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A Design and Implementation of Educational Mobile
Robot System including Remote Control Function

Joong-Soo Chung*, Kwang-Wook Jung **
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Abstract

This paper presents the design and implementation of the educational remote controlled robot system
including remote sensing in the embedded environment. The design of sensing information processing,
software design and template design mechanism for the programming practice are introduced. LPC1769
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using Cortex-M3 core as CPU, LPCXPRESSO as debugging environment, C language as firmware

development language and FreeRTOS as OS are used in development environment. The control command

is received via RF communication by the server and the robot system which is operated by driving the

various sensors. The educational procedure is from robot demo operation program as hands—on practice

and then compiling, loading of the basic robot operation program, already supplied. Thereafter the

verification is checked by using the basic robot operation to allow demo operation such as

hands—on-training procedure. The original protocol is designed via RF communication between server and

robot system, and the satisfied performance result is presented by analyzing the robot sensing data

processing.

» Keywords : remote sensing;

embedded programming practice

LA 2
4 2R i wilo] mopAwA 25 FAE T
=3 A& 4 vE olie] 97 Aot F5
D‘r o] 97 Ao ZHE 71EL FF A9 Aol T+
27 3390 97 23 Aolo] AL 93 theret
119 MIEAZ(WPAN) 7lEo] $4 vlEi7A] 74
A2 g AZZ7] Aojel F2 28Hn vt
4). w94 A 7es e 25 A0l 7
et B Y *E"*’] £ ﬂ

3
a)

o
=

N

o
2
%
i

%0,

[ e =
X o o R
z = X
|

_\

—
—
(-
—
Do
f
—
w
hutr}
—
=

0 o
Nr o
[ S ST =)
EEOOZ‘.Q.L
A o0 N
£ o) of 4o

=

2
o
o
o,
g
@
i)
‘il:

£
oo~ =
fu
M o
i}
z &
fil
b e
X
2 -
o =
N
o
%
El
*
(e}
re
-

o IN [ o
o
iz E
1o, Ho
Y :jo
2
O
T
1t
ol
=)
2
lo,
‘I‘;

>
52
Kl
%0,
T

228 paals Azdle] 44 9
A(8)el F715le] ole] A% A5 Saeld). oo %
1502 A8 98l RF 54 714(9)2 kst Al
10) x| 2A% 2ol Fo| HiE wEel(11) 97 Aol
Psel AA B 7L ANAAY. =, 44 AY )5S

*

—

remote control;

educational mobile robot; multi tasking;

s} 41014 %W o CPUEE STMAMCOrtex—Mg 0]

AH-E 'NXP'ALe] LPC17692 AM-38litH12). T~
732 LPCXPRESSO(13), HHo] 7 doje o,
OSE FreeRTOS(14)E AH83153

AYE FEE AW PCe BAls Hoﬂ RF 5418 2183
At E3 AZolA Aol AW AZEd O] sEe
Visual C++E ALl

B =Fo 1AL 11 Aol nss 97 Alo] 2% A
glo] ol thate] AHsigint. 111 Foll e B =l A
3t W58 Y Ao 2R A zwle] A & FHE MEet
o} IV AollAE Ak ]

JJPE R
A 2 e &

o mlm

[¢]

Ko 4| 2E1S A BN A3

4% 7130}'2«1\ . U}X]“Li\/ 7ol ] 1
a7l AEs) B9 A7 Wl dejel Bk 1T

e of 3B e I

Flr N

Il RFE 2HIY 2R AAHS 74

A7 Aol 75L& FEF BHE wHlel 23 Alsse 3
# 13} go| 23 B, Fplet 2 M 7)5e] POR 7Y
o ol TEAIE LTEGE A TEagst 2R B



97 Ao} 1%5% THG 05E Bad 28 Asde] 44 L 78 35

Aol 295 v = Z2ado] gl

wire

CAMRR EEEdiEr

wireless RF
communication

T8 1. ¥4 Mo 2X Alagel 7o
Fig. 1. Structure of remote control robot

2R BAd] e AMRs Ao A, 25T MM,
TSR AA, Aol AlA, AAP] AlA, 2ED AAZE A
28o] 52& PC Awe] HEdo| ofs] FastAl =, 3
e s B3l PC Awel sidd taZgoldc)
, 2R FYsiiA PColl H&EHE FMErE B3l Al
A3 A& 5& ARG, 28 Apale] F e 47
Sl zpalel] K2t Aol A FRE et ow Al

