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ABSTRACT

DEVELOPMENT OF 3D LASER SCANNER
USING LASER RANGE FINDER

OZTURK, Ali Emre
M.Sc. in Electrical-Electronics Engineering
Supervisor: Prof. Dr. Ergun ERCELEB
January 2014, 60 pages

Generally, 3D laser scanners are used to create@il file of any object or
any environment to help architecture or robot natign. A 3D model can be
generated using one camera and laser light souster@o camera or a laser distance
meter.

In this study, Laser scanner hardware has beeigraabiand implemented to
create a 3D model in AutoCAD software using a laaage finder. The hardware can
generate 3D modeling of environment using the mligtaneasures from different points
on spherical coordinate plane. Two axjs §) movable mechanical parts have been
designed and implemented to get distance measurénmendifferent points. Step motor
driver has been developed to control the step mdtwat provide the movement of
mechanical parts. Another electronic card has b#eveloped to provide duplex
communication between computer and electronic deiccomputer software and GUI
have been coded that are able to generate modsling collected data. Approximate
modeling of environment can be generated by comgoféevare owing to data that are
collected by scanner. These datasets contain aegedistance information to detect
borders, barriers or proper ways for a roboticesysthat roams environment. A laser
scanner can obtain information about distance legtvadbjects in environment. Some
information about environment like slope of groumabject distribution can be analyzed

by these datasets

Keywords. 3D laser scanner, robotic systems, AutoCAD.



OZET

LAZER MESAFE BULUCU KULLANARAK
3 BOYUTLU LASER TARAYICI TASARIMI

OZTURK, Ali Emre
Yuksek Lisans Tezi, Elektrik-Elektronik Mihend@IBolumu
Tez Yoneticisi: Prof. Dr. Ergun ERCELEB
Ocak 2014, 60 sayfa

3 boyutlu lazer tarayicilar genellikle herhangi l@snenin veya herhangi bir bélgenin
modelini olygturmak icgin kullanilir. 3 boyutlu bir model bir kara ve lazersik kayna
veya cift kamera veya bir lazer mesafe Glcer kubaak olwturulabilir. Bu calsmada,
lazer mesafe olcer kullanarak AutoCAD programindbo$utlu model olgturan bir
donanim tasarlandi ve uygulandi. Donanim kireselrdiaatta farkli noktalardan
Olctlen uzakhk bilgilerini kullanarak ortamin 3Doakellemesini olgturabilmektedir.
Farkli noktalardan o6lcim alabilmek icin 2 eksenge ) hareketli mekanik kisim
tasarlannstir. Mekanik kismin hareketini gayan step motorlar kontrol etmek icin step
motor suricl devresi ggirilmistir. Bilgisayar — tarayici arasinda cift tarafletigimi
sgzlamak icin baka bir elektronik kart geftirilmistir. Toplanan bilgileri kullanarak
modelleme olgturabilecek bir ara yuz ve bilgisayar yazilimi lkadhstir. Alinan veriler
sayesinde ortamin yakla modellemesi yapilabilmektedir. Bu veri kiimesbabtk bir
sistemin bolgede dalaken sinirlari, engelleri veya kendisi icin uyguallar tespit
edebilmesi i¢in gerekli uzaklik bilgilerini iceriBir lazer tarayici uzaklk, nesneler arasi
uzakhk gibi bilgileri sglayabilir. Bu bilgileri yorumlayarak cevreyle ilgiegim, nesne

yogunlugu gibi bilgilerin analizini yapabilir.

Anahtar Kedimeer: 3D lazer tarayici, , OOP, robotik sistemler, AwAGLC
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CHAPTER 1
INTRODUCTION

The different visual techniques such as sensorsg@s and 3D laser scanner are
used by robotic systems to sense the environmerablas (Xiaofeng Lian, 2008).
The techniques have advantage and disadvantages:idiral techniques should be
selected due to environment and where to us. Athaameras have high level view
angle, they produce 2D images including height amdth data. Of course, for
generation 3D image from 2D images there are dlguos in literature. View angle
of laser scanners is high level and getting da#a3& image. The size of object can
be detected by height, depth and width data. litiaddo detection of size of object,
the distance between objects in scanned environo@nte measured. The image
obtained by laser scanner can be used by roboetecidbarrier and find its path.
Also, 3D laser scanners can be used to define rawustirface, building structure, or
city plan.

In this study, the scanner can model a 10 m raalea and this view can be modeled
in 3D in AutoCAD. Scanner consists of a 2D lasemgeafinder (LRF), motors that
let move it over those axes, electronic cards ativare. The name of the LRF
model which is used is SICK DT 00P1113 is able #&asure the only one point of
the range image. LRF is fixed on the mechanic camapbwhich is controlled by 2
step motors. (Fig.1.1) while the step motors atatireg 0.9 degree in each segment,
mechanic component is the mechanism that rotatédseimngle ob ande and it is
able to scan in the spherical area. The scannieg iar shown in Figure 1.2. This

scanning area can be changed with the help of ctanpaftware.



Figurel.2 an example of scanning area

Two electronic cards were developed to controlstep motors. One of the cards is
power card of step motors. The other one is comaodl which synchronization of
step motors. It called laser scanner hardware.dlitye of the step motor power card
Is to provide a motion for step motor with commahat coming from laser scanner
hardware. The hardware sends one pulse commarehaétr turn to the driver and
when the pulse comes to power card, the card pes\d® degree rotation to the step
motor. The angle of step motor affects the imagmltgion. When step angle is
smaller, 3D model is going to be more quality and ke able to catch sensitive

details of environment. The hardware has a 48 MK gssor which is programmed
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by using ‘C’ programming language. Another to dofylaser scanner hardware is
providing to communication between laser scanned aomputer. This
communication is provided using by RS232 port opleli communication. The
communication port is used to transfer data paclkétEh are consist of setting
parameters and measured distance information. fifogmation packets are sent
between computer and laser scanner hardware. Destaformation that comes from
the device which is one of the functions of sofwvdaransforms the spherical
coordination level information to Cartesian cooediaon level. The used software is
improved in .NET platform by using C # computer daage. AUTOCAD is a
programme which is CAD structured which is usedhree dimensional objects,
building, and machine drawing that belonged toAb&desk firm. With the help of
the API library which was established for the NH&tiorm by Autodesk firm, the

relation between .NET and AutoCAD is established accessible for all commands.



