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This research is to build and design the algorithm for autonomous transport
vehicles prototype navigated by the image processing. These day the transport or
convey system in industry relies on the labors. That has many limitations such as the
need of expertise in specific areas. Moreover, the lake of labors became a major
problem in the industry. This study was looking for a new control system which has
the ability to detect and access accurately for replacing the system controlled by
humans. The study found that current navigation systems are actually used many
forms. But, the high accuracy device is very expansive. Therefore, the concept idea of
computer vision technology was chosen to develop a prototype navigation system and
control of autonomous transport vehicles. Because this technology has ability to detect
object and image processing accurately and used very less and low cost device such as
webcam, software and computer. Furthermore, it is flexible to modify and adjust for
using. In this study used program LabVIEW with the NI Vision Module to create the
computer vision algorithm, and operated with the DAQ and control external actuator.
The autonomous transport vehicles prototype can travel from one station to others
station by tracking the line on the floor, and the user can set the path from the monitor.
The vehicle can detect and identify the sign plat installed beside the track by using the

OCR (Optical Character Recognition) process. Moreover the vehicle has ability to



detect obstacle to stop or avoidance in the right direction. This research achieved the
prototype autonomous transport vehicles can operate line detection process with
accuracy 100% sign plate recognition process average accuracy 96.75% and obstacle

detection and avoidance process average accuracy 92%.
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2.10.1 IMANTANIY (Proportional Term)
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2.10.2 mauﬂ?ﬁuﬁ (Integral Term)
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3 1 2.47 Diagram Unipolar Stepper Motor
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Windows® 7 Home Premium

GTf ﬁgl Intel® Atom™ N330 Dual Core

H1EANNT 2 x So-DIMM Slots, DDR2-800 2G (UP to 4G)
AA0LTY SATA 2.5" 250GB

Fwido NVIDIA® [ON™

N3N NVIDIA® [ON™

au 10/100/1000 Mbps

hsaa 802.11b/g/n @2.4GHz

DI N5A

SD/SDHC/MS/MS Pro/MMC

v v
WEHA ATUNUN

e Card Reader x 1(SD/SDHC/MS/MS Pro/MMC)
e USBx3
e Headphone x 1

e MICx1

Yy 9
WLUHEA ATUHUNN

e  Wi-Fi antenna x1 (built-in)
e DC-in

e USB2.0x2

e Gigabit Lan x1

e HDMI out x1

e D-Sub

e Audio out (S/PDIF out) jack x1

Upper I/O e USB20xl
e eSATAx1
Keyboard + Mouse Wired Keyboard + Mouse(Option)

J o
WIUIDT YWNAY

19Vdc, 2.1A, 40W Power Adaptor

UanNDd Option
YUIA 222mm(W)x178mm(H)x26.9mm(D)
Hnn 1.1 kg (2.41b)
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3.3.7 Servo Motor
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NI_¥ision_Development_Module.l¥lib:IMAQ ColorThreshold

Replace Yalue
Color Mode
Image Src ...1 e Image Dsk Cuk
Image Dsk
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Error in {no error)
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ﬂigﬂjaWﬁﬁﬂﬂ']@@ﬂN'l]lﬂﬂ\‘lu

° = = LA Aa A A
o Replace Value ﬂiﬂuﬂﬂ1ﬁ1u11’m¢]ﬁ 8bltlwauﬂuﬂauuv\lﬂl%aﬂagiu
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1 Tviuad HSL (Hue, Saturation, Luminance)
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® Blue or Luma Range AMNUALIIUDITTHT0A1 Luminance NABINTLUIAAIY
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MI_V¥ision_Development_Module.lvlib:IMAQ ExtractSingleColorPlane
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1 I . o [
® Image Dst Out Aonmiateneszuvasdoyaoomilugilnin 8 bitd 1w uns
1¥amluTsunsy LabVIEW

o3| o Jd o o [ a ' '
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. . g Q A 9 =
® Circle Descriptor 1/ UMIMHUATUIAKTBVD VYA TUNITAUNIIINANTNT
o - 1 =
Mriuamduls 2 a1 Ao
o v A g A ' a
1) Min Radius Snvuaseivednnavianiigaluniitevesiiniga

q
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® Number of math returned HaaIUIUINANAND UM N
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1 —— IMAQ OCR. Session
Thtzs)

