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ABSTRACT

Development of the Real-Time DGPS Calculation System
Using Wireless LAN

The Differencial GPS techniques, such as DGPS and RTK-GPS are indispensable
when highly accurate service is needed, although the accuracy of GPS positioning
has been improved substantially by turning off the Selective Availability which was
the largest source of error for GPS receivers till 2000.For the DGPS and RTK-GPS
positioning system, the most important task is how to transmit the correction data
from the base or reference station to the rover station.

In this research, | used Wireless LAN to transmit GPS data from the reference
station to the PC with wireless LAN system using a serial to wireless LAN
converter named “EZL-300W” which is connected to the reference GPS receiver with
a serial RS232C cross cable. The PC for DGPS calculation in the rover station is
connected to the rover GPS receiver with serial RS232C cross cable through the
PC’'s COM port. | used the serial communication functions of WIN32 API for using
the PC’'s COM port to collect data from the receivers. In the programming, | mainly
used the dialog based MFC of VISUAL C++ programming language. But for the
position calculation | used the C/C++ based programs of the lab.

I also performed some experiments inside our campus to find out the range of
wireless LAN. To transmit data from the EZL-300W, | used 11Mbps wireless LAN
PC card adaptor of IEEE 802.11b standard that uses 2.4GHz.
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1.3 GPS
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3.3.1 COM

COM COMMUNICATION PC/AT 1BM 1984
3.3.2 COM
COM
COM COM
COM SERIAL COMMUNICATION PORT
COM
1 1
2
3 2
COM RS 232C,RS 422
Macintosh USB IEEE 1394
RS232C

RS 232 RECOMMENDED  STANDARD EIA ELECTRONIC
INDUSTRIES  ALLIANCE



15m 115.2kbps
D-sub25 PC D-Sub9

COM RS 232C COM

RS 232C D Sub

3-1 RS232C DB

9 Pin Connector on a DTE device (PC connection)

Male RS232 ONOREONORE
DB9 & D& @

Pin Number Direction of signal:
1 Carrier Detect (CD) (from DCE) Incoming signal from a modem
2 Received Data (RD) Incoming Data from a DCE
3 Transmitted Data (TD) Outgoing Data to a DCE
4 Data Terminal Ready (DTR) Outgoing handshaking signal
5 Signal Ground Common reference voltage
6 Data Set Ready (DSR) Incoming handshaking signal
7 Request To Send (RTS) Outgoing flow control signal
8 Clear To Send (CTS) Incoming flow control signal
9 Ring Indicator (RI) (from DCE) Incoming signal from a modem

DTE DCE
RTS/CTS
Xon/Xoff
COoM PARALLEL COMMUNICATION PORT
8
IEEE 1284
SCSI  Small Computer System Interface IDE Integrated

Electronics

Drive



3.3.3 COM
COM

PC Com
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TCP/IP PC

Serial

Port
COM
TCP-VSP
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1. VSP: /

2. Create None

IPAddress

4. Port
5. Connection TCP/IP

6. BaudRate
7. Data

8. Parity
9. Stop

““Reconnected If An Error Occurred””
TCP/I1P

““VSP Add”~

““VSP Config””
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“Stop,,
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Not Connection

Create Error

TCP/IP

Socket

Connect Error

TCP/IP
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ezTCP
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4.1

VISUAL C++( VC++ )
C/C++ VC++
VC++
VC++ Microsoft Developer Studio
MSDN Microsoft Developer Network VC++ Microsoft
VC++
Wizard Wizard
Wizard
VC++
Wizard AppWizard Developer Studio
AppWizard
WINDOWS
Win32 APl Application Program Interface
MFC Microsoft Foundation Class Win32
WINDOWS 32 16
MFC1.5x MFC3.0
Microsoft Windows95 Microsoft Windows NT 3.51 Win32
MFC AppWizard 3
Application
SDI Single Document Interface : 1
MDI Multiple Document Interface
MDI
MDI MDI