CHAPTER 2

LITERATURE SURVEY

Laser scanners are being used in many areas sudefasse industry, robotic
systems, reverse engineering, manufacturing aatbie banking and finance, etc.
Furthermore Laser scanners find application aneasaddeling a mechanical object,
road direction of the robots, restructure studsesurity systems that have sense
motion. Therefore, the important things for lasearsers are the speed and
resolution. When they are needed to make more clezdeling, laser scanners

systems can be used with cameras.

The aim of this study is to design and produceva dost laser scanner. Kazunori
Ohno, 2008 has used 2D Laser Range Finer (LRF) adeithe environment
(Kazunori Ohno, 2008). These types of laser scanasx expensive than 1D LRF
and because of this the cost will be more expersiwkesign it with 2D LRF.On the
other hand 3d models which has created using 2D &fRFmore quality(Ohno, K.,
2007). In addition the electronic cards used irs¢hgystems are for general purpose
applications and this may also increase the cdsigeduce the costs control cards
should be used for the purposes that are needidnstudy, it has been aimed to
reduce the costs with producing our own electraaics and using 1D LRF instead
of 2D LRF.

2.1 Robotic systems

A 3D model can convey much more useful informatiban the typical 2D maps
(e.g. occupancy grids) used in most current mabibetic applications. (Peter Biber,

2004). Unified version of the scanners separatetyvs in Figure 2.1



Figure2.1 Two views of the resulting VRML model (@&eBiber, 2004)

Mobile robot self-localization and navigation haxecome research hot of intelligent

robot. 3D reconstruction is the base of mobile td®if-localization technology and

provides the environment modeling for mobile robwvigation and obstacle

avoidance research. As to the control system ofilmotbot, which is mainly the PC

control system in the past, more and more embesigetdm, including embedded

hardware and embedded software, is applied to mobidot control ( Jianhua Wang,

2008).
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Figure2.2 Real Environment and 3D point cloud



2.2 Architecture

Laser scanners and ASER scanners are rapidly gaaaiceptance as a tool for three
dimensional (3D) modeling and analysis in the dedture, engineering, and
construction (AEC) domain (Daniel Huber, 2010).

2.3 Security

A three-dimensional laser scanning system has lbleseloped as a test bed for
producing 2D and 3D profiles of human, animals, aelicles. This type of device
could be used in border security applications as gfaa system for detecting and
classifying border crossings. The system will bedus® produce 2D and 3D profiles
of people, people with backpacks, and animals.{dsLayton, 2009).

Depth

(larger valuas are nearar cameara)

Figure2.3 3D close range image of a human(Thonagtoh 2009).



CHAPTER 3

METHODS
3.1 Components of 3D Laser Scanner
3D Laser scanner consists of LRF, mechanical patsyer supply, and two
electronic cards. This hardware is connected twsoé which is in the computer via

RS232 port. These components and laser scannewndr@dun in real-time duplex

communication. The schema of hardware is showngarg 3.1.1.

,,,,,,,,,,,,,,,,,,,,,,,,,,

J

Figure3.1.1 Laser scanner device modeling

3.2 LRF (Laser Range Finder)

In this Project 1D laser range finder is used tasnee distance of point. The product
code of LRF is DT50-P1113, and the measuremeneran@.02 and 10 meter. LRF
measures the distance using laser light. Techfeedlire of the LRF is given in the
Table 3.1. LRF that we used has an analog outpliadditionally it has one digital
output but analog output is enough for our studyFlused in this study gives output
between the range of 4 and 20 mA. 20 mA is equaltmeter, 4 mA can be equal to

0.02 meter. Since the micro controller is able éadr analog voltage rather than



analog current we have changed the 4-20 mA outigngs to 0-5 voltage output
signal. We have used a basic circuit so as to ddrdmnsformation. This circuit show
in fig. 3.2.2 Owing to circuit the current turngora voltage and it can be easily read
by the controller. How to transform the 4-20 mA putt signal into 0-5 V analog
system signal is given in equation 3.2.1.As sedherequation, the voltage range for
analog signal is between 0.88- 4.4V. In this c&@se2m is equal to 0.88 V and 10
meter is equal 4.4 V.

Min : (4mAx2200hm = 088V ), Max : (20mAx220chm = 4.4V) (3.2.1)
PIC
Input 5
4-20mA O < RAO/ANO
j— RA1/ANT
R1 -
220 .
L]
14
A3
= 33
34
35
36
37
Figure3.2.2 4-20mA convert to analog signal
Table3.1Features of Laser range finder (SICK)
Measuring range 200 ... 10,000 mm
Resolution 1mm
Accuracy +10mm
Response time 20/30 ms
Output rate ams
Resolution analog outputs 16 hit
Laser light wavelength 650 nm




3.3 2D Movable Mechanical Part

A mechanical device has been designed in a wayct#mmove in both axes in order
to provide the LRF spherical coordinator motionisTtlesigned device has two turn
able parts and they turn along with vertidgl 4nd horizontal() axis. With the help
of this LRF6 can move with the range of 0, +170 ap@ngle can move with the
range of -180+180. This mechanic mechanism is showhe Figure 3.3.1. These
angle ranges provide us wide range of scanningc&vehink of the area that we are
going to scan as cube which has 10 meter radiugn\e scanning area increases,
number of measurement increases as well. The fatral of this relation is given

equation 3.3.1.

# of measured point Vertical _angle(@_axi9 « Horizontal _angle(@ _axis) (3.3.1)

0.9 0.9
Example of calculation: to 0+170 Angle @ axis, al8D+1800 axis
170 xﬁ) = 75600Points.
09 09

Aluminum material has been used to produce 2DTilie weight of the sensor that
has been moved onto the flexible parts is 200 gatTs why there has been some
problem with the balance of the mechanic mecharafier the sensor has been
replaced. Therefore, motors that move the axesnbedo drive more current. It even
makes the motion more difficult. In order to sothes problem, 200 gr weights have
been fixed to the point where the sensor coordinatf the rotate axes symmetric is

taken.

3.4 Power supply

The duty of the power supply is to provide necessarergy. The hardware needs
energy that provides by power supply. Input voltafiehe power supply is 220 V
AC. The power supply provides 24 V-DC and 12 V-x4. V-DC and 12 V-DC
have been required to operate LRF and laser scdraréivare. To operate step
motor driver 5V-DC and 12V DC. For all operatiorsguired total power is 39.1 W.