Error in (no error) error ouk

gﬂﬁ 3.31 Waniu IMAQ OCR Create Session

9

A Jou A o Y 0 Jd o
ﬂ’]ﬂ?}ﬂ‘ﬂ 3.31 W\jﬂslfuuﬁ’]il’]ﬁﬂﬂ']Wuﬂ"’U@lluaGluﬂ’]'iﬂﬁlﬂ']uallﬂ\?ﬂ\iﬂsﬁuuag

b4
v A

[ Y
ﬂizmawammaaﬂm%mu
. ' < A g Y 1 o o o
® IMAQOCR Session @4 }ltnuiinu 13 Tunulend1udrdrisesdinsin
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7. IMAQ OCR Read Character Set File #afidud1vius1ugadionysonnd i
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® ROI Descriptor 81 UAgAYD YLD Cluster tW032 YV IUNADINIT 1A
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® Image Name M¥ua¥elinudunisnziimsseaiesunmuaz luuaas
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[

0 52AUTNGrayscale) YU1A 8 TARDNNLYE
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Abstract. This paper presentsapplication of computer vision and image processing system as an
alternative principle which high accuracy and reliability to control Autonomous Transport Vehicles.
The systems will use the principle of detecting image by stereo vision which will show the depth in
depth disparity under constant light conditions to calculate the position and distance in front of the
vehicle. And will send data to the controller to control the direction and speed of the vehicles to
avoid obstacles in front with accurately and efficiently. And travel to destinationby planed route
following marking color path on the floor. Also read from the signs on the side of the route which
will be on matching pattern algorithm.

Introduction

Automated Guide Vehicle (AGV) is a transport vehicle widely used in manufacturing industry. It
can work automatically according to conditions and directions to destination are defined. The
Navigation principles are different, such as wired navigator, Guide tap, Laser guidance and
gyroscopic. This system is more flexible. And can improve efficiency and productivity in the
industry. It reduces labor costs in industry. As well as increasing the safety of its employees from
working in dangerous environments. Modern sensor such as LIDAR acquires and process data to
navigate and control the position and direction and speed of the vehicle.

Computer vision is nowadays commonly used in automated product inspection.And one
commonsituation arises when the objects present in an input image are in reciprocal contact. The
complexity in the shape and color of the objects affects the process of segmentation, whose primary
goal does not consist of identifying uniform regions inside the input image, but separating whole
objects. A general approach to this situation clearly requires the a priori knowledge of the possible
set of objects to be identified and extracted from the input image. The segmentation algorithm must
be able to identity the objects before feature extraction and classification.

Experiment
Experimental Apparatus

1:10 scale car is used to simulate the operation of the autonomous transport vehicle. Pair of webcam
camera isrigidly mounted on the front of the vehicle. A minicomputer is installed on the top of the
car and is powered by a 20Vdc battery and data acquisition (DAQ) is mounted in the rear connected
to the Minicomputer with a USB port. Furthermore, the servo system used in the steering and Speed
control for controlling the direction and speed of vehicles using typical equipment for radio control
car. Fig. | shows the autonomous transport vehicle.

978-1-61275-015-6/10/$25.00 ©2012 IERI ICMMA2012
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Fig.1 Autonomous transport vehicle

Technique
Data acquisition

These images were processed by using the front vehicle stereo vision. The images from both
cameras will be processed using a Mini computer with LabVIEW 2010 and Ni Vision module. And
then processed to determine the location of obstructions and sign plate recognition on the side of the
rout. DAQ is connected to the Mini computer and signal output sent to Servo control by using Pulse
Width Modulation (PWM) to control the car to go in the correct direction and avoid obstacles
effectively. The signal output from the DAQ is also used to control vehicle speed to avoid obstacles
or stop the vehicle.