SDI MDI AppWizard /



/
VC++ AppWizard

MFC AppWizard

VC++ StdAfx.h
StdAfx.cpp StdAfx.h
VC++
member member
private, protected public public
MFC
Win32 API
OLE
0DBC DAO
Win32 MFC CWnd
CWnd C++ Windows HWND
& ") Cdialog Win32
C++ CWnd HWND
HWND Win32 CWnd
Win32
1
RS232 MFC  AppWizard
CRS232App CRS232Dlg

MFC CWinApp CDialog



CWinApp Windows

AppWizard
1. CRS232App
. CRS232App()
3. theApp
4. Initinstance ( )
RS232.h
RS232.cpp
[ClassView]
Initinstance
InitInstance
CDialog CDialog
CDialog Windows  CWnd
- OLE
CDialog
1
AppWizard CDialog CRS232DIg
RS232D1g. 6
RS232D1g.cpp
6. CRS232Dlg
2.DDX DDV DoDataExchange
3. OnlnitDialog
4 OnSystemCommand
5. OnPaint
6 OnQueryDraglcon



1.Windows

2.ActiveX
3.
2
CDialog 2
DoModal
[OK] [ ]
DoModal

CRS232D1g dlg;
m_pMainWnd=&dlg;
int nResponse=dlg.DoModal();
if(nResponse==1D0K){

// TODO: <OK>

elseif(nResponse==1DCANCEL){

// TODO: < >



Create Create
WS_VISIBLE
WS_VISIBLE
ShowWindow

m_pModeless = NULL,;
if('m_pModeless)
m_pModeless = new CRS232nDlg;
if(1::1sWindow(m_pModeless->GetSafeHwnd()))
m_pModeless->Create(IDD_DIALOG1,this);

m_pModeless->ShowWindow(SW_SHOW);
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4.2

PC CoMm CoMm
PC  COM
WIN32 API CoMm
CoMm
com.h com.cpp
Com.h WIN32 API

int APIENTRY RS _Open(int p_no, long brate, int bsize, int shits,int parity);
CoMm
int APIENTRY RS Close(int p_no);

long APIENTRY RS_GetlInBufferCount(int p_no);

Queue
long APIENTRY RS_GetOutBufferCount(int p_no);

Queue
int APIENTRY RS Read(int p_no, LPSTR lIpszStr, long len);

int APIENTRY RS Write(int p_no, LPSTR lpszStr, long len);

com.cpp
int APIENTRY RS_Open COoM

A CreateFile COM Com[ ]
LpFileName ( ) NULL

COM char



IpszComDeviceName[6]

DwDesiredAccess

GENERIC_READ

GENERIC_WRITE

GENERIC_WRITE

GENERIC_READ

DwShareMode

FILE_SHARE_DELETE Windows NT

FILE_SHARE_READ

FILE_SHARE_WRITE

LpSecurityAttributes
SECURITY_ATTRIBUTES

DwCreationDisposition

( )

OPEN_EXISTING

NULL



) CreateFile

DwFlagsAndAttributes

FILE_ATTRIBUTE_NORMAL
NONOVERLAPPED
FILE_FLAG_OVERLAPPED ERROR_I0_PENDING
ReadFile WriteFile OVERLAPPED
HTemplateFile GENERIC_READ
CoMm NULL

CreateFile

INVALID_HANDLE_VALUE

B) SetupComm BOOL COoM
3
HANDLE CoMm
DWORD:
DWORD:
C) GetCommState BOOL DCB Device Control Block
CoMm
2
HANDLE CoMm
LPDCB DCB
DCB
BaudRate
1 bps Bit
Per Second 1 1200 bps

Baudrate  bps 2400bps 4



1 2 Baudrate

1200
ByteSize
= = E - e =
a4 THEw b y |
I T @
b 1|7
| = E | =
a wo| oW
b b b
Ll
ByteSize
56 7 8 7
127 ASCII
31 ASCII
Parity
1
0 0110 0011
0 1101 0110

