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Interacting Mobile Robots for Tele-

Operation System Using the Internet

Kwang—-Soo Park

Department of Mechanical Engineering, Graduate School

Pukyong National University

Abstract

Today robot system is applied to wide areas, such as automation,
space reconnaissance and a military satellite. In particular, artificial
intelligence theory such as fuzzy, neural network and genetic algorithm
made it possible to give self-control to robots to carry out tasks for
itself. In addition, many researches are in progress not only in robot
areas for special purposes, but in daily-life areas such as medical

assistance or gardening. Though robots hold their own self-control



abilities to some extent, however, we need to observe their condition
and surroundings around them. Furthermore, when a robot manager is in
a remote place, it needs to recognize information through communication
backgrounds like the Internet network. The development of the Internet
enables a variety of multimedia service including voice and video
materials. The Internet—based interactive meeting on the computer
screen and remote control system now available, are also noteworthy.
With the help of Internet—-based programming language, robot systems
are getting more widely applied to the Internet.

This paper discusses the interacting mobile robots for tele—operation
system using the internet. The main components of this paper are user
interface, networking, simulation, and robot control. The standard
graphic user interface (GUI) is implemented using Java Programing
language. The web browser is used to integrate the virtual environment
and the standard GUI (Java applet) in a single user interface. Users can
access a dedicated WWW server and download the user interface.

Java application has been developed to communicate and control the
robot using a RF communication. In addition to user's direct control, a
fuzzy logic control is applied. We propose the use of FLC (fuzzy logic

controllers) that incorporate expert knowledge in term of linguistic rules.
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012345670123 45670123456701234587
class A

0.0.0.0 ~ 127.255.255.255
class B

128.0.0.0 ~ 191.255.255.255

class C

192.0.0.0 ~ 223,255,255 255

class D

224.0.0.0 ~ 239255 255 255

Fig. 1 [P address

ZYg 2= AE 7 HE netid®t 24 HE Q] hostid® YH o] oz skt

YEH 2'%7)Rt e T2EZ E4T u AL

ofo
ok
L
iy
§“.=
>4
oy
Ir

2°~21%7) Atele] T3k A7) UIEHeA AR S glom, Fes CE 2°

A EaE olshe] MEAA A ek v guson e
ASH BE 3% 4 9 =Y F71 Homs 1 Fast masol

HdE ZM= B A7) HES Fg2x= CE oY 7 e
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2.5 Hlolg AF
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EEYoY st=delrl ofyal WA of& A fPelth Al %FE 71T
(ISO : International Standards Organization) 2 2o] =t o] A& A=
Al AE el A 7] EAR] HERQ SR A= TCP/IP Rd2 Vwo®

Aokt

2.5.2 TCp/IPp ==

AEIHol A 7} Y AMgEE TCP/IPw= @ 7 U9 HFHE 42
Sh=dl= AFg¥E Y. TCP/IP(Transmission Control Protocol / Internet
ProtocoD+= 19699el m =349 Het A4 Al At F-(Advanced
Research Projects Agency)olA ARPANETo|g} E#E AY F&
AgEow N HAT A wg UEYAE o] &M L& FA HES

A F3k= ARPANET(3E DARPANET)S @Al QIEUl @xe] Fale] Hr}
a2}

T2 I 2 EZ(ARP, RARP, ICMP, UDP5)ES ¥3%8l= AMu|2~E ¥3sls=
Zolty, TCP/IPE= UNIXE H|ESA WindowsA| 2=Ho A 7|22 o2
As=Ed, 7 9 AgEe Z2EZola avkE gokdt HujAas Zixa
Atk TCP/IP= 2719 AlTo = o]Folxl Zaaflo|ty, A5l TCP
(Transmission Control Protocol)+= WA A Y HAES F #e dFlo =

o] ElS Eel dEshe o, gAlE drleEs A MAA =

AxHstes €& g9ttt k9415, 5 IP (Internet ProtocoD® ZF 3% 9]
TAFES Aoz H, dFlse] HA4Xd H&siA =ad ¢ JA s
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AL sed, oE A FAl
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oJdel WL oW eFelw Tad A