#holl sidehs HEE dolE] HolEd 7I15EH, AH=
RF B4& 53 7185 JEE F2lei djxgict

o3t L oldlet AFHES TR A9 & =
2O Fasle] e ATES ®E
olHE EAd| 3| A5le] 2RO AFE JFeslEs
AT A5 Z2ae A9 § 28| sl

g FAHA AFHES 39

ox o i N

2 d

I AlAY M7 2 P

1. A g

B teiold] TAF Asmle ] sEglolst AxEgo]
$Ro® s 4 ek 39 1 o 2 dusele] we
a9 25} Qo] CPUY, 2% A4 ¥, 9%, me3,

RF BA%-2 P48t

Peripheral DI

. Processor |
circuit

v

IR communication

Accelerator
sensor etc. | 4P GPIO
flash <> LCD display
RS-232-C ROM
interface
Cotex-M3
module

O3 2. 2R 24 st=8lof 7=
Fig. 2. Hardware Architecture of Robot System

23] 148 T A5 JRE oY) Fd 23
3} FPEE RE 4% 5 Auel 2oz A4 38 9]
WHE QAT ol F 4R At P o Aelue
7 glofn Ao PuE AAgho = AW she] o ~E

dlojsle] 71e S Y

2. ZZEL0of M

2E A xHe] AZEo)E FEdojd 295 13 H
glolst IR Fo 253 HEE A Z2agior 4
b Ao} 2R A|2mle njEge] Bl ks ok
ol Ex oz FAl ek Aot Akt

2E BEA9] AZEY o] MAl= A HE X<} AH
oo] Al Are] -l o AT us Bge
2 o A FHo Ao} A} BLA ZREF 5
7 o mE Aol T F2E XSk o|ete]
Pees lZSdolr At ek A glo] slolw
Hudg 25 A 2wlof H&ate] Alzgle] A HRE T

H AEEM ] EAS F8ale] toHE 24 B 4

2.1 Mol AZEYo| &

B =R AlEe Aule 23 Al2E8S Aojslr] e
2 A28 FElE B8 RF 5418 $=38t) Ad PC
o] AZEYolE Visual C++2 AME3le] tho]d =z Ho]
22 a7 37 Zo| HABII



36 Journal of The Korea Society of Computer and Information April 2015

4
Erilm

¥

¥

L 4
- Wenu display (
' —
(ot ey
Selection . - - .
-

Selection
Nod menu

character display

-

No.l menu

Seletion
gyro sensor: angle data display
No.2 menu Taig

Selection
No.§ menu

-
Selction -
Nos menu IR sensor: display value 1 with buzzer sound L

Selection Variableresstance data display (startfrom 1V, LED -

No. menu tolor chinge with 0.8V increment) — a'
N?LH:::U DC motor tun speed oy up and slowly down) - -
T3 3. Ul AlRHlel 1=
Fig. 3. Structure of Ul system

23 Azle] PEE AW Zzasel Ul 729 telo]

A A5 SIS, 22 clgel W 43
1 TE]o] il Wy WSS st Ul &9 vlwaks
R N A
17 A48 o] AN ke Au S Z2de Fge
g3} Bk,

b p

o w2

1) 253 7Pkt RF A § AMuldd 2Rz
Read(1d FE ¢17) ®HES QAT
2) Read H¥< #A% splete 25 Aloglom R

1‘”‘

3) BE-E ARl doly BlolEel A%H 2 M g
7hlEke S Aeell @it

2.2 2R NAHIYl ~ZELQ0| X
2.2.1 EX AA"9| QlEH|o|A T

A 25E A€ Read 7% ﬂal g Aol 28 A~
dof Al TRt AYHE PCE ALshe 752 38t
O PMREE 09 49 ok

K ®
> Processor |
GPIO
PC flash
“1 Rom
< Robot ‘
¢ ®
Hyper
terminal

T8 4. A=EL|o| M2| 7=
Fig. 4. Structure of software processing

25 Azdle)e] gAY S AE v At aF
90 0 0 ® G 7 7% A1 AES 9w

@, @& MHls} R $54 A T2EE zZengEe
Do AuaRE 239 Ay RS 7] 918 Wszl 4
Al AP R2 gkl P42 rx(uchar *ptr, uint len)el
th *ptre FEE Addhs dlolHe] AlRFAeln, lend
1 gre] Zolojtt, @% tx(uchar *ptr, uint len)o],
@el] gt =3 A% e SR e AR R A
olt}, @ Wellr] W& o)A =41 A e Fro] ¥AF 3
T AME Fol 1 ge glo] DEA Agdi)

O Au glo] sloln EudE 23 A|xEld) H&slo]
2E A 2FY A JEE e Ves It TS sl
Huds B #Hellolol Za2as £, g, ow7] 3
9& gt O, Qo HuAg A AFEE 5279
IZEFS H 1 9 F 29 At PCERE] 2ol Agsh=
o] W82 F17 2ol 64 Hlo|E wjE S o] &3t} 11
3
3