1 0



StopBits:

Bainary Bainary,ASCII
WIN32 API Bainary
TRUE

OutX/ InX: XON/XOFF Flow Control
FALSE
Null:
TRUE
fOutxCtsFlow CTS
(clear-to-send)

FALSE

fRtsControl RTS Request To Send
DISABLE

D) SetCommState GetCommState

GetCommState DCB COM

E) SetCommTimeouts

HANDLE: COM



LPCOMMT IMEOUTS : Z 11k COMMTIMEOUTS #BiE AN DRA X &EIEET S,
COMMTIMEOUTS
-ReadIntervalTimeout : ChIZBERICSEETND 2 2ONFZOBICHFET NS
BEOEXRMEZI VM TRLTWVWS, ChEBIUIIOXENZELTHSHEELT, £
D2 O2ONFEOEOBEACOREEZBASDE ReadFile BN EE>TLEY, &

BNY 770722 TREND, SEHRFOICKRELTVS,

-ReadTotalTimeoutMultiplier
ReadFile total time-out
Read

-ReadTotalTimeoutConstant
-WriteTotalTimeoutMultiplier
WriteFile total time-out

Write

-WriteTotalTimeoutConstant

[ms]=(ReadTotal TimeoutMultiplier[ms/byte]><<
>[byte])+ReadTotal TimeoutConstant[ms]
[ms]=(WriteTotalTimeoutMultiplier [ms/byte]>=<<

>[byte])+WriteTotal TimeoutConstant[ms]

SetCommTimeouts

2 long APIENTRY RS_GetInBufferCount



A) ClearCommError
Input/Output Operation
3
HANDLE: CoMm
DWORD:

COMSTAT: Z 1l COMSTAT 45K IZ K > T COMR— N DIREEFEHR A BT 5,

APIENTRY RS_GetInBufferCount COMSTAT cbInQue
ReadFile
long APIENTRY RS_GetOutBufferCount long APIENTRY

RS_GetlInBufferCount

int APIENTRY RS Write BOLL  WriteFile

WriteFile
-HANDLE : COM
GENERIC _WRITE

-LPSTR:
-Long
-DWORD DWORD
IpOverlapped NULL
NULL IpOverlapped

NULL

-IpOVERLAPPED OVERLAPPED CoMm
FILE_FLAG_OVERLAPPED IpOverlapped



NULL

FILE_FLAG_OVERLAPPED NULL COM
FILE FLAG_OVERLAPPED IpOverlapped
OVERLAPPED
COM
FILE_FLAG_OVERLAPPED IpOverlapped NULL
COM FILE_FLAG_OVERLAPPED
IpOverlapped OVERLAPPED
WriteFile
int APIENTRY RS_Read BOLL ReadFile COM
ReadFile WriteFile
int APIENTRY RS_Close BOOL CloseHandle
COM
VC++ MFC C/C++ main
RS232D1g.cpp COM com.cpp
com.cpp COoM Comport
Baudrate brate ,Bytesize bsize ,Stopbits sbits
Parity(parity ) RS232D1g.cpp OEM3

brate 57600 OEM4 115200

4.3



4.3.1

extern
4.3.2
char rs_buf[]
OEM3
SVDA
SATXYZA
rcvn
4.3.3

calc_direction.cpp
10

4.3.4

OEM

static, auto

GPS

RGEA

rcvn=

RANGEA

extern

choose_sat.cpp



Sokui.cpp  minver.cpp( )
calc_pos.cpp

VC++
CString lat;
lat_Format("lat=%f",t[0]);
LATEdit->SetWindowText(lat);

CString lon;
lon_Format(""lon=%f",t[1]);
LONEdit->SetWindowText(lon);

CString hg;
hg.Format(""hgt=%f",t[2]);
HGEdit->SetWindowText(hg);

DGPS calc_correction.cpp

c
for(i=0;i<SATn[rcvn]; i++){
prn = SVI’][I"CVn] [i] ;

