, accompanied by robots and entertainment robots by the people to pay

attention; SONY Corporation of Japan has published a robotic pet dog which is

named AIBO. AIBO is an imitation of a real dog, almost all dogs can do things AIBO

also can be done. There are more and more entertainment robots; however, most of

the functions of the robot are too monotonous, and users cannot design the robot

action.

Operation of the robot, there is a great gap between developers and users. When

people think of robots, the first thought may be very complex and difficult circuit;



second may be a large number of motor parameters; third possible is its user interface
is overly complex, because there is too much function on its interface. Based on the
above three points, most users may fear the field of the robot.

In this thesis, we aim for the drawback that the interface is too complex and the
functions are overly monotonous, we provide a robot controller, the graphic authoring
platform (GAP) of screenplays for robotic puppet shows which can control
multi-vendor and multi-model robots. Users can design their own robot action, the
interaction between the robots and the audiences, but also the robots can speak; more
complete, the platform allows users to design their own scripts, after completing the

script, and the robot will perform the script.

1.2 Objective

Although there are many types of robots, service, entertainment, commercial,
intelligent robots and so on. However, most robot controller interface at the
development phase is not taking into consideration the operational difficulties caused
by the general public due to lack of professional knowledge.

The object of this thesis is to provide a robot control platform, which can be
accessed by network anytime and anywhere. Also it can operate and set the robot

moves the robot. Regardless of children, adolescents, adults or the elderly can easily



operate the robot. Users can edit the user's exclusive script through the platform, the
script can be exchanged with other users; the design of this platform will allow robots
more active in this field of home entertainment, but also to allow different types of

robots have an ability to accompany.

1.3 Organization of thesis

The architecture of the thesis is divided into five chapters. The first chapter
explains the motivation and research objectives of this thesis, where we pick out the
different between our platform and other robot controller. The second chapter
describes the platform environment, as well as the types of the robot, and proposes
what kind of robot suitable for application in the platform; also made reference to
other robot interface, think about how the human-computer interface is applied in the
platform we proposed.

The third chapter is system analysis and design, where we analyze the system,
the graphic authoring platform (GAP) of screenplays for robotic puppet shows,
through 5W1H analysis approximately. Then we use the Use Case and analysis model
to do further analysis. In the analysis model, we design the class which used in the
system, and then use flow chart to represent the entire operational process of the

system. Finally, we illustrate the development tool and the overall concept of the



platform. Chapter 1V descripts the implementation detail and demonstrates the result.

Chapter five is conclusion and future works.



I1. Background

In this chapter, we will introduce the environment of our system first, and the
whole tools we used in our implementation. Second, we discuss about the robots
which used at our system. Third, in the viewpoint of human machine interface, we

discuss some interfaces of robotic operation in the market.

2.1 The Introduction of System Environment and Development Tool

In this chapter, there are two sections about the system environment and the

development tool we used to implement the system.

2.1.1 System Environment (LAMP)

LAMP is composed of four words: Linux, Apache, MySQL, and
PHP/Perl/Python. LAMP is the most popular and powerful website erection tool. As
it’s free and open source features, making LAMP quickly welcomed by a large
number of internet users. At the same time, because the LAMP is so widespread,
when users set up a website for the first time, they always can obtain a number of
supports from the internet. Following, we will make a brief introduction of these four
elements separately.

® Ubuntu



Ubuntu is an operating system based on Linux, the goal of Ubuntu is that provide
general users with a stable operating system which is mainly constructed by free
software. The following is the main features of Ubuntu:

»  Hardware support pretty good
»  High degree of freedom
»  Plenty operating suites

The above all is the main reason that we choose Ubuntu as the executive
environment of GAP. Most important thing is the high degree of freedom of Ubuntu
offer users a probability to customize their own system. Simultaneously, the regular

update of Ubuntu is also in our considerations.

Ubuntu Release Timeline
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From Figure 2-1, we could know that Ubuntu update frequently, so almost the

system state is latest. Even though the version of the system no more update, users

can upgrade their system, it can significantly reduce the problem of the incompatible

version of software. Above all, the Ubuntu operating system as the environment of

GAP is quite correct.

» Apache

GAP is erected on the Internet, taking into account the convenience of

development and the stability of connection, the server of the website should be

consider carefully. We compare the high utilization rate of several Web servers in the

market.
Table 2-1 Comparison with web servers
Usage Open oS Latest Developed Free
rate Source support | release by
time
Apache 69.39% | Yes High 2012-04-17 | Apache Yes
software
Foundation
Microsoft | 15.6% No Windows | 2010-02-01 | Microsoft Yes
1S only
Nginx 6.67% yes Medium | 2012-04-23 | Igor Sysoev | Yes
LiteSpeed | 0.94% No Medium | 2011-05-20 | LiteSpeed no

Techonology



From Table 2-1, we know Apache server is the most popular web server. In
addition to the consideration of the utilization rate, when we choose our web server,
we also should take account into the degree of support of operating system. More
support of operating system will be more convenience if we want to transplant the
system.

By the way, weather the vision of the web server updates regularly and the
source code is free; these are all we should concern. Once the source code is free,
even if the original function of the web server is not enough, developers can expand
the function of the server by themselves. Above all, Apache is the server of GAP of
the thesis.
> MySQL

Database offers web site a space to save any data, including the accounts and
passwords of all users and the script user designed. After user logging in, the system
obtains the script which the user created and other details from the database then
shows this information on the web site. With the increase of users, as well as the
accumulation of scripts, the data of whole system will become large and the
management of the system will be too difficult. Therefore, a database is responsible
for all data categories, so when the web page loads may also reduce the loading time.

This is why the system needs a database.



Table 2-2 Comparison with databases

Software (OR) Max DB | Latest Maintaine
license support Size Release r
Date
MS Access Proprietary Low 2GB 2010 Microsoft
Oracle Proprietary Medium Unlimited | 2009-09 Oracle
Corporation
MySQL GPL or high Unlimited | 2011-10-21 | Oracle
Proprietary Corporation
SQLite Public High 32TB 2011-05-19 | D.Richard
domain Hipp
DB2 Proprietary Medium 512TB 2012-04-30 | IBM
MS SQL-Server | Proprietary Low 524,258TB | 2008 Microsoft

When we decide the database, there are some points we should concern. First,

whether the database is open source while also free software. The characteristic of the

open source allows developers to develop their own functions. By the way, the

software license should be GPL or public. Higher degree of support of operating

system, the difficulties encountered in the database transplant in the future will be less.

