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Academic Year 2009

ABSTRACT

This thesis presents an obstacles detection system for supporting the journey of the
visually impaired applying a stereo vision technique that focuses on detecting obstacles using
stereo cameras and approximating the obstacle distances. The stereo image processing technique
used in this thesis is the depth discontinuities by pixel-to-pixel stereo. The results from the stereo
image processing can detect the positions of obstacles by transforming the disparity map into the
u and v coordinates systems where the data can be used to approximate the distance equation. The
approximate distances from the obstacles to the visually impaired can be detected using the
equation specifically proposed for the stereo cameras created from low cost Logitech web
cams which have the base line of 12 ¢cm. Our obstacle detection system can accurately detect
obstacles in the range of 1 to 5 meters further from the visually impaired and the disparity level
range is from 50 to 100. The response time for computing the stereo image processing algorithm
used in this thesis has been improved by employing parallel processing technique using messages
passing interface tested on computers with multi-core processors. Applying parallel processing
along with the image size of 320x240 pixels and the maximum amount disparity of 100, the
speedup is 1.936 and the efficiency is 0.968 on a two-core personal computer and the speedups on
an 8-core server using 2, 4 and 8 processes are 1.930, 3.603 and 6.567, and the efficiencies are

0.965, 0.901 and 0.821 respectively.

Keywords: the visually impaired, stereo image processing, parallel computing, obstacles detection
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R5

Process 1 Process 2
oj1|2|3(4a|[5|6|7]|8 1(2(3|4 7|8 |Ro||3|1|2|3|4a|5|6|7]|8 123 5/6(7|8
tj1|2(3|a|s5|6|7(8(|1|2|3|4 7(8Ri||a|2]2|3|a|5|6|7|8|X[2]2]z 5|/6|7|8
12/1|2(3|4|5|6|7|8 1(2(3|4 7|8|R2||5|1|2|3|4|5|6|7 8 123 5|6|7|8

@ Left Image @ Right Image

Al[A2|A3|A4|A5|A6|A7|A8| DO Do
Al|A2(A3|A4|A5|A6|A7|A8| D1 D1
Al|A2(A3|A4|A5|A6|A7 |AS| D2 D2
2B} B1|B2|B3(B4 |B5|B6|B7|B8| D3
D4 B1|B2|B3|B4 |B5 | B6|B7|B8| D4
D5 B1|B2|B3|B4 |B5|B6|B7|B&| D5
Disparity map Disparity map
[a1[a2[a3[Aa[a5[A6]A7]As] DO Al(A2(A3(A4|A5|A6|A7|AS| DO
Al(A2(A3|A4|A5|A6|A7|A8| D1 Al|A2(A3|A4|A5|A6|A7|A8| D1
Al|A2(A3(A4(A5|A6|A7|A8| D2 All Gather Al|A2|A3|A4|A5(A6(A7(AB| D2
B1|B2|B3|B4|B5|B6|B7 B8| D3 B1|B2|B3|B4 |B5|B6|B7|B8| D3
B1|B2|B3|B4|B5|B6|B7 B8| D4 B1|B2|B3|B4 |B5|B6|B7 B8| D4
B1|B2|B3|B4|B5|B6|B7 B8| D5 B1|B2|B3|B4 |B5 | B6|B7 B8| D5
Disparity map Disparity map
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ROAS : nunber of rows in the inmage

id: process id

nunProcs : nunber of processes

startlndex := ROANS*id/ nunProcs; /lstarting scan |ine
endl ndex := ROWS* (i d+1)/ nunProcs; //finishing scan |line

/lscatter left and right imges at Process 0 to other processes from
startlndex to ROAS/ nunProcs

MPI : : Broadcast (i mgL, ...);

MPI : : Broadcast (i mgR, ...);

for (scanline = startlndex; scanline < endlndex; scanline++)
mat chi ng scanl i ne i ndependently

/1 collect disparity map to all process

MPI : : Al |l gat her (di sparity_map,...);

/1 collect depth discontinuities inmages from all the processes into
Process 0

MPI : : Gat her (dept h_di scontinuities,...);
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4 v
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Process 1 Process 2
loj1L|{2|3[4|5(6 1|2 3(4(5|6|R0j(lof1|2|3|4|5|6 1(2|3(4|5]|6
tif12(3(4|(5|6 1|2|3|4|5|6|RL|[11|1]|2|3|4|5]|86 1(2(3|4|5|6
12/1|2|3|4|5|6 1(2(3|4|5|6|R2|(12(1|2|3|4|5|6 1|2|3(4|5]|6
|_3123456®123456R3|_3123456®123456
14/1/2(3|4|5]|6 1|2|3|4|5|6|R4|(14/2|2|3|4|5]|86 1(2(3|4|5|6
15/1(2(3[(4|[5]|6 1(2|3|4(5|6[R5||51|2|3|4|5]|6 1(2(3|4|5|6