//
trange[prn]=sqrt((SVx[rcvn][prn]-Refx[rcvn])*(SVx[rcvn][prn]-Refx[rcvn])

+(SVy[revn][prn]-Refy[rcvn])*(SVy[rcvn][prn]-Refy[rcvn])
+(SVz[rcvn][prn]-Refz[rcvn])*(SVz[rcvn][prn]-Refz[rcvn]));

//
Correction[prn]=trange[prn]- (Pri[rcvn][prn] + SV_corrtime[rcvn][prn]);
}

DGPS sokui.cpp
DGPS DGPS



//
if(0em3==1)
r3[i] = Pri[rcvn][prn] + SV_corrtime[rcvn][prn] +
lono[rcvn][prn] + Tropo[rcvn][prn] - r2[i];

if(0em4 == 1)
r3[i] = Pri[rcvn][prn] + SV_corrtime[rcvn][prn] -
lono[rcvn][prn] - Tropo[rcvn][prn] - r2[i];

// DGPS
iT(DGPS == 1){
r3[i] = Pri[rcvn][prn] + SV_corrtime[rcvn][prn] +
Correction[prn] - r2[i];

}
4.4
4.4.1
PC COoM COM
LAN DGPS
COM
COoM PC
COM PC
/ LAN EZL300W PC LAN
TCP-VSP COM
PC COM RS232C
RS232C EZL300W

RS232nDIlg.cpp  RS232DIg.cpp
brate bsize sbits parity
DGPS



COM

Enter

RANGEA  SATXYZA

DGPS

OEM3
RGEA
SVDA

OEM4
RANGEA
SATXYZA

Ontime 1 1

4.4.2

Open Port

Send Command

GPSTIME
OEM3 RGEA  SVDA OEM4

Close Port

log coml rgea ontime 1
log coml svda ontime 1

log coml rangea ontime 1
log coml satxyza ontime 1

4-3
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LAN

5.1 LAN

5.1.1 LAN

LAN  LOCAL AREA NETWORK

Fiber-Distributed Data Interface

100BASE-TX
2

LAN 10BASE-T

100Mbps

STP(Shielded Twisted Pair)

UTP(UnShielded Twisted Pair)

LAN

. 100Mbps
11Mbps

100BASE-TX
(IEEE 802.11b

)

Ethernet, FDDI

Token_Ring
Ethernet
10Mbps 100
100
LAN LAN
LAN
LAN
LAN
LAN
LAN
LAN



5.1.2

Xerox
IEEE
802.3

LAN

LAN Ethernet Ethernet
DEC ( Hewlett Packard ) LAN
Institute Of Electrical And Electronic Engineers
Ethernet IEEE802.3
IEEE 802 11 1998 7 LAN
IEEE802.11
LAN 5-
5-1 LAN
IEEE 802.11b IEEE 802.11a IEEE 802.11g
2.4GHz 5.2GHz 2.4GHz
( ) 11Mbps 54Mbps 54Mbps
( ) 5Mbps 22Mbps 20Mbps
50m 180m 20m 90m 20m 180m
Bluetooth/ Bluetooth/
b b
IEEE 802.11b
QoS
WEP
3 AP



IEEE802.11 LAN

IEEE802.11 2.4GH ISM  Industry
Science Medical

1Mbps DBPSK Differential
Binary Phase Shift Keying 2Mbps  DQPSK Differential Quaternary Phase Shift
Keying 5.5/11Mbps  CCK Complementary Code Keying

1 DSSS Direct Sequence Spread Spectrum
2 20MHz DSSS PN
LAN DSSS
FHSS(Frequency-hopping spread-spectrum )
5.1.3 LAN 1EEE802.11
LAN
1 ad-hoc peer-to-peer
LAN LAN
PC LAN
peer-to-peer
LAN
LAN LAN
SOHO
Ethernet 1 CSMA/CD Carrier Sense
MultipleAccess/Collision Detection
LAN