The most important is the capacity of the database. On the other hand, the release time

of the latest vision is the judgment to determine whether the official maintained

continually. Above all, these are the conditions of database of GAP. From table 2-2 we

could know MySQL is the best choice

> PHP



In the architecture of LAMP, the letter P usually stands for three types of

programming language, PHP, Perl and Python. One of PHP library offers a number of

functions to communicate with MySQL. Because of substantial support in PHP for

MySQL, we choose PHP as a tool to communicate with the database in LAMP.

The entire name of PHP is PHP: Hypertext Preprocessor, it is a scripting

language running on the computer. The main purpose of PHP is to deal with dynamic

web pages which contain the command-line interface, or generate a graphical user

interface (GUI). In general, PHP is usually running on a web server, it generates the

pages which users browse by the implementation of PHP. With PHP and database,

each user can enjoy their personal web pages. PHP is completely free, while the

development team keeps updating the version of PHP.

Table 2-3 PHP release time

Version Release time explanation

5.2.10 2009/6/18 Fix bugs and security
vulnerabilities

5.3.0 2009/6/30 Support namespace

5.3.3 2010/7/22 Add the class of

namespace. member

function is not a

constructor if its name is

the same with class
6.0.0 unknown Support Unicode

10



From table 2-3 we could know the situation of the version update of PHP

recently. Thus, LAMP has been generally introduced.

2.1.2 Development Tool of User Interface

In the web development, programming language used by the developers is

usually JavaScript. But if we use JavaScript to implement an effect of web pages, it

usually cause a huge code and difficult to maintain the program. The biggest

drawback of JavaScript is different browsers have different support degree of

JavaScript. As a result, if we want to show an effect, we should consider the browser

user may use and aim at different browsers to development different programs. This is

a great hardship of the developer.

JQuery is a cross-browser JavaScript library, it strengthen the operation between

the HTML and JavaScript. jQuery for free and Open Source, its syntax design makes

many operations will be easy. Such as the operation file (document), select the DOM

element, as well as the development of AJAX.

In addition, jQuery provides an API to allow developers to own the development

of functionality to jQuery. The following is the jQuery features:

» DOM elements cross-browser

»  Convenient operation of the CSS

» AJAX(Asynchronous JavaScript and XML)
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» High extensibility

These are main features of jQuery. Through jQuery, the number of code can be

substantially reduced, users can easily reach the original effect; cross-browser features

is also the perfect solution that developers need developed for different browsers. In

addition, jQuery also has many free resources. Through the exchange of many

developers, many of the functions do not require developers to write their own;

jQuery version is updated frequently.

Table 2-4 jQuery release time

Version Release time
jQuery-1.6.4 2011/09/12
jQuery-1.7 2011/11/03
jQuery-1.7.1 2011/11/21
jQuery-1.7.2 2012/03/21

2.1.3 The Communication between the Platform and Robots

There are many kinds of means of communication between the platform and the

robot, whether it is a wired network or wireless network. Taking into consideration the

appearance of the robot during the show, as well as mobile convenience, we choose a

wireless network as a way to communicate with the robot in the thesis.
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There are many different technologies of wireless network. The following will

describe several wireless network technology can be used in theater performances,

and why we choose the technology in the thesis.

Table 2-5 Comparison of three different wireless technologies

Wi-Fi Bluetooth ZigBee
Range 50-100 meters ' 10-100 meters 10-100 meters
Networking Pointto hub | Ad-hoc, very small | ad-hoc, peer to peer
Topology networks
Operating 24-5GHz 2.4 GHz 2.4GHz
Frequency (worldwide)
Complexity High High low
(Device and application
impact)
Power High Medium Very low(low
Consumption power is a design
(Battery option and goal)
life)
Typical Wireless LAN | Wireless Industrial control
Applications connectivity | connectivity and monitoring

between devices sensors networks

From table 2-5 we could know the transmission range of Wi-Fi is the furthest in

terms of power consumption is the largest. In the viewpoint of spectrum, Wi-Fi,

Bluetooth, and ZigBee are operating in the same spectral range. Wi-Fi is a kind of

wireless technology. Although compared with other transmission technology, its

power consumption is the biggest, bur the transmission speed is the fastest. More

importantly, Wi-Fi generally use in public environments. Given the wide application
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of Wi-Fi around the world, we therefore selected transmission technology between the

Wi-Fi as robots and the platform in the thesis.

2.2 The Robot of Theater Performances

In this section, there are two parts. First we will explant the principle when we

choose the robots which apply in the robotic puppet show, and then we introduce the

robot which we applied.

2.2.1 The Principle of The Robot

GAP provides a variety of different brands and different models of the robot to

the user selection; this does not mean that all the robots are applicable in our system,

therefore when we select the robots; the robots need to meet at least the following

requirements:

» Any kind of wireless network module

The robot cannot be a single machine. Because it needs to accept instructions

from the platform at any time, and it requires at least a wireless transmission

technology to receive the instructions.

>  Developers can develop their own functions

14



In accordance with the needs of the theater, developers can develop the special

function for the theater performances. If the robot can only use the default number of

functions, then the script content will be too fixed.

>  Developers could design the robot moves

There are many different settings for each user. Thus if the developers can design

their own actions, it will be a major focus of the script whether rich.

Darwin-op

NAO

AIBO

Bioloid Premium
kit

Robobuilder

Table 2-6 Comparison with robots

Wireless
connection
Wi-Fi
Wi-Fi
Wi-Fi
ZigBee

No

Open Source

Yes
Yes
No

Yes

yes

Setting Actions by
Developers

Yes

Yes

Yes

Yes

Yes

Table 2-6 is a comparison with multiple robots. From table 2-6 we could know

that DARwIn-OP, NAO, and Bioloid premium kit all match our requirements.

However, due to the communication technology of the Bioloid Premium kit is ZigBee.

After considering the convenience of the developer’s development, we have decided

to temporarily exclude the Bioloid Premium kit. Therefore, the robot used in the

thesis is DARwIN-OP and NAO, as shown in Figure 2-2.
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Figure 2-2 The robots of the system: DARwIN-OP (left), NAO (right)

2.2.2 Introduction of DARwIn-OP

DARwIN-OP as a performing robot, it matches the three principles we mentioned
in section 2.2.1. DARwINn-OP built a personal computer and install Ubuntu 9.04
operating system. So whether it is in use or development of the DARwIn-OP,
developers can quickly get started. DARwIN-OP used in theater needs to be able to
walk, squat, or other more specific action. We can design action by the original

software — Action Editor.
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root@darwin: /darwin/Linux/project/action_editor