Al|A2|A3| 0|0 |0 | DO o|o0|o0|B1/B2|B3|DO

Al(A2|A3(0 | 0|0 | D1 o|o|o|B1|B2|B3|D1

Al|A2|A3( 0|0 |0 | D2 0|0 o0|B1/B2|B3|D2

Al|A2(B3|{0 (0|0 D3 0| 0|0 |(B1|B2(B3|D3

Al|A2|B3| 0| 0| 0O | D4 o|o0|0(B1/B2|B3|D4

Al(A2|B3(0|0|0|D>5 0| 0|0 |B1|B2(B3|D5

Process 1 result 7Proce552 result

Al|A2|A3|B1|(B2|B3|D0 Al|A2|A3|B1|B2|B3|DO

Al|A2|A3|B1|B2|B3|D1 A1|A2|A3(B1(B2|B3(D1

Al|A2|A3|B1|B2|B3|D2 All Reduce V\{ith Al1l|A2|A3(B1(B2|B3(D2
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ABSTRACT

This paper presents an obstacle detection system for the visually
impaired to use with a walking stick. The system in this work can
find obstacles applyving the depth discontinuities Pixel-to-Pixel
(P2P) stereo algorithm which is one of the Intensity-based Stereo
Matching (ISM) techniques in stereo vision that can find objects
with featureless surface such as whiteboard, door, etc. However,
the ISM technique is nme consuming and not fast enough for real-
time usage. Applyving parallel computing using Message Passing
Interface (MP1) helps reduce the computing time and enables real-
time usage. In this work, we estimate the distance between objects
and the visually impaired by applying the V-disparity. Our system
can accurately detect objects within the range of 5 meters using
12-centimeter based-line low-cost webcams.

Categories and Subject Descriptors
[.2.10 |Vision and Scene Understanding|: video analvsis

General Terms
Experimentation

Keywords

Stereo Vision, Parallel computing, the visually impaired, Pixel-to-
Pixel stereo algorithm, Intensity-based Stereo Martching
technique, Message Passing Interface, Calibration.

1. INTRODUCTION

Normally, a visually impaired person walks to places using a
walking stick for checking obstacles, especially which lig on the
floor. However, visually impaired people still often get accidents
because of hung signs, floating objecis, a protection exiending
from the eaves against rain or sun usually found in Asia, tree
branches sticking out into the walk wav, etc. A walking stick with
an ultrasonic sensor detecting obstacles was made to warn the
visually impaired [I]. However, it can only detect whether there
arg obstacles ahead but cannot inform the distance, size and
position of the objects.

There are several inventions using ultrasonic or infrared devices
attached to walking sticks and glasses, in order to find the object
distance. Although they can detect whether there are obstacles in
the current surrounding environments and find the distances, they
do not provide sufficient information to enable the visually
impaired to continue their journey. The important information
lacked is the size.

Stereo vision technology can help solving the problem by finding
the distance between the object to the stereo cameras, and the

object’s size and position. The accuracy of information depends
on the light condition and sterge vislon technique.

Electro Neural Vision System (ENVS) [5] 15 an application of
stereo vision for the visually impaired that presents the obstacles
and distances via different signals alerting at their ten figures. If
the object is close, a high frequency signal will be used. Likewise,
if the object 1s far away, a lower frequency signal will be sent. By
this way, the wvisually impaired can walk to places and avoid
obstacles by themselves. However, the Feature-based stereo
matching (FSM) technigues [5] used in the ENVS, although can
be quickly processed, cannot detect objects with featureless
surface which cause dangers to the visually impaired.

On the other hand, the Intensity-based Stereo Matching (18M)
[10] techniques can detect featureless objects. However, there are
also problems in applying the technigues in real tume due to
complex and time consuming image processing technigues and
processes, especially when more accuracy 1s required. However,
no reports sbout usmng parallel computing with the [SM
techniques to reduce computing time have been found.

Parallel computing technology can help reducing the processing
time at some parts of stereo vision, ie., finding the image edges
and scan line matching. Message Passing Interface (MPI) [12]
offers a parallel programming interface specification that supports
several platforms and can specify the number of processes at run
time.