You can see the power requirement schema of haedwdigure 3.3.1.

9



/ Main Board LRF

1.2 Watt 1.9 Watt
12V DC, 100 mA|:> 24V DC, 80 mA I:>

Step Motors Driver
and

12V DC, LA > Motors

(2x12V Step Motor)

Total Power Consumption=39.1 Watt

& 36Watt /

Figure 3.3.1 Power requirement of hardware

3.5 Design of laser scanner hardware and embeddedftsvare

Laser scanner hardware controls the moveable meehaitt (2D). In additional, it
provides the communication between computer andpooents of laser scanner. It
works as a transceiver that can receive and setad Tlae schema of the electronic
card that has been designed for control of sysgesihown in the Figure 3.4.1. Card
has 48 MHZ clock frequency micro controller and mection ports to supply
communication with other cards. At the same timmydchas RS232 port which
enables the communication between computer andcané. 3D drawing of the
hardware illustrated in the Figure 3.4.2. In ortiermake the PIC 184550 model
microcontroller which is on the hardware theredded software with the help of ‘C’
programming language. The duty of the softwareoissénd the pulse which is
necessary to move the step motor and transformdhage that has been read from
LFR to get distance information. This transformatiiormula is given in the
Equation 3.4.1. Later on software sends the coeddrtformation to computer as a

pack.
distance(mm) = [((ADC _val - ADC _ofs)* Max_dist/ Max_ ADCV)] (3.4.1)

ADC _val: Reading voltage value from sensor
ADC_ofs: Minumum output value of sensor -> 172
Max_dist: Maximum distance value of sensor(mm) 89®
Max_ADCyv: Maximum output value of sensor -> 569

10



VOLTAGE REGULATOR
7805

12v DC OT Vi vo To 5vDC
T 0.33u - T 0.1u

GND

ANALOG INPUT [> 5 Ut 15
CRYSTAL e RCOT10SOMICK] (2
—— RA1/AN1 RC1/T10SUCCP2IUOE [—=
12MHZ —| RAZIANZIVREF-(CVREF RC2ICCPIPIA 22
= RA3/AN3VREF+ RC4/D-VM Zg Reset - Step Motor Driver1
100F = RA4/TOCKIC10UTIRCV RCS5/D+IVP 3 Enable - Step Motor Driver 2
P r RAS/AN4/SSILVDIN/C20UT RCBITXICK —D Control - Step Motor Driver 2
= 13 RAB/OSC2/CLKO RC/RXIDT/SDO [—2E—> CWICCW - Step Motor Driver 2
OSC1/CLKI
iDpF |
. |= L + 25 RBO/AN1ZINTOFLTOISOISDA RDO/SPPO [—13—> Enabie - Step Motor Drver 1
|—5 RB1AN10/INT1/SCK/SCL RD1/SPP1 57 [> Control - Step Motor Driver 1
| 26 RE2/ANB/INT2IVMO RD2ISPP2 22 [> Pulse(Clock) - Step Motor Driver1
| 37 RB3/ANS/CCP2/VPO RD3/SPP3 57 [>> Half/Full - Step Motor Driver 1
[—53—“ RB4/AN11/KBIOICSSPP RD4/SPP4 %8 [> Pulse(Clock)-Step Motor Driver 2
e RBS/KBI1/PGM RDS5/SPP5/P1B ) > Half/full Step Motor Driver 2
RB6/KBI2IPGC RD6ISPPS/P1C [> Reser - Step Motor Driver 2
e 40 1 RB7/KBI3/PGD RD! 1D 22> CW/CCW - Step Motor Driver 1
0 ©
REO/ANSICK1SPP [——
. sv0C O—"g RE1/ANGICK2SPP -—?D—
e RE2/AN7/OESPP [——
o © £ vuse PIC1BF4SS0 * REaMCLRIVPP [——
LED | LED
——R—
= 1 1u 3| u3
ci+ 1-
L TN TouT 12 1o computs
1 DH_D puter
54 R1OUT R1IN —ﬂ from computer
= 12IN T20UT P
==l

R20UT R2IN
_,—[] E—O 5V DC
VE+
S s [
2+ c2-

Figure3.4.1 The schema of the controller part sétescanner hardware

Figure 3.4.2 3D view of the laser scanner hardware
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These scanning processes have been completedysstgpbin order. As soon as the
system energized the axis has turned to startisdipo which is called as reference
point. The other name of process is called homidter the homing, the hardware
waits for scanning area definition. Scanning arefindion has defined by the user
using by computer software, after the definitionqass, area setting data packet is
sent to laser scanner hardware via communicatioh pmd of the definition of
scanning area, start command is waited by lasemnecahardware. When start
command comes to laser scanner hardware, scanmowpss is started by the
hardware. At the same time, each measured distafmenation and positions of
turn able axis positions are sent to computer. Whaxis completes its one roungl,
axis turns one step angle further with the 0.9 eéegwhenp axis complete one turn,
@ axis start turning again step by step. This pe@arries on till the scanning area is

scanned. Software flow chart is shown in Figure33.4
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Figure 3.4.3Flow Chart of executing system and ajp@y scanning.

3.6 Homing Function of 2D Mechanical Part

Homing function is a process to definite startingsipon information of axis.
Starting point position information is very impartato generate 3D model. The
model is generated using measured distance datap@er program starts to create
3D model from first measures points. Since Thevgari know to what degree do the
motors rotate in every step, it might know in whaitgular coordinator is the every
measurement, but this information is not enoughe $bftware has to know the
starting coordination of the system as well. Themefin the system starting process,
the axes locate the starting point. Two piecesnait ksensor and magnets are used to

this process. These magnets have placed to thingtaoint of the axes. During
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homing processp axis motor and axis motor start turning. When limit sensor
detects the magnet, turning of motors is stoppetidrgware. S@ axis andd axis

find the starting point. The starting points of thees are shown in the Figure 3.5.1.

A b

Figure 3.5.1 Starting points positions of the axes

\ .