File Edit View Terminal Help
ID: I{R_SHO_PITCH}[!SGO] 1480 ---- ===+ ==== =-ss c--s ao-- 55 init -
ID: 2(L SHO PITCH)[2517] 261@|---- =-=-= ==== === -=-s ---- 55 Page Number:0001
ID: 3{R:SHO:RGLL} [1834] 1747)---- ---- -=-- --oc —oen ---- 55 Address:0x00209
ID: 4(L SHO ROLL) [2283] 2343|---- ---- === =--c -cnon -onn 55 Play Count:001
ID: 5(R ELBOW) [2379) 2147|---- === -=-- oos aeen oaan 55  Page Step:001
ID: 6(L ELBOW) [1710]) 1944 ---- ---- --cn oo caon onn 55 Page Speed:032
ID: 7(R HIP YAW) [2043] 2047|---- ---- -=-c =-on coen -onn 55 Accel Time:032
ID: 8(L HIP YAW) [2033] 2047|---- --=- === =coc coen -onn 55 Link to Next:000
ID: 9(R_HIP ROLL) [2057] 2047|---- ---- === ===c -=ce ---- 55 Link to Exit:000
ID:10{L HIP ROLL) [2043] 2047|-=-- === =22n sice Sos- 2ans 55
ID:31(R HIP PITCH) [1277] 2013]--== =ras aons fawas: sows waas 55
ID:12(L HIP PLTCH)[2797] 2088]-~-- =w=c svinu wous: sawe wew 55
ID:13(R_KNEE) [3513] 2047|---- ---- === ===-c --no- ---- 55
ID:14(L_KNEE) [0571] 2047|---- ---- ---- ---- ---- - 55
ID:15(R ANK PITCH)[2843] 2063|---- ---- ---- === -con -on- 55
ID:16(L ANK PITCH)[1240] 2030|---- ---- === =coc couon -onn 55
ID:17(R ANK ROLL) [2077] 2047|---- =-=- === =cce ccen -onn 55
ID:18(L ANK ROLL) [2037] 2047|---- ---- === =cec ccun -onn 55
ID:19(HEAD PAN)  [2050] 2047|---- =-=- ==cc =coe cenen -onn 55
ID:20(HEAD TILT) [2173] 217@]---~ ===r secr ocme amen =doe 55

PauseTime [ oe0] ©6O| 6OOG 6000 000 000 600 000

Time(x 8msec) [ ©000] 126| 000 00O 0PO 00O 000 000

STP7 STPO STP1 STP2 STP3 STP4 STP5 STP6
]
d

Figure 2-3 Original action editing software — Action Editor

In order to achieve the effect of changing the DARwIN-OP action, Action Editor

allows developers to freely enter each joint motor parameter. Developers can freely

set the action of the DARwIN-OP; let Action Editor reads into the motor parameters.

On the other hand, Because of the wireless capabilities of DARwIn-OP,

developers only need to establish a socket, and then users can easily command to the

DARwIN-OP through the socket from GAP.

2.3 Human Machine Interface

Human machine interface is a bridge of communication and interaction between

the system and users. User-friendly buttons remind users to complete the objectives.
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Through a friendly user interface, users can reduce the large number of explore time
to complete tasks more quickly. The following will describe a few principles of
human-computer interface design, and compare a variety of different robot operation

interface.

2.3.1 The Principles of Human Machine Interface

In the implementation, because the purpose of GAP is available to users of all
ages, in the design of user interface and viewpoint of users, we should strive to give
users the most intuitive and cordial operating experience. The following lists a few
principles of human computer interface.
>  Visibility of system status

Through the appropriate feedback of the system, users know the current position

in the system any time.

»  Match between system and real world

Notice or syntax of the system should be consistent with the real world. For

example, when users make mistakes in using the system, the system notice

should clearly indicate the cause of the error.

»  Error prevention
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In the design of the system, we should try to avoid the possibility of the user

operating error occurred. Such as the users’ instructions are dangerous to the

system, we should reconfirm in order to avoid irreparable error.

»  Recognition rather than recall

Allow users to have a clear understanding of all the buttons and functionality of

the system is better than recall the appropriate mode of operation.

»  Consistency and Standards

The standards of the system should be consistent. The same meaning if the text

should not appear a second time. Do not allow the users in the process of the

system also need to think about the text may result in different fuzzy linguistic.

In fact, in the field of human computer interface of computer science, user feel

should be the main consideration. For example, how to allow users to notice the

system information, as well as the fluidity of the system, is human computer interface

should be concern about.

2.3.2 Robot Control Interface

In this section, we will introduce the other robot control interface, as references

during platform development. By the way, we also introduce some concepts about

robot control interface.
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Figure 2-4 Humanoid robot control interface

Figure 2-4 is a humanoid robot control interface. Developers operate the

humanoid robot through the interface to complete the goal of the independent

handling objects or carry objects, and so on. The interface of figure 2-4 provides

many details of settings, including motor speed and the implementation of the mirror

[1-3]. Although many options available for setting, but too much detail causes the

inconvenience of the lack of professional background of users, this is a small

drawback of this interface.
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Figure 2-5 Virtual puppet control panel

In Figure 2-5, the developer uses this interface to design the action of the virtual
shadow puppets [4]. In Malaysia, the shadow play is a traditional culture. The
developers hope that more users can design their own virtual shadow puppet action
through this interface, so the traditional culture will become increasingly popular.
However, this interface provides only the joint angles of dolls set; users cannot see the

puppet action, slightly less the convenience during operation.
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Figure 2-6 Screenplay platform interface

Figure 2-6 is another robot action editing interface of robot platform. This
interface provides users with a custom action, and the script can be downloaded to the
user's mobile device [5-7]. In [6], this thesis provides a platform which could control
robots. Users can design robot actions through this platform; each robot has a
smartphone as his brain; when users designed a script, the platform will sent the script
to the smart phone, and the smart phone will be responsible for controlling the robot
performance. [5] extends the research of [6]; [5] improved the platform of [6], and
make the user interface more friendly; while [6] improved the synchronization

strategy between the multi-robot, therefore the robot performance is closer to reality.
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But the drawback is that when the first use, users need to spend more time to

become familiar; that is to say, the lack of friendliness of the system. This interface is

improvement from reference, the continuation of its framework for a deeper

discussion. The differences between [5, 6] and the thesis are that the platform of the

thesis could control several multi-morphic robots, developers could extend other

robots, and the biggest difference is that the platform control the robots directly.

According to the above-mentioned several robot control interfaces, we make a

conclusion about the user interface we will develop:

> Intuitive user interface

»  Appropriate robot detail settings

»  Excellent user prompts

Above all are the points we should consider when we implement GAP. In fact,

the robot control interface is also a visual programming language [8, 9]. The

underlying codes packaged as an icon or a button, the users can quickly assemble

pictures or buttons to complete a series of robot set through an easy operation; this

design is not uncommon, for example, such as the Lego robot programming interface

[10].

2.4Related Work
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In this section, we will introduce a number of topics related to the graphical script

editor, for example, drama management, human-robot interaction, and robotics

research.