Our work applies parallel computing using MPI and otf-the-shelf
multi-core computers with the Intensity-based Stereo Matching
(ISM) techniques [10] in order to reduce computing time. We also
investigate for suitable calibration of our low-cost stereo cameras
using webcams for supporting walking journevs of the visually
impaired.

This paper presents an obstacle detection system for the visually
impaired to use with a walking stick. The system finds obstacles
applving the depth discontinuities Pixel-to-Pixel (P2P) stereo
algorithm [7][8] of the ISM technigues that can detect featureless
surface objects and estimate the object distance using V-disparity
[91.

The next section presents the background knowledge of stereo
vision. The third section describes system design including system
overview, low-cost sterec cameras, object distance estimation,
enhancing P2P using MPI, and limitations. The final section will
be conclusions and future work.



2. STEREOQO VISION

The stereo vision system imitates the visual perception of human
being by processing images from a pair of cameras. The human
being’s vision is 3-Dimentional (3D). Human beings can perceive
the object’s size and position, and the distance between an object
and themselves. Likewise, in the stereo vision system, the 3D
images can be processed in order to find an object’s size, position
and distance.

In this work, we apply stereo disparity to find the depth of the
images, The method to find the images' disparity can be classified
intotwo categories [ 11].

*  Intensity-based Sterec Matching techniques (ISM)
. Feawre-based Stereo Matching technigues (FSM)

In ISM techniques, the matching process is directly applied to the
intensity profiles of the two images. In FSM technigues, features
are first extracted from the images and the matching process is
applied to the features. In this research, we are interested in the
ISM techniques as thev maich corresponding pixels using the

image Intensity that can find the disparity even in the case of

teatureless surface objects. For our work, the most appropriate
and recognized algorithm for processing the image disparity in the
ISM techniques is the Depth Discontinuities

Stereo (P2P) by Birchfield and Tomasi [7][8] as it appears as one
of the OpenCV functions [ 4] and the source code can be down
loaded freely.

In the P2P algorithm, there are two processes, scan line matching
and post-process. Scan line matching is a process to match
corresponding pixels on left and right images on the same scan
lines. In each scan line, processes match corresponding pixels
ndependently from one another. The post-process 15 a process to
exchange data between the scan lines in order to select the best
disparity 1mage. This post-process concerns processing data
across rows and columns and 1s not suitable for applving parallel
programming. When running the P2P algorithm sequentially on a
computer with the following specification, Intel® Core™ 2 Dual
6320 1.86 GHz 1010.7 MB RAM, mnning on the Linux operation
system kernel 2.6.26, at the maximum disparity of 100 and the
image size 320x240 pixels, the average computing times are [.168
seconds for the scan line matching process and 0.165 second for
the post-process. As a result, the scan line matching process took
most computing time or about 70%. Therefore, we focus on scan
line matching in this work.

3. SYSTEM DESIGN

This section describes our sterec vision system for the visually
impaired as follows.

3.1 System Overview

For the safety of the visually impaired, this ocbject detection
system is required to give warnings to the visually impaired when
there are obstacles in the distance of 10 meters ahead as shown in
Figure 1. However, the most critical distance 1s between | meter
and 6 meters that 15 out of the walking sn

enough to cover dangerous arsas while walking so that the
visually impaired can avold obstacles. This system is not to
replace the walking stick but aims to be w

stick in order to provide more confidence with

used to.
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Figure 1. System usage overview.
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Figure 2. Stereo vision processes

Figure 2 shows the stereo vision processes. First, the color images
from left and right cameras will be transformed into gray level
image for faster processing and reducing unnecessary information.
The disparity image created by the P2P algorithm is a binary
image containing pixels that inform the relationship between left
and right images. The disparity image i1s used to find the V-
disparity image which is the summary of the disparity values in
each scan lines. After that, the next process is finding depth lines
from the V-disparity image using the Hough transform algorithm.
Then, comparing the lines with the V-disparity can inform the
object distances.

3.2 Low-cost Stereo Cameras

As normal standard sterso cameras for general stereo vision
systems are rather expensive, we applied a pair of much cheaper
web cams to be sterec cameras. These low-cost stereo cameras,
however, are less accurate than the standard ones and may
produce more noises.

Our sterec cameras are Logitech QuickCam webcams for
Notebooks Pro [15]. As we want to attach the stereo cameras at
the head of the visually impaired like wearing glasses or a helmet,
the distance of the base line should not be more than the diameter
of the head. In our work, we specify the maximum diameter to be
not more than |2 centimeters which 1s the average head size. The
design of the stereo cameras 1s as shown in Figure 3 and Figure 4
shows how they look like.

o

Objer] Eslane

Base Une: 12.cm.

