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Abstract

There are various kinds of technology that are essential for designing a robot. All depends on
types of a robot and objectives of using that robot. This research presents design and development of a
mobile robot which has important features that can be used in artificial intelligent fields of study. These
include the ability of wireless control from computer workstation and the capability of robot vision
system. All technology used in this work is considerably affordable to keep the budget at low cost.
Moreover, this research has also developed an application of using the mobile robot as a color-based
object tracking robot to test the performance of the system. All skill and technology achieved from this

research can be used fundamentally in developing other kinds of robots.
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Light Striper - Projects a thin strip of ight,
The range of any cbject that the strip touches
can then be determined, and a Range Image
built up.

Active Triangular Range

System - Used to caiculite the position
of the robot relative to s environment in
corgunction with the Light Striger.

Head Tilt - Aiows precise positioning of
the Head Unk.

Stem « Aliows the vision syslems to be
mounted at a speacific ‘head-height’ and to
faciltate the addition of robotic arms, also
mounted at a specific ‘arm-height’. The
Stem uses circular holes in #ts construction
for weight reduction and maximum rigiiity.

Mounting Brackets - The Stem can be
easily ramoved from the base of the robot.
All the sections of the robot (head, stem
and base) can be easilly disassembied from
one another via the quick redease mounting
brackets.

Expansion Bays - Space has
been provided for future expansion
of compiting hardware or the
implementation of othar devicss.

TDS 20120 Microprocessor
Controller - Used to control and
program the Robot. The left circle
indicates the LCD display which is
used 10 check and edit various
routings. The right circle indicates
@n FC Prillips Bus port.

Enabling Switches - Aiows
ceriain tunctions of Libersior to be
turned on and off and hence
certain routines to be isolated.

Drive Wheels - Each wheel is
separately deiven atiowing Liberator
10 turn on the spot.

Bump Sensors - Spring-loaded sensors mounted afl around the
robot responid to contact with the extemnal environment and can detect
objects at any angle.
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5. ﬁuwﬁ Xavier
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5 (Data Bit 3) High o
Data Bus N3uUa3ny IC 8255
6 (Data Bit 4) High
7 (Data Bit 5) High
8 (Data Bit 6) High
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13 (Status Bit 4) High -
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fn2 | da1 | dao | doyaiilould DA | Franawesdyana | Frnmluns

(0-255) PWM (ms) daaulolums

DOATHE (ms)

0 0 0 0 0.93 0-1.02

0 0 1 37 1.09 1.02- 1.15
0 1 0 68 238 1.15- 1.3
0 1 1 99 137 13- 144
1 0 0 130 1.58 ' 1.44 - 1.58
1 0 1 162 1.66 1.58 - 1.73
1 1 0 193 1.8 1.73 - 1.87
1 1 1 255 2.1 1.87-2.5
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_outp(0x378,128);
_outp(0x378+2,8);
_outp (0x378+2,4);
_outp(0x378+2,8);
_outp(0x378+2,4);
_outp(0x378,0);
_outp(0x378+2,9);
_outp(0x378+2,1);
_outp(0x378+2,9);
_outp(0x378+2,1);
_outp(0x378,1);
_outp(0x378+2,9);
_outp(0x378+2,1);
_outp(0x378+2,9);
_outp (0x378+2,1);
_outp(0x378,3);
_outp(0x378+2,9);
_outp (0x378+2,1);
_outp(0x378+2,9);
_outp(0x378+2,1);
_outp(0x378,34);
_outp(0x378+2,11);
_outp(0x378+2,3);
_outp(0x378+2,11);
_outp (0x378+2, 3) ;
_outp(0x378,128) ;
_outp (0x378+2,10) ;

//Initial Port wed IC8255 ¥H 2 1
//0011
//1111
//0011
//1111

//ta sw. fswlWuazss Data w44

//\dla sw. fwin

//¥la SW. s Data ¥4

//Channel 1 Code error
//0000 1011 1011
//1000 0011

//0000 1011

/71000 0011
//Channel 2 Camera
//0001 1010 1011
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_outp (0x378+2,2); //1001 0010
_outp (0x378+2,10); ; //0001 1010
_outp(0x378+2,2) ; //1001 0010
_outp(0x378,255); //Channel 3 Speed
_outp (0x378+2,11); //0000 1011 1011
_outp(0x378+2,15); //0100 1111
_outp(0x378+2,11); //0000 1011
_outp(0x378+2,15); //0100 1111
_outp(0x378,37); //Channel 4 Movement
_outp(0x378+2,10); //0001 1010 1011
_outp(0x378+2,14); //0101 1110
_outp(0x378+2,10); //0001 1010
_outp(0x378+2,14); //0101 1110
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® Microsoft Visual C++ 6.0

® Microsoft Windows 2000 DDK

3.1.1 Tﬂix‘iﬂ‘?%ﬂ‘l}ﬂi"lﬂ‘il?ﬂ{

b4 9
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. 2 o s s A
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b4
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NTSTATUS DriverEntry(
IN PDRIVER OBJECT pDriverObject,
IN PUNICODE STRING pRegistryPath)