In [11], Nelson M.J. et al. propose a mechanism to coordinate modifications,

which is called declarative optimization-based drama management; it could easily

scale the script. By the way, drama could also be a discussion and educational tool [12,

13]. Through the drama, audiences could be more into the situation; the same, the

learning effect of children is better than traditional education.

In the robotic research, there are a lot of challenges about developing robots.

Some people try to implement an intuitive and easy way to design the pose of the

robot, such as [14] it captures the motion of human beings, and robot can represent

the motion; some people try to use different device to driven robots [15], they

implement a mobile device to control the robot.

The most important is the system of robots should be an open system, if the

system is open users could design their own functions. In [16], developers make a

robot called DARwIn-OP which builds in a personal computer.
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I11. System Analysis and Design

In this chapter, we will introduce the architecture of GAP. First of all, through the
5W1H analysis method to do the preliminary system analysis, then use the Use Case
and Analysis Model to do further analysis of the system. Then introduce the class of
GAP implementation, and the last will be the system flow chart to represent the

overall operation of the system process.

3.1 System Architecture

The system, the screenplay based performance platform of Robotic puppet shows
(SBPP), is divided into three parts: the graphic authoring platform (GAP) of
screenplays for robotic puppet shows, The development of screen play interpreter (SlI)
for multi-morphic robots, performing robot; the robot can be divided into

DARwIN-OP and NAO. This paper focuses on the web platform and DARwIn-OP.

3.1.1 System Architecture Analysis

Typical robot and autonomy architectures are comprised of three-levels [18-21]:

Planner, executive, functional.
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Figure 3-1 Typical three-level architecture

»  Planner: Users make a decision at this stage.

»  Executive: Responsible for the implementation of the command generated by the

planner stage.

» Functional: According to the Executive stage, the functional layer provides a

variety of functions to complete the command.

According to typical robot and autonomous architecture, and it corresponds to

SBPP we provide, the diagram is as follows:
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Figure 3-2 CLARALty adapts in the system

Figure 3-2 means that CLARALy architecture corresponds to SBPP. The Planner
corresponds to user interface of SBPP. The user designs his script on the user interface,
and then the script is stored as XML files. SI parses XML script, and then it transmit
command to the executive layer; finally select the function which corresponds to the

executive layer according to the command.
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3.1.2 Introduction of System Architecture
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Figure 3-3 SBPP architecture

Figure 3-3 is the architecture diagram of SBPP. Users through any mobile device,
such as smart phones, notebook computers, PC, connect to the Internet to enter GAP.
GAP erected on the network may be exempted from the user to install software, and
can be used at any time. User designed a script and sent the script, and then they can
enjoy the show brought by robots. GAP provides users with three functions: script
editing, script mergence, and script performance. These three functions will be

descripted later.
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Figure 3-4 SBPP components

From figure 3-4, we could know the components of SBPP. Users edit scripts on

GAP, and the GAP send the XML scripts to SI. Last SI sends commands to

performing robots.

3.1.3 Noun of GAP

This section we will define the proper nouns of GAP, in order to avoid confusion

when users operate GAP. GAP provides the option of motion and behavior; therefore

we define pose, motion, and behavior here, figure 3-5.
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> Pose: a constant posture.

»  Motion: the transition between two poses.

»  Behavior: composed of two or more motions.

Figure 3-5 Relationship between pose, motion, and behavior

3.2 System Analysis

This section we will use 5W1H analysis to analyze GAP, and in accordance with
the analysis of software engineering process, step by step analyze functional

requirements, nonfunctional requirements, use cases and analysis models of GAP.
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3.2.1 5W1H Analysis

We will use 5W1H analysis to analyze GAP, and make a conclusion in table 3-1.

The first W stands for why. Corresponding to the thesis, it means why we want to

realize GAP for users who are interesting with robots. The foundational reason is

that robot controllers in the market are too complex to use. GAP hides the details

which users do not need to know, and then users have a good experience for the robot.

The second W means what; GAP provides what kinds of functions to users. As a

screenplay editing platform, first of all we need to provide the basic set of scripts,

such as actors, actor’s lines and actor’s motion. Furthermore, a good script may be

reused; scripts mergence let the script reusable and reduce the design time of users. If

a script as an element, scripts mergence could be regarded as a modular process.

Finally, after setting the script, user send the script to perform, and the most intuitive

interface will reduce the time users to explore.

The third W means where users can use GAP. As long as the users have a device

to connect to network, regardless of users’ location users can operate GAP anywhere.

The fourth W said that when users can use GAP. When the user wants to enjoy a

robotic show, or when the user wants to share the script with friends, they can always

connect to GAP. Last W stands for whom. H represents that how to use this platform,

GAP requires only a mouse and keyboard for operation.
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Table 3-1 5W1H analysis

SW1H
Why — what is the purpose of GAP

What — what kind of function of GAP

Where — where user can use GAP
When — when user can use GAP
Who - who is GAP user

How — how to operate GAP

Conclusion

A new entertainment

To attract more potential users interested
in the robot

More convenience for operating robots
Script Editing

Scripts Mergence

Scripts Performance

Anywhere, as long as network
Anywhere, as long as network
Anyone interested in robots

Keyboard and mouse

3.2.2 Functional and Non-functional Requirement

® Functional Requirement

GAP provides three major functions: script editing, scripts mergence, scripts

performance. The first function provides the users create their own script; the script

contains the sequence of robotic events, robotic types, and the lines of the robot, the

action or behavior of the robot. The second function is scripts mergence, the user can

freely select more than one script, and they will be combined into a new script. The

third function provides the robot to quickly show the script, the user can select three

scripts at most, and drag them to the script performance area, and therefore users just

need click one button to enjoy the show.

32



Table 3-2 Functional requirement

Script Editing.
Scripts Mergence, a modular process.
Scripts Performance.

® Non-functional Requirement

The user group of GAP is the one who is interested in robots, and the interface of

GAP should be popular. The three major functions of GAP are three-pages separately.

Even if the order is fixed, users can free access them. On the other hand, there is only

three scripts on the screen once, therefore the screen will be clearer.

When user designs the script, each process will appear step by step, so user will

not be confused. We use pictures to represent the movements of the robot, and then

user could understand the means of the movements of the action. We make a

conclusion in table 3-3.

Table 3-3 Non-functional Requirement

The background image should be able to represent GAP

All information put in the same forum

Operation order is not fixed

All scripts do not appear together to avoid the confusions of users

The processes of script editing appears in order

Pictures represent the movements of the robot

Static picture represents motion; Dynamic pictures stands for behavior
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3.2.3 Use Case Analysis

The major user of GAP — anyone interested in robots, as shown in figure 3-6.