HAl g0l FAld wW7kA] AL FA .
B2 B ARgAEC] TCP/IPE ol&dt= A9AlSs S&ZzEF
e & i Ao oled AT ZREZC = M H el AR E =

HTTPE wW%3tel, Wel dojd Q= 9449 AFE 2183 & U



5= Telnet (Telnet), 18|31 FAAF AFE-%+= FTP (File Transfer
Protocol) ¢} W AEo] AF&% = SMTP (Simple Mail Transfer Protocol)

5ol At oy3 TREFEL FF TCP/PY 37 7= d&

rip

o]l o

PC AH8AE2 BE Y A&E3517] 918l SLIP (Serial Line Internet
Protocol)e]tt PPP (Point-to-Point Protocol) ZR2EZ-S ARt} o] &
TREZES Holdd AspAES S ASAAR=AEAY Eflow
B 4 A== IP g7les Aass

TCP/IP9} #Ho] A+ ET2EFHR UDP (User Datagram Protocol)”7}

v, oA

rlo
J[m
ik

oft

ok BA4S 98 TCP thalel] ARgH = Folth. #4-d
BEE westr] fa HES a2E HFH o AMEHeE TREEE
ICMP (Internet Control Message Protocol), IGP (Interior Gate TCP/IP
way Protocol), EGP (Exterior Gateway Protocol), Z12]al BGP (Border
Gateway Protocol) 5©¢] ATl o] 9oz T4 L2 EF|= XNS(Xerox
Networking System), SNA(IBM’s System Network Architecture),

UUCP(Unix to Unix Copy)%°] it}

= ASel &

Fig. 2= OSI(Open System Interconnection)® 23 TCP/IP 29-& H] 1%
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adlolt. 7 AZER Bt 75 e Ay

& 2] AlZ=(Physical Layer)
[EEE7} 7]&Ee] Aos iFS W21 glom OSI 29 &8 Asd

dolel "= Alsel gttt

o8]l AZ(Internet Layer)

]_
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dole AP ZREZA tFE A7 dele)e gelsta gy

o

odsks  F3ysttl, Holg e Bl FA(Source address), W
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TCPAP 05l

Applications:

FTP.5MTP
Telnet, NFS
DME, SNRP

TCP HLF

Internet Pratacal{lP)

.25, Token Ring,
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FPoint-to- point
Frame Relay. .

Fig. 2 OSI 223 TCP/IP =24
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o] Z g Aol A=(Application Layer)
FTP, Telnet X213 50] of 7|0 &3}, OSI 2o AlA, g A o] A,

ol&g Al ATl T
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S ASAA ol Aoz Wes u vt 7 AT dad durt
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3. Web Based Mobile Robots Control System

3.1 A" 78

)
I
=
f
e
1o
o
k=)
N
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3.2 Java 919

B =Ro = S Applicatione JavadlolE Al&sto]  FAS T
Javadlojoll #ato] 3reFetAl stz gtk At(Java)E olop7|E
A F AR ysel ooyl & 0 vk WA, 749,
o] A& 2] o} (Assembly), 2 EZHFORTRAN), 14(COBOL),
W 2ZHPASCAL), & C 53 Zo] Z2adW S 317 Y& A&t Al
o7k dar, vE st AuE dojE o] gste] ZrIadw §hr] fe)
AFEE 4~ 9l&E= AHF API(Application Programming Interface)®t An}
TS AYAA F71 AF Auk 7HdmA(Java Virtual Machine) 55

771 AuE F#E(Platform)e] Atk ©FA] @afA, Zul Aol Visual

il

C++ob Hlid o a1, vk SAF2 AL 95/98/NT 3 2xs

95/98/NT API¢} H]f-E 4= it}
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AHHE API o
EYE