ACK ACK ACKnowledge



CSMA/CA6with ACK Carrier Sense Multiple Access/Collision
Avoidance with ACK
LAN

RTS CTS RTS/CTS
Request To Send/ClearTo Send

5-1

Infrastructure Mode

LAN
PHS
Ethernet

PHS
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5.1.4 / LAN EZL-300 W
GPS OEM3/OEMA4
EZL-300W LAN
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R5-232 Device

Re) 1/0) rs-232

|
e

EZL-300W k ;
w

ireless
RS-232 Device f X RS-232 Device
Reniote)l/Of Rs-2az Rs-232 |Remjate]!/0
Terminal r Terminal
ol et
EZL-300W EZL-300W
R5-23% Device R5-232 Device
Wireless
¢ AS-Ea3

EZL-300W EZL-300W

R5-232 Device
Wireless
RS-232 ____t-__
EZIL-300W
1 1
5-3 EZL-300W
EZL-300W 5-1 5-3
5-2 EZL-300w

1200 2400 4800 9600 14.4K 19.2K 38.4K
57.6K 115.2K bps

or




5-3 EZL-300w

TCP/IP TCP/IP
[ IP]
[DHCP] IP
IP
SSID
SSID Service Set 1D
SSID BSSID ESSID BSSID Base
Service Set
BSS ID(BSS )
BSS LAN BSS ID
ESSID Extended Service Set |ID
BSS
BSS ESS
ESS ID ESS ID




LAN

LAN ESS-ID ESS-ID
SSID
CREATE SSID
IEEE802.11b 2.4GHz
14
1 14
Wired Equivalent Privacy IEEEB02.11b

64bit 128bit 2

64bit 5 128bit 13
EZL300W ezSerialConfig
LAN EZL-300W EZL-300W
PC COM RS232C CoM READ

WRITE SSID DENSHI2 WEP



ezherialGConfie for EZL-—300W

£3

CC TYPE LOCAL IP ADDRESS BAUD RATE DATA BITS
|AD_HOC(0) - 19z 188 1 2 57600 | |8 -
351D SUBNET MASK PARITY FLOW CTRL
| denshi2 |25 255 255 0 (HONE =] HONE -
CREATE SSID GATEWAY MUX_TYPE TIME OUT
dershi? (R 125000 | |0
CHANNEL NAME SFRVER LOCAL PORT ~ PEER PORT
0 | 50000 |
WEP NAT IP ADDRESS WATER MARK
IHo WEP(0) =

PEER IP ADDRESS PASSHORD
B | CHANGE PHD
MAC 00:30:§9:02:31:5b |~ EZCFG & ARP T “ TELNET T E&P OL
o -] resD | [ WRITE CLOSE | EXIT
WRITE Completely
5-4 ezSerialConfig
MAC
LAN MAC ADDRESS
Media Access Control
12 6 6

5.1.5 LAN




LAN  WLAN

WLAN
WLAN
(802.11b
802.11b 802.11g
300 (91
150
WLAN
5-4

WLAN

802.11

WLAN

11Mbps 5.5Mbps 2Mbps 1Mbps)

) 802.11a

(46 )



5.2

LAN

5.1.5

LAN

2004

LAN

10

4

EZL-300W

LAN



5-5 EZL-300W
PC LAN
Panasonic PC 200

EZL-300W PC

B |ELANO A — 2 BERAT
® EFRENFTELER
x ERENETEWER

5-5

5-6 EZL-300W
11Mbps LAN PC
DELL PC
150
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LAN
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6.1 LAN DGPS

17 1 13
Island DGPS
6-1
6-1
4
NOVATEL  GPS-702 JAVAD  B-128-10
NOVATEL  OEM3 NOVATEL  OEM3
PC LAN NEC PC
LAN a-Project EZL-300W
LAN 1-ODATA WN-B11/PCMH

EZL-300W
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