Figure 3. Design of our stereo cameras



Figure 4. Qur stereo camct:;-dsing webcams
3.3 Object Distance Estimation with V-
disparity

The disparity image created by the P2P algorithm is a binary
image that contains corresponding pixels of left and right 1mages.
The V-disparity image is calculated from the summation of the
disparities in each scan line. Each vertical straight line in V-
disparity image presents a depth distance. The Hough transform
algorithm is then used for finding depth lines from the V-disparity
image. Finally, the distance information in the depth line will be
compared with the V-disparity in order to find the object distance.

4. RESULT AND DISCUSSION
4.1 Calibration and Distance Estimation

4.1.1 Stereo camera calibration

The V-disparity image transformed from the disparity image
contains several straight lines. Each siraight line has its length
equals to the height of the associated cbhject from the disparity
image and i1s far from the left edge with an 1r

distance from the stereo cameras to the obj

distance to the object from the straight line from the

by comparing with the distance of the object measured for
comparison in prior experiments.

Table | shows the relationship between the object distances and
V-disparity line pixel posmions (minimum, mediom and
maximum). Each distance range refers to the prior testing dataset.
The data is processed to find the medium for distance estimation.
The matches between object distances and pixel positions in the
V-disparity can be estimated by the 6" order polynomial equation
shown in Equation |. Figure 5 shows a graph plotiing to fit
Equanion | using the medium dataset. In Equanon [, 4 15 the
distance to the obstacle and x is the value of the vertical line from
the xaxis in the V-disparity.

7 ' Medium —w—
Polynomial fiting —s—ov

&

£ L

distance {m)
'S

1 i i
10 15 20 25 30 35 40 45

pixels

Figure 5. Graph shows the medium dataset fit for a 6" order
polynomial equation.
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Table 1. Matches between real object distances and pixel
positions from the V-disparitv by finding the medium

Pixel Position
ERIoH SRR ) Minimum | Medmum | Maximum
1 42 43 44
1.5 3l 32 34
2 26 26 27
25 21 23 24
3 20 21 21
35 19 19 20
4 18 I8 18
4.3 17 17 17
5 6 16 6
3.3 6 16 6
6 15 15 15
6.3 15 15 15
7 15 15 15

d = 17938 x 1075x% —2.9101 x 10~ *x5 + 0.019294x* —
0.67064x% + 12.925x% — 131.57x + 559.10 <5(1)

4.1.2 Object distance estimation

In order to esumate the object distance, we use the V-disparty
trom the P2P algorithm to find straight lines using the openCV
function cvHoughline that gives 2 sequence pairs which are the
beginning and ending sequence pairs of the straight lines. The
value In the x axis represents the object depth and 15 used for
replacing the variable x in Equation | in order to find the object
distance. Currently, our system can find object distances within
the range of 3 meters from the stereo cameras.,

4.2 Enhancing P2P using MPI

Nowadays, multi-core computers are produced and sold widely in
the market, 1.e., Intel Core 2 Duo, Intel CORE 17, AMD Phenom,
AMD Athlont4 X2, etc. In order to fully utilize the CPU, parallel
computing technique is needed. In this work, we applied the
parallel computing using MPI (MPICH implementation) to help
reduce the computing time. In our work, we use the ch_shmem
device of the MPICH [13] that is suitable for the symmetric
multiprocessors (SMPs) architecture used mn the 2<core PC
notebook.

The workflow of scan line maiching process is suitable for
parallelism because 1t independentlv computes each scan line.
Figure 6 shows the example of the data distribution in the scan
line matching process of the P2P algorithm. For each image frame
in the scan line matching process, we divide left and right image
data into two segments and then distnibute them to be separately
processed In two processes. The first process computes the top left
and right image data, and the second process computes the bottom
left and right. After we combine the outputs and create a disparity
image.




fught raage
MPI Scatter
e Ty

Dnpanty smage f

Figure 6. Overview diagram of data distribution

The parallelized P2P algorithm can reduce the total response time
of the program to 0.79 second at the maximum disparity of 100,
320x240 pixels when applving two processes on a 2-core
computer. The total computing nme of the sequential algorithm
was |.365 second per frame. The parallelized version can reduce
the computing time to about a half. Using more processes than the
mumber of CPLI cores is not recommended since it is not faster,

4.3 Limitations

Using the P2P algorithm which 1s an algorithm using [SM
techniques requires the most parallel images so that the algorithm
can accurately detect obstacles. Our prototype of stereo cameras 1s
made of webcams that have the maximum based line diameter not
more than 12 cenfimeters in order to enable the attachment to the
head of the visually impaired. Consequently, the prototvpe can
accurately detect obstacles only within the range of 5 meters. For
further distances than 5 meters, the accuracy of the system is
variable. It can detect an object of 65x65 centimeters at the
distance of 10 meters but the object appeared so small that may be
mixed up with noises. However, using better quality cameras will
increase the detecting distance and accuracy.

