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Abstract

The conventional RTK-GPS technique has many problems
which are generated by using RF wireless modem, influence of
geographic obstacle due to radio wave, frequency interference,

and finiteness of frequency resources.

To solve these problems, in this paper, we designed a
transmission system for DGPS correction message as a method
interface module to substitute the RF wireless modem of
RTK-DGPS. Then the interface module was designed and
implemented for linkage between GPS receiver and mobile phone.

We made hardware module using PIC(Programmable Integrated
Circuit) for interface module, and we used PC-CDU(JAVAD

Navigation system ver. 2.1.10) program for precision of systems.

As a result, we conformed the interface module was received
transmission  correction message through RS-232C  and
communication control, and users of rover station were worked
differential surveying using receiving correction message between
mobile phones. Interface module system was received the same
result compared to precision of conventional RF wireless modem

system.
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<3 3-1> RTCM WAl A] Y-&(Ver. 2.2)
<Table 3-1> RTCM message contents (Ver. 2.2)

MESSAGE TYPE CONTENT AND FORMATS
MESSAGE TYPE NO. TITLE
1 Differential GPS Corrections
6 GPS Null Frame
7 DGPS Radiobeacon Almanac
10 P-Code Differential Corrections
11 C/A Code L1,L2 Delta Corrections
16 GPS special Message
17 GPS Ephemerides
20 RTK Carrier Phase Corrections
36 GLONASS special Message
60-63 Multipurpose Usage
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Y code WEEE: 1180 1NE3 FHOF GRS BEBS GeaG ZHEIL 17E3
e L | 001B: DOAS BEGI DOAG 1hWAG DBDA D0AD BEAS ORDAY

UE18: OGRS DHZD DORE U221 UOAY OB2Z DDAA OHZ3

0020: DOAB D24 DOAC 1283 I0BC 00BN 1EBE ZE2A

(Optien  loo@E: 1AEC ZEMZ 0827 0084 028 0O0AD BEF9 OOA1

I wDT I~ PeRTE AAIA: PEZA ADAZ DEZE AAATS BRZC ABAN BEPD OAGA

(X BODEM [ MCLEE BO38: 1AGA 1S8A 1260 BEZ4 BB83 1283 BE2S 1806
I vr| ™ Debug T I =]

% WRT by EECON 2 L]
—— EEPROM Data Memory —— il

Code Protection 88 : FF FF FF FF FF FF FF FF FF FF FF FF FF F¥|

= Mo C AN 10 : FF FF FF FF FF FF FF FF FF FF FF FF FF F¥|

" Uppes 172 T CP high Z8 : FF FF FF FF FF FF FF FF FF FF FF FF FF FH
™ EEP Data a@ : FF FF FF FF FF FF FF FF FF FF FF FF FF FH '
-

Stetus af ] »
| Write complete | Series Write OFF 16FB73 2BPin 4K Word

<29 37> § goly Zxad

<Fig. 3-7> Program of rom writer

Al Wl EZ3HE MPASMelgtes A8 oAl 58l & AF&d ozl 7}

g %A ZEageR rlolanPas o o4 olF st

_22_



A FstA] &gt webA] MPLAB IDEe] 3% ojAlE8 & A48
t}. MPLABol+= MPASM¥ $93F 7|55 3t o4& 7 WH

ol glerr & T ofud AS ofFe= PIC Z2ads o4

e

& 2= olt}. MPASMolA AAsts Ad#=(HEX 9)Z o] &
I PICE T&A1ZITH17].