NTSTATUS status;

return status;
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pDriverObject—>MajorFunction[IRP MJ CREATE]
DispatchCreate;

pDriverObject- >MajorFunctlon[IRP MJ CLOSE]
DispatchClose;
pDriverObject->MajorFunction[IRP_MJ DEVICE CONTROL] =
GDDeviceControl;

pDriverObject->DriverUnload = GDUnload;

RwﬁDispatchCreate DispatchClose GDDeviceControl utag GDUnload
Huvedandunistadietu I MajorFunction Array fidldmnmunsadimua’ldsn
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IRP_MJ CREATE 9Qnisoniiiasonlelansu CreateFile inoAndanugilnsal
IRP_ MJ CLOSE  szgniSonileisonldflansu CloseHandle iionganisinse
IRP_MJ DEVICE CONTROL vxgnisoniiierson14efsu DeviceTIoControl

edsiidallaiugueilnsel

o 4
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- GDCreateDevice ﬁhﬁhﬂ%uﬁqmjmﬂ%%ADrlverEntryTﬂUﬁmﬂ%
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nanidmuaseflandundnual Henduilazinmaadagilnisiosuian (device object) 1z
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#Hafdu CreateFile
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CTL_CODE( DeviceType, ControlCode, TransferType,
RequireAccess )

= Y 1 9 o J Y = q’.:d 1
i'IUZ’ISLE)EMWJ?)EJNﬂ'li’di1QT‘L‘illﬂ'ﬁJnlﬂ’iL’Ji’Ji‘Wi8“ﬂ15ﬂﬂﬂﬂiﬂﬂ§1uﬂ1ﬂwu3ﬂ f.

wisiimes

o a
a5y

DeviceType

FILE_DEVICE XXX dlusufivafufuiildiuiledsu
IoCreateDeviceQﬂuﬂwﬁMﬁTﬁu
GDCreateDevice)

e 0x0000 @4 0x7FFF Huaunwizvedlulnsyounsi

® 0x8000 f4 OXFFFF Wlumisiansosmuaiulsls

ControlCode

Driver-defined IOCTL code
® 0x000 83 0x7FF dlummmizvodlulnsvon

® 0x800 83 0xFFF umnaunsaldls

TransferType

Buffer passing mechanism
e METHOD BUFFERED
e METHOD IN DIRECT

e METHOD OUT DIRECT

¢ METHOD NEITHER

RequiredAccess Requestor access requirement

e FILE ANY ACCESS
e FILE READ DATA

e FILE WRITE DATA

® FILE READ DATA | FILE WRITE DATA

A19190 3.7 W15 1lwesvesu 1ns CTL CODE
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Taoudazdauasiaunluguvy Dynamic-Link Library (DLL) tiel¥dwsiomswaniung 14

N

Frame
TV Tuner N Grabber

AR

Image

Image
Processors
(dln)

Command

Gundum
Controller Box Gundum Driver

d |
(FM transmister) Ga""“e' et | (kernel-mode driver) <°ﬂ"’“a" Cﬁgﬁr

GundumEYEs

PC

317 3.17 msvhamveslilsunsy GDEYEs

9
T1lsunsu GDEYEs gnesnuuulunssunuinaasi
(1) mwnsadenasuitmsdsznananuueieg 1aluvassuTdsunsu
T y R ]

@ eenlgmyadaTusunsuuuy multiple documents #9174 1AAL document 9@
ot 9 s 4 d 1 a g d'o o @ Aac
tdudeyavesdnes Fufusminimesang Adudludmivitasszuanaly

1 A =) @ dy o 9 =) b4
gaazuuy nsthenou ldsunsuludnymstiveiridanisodonly Image
@ as 1 a d 1 a v
Processor A1R8IAU uan1simesasnuluudas document 18
° o ¢ aa 4 ¥ A o
@) awnsasmuana lunsSunImIINMSATiIguIues (TV tuner card) 14 tiotloadiu

1 3 <3 A o s Q" 1 LY
Tl lsunsuiauduiul oz ldnsdsznanaiedsnujusudfanain




43

b4
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3.2.1 @IUSUNN (Video Capture)
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BOOL OpenCapDevice (int at x, int at_y, CWnd *pParentWnd)
{

° a J-y A Y o
#sndu  OpenCapDevice sgnsadriouladduueldmuisaiy
9/ a St 9 as o s dyll“’ 9 o [ éué{u
windows message 14 lagmnimeiiiunduilansuiidsznouaisauimu
o 4 .
o 1AL parent window
d o a 1w d aa d
o FanguilansaaaenumIanIguues

&Y d’, a 1 ° a Sl o as
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OpenCapDevice

BOOL CloseCapDevice ()
{

do  ar
o HanFUSUNIN

LPBITMAPINFO GetOneFrame ()
{
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#define IMAGEWIDTH (1pd) \
(LPBITMAPINFOHEADER) 1pd) ->biWidth