3.7 Step Motor and Driver

0 and ¢ axes motors have to turn step by step in ordecoltect the distance

information. Step motors are the motors that turraidegree. The degrees of the
motors when turned in each step are defined irstiige of motor production and the
number of motor coil. Each coil group position ianmmed as phase. Every phase
means one step. The more the number of the coihés)ess is the step angle of
motor. Step motors are appropriate for the positiamirol. That is why 4 coiled 1.8

degree step motors are used in this study. Intstrocture of the step motors are

shown in Figure 3.7.1.

Figure 3.7.1 Stepping Motor

As soon as we energize the coils one by one mtdaisgo turn and the speed has a

direct proportion with the frequency of energizouails.
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3.8 Step Motor Driver Design

A driver has been designed and implemented forrobing step motor. The duty of
the driver is to help the motor turn step by stgmiving energy to the related coils.
An electronic card has designed and implementethferstudy. The pin connections
of the step motor driver are shown in Figure 3ah@ the view of 3D modeling of
the step motor driver is shown in Figure 3.7.3.pSteotor driver has same pins
which held to control of direction. CW and CCW cadanotor is controlled by step
motor driver pins. We can control the motor usinigrocontroller with the help of
driver. Driver circuit is shown in Figure 3.7.5.etangle of the motor that we have
used is 1.8 degree but we can decrease the deg@e@ by using the feature of half
wave/ full wave on the driver. The less degreetgp single is the more resolution of

the 3D modeling and more clear detail will be. Tisawhy the used step angle is 0.9

Polel
L297 L298 Pole2
Pole3
ouTPUT Poies
Common

Enable cw/ccw Polel Pole2 Pole3 Poled

\ E
il

INPUT

degree.

Figure 3.7.2 Pin connections of Step Motor Driver

Figure 3.7.3 3D View of Step Motor Driver

Microcontroller has turned the motor by sendingsputo pins step by step. The
number of the pulse determines the turning degféeeomotors. The frequency of

the pulse determines the turning speed of the métlise sequence to turning the
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motors is shown in Figure 3.7.4. The relation betvmotor angle and the number of
pulse are given in Equation 3.7.1.

Turning_angle_of _motor = (# pulsex09degree) (3.7.1)

Poles voltage
3

Pole 1 | ’ l E : '
Pole 2 ] I | i i
! | Voltage (V)

'
i ' :
|
Pole 3 i l I | '
Highedge Low edge
: | H | e
\ ' i
| i sv
Pole 4 ; |
l t 1
I ] ] 1
i ] 1 1
i 1 !
1 1 ! !
1 ' ' ! Time (ms)
I | ~
] ! L
' I
| ' Time 10ms  16ms
0.9" first 1.8° second 2.7° third 3.6 farth
pulse pulse pulse pulse

Figure 3.7.4 Pulse sequence to turning the motors

16



o
o
8
G o}
o
o BVvV95
s
12 9 4
Enable 0 ewaBle  vee N Sdint vee Vs , STEP MOTOR 1
Reset 20 ReSET 8-S e ouT
Halffull £ HALFIFULL c £ 2 ins 5
CwiCow I cwicew o= INd g OUT?
Clock. TLocK 1 (=2 = Ena -
, - N2 ENB ouTs
Home <J——=— HOME - : 1
“ SENS1 1 sensa ouT4
Control [———tled CONTROL SENS2 q SENSE  GND
15 vRer i "
osc GND  SYNC [i= oW W
, 05 05
3.3n
5k =
Q
o
8
5 o}
o
— BVva5
s
12 9 4
Enabe | 0 enple  vee N St vec  vs ) STEP MOTOR 2
Reset L 29 ReseT g -2 < e ouT1
Halffull 2 HALFIFOTT ¢ 01
CwiCow i cwicow D INd logg  OUTZ
Glock TLOCK WA £ Ena
. 5 - A2 ENB ouTa
ome €= HOME 14 i
4 senst (=14 —— sensa ouT4
Control [>——=1— conTROL SENS2 SENSE  GND
15 vRer ; "
0sc GND  SYNC - R2 R3
f 05 05
33n
5k =

Figure 3.7.5 Step Motor Driver circuit

3.9 Communications between Computer and Laser ScaenHardware

Communication between laser scanner hardware antputer is provided with
hardware and computer program which is writterhia study. Some ports like LPT,
COM, USB, and SATA on the computer can be used sotoa enable the
communication. The port that is used in this projege COM-RS232. The
communication protocol that has been used has xlugid serial communication.
The communication speed of the port is 9600 bpwesSi byte is 8 bit, we can have
the 1.2 kb communication speed with this port. Tiasurement speed is smaller

than communication speed so 1.2kb communicatioedsfgeenough for our study.
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3.10 Data Packets to Communication

The data packet transfer between computer and fasemer hardware have been
done by data packs. The hardware has sent a pckeach measurement. Every
packet has includeél and axis location and distance data. The packet streigs

shown in the Figure 3.9.1

Vertical Axis (@) Horizontal Axis (8) Measured value of
position position distance
- A /

AL
e " ~
8 bits 8 bits 16 bits
— -
—_——

32 bits data packet

Figure3.9.1 Data Packet of each measured point

3.11 Computer Software and Monitoring

The computer software has coded by using C# pragiag) language on .NET
platform. The duty of software is to collect andnitor the information that comes
from the laser scanner hardware. Furthermore, thrapater software has sent
scanning parameters such as to scanner with tpeohelser interface. In addition to
computer software has drawn the shape of the sdaamaronment with AutoCAD
programme by using the data. Computer softwaresiduo set scanning area
parameter; speed of motors and color of AutoCAOfpien .Software adjusts the
color changes automatically according to distanicange while drawing on the
AutoCAD. The angle setting in the software detemsirthe starting point and the
scanning area of the scanner. The setting of hilgfe @nd low edge determines the
structure of the pulse that is being sent to theom&oftware Ul is shown in Figure
3.10.1
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Figure 3.10.1 Computer program Ul

The software has generated a matrix which of sitated to number of measured
points. After scanner has completed the scanniagess, the computer software has
generated 3D model by using matrix on AutoCAD. Timatrix consists of distance
and angle information. Measured values have coedefitom polar coordinating
system to cartesian coordinating system. This ammwe and drawing have
completed by computer software. Sample matrix streds shown in Figures 3.10.1
and 3.10.2
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373.00 374.00 372.00 737.00 717.00 . . v
372.00 374.00 381.00 386.00 395.00 .
387.00 385.00 390.00 730.00 738.00 .
377.00 380.00 386.00 387.00 395.00

A= I (3.10.1)
398.00 399.00 401.00 732.00 758.00 . . .