0

(¢

PIC?] Ao X =132 main, interrupt routine, bgetc routine o
2 3N FRozE FAFEY Y <% 3-8>+ PIC WIF AA

OB £ thelo]1gL ebiit

POWER.LED=0ON
Rx.LED=0OFF Yes
Tx.LED=OFF | c=buffer[pt_out] |
1
‘ Interrupt(int_rda) ‘ / oute(o) /
. T
| H/S=ON | | pt_out= |
1 (pt_out+1)%buf_size
| c=buffer[pt_out] | !
Flag=1 |
| f J, | ovf=ovf-1 |
i pt_out=
Do Loop (pt_out+1)%buf_size

While(bkbhit) | ovf=ovi-1 |

I c=bgetc() I

Rx.LED=0OFF
Tx.LED=0OFF

pt_in+1)%buf_size

| Pt_in= |
(

i
While(True) | ovf=ovf+1 |

<Y 3-8> SE#H o]~ REQ HolH 3B

<Fig. 3-8> Data flow diagram of interface module
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3.3.2.1 main()

%71 AY9<S ONAZ|H LEDE A"gA|7]a, SIHHE %73 2
T8l A4S ) Ao S 9 H Ao AEE 5[V]=1S U
B ZY2E 12 AAIY S GPS FAVIZ2HEH A%

=
Mol dole YL FASE Wolth Flag=09 wle TEZ AW
A gFom s Mo]Fo] AR O T o]FojA 4 QJQEE Fr} 3

dolg MEAlolE= Flag=12 dAsto] Holg &

v
fo
e
o
B
r =l
o
il
e
Anj
iR
I
5

g
=

=

(o}

<
J

-
1)
=
s
o
ol
N
ol
rlr

bgetc() &=o]T}.

3.3.2.2 bgetc() routine

o] st4+= bgetc()=bkbhit &< F2A(TX)S HH3tt}. JAEHHET}
WA A] e b2 Wl AEield, vyl =32 W ¥ ] Point_IN
7} Point_OUTeo] ©t& Zg-o|t}. PIC Wi B F21% de]g 7}
e Ao FhFete] tgg T3

1) TXLEDE ON

2) W39 Point_ OUT WA 2] 1 bytesE T3ttt

3) WA= 83 H 3 g ~E(Circular linked list) F3xolw, <

(front) @ F(taiDe] EQIHE o]ojA AE3at7] fla] U &4

S AFE: pt_out = (pt_out+1)%buf_size

4) e ZF=ZS(overflow)E 93+ 74 (decrement)

5) Flag=1 2# Ao+ 1 bytes A= & " (return)
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3.3.2.3 interrupt routine(int_rda)

o] FR-& RS-232C 41 9] JIHHE oHlE WAl Agrt.
FAE dely 2Ed(stream)2 WEF ol W3 A oA o
o] ity A9 FZE Wy @A A ovf WMFER HES WA
W e ¥ 1 bytes® HBuUla, ®He FHe FHE
RX.LED=ON& A7tk Fd v §fo] stud 49 &g I
3 greo Fxd wt Wy getc()d EAE AFstn
25 S7HAA HEdY vee <3 3-9>¢ <a¥ 3-10>2

AEFo] 2~ e 22 R yie PIC Ao Z2139]
A2E YERATHIS]
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main() {
int i=0;
enable_interrupts(global); /441 QHHE
enable_interrupts(int_rda);
output_bit(PIN_B7,1); //LED
output_bit(PIN_B6,0);
output_bit(PIN_B5,0);
output_bit(PIN_C4,1); //-¢ % Mode
flag = 1;

for(i=0;i<5;i++) {
output_bit(PIN_B5,1);
output_bit(PIN_B6,0);
delay_ms(500);
output_bit(PIN_B5,0);
output_bit(PIN_B6,1);
delay_ms(500);
}
do {
while(bkbhit)
putc( bgetc() );
output_bit(PIN_B6,0);
output_bit(PIN_B5,0);
} while (TRUE);

<9 3-9> PIC Alo] 23 422(1)

<Fig. 3-9> Source of PIC control program(1)
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#include <16F873.H>//3l|t] =} =3}
#define bsl &2

#fuses HS, NOWDT, NOPROTECT
#use delay(clock=4000000)
#use rs232(baud=19200, rcv=PIN_C7, xmit=PIN_C6)