HU

o PCRRE 23 AYHE Y8, BNEE, dolz 7
AEe 7hke gL Tt 2.
- 20, 2194 HlelE gk 1€ DC 2] $5 o)



24 Ao 7ee

I WG DA 23 Asee] A4 L 3E 37

2+ DC TEH9 = olF

3& MHE BE9] 33} olF

- 0~19 Hl|E gk 20, 219 Hlo]|E o that s
TE9] FFojof 3= T

E 1. PColM 2Roz FMetzl= MHEO| LIZ
Table. 1. Contents transmitted from PC to robot

dredata [64]
Array element Contents
Ne.
0~ 19 Contents transmitted from PC to ROBOT
(User dependent)
20~2 Usage for Communication
| Length of Contents transmitted from PC to
2 ROBCT
(Unit: BYTE Minimum Length: 0, Maxdmum
Length: 20 bytes )
23~ 63 Usage for Communication
i 2% 2RoAM PC o dEEE 30 vlelE wjd

2 q
%‘C’]’Dq o AdYe % 17 ‘IQI’/‘]'H—O—E /\g_l L‘;}.

< °l

E 2. 2X0M PC2 Mg=ls MEo| Uig
Table. 2. Contents transmitted from robot to PC

sensordata[30]
Array element Contents
No.
Contents transmitted from ROBOT to PC
0~19 | (lengthequals to the transmitted data from
ROBOT to PC via Serial Communication)
0~ 21 Usage for Communication

2.2.2 22X AA-S] Helof

HeolE FreeRTOSE OSE Aoz AoE 9
& &8 Z2a¥ 75 dH B or Aeldn. a9 5
A FreeRTOSENE B}t 2% AV HEG9
2Rl 29 717 thig 3-8 T2 FEtt ofqf
FreeRTOSE 5§ Z2I#e] Main.cE &3] 3dst
£ IR AlAMol| #l3dsl= IRSensor.c, MC EE| dsl=

DCMotor.c 5 Z2a#E F53H}

Task I
D L_‘: Sensorc

FreeRTOS Main.c

DC
Motor.c

02 5. 88 =273 7=
Fig. 5. Application Program Structure

IV. A28 7|SHA H 45E4
A Aloje] olg FHIY

el
ogk Iy el Ao

A Azl 7% 34
I

2H
3} glolsElnd A

1. Me{ollAel A
Ml o] 2Re] F FATg S A 2ho
AL FEE ] 93l AeirA] BE FEHE R
o} FE e 1 el w2 B2 Hw, 23] 2G4
A JoyStick® 2E-S BAA7EE BRHEC R A
o} B S FERES} A RETL 9lon o7|x = A
g FERs Mg Aesidnh. 3483 SRy
o7 At

PCold 5(MANUAL)ZEZ 433e P3e 13
67} o] 2ol B} v FH uhrox] MANNUALS
ezt

ojF Exol AL vkt F o
oz e} Zo| Frlx|eltt.

- JoySticke 7P0ﬂ =08 B3NS nlerw Y 5

Selagh elad PR 2o £,
| ANIET APAE HES 290

2
grow FZRItt. o|F STOP HE| <3



38 Journal of The Korea Society of Computer and Information April 2015

LINE TRAFFIe PARKING

operation button

O% 6. MtHollMe| 3= &
Fig. 6. Verification of server operation

2. sto|H E{ojdof olgt ®H

SolAETE S 23 A|2gle] Pl Aes ame

slelel 7] Sapze 29 79 2 Asdlo] e
2% 92 Adelel 8E ANe] AYE e LCD S
o ZsES s

T2l 7 LCD =754
Fig. 7. LCD initial display

et A ZeA A dolg Ael gL a8 89
2ot e Ao 52 A AR E FdsiA Azldh

- A A HelEle a7 29 AAC o) W 6w
2ol [RES Mgt}

- A9 AME FEH AN IRsle] LCDE A2
g, o] A FEuRich 1y Z3i

- &7igo g Jleld JhEl7L O o} S7F kA eka &
7¥eE W 7R SR

T2l 8. Aol MM B¢ 3l Ae| 2
Fig. 8. Operation and Procedure of IR Sensor

wW
x
or
Hr
>

chee AR PR 97 Ao} 23 56 A2 o)
% o) Asiete] vj$ zaslth ofd K A% sl
B4o] B 23 Alxge] FAS Aua ol AR
2 Aefehe Azte] 23] Qht Wgsh Faskt o
Ao shepoelolct,