V= ¢ h= g
Sep angle’  Sep _angle

18.2)
Sep_ angle=0.9°
¢ : Vertical angle of scanning area that defined &gru

@: Horizontal angle of scanning area that definedissr.

3.12 Parallel running between C# and AutoCAD

Autodesk firm is the manufacturer firm of the Au#dQ program. Autodesk firm
designed API which enables applications to be comedewithout having a user
connection with program called AutoCAD. Firm pushied great tutorial and sample
codes related to usage of these API on their wehsWe have issed the AutoCAD
program by having a relation between AutoCAD arviith the help of the API
that Autodesk firm enables. The software can geeethe object modeling

automatically with the help of the data that weereed from scanner.
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CHAPTER 4
EXPERIMENTAL STUDY

4.1 Resolution

The resolution of the image generated by desiggsiés depends on the step angle
of the step motor. When the distance of measuréd pas increased the resolution
of model will decrease. To create a model with hggolution, the step angle of the
motors should be decreased. For instance, whilsystm scans an object with 10
meter distance, it takes a point measurement imye¥® cm. It will take more
frequent measurement when the distance decreas$es.cdlculation related to
resolution is shown in the equation 4.1.1. Poind&ritution graph is shown in figure
4.1.1.

2XMxLxg
36C

L: Distance of measured point

Range between _ pnts = (4.1.2)

¢ : Step motor angle value that changing each step

g2
azd
atgd
g™

0os.

number of points / cm2

Angle of scaned area

Distance of measured point (cm)

Figure 4.1.1 Measured points distribution graph
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4.2 Scanning Time

Scanning time is the time that starts from the tieigig of the scanning and the end
of scanning. The time depends of the width of tensing area and the speed of the
motors. When the speed of the motors is increasedder to decrease the scanning
time, it is clearly observed that the measured evatorrectness is not stabled.
Scanning time relation equation is given in Equat#o2.1. Scanning time, vertical

and horizontal angle graph shown in Figure 4.2.1.

¢ 6
ST =ixEx2 xp 4.2.1
¢X¢ ( )

ST: Scanning Time.

n: Step time value.
¢ : Vertical angle of scanning area.

@: Horizontal angle of scanning area.

@ : Step time value.

L Duration time of conversion signal from analogligital.

e

e 1 IR B

Scanning time: (ms)

150 - 200

g et
S0 oo

150 500 g a0 100

: Harrizontal Angle
Yertical angle ?

Figure 4.2.1Scanning time graph
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4.3 Results

Designed and implemented hardware and software hage evaluated at different
environments. Scanning results have shown somerpgtand model views that
scanned from different places. Each result consispdhotography of place, views of
created model and information about scanning timeber of measured point and

scanning area.

Figure 4.3.1 shows scan results have been obtamredutdoor of a tree. Some scan

specifications are given in Table 4.3.1.

Table 4.3.1 Scanning parameters of tree

Vertical angle 65

Horizontal angle 65

Scanning time 182 seconds
Measured point number 4520 points
Used point number to create model 1551 points
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Figure 4.3.1 Scanning result of tree from differes¢ws point, (a)
Photography of tree, (b) Perspective view of crkatedel, (c) opposite view of
created model, (d) Left view of created model.
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Figure 4.3.2 shows scan results have been obtamnadclosed area of a hall and
plant. Some scan specifications are been giveraiiel4.3.2.

Table 4.3.2 Scanning parameter of hall

Vertical angle 100
Horizontal angle 116

Scanning time 541 seconds
Measured point number 13542 points
Used point number to create model 8874 points
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Figure 4.3.2 Scanning result of hall from diffearenews point, (a)
Photography of hall, (b) opposite view of createdded, (c) perspective view of
created model, (d) Left view of created model.



Figure 4.3.3 shows scan results have been obtanaclosed area of a wall and a
window. Some scan specifications are given in T4l83e3.

Table 4.3.3 Scanning parameters of Wall and window

Vertical angle 100
Horizontal angle 58

Scanning time 541 seconds
Measured point number 6771 points
Used point number to create model 5574 points
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Figure 4.3.3 Scanning result of wall and windownir different views
point, (a) Photography of wall and window, (b) Petive view of created model,
(c) opposite view of created model, (d) Left viefxcceated model.
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CHAPTER 5
CONCLUSION

In this study, the scanner has created a 3D mddigleoenvironment. The scanner
consists of 2 electronic cards, 1D LRF sensor amdputer software. All units are
operating in real-time. The distance measured bystdanner and the provided model
give us information about the density of objectse Bcanning time depends on the
engine speed and size of scanning area. Accordinlget equivalent laser scanners
our scanner is slower but cheaper. To reduce thes,cdD LRF has been used.
Produced laser scanner cost is lower than equitvédser scanner. But, Scanning
speed of produced laser scanner is lower than alguivlaser scanner. Laser scanner
can used at architecture restoration projects abecting path of robotic application.

During the design of laser scanner and the 3Detimgl implementation, | have
gained experience about Stepper Motor Driver anal-tnme data streaming,
AutoCAD and C# interaction.

5.1 Future Work

This device’s motion can be provided by movingrittbe robotic system. Moreover,
system can be improved by using servo motors, rdifite LRF and fast
microprocessors. When scanning speed of laser scancrease, it is used many
area as short range radar. For instance It canadéie shape of the bird or a plane.
Laser scanners are used in our houses with thet $ebavisions(Riza, Nabeel A.,
2011). Laser scanners can be used to generate eograghical place (zZho, H,
2001). The increased addiction of technologicalettgyment and robotic systems

show that usage of laser scanners will increase.

29



REFERENCES

Biber, P., Andreasson, H., Duckett, T., Schilliag,(2004). 3D modeling of indoor
environments by a mobile robot with a laser scanaed panoramic camera.
Intelligent Robots and System. 4, 3430 — 3435.

Huber, D., Akinci, B., Pingbo Tang Adan, A., Okpia., Xuehan Xiong, (2010).
Using Laser Scanners for Modeling and Analysis mhitecture, Engineering, and
Construction. Information Sciences and Systems (CISS), 2010 44th Annual
Conference on. 1-6.