#int_rda
void serial_isr() {
int t;
char c;
if ( ovf >= (bsl-1) )
{
c=bfl[next_outl;
next_out=(next_out+1) % bsl;
ovi——;
putc(c);
}
output_bit(PIN_B6,1);

bfl[next_in]=getc();
t=next_in;
next_in=(next_in+1) % bsl;
ovf++;

}

<29 3-10> PIC Ao} T2 4£2(2)

<Fig. 3-10> Source of PIC control program(2)
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41 g ¥olx~ e & % A9 23
411 74 &4 2 3=

BYs HEF o]&d IEE ST 28 dHFoR AE
dl o5 (MAGELLAN: GP-0500MG)E dZ43ste] AdS Aol A
A< PCBE T4 &t

=S A3H200Q), LED, Microcontroller(PIC16F873), MAX232,
Al QuF), AL, SUB-DI(RS-232C, A& =41 connector) 5 A}

of HEES FA%H st=do] QIHHl A BEL VE T B

9o dAs FUAsE olgetel YolHE £ ¥ FAstE A

JHH ol BELS PCE E41F AolH, o= PCe WHFASo=E
ztZ 0]z UART (Universal Asynchronous Receiver/Transmitter) 3
NEthes AL omdig. aEla PCeF B4lEy] e e 4l
T #Es =g 1eA4 10 V, =¢ 004 -10 VZ W gksto]of s},
ol 98 AMEdE MAX232%& #M wWg ICE WA ARl A

mi
rol

N
Zolth. PICE 28/40-Pin 8-Bit CMOS FLASH vwlolA= AEZ¢
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¢l PIC16F873¢] & AR&3FTH19]

<9 4-1>2 e FolA Ba i MAX232 3 GPS 417
o Froidste] HAAAS 2 FAHS yEWT <29 4-2>%= <QlH
FHo]x BEe 74 (PCB)S UEiH.

PIC16F873
QMOSFtA?IH

28/40-pin 8-blit

G P S RS-2 -232
A Al 7| ™1 o-PIN MMAAXXZ‘QAZ HQFN_ o=

AEHOA 2E g2 X

Jon

<19 4-1> AEFHo| = BE F2 T4

<Fig. 4-1> Circuit structure of interface module

<39 4-2> Qo] ~ 2E(PCB)

<Fig. 4-2> Interface module(PCB)
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JEFo] 2~ BEL GPSAA F2lH e vlolEHE MAX232E &3l
PICI16F8732.&2 g Ho] Fdsts F3 ol =9 AL&EAAA &
At Aadow FEET PICS MAX232E olE=e] A2 2%
of SHata deoly dES A% W=AolAS F F GPS FA17
ZHE FAE 2G5 dolHE PICY UF HIAE ALE3E] oF

&

A Al FAEE Ve BEET

412 FroiAds A5 29 23

<= DGPS EXIS

<a9 4-3> Fids} dE A=H

<Fig. 4-3> System of mobile phone linkage

<29 4-4>9 A= A3F A]A"lo] RTK-GPS9 9ol A

i}

ko



& 4 ool SAelA RN RANEE o] &3,

=9 Zzrafog A 100 % Ad =97}

F =1
w |5 44 3
pa 12 F | 33|41 42 6 JF 0=
1610 42-| 104 | 45 45 40 7 0D«

[T T T —
<1 4-4> =9 =219 (PC-CDU)

<Fig. 4-4> Surveying program

A%< 918 RTK-GPSSl 49 A~

<Y 4-5>0 M= HAANS
do] g 919 AYxE el 71E 9] Alade] Adxe
| A9 43 AgrE YeEhU =

Hlaste] Foldsl AE Ao

A3rr AdEds & 5 Uk

<Y 4-5> A|2HEe] ASE

<Fig. 4-5> Precision of system
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oIz 2EEH

LHSHIH
RS-232C |(DGPS EEAIS 4.2541)| RS-232C
=g Sl =g Sl

CIEHIIOIA 25

0
=
ra
o

<9 4-6> 7lE=9 QIHH o~ BE

<Fig. 4-6> Interface module of base station

RS-232C

Ny s

EHE 3 CIEHOIA 28 PC
<IH 47> o]F = AEHo| 2~ BE

<Fig. 4-7> Interface module of rover station
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g ANSATh <29 4-8>3 <1y 4-9>= RTCM dlole d4<
oo %9 eade ol8d AWE et <18 4-10>L