GAP provides three major functions. The first feature: script setting; users follow the

step of GAP, and they can create or delete the script easily. The second feature: scripts

mergence; each predetermined script as small modules through this feature the scripts

which users selected into a great script. The third function: scripts performance; the

robots can play three scripts at most, but the number of actually performing scripts is

no limit if user uses second function — scripts mergence.

Script Editing

The people who interest Scripts Mergence

robots

Scripts Performance

Figure 3-6 Use Case of GAP

There are three functions of GAP in the figure 3-6. In the first function — Script

editing, the user sets the details of the script, such as performing the sequence of
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robotic events, robotic types, the robot lines, the robot's actions or behavior. Table 3-4
lists the feedbacks of GAP which correspond to above steps.

Table 3-4 Use Case — Script Editing

Use Case Name Script Editing

Summary Users set the details of the scripts
Actor Anyone who interested in robots
Precondition Make sure available to network

Register Account

Description Actor Actions System responses
Set the sequence of robotic = Marked the sequence with
events special color
Choose robotic types Enlarge the picture of robot
and the frame is red
Type robotic lines Show the lines on the screen
Select motion or behavior | Enlarge the picture of robot
of the robot and the frame is red
Post-condition After editing, GAP increases the set to database ; thisis a

complete set of robotic event

The second function, Scripts Mergence, provides the user a function to merge the
scripts. Each script can be regarded as a module, each module are able to freely
combination with other modules to form a bigger script; the scripts are reusable, but

also can extend infinitely. Table 3-5 describes the use cases for Scripts Mergence.
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Use Case Name

Summary

Actor
Precondition

Description

Post-condition

The third function is Scripts Performance. This feature provides a simple ability

to performance the script, when the user chooses the script you want to play and drag

it then drop it to the performance area; user clicks the "camera™ button to send the

script to the robot for performance. Table 3-6 describes the use case for Scripts

Performance.

Table 3-5 Use Case — Scripts Mergence

Scripts Mergence

User could select several scripts and merge them to a bigger

script

Anyone who interested in robots

Make sure available to network

Register Account
Actor Actions System responses
View the content of When mouse over the picture of
the script the script, the content of the script

will show at right corner of screen

Select the scripts you | User drag a script and drop it in
want to merge the mergence area

After selecting, user types a script name, and decides how

many robots in the script, last make a decision about privacy
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Table 3-6 Use Case - Scripts Performance

Use Case Name Scripts Performance

Summary Robots once perform three scripts at most
Actor Anyone who interested in robots
Precondition Make sure available to network

Register Account
Make sure there is a script at least

Description Actor Actions System responses

View the content of When mouse over the picture of
the script the script, the content of the script

will show at right corner of screen
User select the scripts | User drag a script and drop it in
you want to enjoy the performance area

Post-condition After checking the scripts which user selected, click “camera”
button, and then the robots perform the scripts

3.2.4 Analysis Model

Class diagram of GAP is shown at figure 3-7. First, the users connect to GAP,
there are five pages in the GAP, index, screenplay list, script editing, scripts mergence,
and scripts performance. In GAP, the users could create, delete, or edit the script,
and they also could merge several scripts to a new screenplay. The most important is

they could send the scripts to robots for performance through GAP.
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Figure 3-7 Class diagram of GAP
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3.3 System Procedure

In this section, there are two sections. We will use flow chart to explant the

procedure of GAP and DARwIN-OP briefly.

3.3.1 GAP procedure design

Connect to GAP

Yes

Index.php

Yes»|

View some tips
about GAP

ScriptList.php

Create a new
script

Edit a script

Enter the setting
of the new
seript

Delete the script
which be
selected

Yes—»

Choose the event
sequence

Ch thy
Choose the robot oos’e ¢
o robot’ s
action/behavior
Type the Send the setting

actors’ lines

to database

Select the scripts to
merge

Enter the setting of|
the new script

Yes—»|

Send the scripts to
the robots to perform

The robots perform
the scripts

Figure 3-8 GAP flow chart
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Figure 3-8 is the flow chart of GAP. In the beginning, the user connects to the

login page of GAP, and then if the user already has an account to log in, the user does

not need to register again. After log in page, the user will go into the index page of

GAP. After reading the tips, user goes to scripts list page, and this page provides user

to create, delete, or edit the script. After script editing, if user wants to use the

function, scripts mergence, he can experience it immediately, or user goes to scripts

performance. Finally, user selects the scripts to send to the robots, the robots perform

the scripts.

3.3.2 DARwWIN-OP procedure design

// .

—>  Receive the instruction from GAP |«

Yes—» NAO execute the instruction

the instruction is for NAO

DARwIn-OP execute the
instruction

The instruction is for
DARwIn-OP

Figure 3-9 Procedure of robot performance
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Figure 3-9 is the procedure of robot performance. First Sl judges the instruction

belong to which robot, if the format of instruction is correct then the robot start to

execute the instruction. After completing the instruction, the state of the robot transit

to wait for next instruction.

3.4 The Architecture of GAP and Robot

The overall system architecture of the thesis is divided into three parts, the

graphic authoring platform (GAP) of screenplays for robotic puppet shows, the

control end of the robot and the performance end of the robot. GAP provides some

functions about script, such as script editing, scripts mergence, scripts performance,

account registration, and the privacy of script. The control end of robot is responsible

for receiving the instruction from Sl, and send commands to the robot; when the

performance side of the robot receives the instruction from the control side, robot

perform the instruction. After completing performance, robot waits for next

instruction.

3.4.1 Design of GAP

In GAP, the user group is who interested in the robot; therefore, the interface of

GAP should reduce robotic knowledge as much as possible. First, taking into
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consideration the possibility of personal script, user should register an account before

they operate GAP. Then user goes to index page, each function is listed in upper

right corner, and followed by script editing, scripts mergence, scripts performance.

When user wants to edit a script, user sets simple settings about the script first. For

example, the script name, the script description, and types of robots. In the process of

editing script, whenever a script is created or updated, GAP will automatically save

the script as an XML file format internally and save the script to database.

Above all, we make a conclusion about the functions of GAP:

» Account registration

»  The privacy of script

> Script editing

»  Scripts mergence

»  Scripts performance

» XML script

3.4.2 XML Script

The full name of the XML is the Extensible Markup Language, and the language

used by a markup data. Its purpose is used to transfer and carry data, rather than

display information. The main function of XML is as follows:
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»  Rich Documents : customize the content of document
» Metadata : descript documents or information on Internet
»  Configuration files : descript the parameters of software

The great benefit of XML is label customization; through a custom label, we
could structure the content of XML, and we know the content meaning from labels. In
the standard architecture of XML, there is only one root element, and the next level
elements are root sub-elements. Figure 3-10 is a simple example of XML.