Jianhua W., Bing Li, Weihai Chen, Lixia Rong, (2008D reconstruction embedded
system based on laser scanner for mobile robadustrial Electronics and
Applications. 20, 697-701.

Layton, T., Jacobs, E.L., Griffin, S.T., (2009). 38ser scanner and profiler for
application to border securit$ensors Applications Symposium. 124-127

Luo, R.C., Tzou, J.H., Yi Cheng Chang, (2000). irttegration of 3D digitizing and
LCD panel display based rapid prototyping systemnh@nufacturing automation.
Industrial Electronics Societ. 2, 1255 — 1260.

Nemoto, Z., Takemura, H., Mizoguchi, H., (2007).vBe®pment of Small-sized
Omni-directional Laser Range Scanner and Its Appba to 3D Background
Difference.33rd Annual Conference of the IEEE, 2284 — 2289.

Ohno, K., Tadokoro, S., Kawahara, Toyokazu, (20@®velopment of 3D laser

scanner for measuring uniform and dense 3D shapesatic objects in dynamic
environment.Robotics and Biomimetics 2, 2161-2167.

30



Riza, Nabeel A., Marraccini, P.J., (2011). Smartoi®imensional Laser-Based

Display.Display Technology, Journal of (Volume:7, Issue: 2) ,7,90 — 95
Xiaofeng Lian, Zaiwen Liu, Xiaoyi Wang, Lihua DoAQ08). Reconstructing indoor
environmental 3D model using laser range scannedscnidirectional camera,

(2008), 1640 — 1644.

Zho, H., Shibasaki, R. (2001). Reconstructing urBBnmodel using vehicle-borne
laser range scannef®D Digital Imaging and Modeling, 349 — 356.

31



APPENDIX

C CODE FOR MICROCONTROLLER

#include <18F4550.h>

#device adc=10

#fuses
HSPLL,WDT,PROTECT,LVP,NODEBUG,PLL3,CPUDIV1,NOVREGENSBDI
\%

#use delay(clock=48000000)
#use rs232(baud=9600,parity=N,xmit=PIN_B2,rcv=PIN, lBts=8)

int start=0;

int ver_degP=10; // pulse
int hor_degP=10;

int h=1;

int v=1,

int f\W=15; // ms full width
int hE=10;// ms high edge
int upLoc=0;

int hor_offset=2;// pulse,
int ver_offset=12;// pulse

float adc=0;

char rcv;

int wait=0;

void start_up()

{
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output_high(PIN_B3);
delay _ms(350);
output_high(PIN_B4);
delay_ms(350);
output_low(PIN_B3);
delay _ms(350);
output_low(PIN_B4);
delay_ms(350);
output_high(PIN_B3);
delay _ms(350);
output_high(PIN_B4);
delay_ms(350);
output_low(PIN_B3);
delay _ms(350);
output_low(PIN_B4);
delay_ms(350);

output_low(PIN_EO); // Not used
output_low(PIN_A1); // Not used
output_low(PIN_A2); // Not used
output_low(PIN_A3); // Not used
output_low(PIN_A4); // Not used
output_low(PIN_AD5); // Not used

output_low(PIN_DO); // step 1 is enable
output_low(PIN_C4); // reset is not active
output_low(PIN_D3); // half wave active
output_low(PIN_D1); // step 1 is control pin
output_low(PIN_C5); // step 2 is enable
output_low(PIN_D®6); // reset is not active
output_low(PIN_D5); // half wave active
output_low(PIN_C6); // step 2 is control pin
output_low(PIN_D?2); // step 1 clock
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output_low(PIN_C7); // step 2 Cw

printf("ready");

putc(R’);

}

void stop_stepper(){
output_low(PIN_DO); // step 1 is enable
output_low(PIN_D1); // step 1 is control pin
output_low(PIN_C5); // step 2 is enable
output_low(PIN_C®6); // step 2 is control pin

}

void start_stepper(int choose)// Enable, resef/fat control || choose ==

1 is active,==2 => step 2 is active, ==3 => twitepsmotor are active
{

if(choose==1) // horizantoal step motor is prepgri

{
output_high(PIN_DQ); // step 1 is enable

output_high(PIN_C4); // reset is not active

=> step

output_high(PIN_D3); // if HIGH = half waaztive , else if LOW = Full wave

active
output_high(PIN_D1); // step 1 is control pin
}
else if(choose==2) // vertical step motor is prega
{
output_high(PIN_C5); // step 2 is enable
output_high(PIN_D®6); // reset is not active

output_high(PIN_D5); // if HIGH = half wawaetive , else if LOW = Full wave

output_high(PIN_C6); // step 2 is control pin
}

else if(choose==3)// all step motors are preparing

{
output_high(PIN_DO); // step 1 is enable

output_high(PIN_C4); // reset is not active

output_high(PIN_D3); // if HIGH = half wawaetive , else if LOW = Full wave
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output_high(PIN_D1); // step 1 is control pin
output_high(PIN_C5); // step 2 is enable
output_high(PIN_D®6); // reset is not active
output_high(PIN_D5); //if HIGH = half wavetave , else if LOW = Full wave
output_high(PIN_C6); // step 2 is control pin
}
else if(choose==4)// close all
{
output_low(PIN_DO); // step 1 is enable
output_low(PIN_C4); // reset is not active
output_low(PIN_D3);// if HIGH = half wave aet , else if LOW = Full wave
output_low(PIN_D1); // step 1 is control pin
output_low(PIN_C5); // step 2 is enable
output_low(PIN_D®6); // reset is not active
output_low(PIN_D5); //if HIGH = half wavestve , else if LOW = Full wave
output_low(PIN_C6); // step 2 is control pin

}

void homming()
{
int x=1;
int catched=2; // when the sensor catched it'sevaliange to 3 and it will start
return.
printf("Homming started");
putc(R’);
output_high(PIN_D7); // step 1 Cw
output_high(PIN_B3); // led red
while(1){
output_high(PIN_D2); //step 1 clock
if("input(PIN_E1)) // sensor catched
{
catched=4;

break;
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}
delay_ms(fW);
output_low(PIN_D?2);
delay_ms(fW-hE);
}
if(catched==4)
{
delay_ms(20);
output_low(PIN_D7);
for(x=1;x<=ver_offset;++x)
{
output_high(PIN_D2); //stepléck
delay_ms(fwW);
output_low(PIN_D?2);
delay_ms(fW-hE);
}
upLoc=0;
catched=1;
}
output_low(PIN_C7); // step 2 CCw
while(1){
output_high(PIN_D4); //step 2 clock
if(linput(PIN_E?2)) // sensor catched
{
catched=3;
break;
}
delay_ms(fW);
output_low(PIN_D4);
delay_ms(fW-hE);
}
if(catched==3)
{
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catched=1;
output_high(PIN_C7); // step 2 Cw

for(x=1;x<=hor_offset;++x)