Servo

Stereo Mini
DAQ | | Speed
Camera [—— Computer control

Fig. 2Diagram equipment

Analysis
Line Detection process

Line detection is one of the most important processes for the control of automated guide vehicles. In
this experiment we mark a pair of colored line on the floor. Using images from both cameras the
processor used the Hough transform algorithm to estimate a straight line. Theimage from the left
camera is used to search in the direction from left to right and the first line to the slope. And the
image from right camera will be used search direction from right to left, and the first line to the
slope. Both slopes determine the heading in fig. 3 show diagram line detection process
preprocessing used to reducenoise and increase sharpness. Color threshold, morphology, and
remove particle used to improve the image of the color line and use the Hough transform algorithm
as a principle to search for the straight line. Theheading is calculated from the slope information in
the two images.

Acquire | | . Color
P — —
Image reprocessing threshold Morp‘ll'mlng
Remove (—— Hough —— Determine
particle transform Heading

Fig. 3 Diagram Line detection
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(a) (b)
() (d)

Fig. 4 Example image from stereo camera before and after segmentation (a) left image

(b) right image (c) left image after processing (d) right image after processing
Stereo vision processing

The stereo vision process is an important process for determining detection of obstacles and the
distance to obstacles. A stereo camera pair must have two identical cameras rigidly mounted so that
they will not move with respect to each other. The two cameras on the front of vehicle take pictures
of the same object with difference view. These two images contain some encrypted information
about the depth of the object. This information is the third dimension of the two images. Therefore
the image distance and its depth can be determined by using the stereo cameras. The distance
between two points of view is called the baseline. The baseline’s distance isaffectedby the range
resolution which establishes the range of depth that can be calculated. The difference between
scenes of the same object on the two images is called disparity fig. 5(a) and fig. 5(b) show images
from right camera and left camera. The process of stereo vision is then typically defined as finding a
match between feature in left and right. The stereo baseline T is the distance between the center to
center of the projection O; and O,. The X; and X, are the coordinate of P; and P, where the f is the
focal of length. Disparity is Xi-X:and the distance to the obstacle Z can be calculated by
triangulation.

(a) Left image (b) Right image

Fig. 5 Image from stereo camera
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O

Fig. 6 Principle of stereo vision

Triangular calculate by

T.
Thus Z = !

X - X
This experiment distance between camera and obstacle can be determined by using baseline
camera, T 14 cm. focal of length, f 660 in pixel unit. Table | show Z.a value compared with

z Z—f

= ——eq.1
T T+X —X

eq.2

distance Z obtained by calculations.

Table 1 Experimental result of obstacle distance

Z X X, X- X, Z calculate %error
real

20 558 79 479 19.29 3.55
40 458 219 239 38.66 3.35
60 405 249 156 59.23 1.28
80 380 261 119 77.65 2.94
100 366 271 95 97.26 2.74
120 364 286 78 118.46 1.28
140 357 291 66 140.00 0
160 352 296 56 165.00 3.13
180 348 297 51 181.18 0.65
200 342 297 45 205.33 2.67

Sign recognize process

To control Autonomous Transport vehicles go to the destination. The routes must be planned in
advance. And during the process other signs must be monitored and recognize. To determine the
conditions for controlling the direction and speed of vehicles. For example, Station label, stop signs
and turn left, turn right. The basic process used the method of matching pattern. And the lighting is
controlled under the indoor conditions. Fig.7 shows severaltypes of sign plates in used experiment.
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Station

@@ ®

The computer vision system for controlling the autonomous transport vehicles in this paper with
used an image processing knowledge with integration of 3 components, i.e. (1)

Line detection to detect a pair of color lines marked on the floor to estimate the right heading for
vehicles, (2) sign and label recognitionand detection and recognition of regulation signs and station
label to corrects destination and more safety in this process based on pattern matching technic, (3)
Stereo vision used to evaluate distance of obstacle for right direction and decision to steer or stop
when the obstacle are movement. The advances of computer vision for controlling are increase
efficiency and accuracy to controlling vehicles include flexible route because the route can be
adjusted independently. The regulations conditions that the reading of signs along the way. And
location of the obstacles that are placed on the floor.This experimental line detection can be detect
color path more efficiency

e

Fig. 7 Example Sign plate

Summary
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