<?xml version="1.0" encoding="UTF-8"7>
<message>
<receive>John</receive>
<send>Emily</send>
<title>hello</title>
<content>Long time no see</content>
</message>

Figure 3-10 A simple example of XML

In the first column of Figure 3-10, "xml version ='1 .0 ™ stands for this file is a
XML file, it would tell the browser or parser that the file should be resolved in
accordance with the XML rules; the file is encoded in UTF-8. “message” is the root
element of the example, and other labels are “message” sub-elements; they are

siblings.
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In the implementation of the thesis, we have an XML script file format, and

customize the labels, in order to achieve the object of the transfer script.

3.4.3 Communication between GAP and Robots

As reference in section 2.1.3, the communication between GAP and robots is
based on wireless technology, and apply Wi-Fi wireless transmission technology;
packet transmission can be divided into TCP and UDP. In short, TCP provides reliable
data transmission service, while UDP provides a non-reliable data transfer service.
Table 3-7 for a comparison table of TCP and UDP.

Table 3-7 Comparison with TCP and UDP

Protocol | Advantage Drawback
TCP Reliable transmission, reliable mechanism | Lower transmission speed
can be omitted.
UDP Faster transmission speed, and larger Non-reliable transmission,
amount of transmission than TCP and developer needs
programming reliable
mechanism

The packets of robots are small, but we should avoid packet loss, and therefore

we choose TCP as packets transmission protocol. The situation of packet transmission

is shown in figure 3-11.
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Send packet Packet transmission Receive packet

\) Receive 1st packet

///Scnd Ist ACK
Receive 1st ACK (

\ Receive 2nd packet
’/ Send 2nd ACK
Receive 2nd ACK ¥

Send st packet

Send 2nd packet

Figure 3-11 Packet transmission in TCP

From figure 3-13, we could know that every time sender sends a packet to
receiver, receiver will send an ACK to the sender when he receives the packet; if
sender get the ACK, he will send the next packet. TCP also supports packet

retransmission, but TCP does not guarantee the order of packets.
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IV. Implementation

Before the system implementation, first we must determine the system
environment, and the environment has been discussed in section 2.1.1. The graphic
authoring platform (GAP) of screenplays for the puppet shows is erected on Ubuntu
12.04, and it contains a database which is responsible for storing data; the robot
control side is also built on Ubuntu 12.04, and it is responsible for sending commands
to the robot. We choose DARwIN-OP as perform robot, and the development

environment of DARwIN-OP is also Ubuntu.

4.1 Setting of GAP Environment

® Code::Blocks

Code::Blocks is an open source IDE (Integrated Development Environment), but
also has the ability to cross-platform (Mac OS X, Linux, and Windows). Code::Blocks
supports multiple compiler such as GCC/G++; Code::Blocks also supports programs
written by other IDE; for example, the program written by visual studio 2008 could be
import to Code::Blocks; this feature can reduce the limitations of the development
environment. We use Code::Blocks to implement the control end of the robot in the

thesis.
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® User rights

The architecture of the thesis is that user command to robot for execution from

GAP, so it is necessary to release the user's privileges. In the original setting of web

pages, OS do not allow user to execute shell script, and the reason is to avoid users

inadvertently or maliciously damage the operating system. In the implementation, we

drive NAO by executing shell script, so we must modify user rights.

] sudoers ¥

d

# This file MUST be edited with the 'visudo' command as root.

#

# Please consider adding local content in /etc/sudoers.d/ instead of
# directly modifying this file.

#

# See the man page for details on how to write a sudoers file.

#

Defaults env_reset

Defaults secure_path="/usr/local/sbin: fusr/local/bin: fusr/sbin: /usr/bin:/sbin:/bin"

# Host alias specification
# User alias specification
# Cmnd alias specificat11§

# User privilege specification
root ALL=(ALL:ALL) ALL

# Members of the admin group may gain root privileges
%admin ALL=(ALL) ALL
wWww-data = :/var /www/platTorm/_php

# Allow members of group sudo to execute any command
%sudo  ALL=(ALL:ALL) ALL

# See sudoers(5) for more information on "#include" directives:

#includedir /etc/sudoers.d

Figure 4-1 User rights modification

In figure 4-1, there is an instruction draw focus. In the Linux, each web user

account is called “www-data”, and we should release the right of web directory
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to "www-data” through the instruction focused in figure 4-1. Therefore all shell
scripts we need should put in the web directory, and we could drive NAO.
4.2 Implementation of GAP
4.2.1 Database Setting
Before we construct the web pages, first we need to consider what information

should be stored in the database, and what the type of information is.
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= ! _| robot NE FEB D88 HHE\ BAT OMR 8 MylSAM utf8_general_ci 2.6 KB 1.6 KB
behavior screenplay 78 VER 2 ES HEA G ORE 3 MyISAM utf8_general_ci 1.4K8 2528

] robot _| user NE L ER LHS MEA GAT ORR 4 MylSAM utf8_general_ci 1.1 k8
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Figure 4-2 Content of database

The content of database is shown in figure 4-2. First we create a database which
called “iris”, and it contains four tables, behavior, robot, screenplay, and user. The
behavior table stores the name and behavior which create by users and create time; the
robot table contains models of the robots, robotic movement, the motion speed,
robotic lines, the motion belongs to the script, performing order; screenplay table

stores details of the scripts, the script name, description of the scripts, models of the
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robot, script privacy, scripts establish time; the user table stores all accounts and

passwords.

4.2.2 GAP Function Implementation
® User Registration

When the user logs in to GAP first time, you must register for an account.

Aﬁ %IJ % Z ﬁg{t %IJ $ﬁ ﬁ$a IRIS LABE DESIGN

IRIS was
LIFE OF FUTURE

INTELLIGENT ROBOT & INFORMATION SYSTEM

RIS

Figure 4-3 Log in page of GAP

Be repeated password twice after user types account to ensure the correctness of
the password. After sending account and password, the server will check whether the
account is existed, if account has existed, the system will require users to re-enter the

account.
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Register page

—»  Enter Account »  Enter password

z/’,\

 EE——
Check if h . .
5 3 ." No existing- Create account success
scount 1s exist

Figure 4-4 Register flow chart
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Enter password
again

‘Account Exist

®  User tips

After user registration, user goes to index page. In this page, GAP will introduce

user all function about GAP, if he/she moves the mouse over the icon. The index page

is shown at figure 4-5.