{
output_high(PIN_D4); //step 2 clock
delay_ms(fW);
output_low(PIN_D4);
delay_ms(fW-hE);

}

output_low(PIN_B3);

printf("at home");

putc('R’);

}

void main()

{
setup_adc_ports(ANO|VSS_VDD);
setup_adc(ADC_CLOCK_Div_64);
setup_psp(PSP_DISABLED);
setup_spi(FALSE);
setup_wdt(WDT_OFF);
setup_timer_O(RTCC_INTERNAL);
setup_timer_1(T1_DISABLED);
setup_timer_2(T2_DISABLED,0,1);
setup_timer_3(T3_DISABLED|T3_DIV_BY_1);
setup_comparator(NC_NC_NC_NOC);
setup_vref(FALSE);
enable_interrupts(INT_TIMERDO);
enable_interrupts(GLOBAL);
setup_low_volt_detect(FALSE);
setup_oscillator(False);
start_up();

delay_ms(500);
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start_stepper(3);
delay_ms(100);
homming();
delay_ms(200);
while(1){

/I get character
output_high(PIN_B3); // led red
output_high(PIN_B4); // yellow red

rcv=getc();
if(rcv==0x56)// 0x56=V vertical angle
{

output_low(PIN_B4);

ver_degP=getc();

delay_ms(200);

output_high(PIN_B4);

printf(“vertical Angle OK");
putc('R’);

continue;

}

if(rcv==0x57) // horizantal angle
{
output_low(PIN_B4);
hor_degP=getc();
delay_ms(200);
output_high(PIN_B4);
printf("Horizantal Angle OK");

putc(R’);

continue;
}
if(rcv==0x58) //vertical offset
{

output_low(PIN_B4);

ver_offset=getc();
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}

delay_ms(200);
output_high(PIN_B4);
printf("Veretical offset OK");
putc(R’);

continue;

if(rcv==0x59)// horizantal offset

{

}

output_low(PIN_B4);
hor_offset=getc();
delay_ms(200);
output_high(PIN_B4);
printf("Horizantal offset OK");
putc('R’);

output_low(PIN_B3); // led red
output_low(PIN_B4); // yellow red

continue;

if(rcv==0x60) // vertical Highedge width

{

output_low(PIN_B4);

fWw=getc(); // full width

hE=getc(); // high Edge
delay_ms(200);

output_high(PIN_B4);

printf("vertical and horizantal motgrezds Ok");
putc('R’);

printf("Parameters Setted ...");

putc(R’);

printf("Vertical angle: %d",ver_degP);
putc('R’);

printf("Horizonral angle: %d",hor_degP)
putc(R’);
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printf("Vertical angle offset: %d",veaffset);
putc('R’);

printf("Horizontal angle offset: %d" hmffset);
putc(R’);

printf("Full width: %d",fwW);

putc('R’);

printf("High Edge width: %d",hE);

putc(R’);

output_low(PIN_B3); // led red
output_low(PIN_B4); // yellow red

break;

}

putc('Z"); // start button enable

a:

while(1)
{

if(input(PIN_b6))
start=1,;
if(input(PIN_b6) || getc()==0x35)
{
set_adc_channel(0);// A0 adc starting
adc=read_adc();
printf("First dist=%f,"adc); // to fat "-"
output_low(PIN_B3); // led red
output_high(PIN_B4); // yellow red
start_stepper(3);
homming();
delay_ms(150);
for(h=1;h<hor_degP;++h)
{
output_high(PIN_D4); //steplack
delay_ms(fw);
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output_low(PIN_D4);
delay_ms(fW-hE);
delay_ms(15);
if(lupLoc==0){
output_low(PIN_D7);}
else if(upLoc==1){
output_high(PIN_D7);}
for(v=1;v<ver_degP;++v)
{
output_high(PIN_D2);éfs 1 clock
adc=read_adc();
if(v==1 && h==1)
printf("%d,%d:%h,V,adc); // to filter "-"
else
printf("-%d,%d:9%fY,adc);
if(input(PIN_b7))
goto a;
delay _ms(fW);
output_low(PIN_D?2);
delay_ms(fW-hE);

}
if(lupLoc==1){
upLoc=0;}
else if(upLoc==0){
upLoc=1;}
}
printf("Scan Process Completed");
putc('W’);
start=2;

output_low(PIN_B4); // yellow red
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output_high(PIN_B3); // led red
stop_stepper();
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C SHARP CODE FOR COMPUTER

Coordinate system Transformation spherical to Cartsian

private void autocad_tx()

{

int x, y;

double r;

double p3;

int cnt=0;

double ox, oy, oz;

oX = 0;

oy = 0;

0z = 0;

for (x = 1; x <= hl; x++)// hor

{

for (y = 1; y <= vl1; y++)// vertical
{
cnt++;
r = data_packet[x, y]; // 220 ohm 4-20 mA
p3 = ((r-172) * 9800 / 569); // 9800 mm so 9.8 meter full
range

if (x %2 == 0)

{

z1 = p3 * Math.Sin((((vl - y) * step_angle) -
(int)vo.Value + (double)verOffset.Value) * (Math.PI / 180.0));

x1 = p3 * Math.Cos((((vl - y) * step_angle) -
(int)vo.Value + (double)verOffset.Value) * (Math.PI / 180.0)) *
Math.Cos(((int)ho.Value - (double)horOffset.Value - (x * step_angle)) *
(Math.PI / 180.0));

yl = p3 * Math.Cos((((vl - y) * step_angle) -
(int)vo.Value + (double)verOffset.Value) * (Math.PI / 180.0)) *
Math.Sin(((int)ho.Value - (double)horOffset.Value - (x * step_angle)) *
(Math.PI / 180.0));

textBox1l.AppendText("\r\nX:" + x.ToString() + ", Y:" +
y.ToString() + "\r\nr:"+p3.ToString() + "\r\nx1:" + x1.ToString() + "\r\nyl:"
+ yl.ToString() + "\r\nzl:" + z1.ToString() + "\r\nox:" + ox.ToString() +