AbEk 2h20H &

GHEA 2EH 2 F

(AT 95/98/NT, T 2 IIZIE AD

.|

Fig. 6 Java 9 A54 =4

At doj(Java  Language)E  ©|-&ste] g Amp = I9(Java
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Program)<  Au} AL HJava  Compiler) & o] g3} o] A}nat
o] EF=(Java Byte code)Z A3 i1, o] Au} Hlo|Ex=i= X}u}
g Alel  oa]  sfAlEo] AdqE=d, oluwf Amp TPt Al At
HpolExe] Wiy di47] = Q¥ ZZ|E(interpreter) = §2AFskAl HTt
oA Awt TR A A B QIEZEE WAo] BEF AEHH
Al vl ES == Apnp TR Al A A E = Y] Alojekar Azbsh
a9a, BE A JIEEZYEE A 7P AlS e B2 Aow, Al
7P Al Apek QI EZEEHE 22 slew A4 5 gvh o]k At
71 A18- JDK(Java Development Kit)oll ¥3t5 o] 9L % 91, v}
s g BEeA el WAEAEHe JEe R AT Ees, A H3 ol
stegojd AH F3A"E % 9rl. Aup vlol]EmE=E “write once, run
anywhere 8= 28 71538k 3 =) oAl ZEA], Al Aol E o] 83}
2%k Ak Zzradls 7z ZPEH(AES 95/98/NT, 2lnL, fHs
MEA Sl A AlesHs A oAy S FoA nlolEiER

A% @ 4 vk 2ela, o] wlolEmE Al geile] gl ofd

A Aol =an ey A REFL sfmdole FaetA s sk
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25



/]

AH 4L 3E
(DfyBrogram javy)
Iz I
H ﬁ ﬂ = .O
TotE s >=" =20H
Adl HlolEaE
r(h@kng&mxhssj
L
pa du ] B a L T -
=

Mg JIJII:H Ic HoZE=

".E_\I
EE
% i
%E :
i 1
E’E
: |
i
~
1o
i
124 DM

Abbp - 7HEHAlE b EHEYVINES ol F 1, kgt sh=4o] 7wk

=&l EH®(poring) "o TAl A, AHE R ALE =S
T XEA 3 2 7S fGAA B EY
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#* ZtA} API(Java Application Programming Interface):

Aub APIE = API9F o] E@AANA Aes F= gholHe]g et

2o Aotk tha] welA, bt zRaRS sfutaly] 98] AFRE 4 Qe

hojnele] wi ZejsSole & 4 Ak oleld Aul API: MR #d®

26



oAx H7)A @2 AT gk

3.2.1 Java9] A+
#Fha}tH(Simple)

el

210} 9]

12 7]Ee C/C++

Kol

=
2ol

o
g

FAAL W 5

ZF2}3l(Abstraction),

hya
-

T

[e)

=

2agm oA Wwe g
7.

3

3 A

A2 7],

ol
=

-

¥ 7] % (garbage collection) 7]%

Ao} 7h 2

T

ok ek vA

o}, A

A (overloading)

C/C++
e
#* WA 2] 34 o] tH(Object-Oriented):

1

k)
pal

==
)

pH
ad!

el
P

0

il
)

0
L

e

2t

A4~ (Inheritance), 133l t}3 A (Polymorphism)

g, Aute] o]

.