Hi, fris! SEME Lo R 2]

NAOH B 11&
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Figure 4-5 Index page of GAP



® Script privacy
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Figure 4-6 Script privacy setting

When the user creates a script, there will be an option whether offer the script to
other users, as shown as Figure 4-6. If the user chooses public, other users can see this

script and edit the screenplay; otherwise, there is no anyone can see the script except

the author.
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® Script Editing
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Figure 4-7 Script list of GAP

When user clicks the “Edit” button, you will see the scripts can be edited in the

database, as Figure 4-7. There is total number of scripts on the script list, and show

the scripts at the bottom. Each box is a script which includes picture, script name, and

script description. Click left or right arrow could view other scripts. In this page, user

can delete, create, or select a script to edit.

To delete a script, user needs to choose the script first, and click the “delete”

button. If user wants to edit a script, user chooses the script as usual, and click “select”

button to edit.
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Figure 4-8 Set performance order

When user goes into the edit page, they see the events order setting bar first, as
Figure 4-8. User should choose an event to edit at this step; each box is an event.
Script performances order in accordance with the sequence of events set by the user.
When hovering over an event, the background color of event will change to remind
user. If the user clicks on the event, the field background color will be different; it is
an evident to check that user selected the events. To delete unnecessary event, you just
click the event you want to remove, and then click the "delete” button, you can easily
delete the event. Complete the sequence of events, and then user need to select the

performance robot of the event.
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Figure 4-9 Perform robot selection

In this step, it will display the robot in this script for users to choose; Generally

speaking, there will be three different robots are DARwIN-OP, NAO, and Bioloid in

the script, as shown in Figure 4-9; user sets the number of robots in the establishment

of script. When user clicks on desired robot, the robot picture will be zoom display to

highlight the user's choice.
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Figure 4-10 Robot lines field

After choosing robot, user can enter lines let robot said, as shown in Figure 4-10.
If user needs to modify lines, he/she can also click a broom icon; you can easily clear

the lines. Finally, the last step is choosing robotic activity.
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Figure 4-11 Robot activity selection
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Figure 4-11 is the selection page for robot motion or behavior. In this page, we

define motion and behavior to clarify the concept of these two key words. In the event,

action and behavior can choose one.
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Figure 4-12 Robot motion selection page

Figure 4-12 is robot motion selection page. This page provides the robot motions

for the user to choose. The motion name display at the top of the page and the picture

frame will be red when mouse over the motion picture. Each motion is available in

three speeds in order to let the robots express emotions. Figure 4-13 is robotic

behavior selection page, and its operation is the same the robotic motion selection

page.
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Figure 4-13 Robot behavior selection page

The entire setting of an event has been completely wound, the last step user

needs to click "add event" button to add a new event, as shown in Figure 4-14, you

can see the details of the script.
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2 nmao1  bow m Melolam
3 nao 1 waveZhand m none 3
4 darwin_1 head yes m question 4
5 darwin 1 head right m  none 5
6 nao 1 walk 04 m none 6

Figure 4-14 Details of a script
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® Scripts Mergence
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Figure 4-15 Scripts Mergence page

In Scripts Mergence, as shown in figure 4-15, there are three major blocks. The

currently available scripts for uses are put at the left upper corner; when mouse over

the icon of scripts, the details of the script will show at the right block. The bottom

left block is mergence area, and users can drag the scripts which they want to merge

to mergence area; then users set up the setting of the script as create a new script, and

click *“script mergence” to new a script.

® Scripts Performance

As the last feature of GAP, scripts performance, the operations of this function as

the scripts mergence. The difference between scripts mergence and scripts
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performance is that script performance provides three scripts performance area, and
therefore users can send three scripts to perform at most in the same time. Even if the
scripts have been placed, the users can modify the performance order. Although there
are only three script performance areas, actually the number of scripts users send is

unlimited through scripts mergence. The scripts performance interface is shown in

figure 4-16.

LIFE OF FUTURE

ARNB-MELMIMERS

Hi, st I X3

Figure 4-16 Scripts performance interface

4.2.3 XML Script Implementation

XML is the file format of the robotic script in this thesis, and the reason we
choose XML is because XML suits for information exchange and the advantage of

custom labels. In the script content, we also use our custom labels to describe the

robotic script, as shown in Figure 4-17.
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—<drama name="darwin">
—<events>
—<event id="1">
<robot_type>darwin_1</robot_type>
<speed>s</speed>
<activity>Lelbow_90_go</activity>
<speak>none</speak>
</event>
—<event id="2">
<robot_type>nao_1</robot_type>
<speed>m</speed>
<activity>head_down</activity>
<speak>none</speak>
</event>
—<event id="3">
<robot_type>darwin_1</robot_type>
<speed>s</speed>
<activity>wavehand</activity>
<speak>none</speak>
</event>
</events>
</drama>

Figure 4-17 Content of XML robotic script

Figure 4-17 shows the format of XML robotic script. First, “drama” is root node,
and “name” represents the name of the script. “drama” is composed of several “event”
labels, and every “event” label consists of a “robot_type” label, a “speed” label,
a “activity” label, and a “speak” label; “id” stands for the performance order of the
script. Whenever a script is created or modified, GAP will rewrite the XML script; at

the same time, GAP will obtain the data from the database.

4.3 Implementation of DARwIn-OP
The implementation of DARwIN-OP can be divided into two sections: client and

server. The Client is erected on the computer which GAP is located, and the server is
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DARwIN-OP himself. TCP socket established for the communication between the

client and server.

4.3.1 Client of DARwIN-OP

The client is erected where GAP located, and the purpose of the client is sent the

content of a script to DARwIn-OP. The socket is a two-way data transmission channel,

the program through this channel with the local or remote programs to communicate

with. General client socket establishment has the following steps:

1. Create a socket: use socket() function to establish. Successfully created, return 0,

otherwise it returns -1.

2. Requirements to connect to server: connect() function. If successfully connected,

return 0, and the client and server can start interoperability information; otherwise

returns -1.

3. Socket successfully created: In this thesis, using the send() function to send data,

if successful then the server to receive the sum of the information, if it fails then

return -1; recv() function to receive information from the server, if success that the

client receives the server information coming from the server, if failure returns -1.

4. Close the socket: Apply close() function to terminate the connection of the client

and server. Success returns 0 on failure returns -1.
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Above we mentioned is a simple procedure to create a client socket. In the socket

of DARwIN-OP, each packet length is 512 bytes which includes a 3 bytes motion page

number and 509 bytes robotic lines, as shown in figure 4-18.

3bytes 509bytes

512bytes

Figure 4-18 Packet format

The contents of each packet are translated by Sl. Sl translates every element of a

script, and capture necessary elements to compose a packet. The translation process is

as follows:

1. Sl reads the XML script, and translates the script in accordance with events order.

2. First determine the robotic model: if the robotic model is DARwIN-OP, and then

query DARwIN-OP table.