"\r\noy:" + oy.ToString() + "\r\noz:" + oz.ToString());

addSpr(x1, yi, z1, (int)rsphr.Value, ox, -oy, oz,r);
ox = x1;
oy = yl;
oz = z1;

3

else

{

z1 = p3 * Math.Sin(((-(int)vo.Value +
(double)verOffset.Value) + (y * step_angle)) * (Math.PI / 180.0));

x1 = p3 * Math.Cos(((-(int)vo.Value +
(double)verOffset.Value) + (y * step_angle)) * (Math.PI / 180.0)) *
Math.Cos(((int)ho.Value - (double)horOffset.Value - (x * step_angle)) *
(Math.PI / 180.0))
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yl = p3 * Math.Cos(((-(int)vo.Value +
(double)verOffset.Value) + (y * step_angle)) * (Math.PI / 180.0)) *
Math.Sin(((int)ho.Value - (double)horOffset.Value - (x * step_angle)) *
(Math.PI / 180.0));

textBox1l.AppendText("\r\nX:" + x.ToString() + ", Y:" +
y.ToString() + "\r\nr:"+p3.ToString()+"\r\nx1:" + x1.ToString() + "\r\nyl:" +
yl.ToString() + "\r\nzl:" + z1.ToString());

addSpr(x1, yi1, z1, (int)rsphr.Value, ox, -oy, oz,r);

ox = x1;
oy = yl;
oz = z1;

Monitoring the position of Axis

private void draw_shapes(int i

{

Point orj = new Point(95, 95);// x hor y ver

System.Drawing.Pen myPen;

System.Drawing.Pen myPen2;

System.Drawing.Pen mypen_hash;

System.Drawing.Pen mypen_blue;

float[] dashvalues = { 2, 2 };

mypen_hash = new System.Drawing.Pen(System.Drawing.Color.Black);
mypen_blue = new System.Drawing.Pen(System.Drawing.Color.Blue);
mypen_hash.DashPattern = dashValues;

myPen2 = new System.Drawing.Pen(System.Drawing.Color.Yellow);
myPen = new System.Drawing.Pen(System.Drawing.Color.Red, 2);
Font myFont = new Font("Calibri", 10);

if (1 == 1)
{
verpan.Refresh();
System.Drawing.Graphics formGraphics =
this.verpan.CreateGraphics();
formGraphics.DrawLine(mypen_hash, @, 95, 190, 95); // horiz
axis // hor,ver,hor,ver
formGraphics.DrawLine(mypen_hash, 95, @, 95, 190); // vertical
axis

formGraphics.DrawPie(mypen_blue, new Rectangle(15, 15, 1690,
160), (50 - (float)verOffset.Value) , -(float)verAngle.Value);

formGraphics.DrawPie(myPen, new Rectangle(15, 15, 160, 1690),
50 - (float)verOffset.Value - turning_value_ver, -2); // lazer show
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formGraphics.DrawString("RIGHT WIEW", myFont, Brushes.Blue,
new PointF(4, 170));

formGraphics.Dispose();
}
else if (i == 2)
{
horpan.Refresh();
System.Drawing.Graphics formGraphics2 =
this.horpan.CreateGraphics();
formGraphics2.DrawLine(mypen_hash, @, 95, 190, 95); // horiz
axis // hor,ver,hor,ver
formGraphics2.DrawLine(mypen_hash, 95, @, 95, 190); //
vertical axis

formGraphics2.DrawPie(mypen_blue, new Rectangle(15, 15, 160,
160), 215 + (float)horOffset.vValue, (float)horAngle.Value);

formGraphics2.DrawPie(myPen, new Rectangle(15, 15, 160, 160),
215 + (float)horOffset.Value + turning_value_hor, 2); // lazer show

formGraphics2.DrawString("TOP VIEW",myFont,Brushes.Blue,new
PointF(4,179));

formGraphics2.Dispose();

}

myPen.Dispose();
mypen_blue.Dispose();
mypen_hash.Dispose();
myPen2.Dispose();

}
This Function Sends Setting Values to Electronic Bod

private void set()
{
// Send the one character buffer.
byte[] c = new byte[1];
if (stp == 0)

{
c[@] = Ox56; // ©0x56= V vertical angle
sp.Write(c, 0, 1);
c[@] = (byte)Math.Round(verAngle.Value * 10 / 9);
sp.Write(c, 0, 1);
stp++;
buttonl.Text = "Apply Settings \n ->2.Step";
textBox1.AppendText("\r\n");
return;

}

if (stp == 1)

{

c[@] = ox57; // horizontal angle
sp.Write(c, 0, 1);
c[@] = (byte)Math.Round(horAngle.Value * 10 / 9);
sp.Write(c, 0, 1);
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}

stp++;

buttonl.Text = "Apply Settings \n ->3.Step";
textBox1l.AppendText("\r\n");

return;

if (stp == 2)

c[@] = ox58; //vertical offset

sp.Write(c, 0, 1);

c[@] = (byte)Math.Round(verOffset.value * 108 / 9);
sp.Write(c, 0, 1);

stp++;

buttonl.Text = "Apply Settings \n ->4.Step";
textBox1.AppendText("\r\n");

return;

if (stp == 3)

c[@] = @x59; // horizontal offset

sp.Write(c, 0, 1);

c[@] = (byte)Math.Round(horOffset.value * 10 / 9);
sp.Write(c, 0, 1);

stp++;

buttonl.Text = "Apply Settings \n ->5.Step";
textBox1l.AppendText("\r\n");

return;

}
if (stp == 4)

{

c[@] = ox60; // V vertical highedge width
sp.Write(c, 0, 1);

c[@] = (byte)(hE.value + 1lE.Value); // full width
sp.Write(c, 0, 1);

c[@] = (byte)(hE.Value);

sp.Write(c, 0, 1);

c[@] = (byte)(hE.Value);

sp.Write(c, 0, 1);

stp = 0;

buttonl.Text = "Apply Settings2";

textBox1l.AppendText("\r\n");
return;

46