23 Alzmlo] Faab] 99 Bag Ay PrE Aol
AN, SE AA, SEANGN ASSE guolr, ol
24 ohelee Ads) B 4948 Ade A4
77} ek 1 AelAke el FLsi

23 549 A5 BAS A% Fag Aeieel Aelgk
& vga gk

23] @ 7o) B4 WaE Yol 2ave AR
A B AsiuA A4 A A2l 99 PezH
2¥oe AEE 99 1 whle) 93 Zejjeln A2)
AZE, ole] B4 Az, 08 AzRle] £RET. E 2ol
@ 7o) B4 sk dosldl Aol A, FHEE A,
BEAAZL ARSET ebd @ le] Bt W de Ak



qA Aol 7)eE T3

PEE BHld 22 AsRle] 44 2 7 39

o3t 2t

(A FEE ¢le WE ZvElE A ARE + A A
ZeulElE A AIZF + Zeju[EE A
FreeRTOS A2) A1ZE + Wl /g5 BAA170) *3 (37he] 41
A F%) olB& (3+2+20+3)*3 mselth.

%, 25 A zwlo] F& 918 W Az Al7to] 84mse]
o} ol 29 o 10719 B A7t 7bedE owlditt. wt
2pA] 2Ro] FaE flole] oW P9| Az A mHEORA

o] Ao FEI| WS

2 ol ©O;
= TIT o

<
N
iy

a
oo

AP

o

2 QAR 239 74 % A}l
Azls AT, A Asse 9

How Aofai T solsed 47 Aol 23
)

o 52 Tt Ak o] AR HlolHE o] 8ate] ==
i, =29 ‘%l He dgo ] 7Feotes RIZeS AAE A 1

~331 °P51°r1]°1—4 ﬁl‘é% CPU% Cortex-M3 =o]
= A3 'NXP'AF] LPC17695 AHg3l9dar, AlAE Ao
2 AA, 7R M, ZEAAZE AREEACH, Visual
Ct++ Aoj& AREale] 2R Al2ElS Alojghs MY AZE
g A

gk o]o] AFE 3] ERAIZHE stolHE ] A<
AU RF 82102 AHoA] Aejse S AT Esrt.
ofge] ZE A|xwlo] Fa& 913 HH A Al7to] 84msE
2% %k 10709] BE A7t 7beditt. ols a&g o249
Ao TS| BT vk AE ASith

g 2 =RdA AXE 94 158 2hldAo] 2% 4
AE voR o5d, AdTed 5 AT A8 Zio] A
A=l ojof & Ao},

REFERENCES

(1) http://www.ZigBee.org

(2) Park, Sun-Jin, Chung, Joong-Soo, “A Study on
Characteristics of an IR Sensor with Bluetooth
Technology Journal of Information and

Security on Korea Information Assurance

Society, Vol. 6, No. 3. pp. 79-86. September,

2006.

(3] Park, Sun-Jin, Chung, Joong-Soo, ‘A Study on
Characteristics of an Terrestrial Magnetism
Sensor with Bluetooth Technology ~, Journal of
Information and Security on Korea Information
Assurance Society, Vol. 6, No. 3. pp. 3847.
September, 2006.

(4] Hanbaek, “Ubiquituos Sensor Network System
using ZigbeX,” 2007.

(5] http://www.hybus.co.kr/products/Robotics

(6) http://www.huins.com/products/Robotics

(7]  http://www.manntel.com/products/Robotics

(8) Chung,  Joong=Soo, A Design and

Implementation of Educational Robot System
including Remote Sensing Function’,
UCWIT2014 , pp.. 135-138, KISS. 2014

(9) ITU, Recommendation ITU-R BS.450-3

"Transmission Standards for FM Sound
Broadcasting”, 2009.
(10) Terrestrial Magnetism Sensor Module

(PO-AMI-16-01),
“http://www.devicemart.co.kr/

(11) Servor Motor Module (HS-311),
“http://www.devicemart.co.kr/

(12) http://www.STMM.com/product/LPC1769
Cortex-M3 core

(13) http://lpcxpresso.code-red-tech.com/
LPCXpresso/

(14) http://www.freertos.org/



40 Journal of The Korea Society of Computer and Information April 2015

1981: dddigtw
AR
1983: <Algw
AR AAD
1993: Ak
e (e
1983~9%4: ETRIGT, Add+d
1987~989: 2] Alcal/
Bell Tele-phoneAt
AAATL
2000~001: ®]=F UMASS/Lowell
ek A g
1994~8A): =9 Fedidta
TN BT
g
ARk ZFE MEHE,

QEMIEA], olEEE

Email : jschung@andong.ac.kr
¥z
1982: &gt

AAFEH )
1984: ZEoigtu

AR FHAAL
1984~1992: APd7dAt A+
1996: Z&ohgtu

AR AL
1992~@A: rlchgta

HREAF T W

2000~&A: (F)uele tix
2011~3A: (F)uhelsl> vz
TR B, IT-A 863717

Email @ kwjung@kumi.ac.kr