3. To judge the event: if the content of “activity” label is "none"”, SI returns the

motion page number: 000. Otherwise, look-up table according to the “activity”

and “speed” in the event.

4. Determine the robotic lines: if the lines are "none", it means this event robot with

no lines. Otherwise, S| parses the lines.
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The implementation of server of DARwIN-OP can be divided into three sections,
motion design, voice-enabled, robot walking, and server socket establishment.
4.3.2 Server of DARwIN-OP

® Motion Design

Figure 4-19 DARwIN-OP motion design procedure

Figure 4-19 is overall DARwIn-OP motion design procedure. First, we use

Roboplus Motion to design postures, as shown in Figure 4-20.
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Figure 4-20 Introduction of Roboplus Motion
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We can see the Roboplus Motion actually usage in figure 4-20. First in the red

box on the left, we can see all motion pages in the Motion_4096.bin, and green

background means the motion page has been used. Each motion page provides seven

posture fields to design at most, and we can decide motion speed and posture

maintenance time. The current motor parameters of DARwIn-OP are shown in the left

side of the blue box; the designer can enter a motor parameter to modify the

DARwIN-OP posture, or modify DARwIn-OP posture then Roboplus Motion reads

the motor parameters. After setting the motion page we save the file, and Roboplus

Motion will send this motion page to DARwIn-OP through roboplus.

Roboplus is a program built in DARwIN-OP, and its capability is similar to

socket; the roboplus writes the data of motion page which designed by users into

motion_4096.bin. The motion_4096.bin is a binary file, and it contains all the relevant

parameters of the DARwIn-OP motion, such as the motion page name, the movement

speed of the page.

® \/oice-enabled

The operating system of DARwIn-OP is Ubuntu; we use the function Ubuntu

provided to implement voice-enabled. Ubuntu provides a command called “espeak”,

and we could use this command to implement text-to-speech easily. The
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voice-enabled implemented in this thesis is that we write the robotic lines into a text

file, and voice capability could be done through the following command:
espeak —f “speech.txt”

We write the robotic lines into speech.txt, and then DARwIn-OP reads the file

and speaks it.

® Robot walking

Because DARwIN-OP provides a walk function, and therefore we can call walk

function to make DARwIN-OP walking. In the planning of GAP, GAP offers users

five options about walk, 10cm, 20cm, 30cm, 40cm, and 50cm respectively. Each

option corresponds to a motion page number. When DARwIn-OP receives the motion

page number, he calls walking function:

Walking::Getlnstance()->Start()

To meet the requirement of different walking distance, DARwIN-OP decides
walking time in accordance with motion page number. In the thesis, we apply 1/0
output to maintain DARwIn-OP walking time. Once DARwIn-OP meets the walking
distance, DARwIn-OP stops walking by call stop function:

Walking::GetlInstance()->Stop()

® Server socket establishment
As a server, DARwIn-OP needs to create a server socket. Server socket

establishment of the following steps:
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1. Create a socket: socket().

2. Connect to the socket: bind(). If success returns 0, or returns-1.

3. Listen the socket: use listen() function to monitor the established socket, and wait

for the connection requirement from the client. Successfully returns 0, or returns

-1.

4. Wait for client request: accept(). When server receives the request from client, it

will store the request in the queue, and then server calls accept() to handle and

accept the request. If success returns the socket ID, or returns -1.

5. Receive/transmit packets: when the connection is successfully established, we use

the send() function to transfer data and recv() function to receive data.

6. Close the socket: close().

The above is the detail procedure of server socket establishment. In section 4.3.1,

we mentioned that the composition of the packet format. On the server side, we need

to dismantle packets. In the thesis, the length of a packet is 512 bytes and first three

bytes is motion page number, and therefore we need to obtain first three bytes, and

then assign it to a string variable; we also assign last 509 bytes to a string variable, as

shown in figure 4-21.
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3bytes type: string

509bytes
P

Figure 4-21 Packet dismantling

Now, GAP and the client and server of DARwIn-OP have been implemented,

and users connect to GAP they can easily control the robots.

4-4 GAP Experiment

In this section, we designed a questionnaire to verify the practicality of GAP. The
complete questionnaire is present in appendix. Users are required to complete two
tasks:

1. Create a new screenplay, and it contains five events

2. Merge two screenplays to a new script

There are fourteen samples, and the results of questionnaires are as follows:
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Figure 4-22 Task complete time

Figure 4-22 (a) stands for the execution time for Script Editing. This task should
be performed three times, and take the average of all samples. From figure 4-22 (a)
we could know each execution time reduced. When users enter GAP for first time,
they may need time to understand the operation of various functions, so it would be a
long time for the first time to perform tasks. When the users learn how to operate the
functions, the execution time will be substantially reduced. Figure 4-22 (b) shows the
execution time for Scripts Mergence. The users need time to familiar the function at
first using as the same as Script Editing, and then each combination of the script can

be done quickly.
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Target of GAT GAT Makes Users Intersted in Robots

stronly disagree strongly agree

Figure 4-23 (a) Figure 4-23(b)

Figure 4-23 Positive questionnaire result

Figure 4-23 shows some results of the questionnaire. From figure 4-23 (a) we

could know that most users can understand what the purpose of GAP is, and the users

are more interested in robots through GAP.

Too much Steps when Execute Functions

strongly agree
7%

Figure 4-24 Negative questionnaire result

From figure 4-24 we could know that most users think there are too much steps

when they execute functions. This is a direction of improvement; we should reduce

the steps of using GAP, and the give user a good experiment about GAP.
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V. Conclusion and Future Work

5-1 Conclusion

In this thesis, we implement a graphic authoring platform (GAP) of screenplays

for robotic puppet shows and a performance robot. GAP is an interesting and friendly

web platform. In the viewpoint of operation, people could operate GAP by

drag-and-drop, this is an institute operation that human being can easily familiar with.

Base on modularization concept, all motions and behaviors in GAP could be

re-used; each script also could be merged as a new script, so all scripts can be re-used

as the same as motions and behaviors. People save their time by this feature. All

scripts would be saved as XML file, so people could exchange their scripts easily.

Finally, we create a script which called “do-as-1-do” to demonstrate our system.

In this script, the robots will say something in English, and they will challenge each

other.

5.2 Future Work

GAP provides two different robots, and the future will be incorporated into more

different types of robots in order to provide more options to users. In motion editing,

we will integrate GAP with behavior emulation and representation of humanoid robot,

and then users can design their own behaviors through a Kinect; it will make users
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more sense of participation.

We also could let robots have an ability to interact with audiences; when users

meet specific conditions, the robot will do a specific action to interact with the

audience; when users from the audiences into participants, they will be more

interested in GAP.
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Appendix

A questionnaire of the graphic authoring platform of screenplays for

robotic puppet shows
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