#define IMAGEHEIGHT (1pd) \
( (LPBITMAPINFOHEADER) 1pd) ->biHeight

#define IMAGEBITS (1pd) \
( (LPBITMAPINFOHEADER) 1pd) —>biBitCount

#define IMAGEDATA (1pd) \
(( (LPBYTE) 1pd) + ( ( (LPBITMAPINFOHEADER) 1pd) ->biSize))

Tao IMAGEWIDTH stag IMAGEHEIGHT ¥ msuvia1vuiavusaniyn
IMAGERITS I¥dwmfum Inuaduoanin (¥u 24 i
IMAGEDATA  Iddmwmsudndsdalsidunin

da o 3y 1 )
o HwnFusmuagtuuvvesnin laun vuanw uag Tnuad

BOOL VideoFormatDlg ()
{

Jo A .
o anFuaen Capture Device

BOOL VideoSourceDlg ()
{
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BOOL SetVideoFormat (int cx, int cy, DWORD dwResolution)
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¢ w 1 o ~
e  FINFuMmuUIAYINLIEANEIT BITMAPINFO structure 14

int GetBITMAPINFOsize (LPBITMAPINFO lpBmpInfo)
{

3.2.2 Aauilszunanann (Image Processor)
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#define JOCTL_POWER_ON CTL_CODE( FILE_DEVICE_ UNKNOWN, \
0x801,
METHOD_ BUFFERED,

FILE_READ DATA|FILE WRITE DATA)
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struct COMMAND ({
UCHAR ErrorCode; // Channel 1
UCHAR CamAngle; // Channel 2
UCHAR Speed; // Channel 3
UCHAR Movement; // Channel 4
} GundumCmd;
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VOID SendCommand (IN PDEVICE_EXTENSION pDevExt)

{

WriteData( pDevExt, pDevExt->GundumCmd.ErrorCode ) ;

WriteControl ( pDevExt, 11);
WriteControl ( pDevExt, 3);
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WriteData( pDevExt, pDevExt ->GundumCmd . CamAngle ) ;
WriteControl ( pDevEXt, 10);
WriteControl ( pDevExt, 2);

WriteData( pDevExt, pDevExt->GundumCmd.Speed ) ;
WriteControl ( pDevExt, 10);
WriteControl ( pDevExt, 15);

WriteData( pDevExt, pDevExt->GundumCmd.Movement ) ;
WriteControl ( pDevExt, 10);
WriteControl( pDevEXt, 14);
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// Initial port 8255

WriteData( pDevEXt, 128 );
WriteControl ( pDevExt, 8 );
WriteControl{ pDevExt, 4 );

// power off
WriteData( pDevExt, 0 );
WriteControl ( pDevExt,
WriteControl ( pDevExt,

9 );
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// power on

WriteData( pDevExt, 1 );

WriteControl ( pDevExt, 9
1

WriteControl { pDevExt,

)
)
// turn data line on
WriteData( pDevExt, 3 );
WriteControl ( pDevExt, 9 );
WriteControl( pDevExt, 1 );
pDevExt - >GundumCmd. ExrrorCode (UCHAR) ERROR_CODE;
pDevExt ->GundumCmd. CamAngle (UCHAR) CAM_ANGLE_CENTER;
pDevExt ->GundumCmd . Speed = (UCHAR)SPEED_ 1;

pDevExt - >GundumCmd . Movement = (UCHAR) FORWARD;
SendCommand ( pDevExt ) ;
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// power off

WriteData( pDevExt, 0 );
WriteControl( pDevEXt, 9
WriteControl{ pDevExt, 1
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TARGETNAME=Gundum
TARGETPATH=0b]j
TARGETTYPE=DRIVER
MSC_WARNING LEVEL=-W3-WX

SOURCES= \
Gundum.c \
DevCtrl.c \
gundumver.rc

USE_MAPSYM=1
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1 INCLUDE $ (NTMAKEENV) \MAKEFILE.DEF
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GUNDAM 13@161u fail

class CGundum

{

public:
BOOL IsPowerON() ;
BOOL SetSpeed(BYTE byteSpeed) ;
BOOL TurnCameraCenter () ;
BOOL TurnCameraRight () ;
BOOL TurnCameraLeft () ;
BOOL PowerOQOFF () ;
BOOIL: PowerON () ;
BOOL Stop () ;
BOOL BRackward() ;
BOOL Forward() ;
BOOL TurnRight () ;
BOOL TurnLeft () ;
CGundum{() ;
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virtual ~CGundum() ;
protected:

HANDLE m_hDevice; }

BOOL WriteData (DWORD dwlIoControlCode, BYTE byData) ;
BOOL ReadDatal() ;

}i
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Windows Registry Editor Version 500

[HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\Gundum]
“Type"=dword:1

“ErrorControl”=dword:1

“Start”=dword:3

“DisplayName”= “Gundum driver”
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» DriverControl
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4) 11l@ Device Manager uaziAen View -> Show hidden devices ﬁﬁg 19 -3
#39911139n1UEI92WY GUNDAM Driver 14 Non-Plug and Play Drivers #1431
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11 A-4 uaA3 GUNDAM driver
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