0%

N

A A3l

5

g

27



[e)

=

2 Al #F A (Reliability)

=
myN

. Exception Handling -

HA shat,

°©

}}.(Robust)

A

°©

=

=

« 71 31
=

i+

)

TO
NI

o
HH

H]

ol
HH

H

—_—

o

X

TR

o

i

P Aake

5]

AA

Al

27}

v

AT L

=
=

IH

hyA
ol

=213 )

Ay

A dozH,

ok
5

S}

o}, w3k, C/C++
[e)

A8

-

T

Aol A

B

A Qloje}

T

A=,y Ak

S

2k

e}

ARE AERY) AJAEL el Bt Yol WAE Sl7] wiitel B

x* X O+ (Security)

q_mo

o

ClassLoader #}+=

T

T

new AAkz}

s},

Q]

S EEDE

{]

iy

bl
o

~

;OL

{
w

in
{

—_—

o
ol

gty 1 A3 % ClassLoader &~

&

S|
S|

A2

o)

0
il
)

-

- Ao

2~ &)k
—_ =

(heap), =¥ (stacks) T w0 oA

3]
H

28



Al EZgogel WES BN Helels B3 ge Zzage] 3

AzEe st A Ue RS 8 Frh

xo}7| 8l F ¥ A (Architecture-neutral)©] il ©] 24 (Portable)o] T}
ApbE A2 o2 o]F(Heterogeneous)e] HIEY T #FANA A =9

Addgd ¢ JEs AAEAY. olst F2 fAx

F"F
oo
o

Tt st=<lof of7IEA 9ol ddE = 3l

fah)
i)
(0]

A= o]F9] st=qo] B ~XZESY &

Ao A AAE obgA FAHQ FQ ;=g

s dAsA skal, AxAbe] Tes FASHA qrAskar 3 C

re,
2
it
o
ofo
ol
£
5
ofl
o
rx
re,
ot
£
k
>
3
X
rlr
—
(@)
R
j m
o

g
o
<@)
gl
©
L
Z
=

29



At A AETZ-elEst wee #32 AAE B gl Agd &

= THAGAY] e ol

e
oX
olf
o
2
ot
o
MN

b
o
N

F17](garbage collector) & HWXa TEA= AFo

t
A
rlo
o
-
o
4
o,

Woges AgEg Adyo] wWrgrp "ed

#*Q1H X 2] H (Interpreter) W] ot}

Al Qojm AgE Al Tz

o
ofy
=~
re
2

gejel Au} vpolEmE

AgAdata, olEA AMAFE  Anp nlolExEE zldl QlEZEE Y}

{
2

Ago=X, Ak Yz el det)) AJ=Hlo] o] A(porting)d RE&

ZPFo A Al vlolEmES AR Ay £ vt

#Uhg 2#|=(Multi-thread) & A9 gk}
Zhake] thE 2EE 7]ee FAC Be 2HEEE AYAI F Qe

— o —
z2a9s e

B
%0,
=8
I
&1'
MN
Aui
>
=
rlr
offl
~
&)
2
DX
(11
il
o
~N
re
)
[o
f

30



o} ZFe JavaThe] FHow 2] Qe Yol A Applications 7iwksho]

2,

eE!

o5,
o

Qo] A JavaRA E =17 sHAl W Hu fHa, s, He

T

T = AEE

o
ok

T Ut

ofr

o]

"

3.3 Graphic User Interface (GUI)
AREAE IE ol A= 47l FHARD EER o]Fo1A4 Qlth. server-side
program¥} client-side appletS Z}z} X $Hsht}. 4709 RE- chat module,

Video feedback Module, Virtual Representation Module, Login Module=

45101 9Lk,

|®RE - = - Q5 A QBN Wl SREEy | B9 H

| e BBE TRy RO SR SEEw

| S ) b TR B L L =] D
L
PKNU ICL Labk. ROBOT simulator
ROBOT Controller
FRREEY
| Comgen
[ e |
| mes | P | el ||
ekl G|
o Sepvn Bt
et
o | Chan o]
T T R Ir T T T T e E
=
aun 1L p—

Fig. 8 User interface

31



3.3.1 Login Module
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3.3.3 Video feedback Module
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3.4 Networking
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3.4.1 Socket connect
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Fig 22. RF module
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3.5.5 Vision System
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Fig. 36 Movement the mobile robot
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Fig. 45 To arrive the goal
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