------- alcix
Elle Corflguraion Toals Plois  Helo |
[T — Y B | Taremt GLONASS Sotelies(2]
Let SO0 5514067 H
® @3- e ® 13 1 & - | e Isecore. ETei 1z 82 G0 %2 42 % M 0o
W F- W M Do | e SERTElE W10 8- 320 29 23| 2 M OO
mT1e 1A a8 12 A 1F e RS P 3863 0
10 84— 0 m0 31 31 = po= RiE vl QUIEE miés
15 4= 320 37 L] 9 20 DO- FOOF 1473
17 2 Hé 28 13 11 % Do- FTH fosat)
23 SMe 326 45 2 20 2 D0-  LG: L0%00202990000
24 28~ I% 45 22 2| 2| Doe
CEETIR IR IR IR IR M.
B e TR OW MW B e e T
Dcibaen a1 662 bow
Tomchoing fre: M2 00 22
COM, SE00 [} 2SR
_ = 0] 3 —
<39 4-8> &9 =239 (PC-CDU)
<Fig. 4-8> Surveying program
Wi
f-Fa
*
‘-
1
s o 3 ' Ll
Farnias | . g ETE GBI | Jhog NIEDHIB_ .

<Y 49> Ao AIE

<Fig. 4-9> Precision of system
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<% 4-1> A 2d"e] Ay} Hlu

3 F#A

3 A% A= A o]~
o|EFolA el 4

ep,

=]
4

|
flilo
L
op

sk

<Table 4-1> Comparison analysis of system’s result

Fohals

T & 71¥ RTK-DGPS QIE|H o]~ B&
RTK-DGPS
82Bytes
W v (bytes)| 512 Bytes(PC) | 512 Bytes(PC)
(PIC16F873)
Standalone 1 1 3
Code-Differential 2 4
RTK-float 3 4 18
RTK-fixed 137 135 110
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<3 4-1>°] Y= Standalone ©]5 =2 tlo]gwkS o]
=] 0] a1, Code-Differential > DGPS =9 & Yelt}h 18]a RT
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<Y 4-11> A|xEle] vja B4
<Fig. 4-11> Comparison analysis of systems
GPS HANE A4S A% FoAs dEdAels wE Axswe

LHER QLT
124 A3 = PIC W W E 32 bytes® AAste] dloly A

B s =43y 67 %2 ALER Z97F AA AT 23 A



¥0,

=3
A&A o8 PICI6F873e Wi HHE Hsvtw FL =7} 3
gt daEtt A3z §Fo] Z WyE A3 rlolazHE

WA s QEjFo]x~ EES vEUW, Bt Agdk ®AgAl

0%
i)
A

i
v
et

5 dolHE 298 ANse 4UEE PP 5 o Juw
. el sEsglo] dE el BE
Hebw 71E Aada waske] GPS

7 AsEe & 5 A

_36_



EREEE

ot
<
o

B

3

EREDE

ko3
ar

TEolt

e g 2

s

o
ol REo] A7

=
=

FHANA 12T A o

=i}
=

i
M

SEEDN

ofy

o= DGPS H*%

Z]ETo A ol E

| o]E oA GPS

9]

o
s 9

1o ¢

A3 E

]
,mﬂ
Nr

o

ofy

DGPS¢ RTK-GPSE 7]

EREEER

steg

= O
==

Ad A

o
=

2 A

_—
)

ol

B

At

Ao Z 7]

e
=

et AAgom Hest 7}

ke
T

& Ao =A AREAES] A o]o] §olstH,

o] ApgA 7Y Zhzbe]l AbgAwit) QlEFo] A BRES

A wg

o %

a7

o

71 E(kit) 2 o)

s

o]

G5 Foiastel Qe go]~

ol

P
T

EREROEE D

Astel

Il

PICZ tj
agol=3stkd A9 100 %7hA AL =7}

=
L

=l et

S Hlge =z GPS 2A

b Abe

S

F

A=Se]
TEs ¢

Ea

H 2

AGAT T

she

58 98w

_37_



wlojof & Aot}

_38_



=
Zd IR |

[1] Bradford W. Parkinson, James J. Spilker Jr., "Differential
GPS:, Global Positioning System: Theory and Applications
Vol.1,II”, American Institute of  Aeronautics and
Astronautics, Inc., 1996.

[2] Elliott D. Kaplan, "Understanding GPS Principles and
Applications”, Artech House Publisher, 1996.

[3] d=tdz FA ATFY, “GPS 7l&/A% ®H1A”, Gartner
Consulting & ETRI, 2000. 11.

[4] DOT, 2nd Edition, “Global Positioning System Standard
Positioning Service Signal Specification”, 1995.

[5] ZAst, AL, “GPS 185 o8], FAH RS 3
1999. 8.

[6] 8173, A8, rE2s WS, £AHAS, "GPS 9171 &
AEE vl EA7) gk 95 36t E] 7bg St 3], 1999.

[7]1 D. Kozlov, M. Tkachenko, "Instant RTK cm with Low Cost

’

GPS+GLONASS Receivers”, Proc. of ION GPS-97, pp.1559-
1569, 1997. 3.
[8] A&d, “HAIF GPS BHESHFS Els

R4

i
e
o

3k ol ET HAAEA

A" Aeusta BFALSLY] =5 1997

ry

[9] Hoffman-Wellenhof, B., Lichtenegger, H., and Collins, J.,
"Global Positioning System Theory and Practice”, Springer
Wien New York, 1997.

[10] RTCM SPECIAL COMMITTEE NO.104 By Developed,
‘RTCM Recommended Standards for Differential Navstar

_39_



GPS Service, Version 2.17, 1994. 1.

[11] (F7)SkAl 715, “URL: http://ansei.co.kr/, RTCM format”.

[12] NMEAO0183 Version 2.00, "STANDARD FOR INTERFACING
MARINE ELECTRONIC DEVICES”.

[13] A4, “fd3dR B A2=gd3 =u - 9 37, A3 A995
34€ %, 2001.

[14] AAE, o8, dAE, “PDA 7oA RTK-GPS ®% dlo]
B AE cdeoldES AA 3 117, = AE Ag 3] A7

o
[15] @&d, diZ, A e, "2 vAATE ol 4" A4

g 7IRe A B Ade 47, Al 1434 e AbE Aol g 3] ¢

A

[16] 5842, PIC PROGRAM RITER w2144 Ver.l.4 Manual,
"URL: http://www.astroniks.co.kr/”, 2002.

[17] Microchip homepage Technical Support, "URL: http://www.
microchip.com/, MPLAB IDE Simulator,Editor User’s Guide,
PIC16F87X Data Sheet”, 2001.

[18] Custom Computer Services Inc. C Compiler Reference
Manual, "URL: http://www.ccsinfo.com/”, 2002. 2.

[19] Maxim Integrated Products Technical Support, "URL: http//
www.maxim-ic.com/”, 2002.

[20] JAVAD homepage, "URL: http://www.javad.com/, PC-CDU
MS version 2.1.10", 2002.

_40_



	목 차 
	Abstract 
	제 1 장 서 론 
	제 2 장 GPS의 개요 및 측위 기법 
	2.1 GPS의 원리 및 신호 
	2.2 GPS 측위 방법 

	제 3 장 인터페이스 모듈 설계 
	3.1 DGPS 시스템 
	3.2 인터페이스 모듈의 설계 
	3.3 인터페이스 모듈 제어 프로그램의 설계 

	제 4 장 인터페이스 모듈 구현 및 실험 
	4.1 인터페이스 모듈의 구현 및 실험 결과 
	4.2 실험 결과의 고찰 

	제 5 장 결 론 
	참고문헌 