The speed of the program is 0.790 second for the image of
320x240 pixels at the maximum disparity of 100. It can be used to
detect objects with slow movement, i.e., human being’s walk. It
cannot properly detect objects with fasi movement, Le., car, In
real time.

5. CONCLUSION

Qur obstacle detection for the wvisually impaired using stereo
vision and parallel computing reduces the response time of the
depth discontinuities P2P stereo algorithm in the part of scan line
matching using MPI running on a 2-core computer. The object
distances are found by applyving the V-disparity.

Our system can accurately detect objects with slow movement
within the range of 5 meters using 12-centimeter based-line low-
cost webcams. However, more development and detail
experiments are needed to provide more information to the users.

The possible future work can be building a suitable interface for
the visually impaired and a warning system in case of getting
close to dangerous objects. Applving stereo vision with pattern
recognition can also help informing more detaills of the
environment to the users. In the future, when prices allow, using
more processes up to the number of cores on a higher
performance multi-core computer, says 4-core or 8-core, will
certainly reduce much of the computing time.
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Abstract

Stereo vision, especially the Feature-based Stereo
Matching (FSM) technique, has been used to enable
the visually impaired people to detect obstacles with
feature surface. However, it cannot help the visually
impaired to detect objects with featureless surface.
The Intensity-based Stereo Matching (ISM) technique
can detect objects in with featureless surface but it
takes longer computing time to process and cannot
be used in real-time situation. This paper presents an
investigation on the enhancement of the Depth
Discontinuities by Pixel-to-Pixel algorithm using
parallel computing on a 2-core personal computer
and an 8-core server. The results show that parallel
computing using Message Passing Interface (MPI)
significantly reduces the response time and ir is
possible to use the ISM technigue in real-time.

Key Words: MPL Parallel computing, Depth
Discontinuities by Pixel-to-Pixel, [ISM. Multi-core

1. Introduction

There are many ideas to help the visually impaired
with navigation. Electro Neural WVision System
(ENVS) [1] i1s an application of stereo vision for the
visually impaired by presenting the obstacles and
distances via different signals alerting at their ten
fingers. If the object is close, a signal with a high
frequency will be used. Likewise, if the object is far
away, a signal with a lower frequency will be sent. In
this way, the visually impaired can walk to places
and avoid obstacles by themselves. However, the
technique of the Feature-based Stereo Matching
(FSM) [2] used in the ENVS, although can be
quickly processed, cannot detect objects with
featureless surface which usually cause dangers to the
visually impaired.

On the other hand, the Intensity-based Stereo
Matching (ISM) [2] techniques can detect objects
with featureless swrface and else. However. it takes

much longer computing time and requires running on
a computer with high specification. Personal
computers nowadays have higher specification than
before with acceplably less expensive prices. The
market trend is now for 2-core and 4-core Central
Processing Units (CPUs) and prices are getting
cheaper. Sequential processing cannot fully utilize
the maximum performance of multi-core CPUs,
Parallel processing techniques are used for enhancing
the performance of applications running on multi-
core CPUs.

So far, there are two methods n parallel
programming, including using threads and processes.
In our system, the safety of the visually impaired is
the keyv. Using threads, the programmer somehow
cannot predict the order of tasks to be processed and
cannol specify the number of processes al run-time
while parallel programming using Message Passing
Interface (MPI) [3]]4] has a better process
management. MPICH which is one of MPI
implementations that has the ch_shunem device that is
suitable for the Symmetric Multiple Processors
(SMPs) architecture [5] that is used in our stereo
vision system. It is also quite convenient to change to
other architectures. The source code can be
recompiled with other device configurations and used
on different architectures.

Using parallel computing to help reducing
processing time in the sltereo vision techniques is
interesting and optimistic. Most image processing
algorithms  including stereo  vision can be
parallelized. There are a few standards and tools in
parallel computing. MPI is used in this work as it is
widely known, well documented and stable.

In this paper, we present a novel nvestigation on
computing time reduction when applying the parallel
computing approach to enhance the Depth
Discontinuities by Pixel-to-Pixel stereo (P2P) [6](7]
algorithm running on a 2-core personal computer and
an 8-core server in order o see the example
performances of current PCs and future computers,



In the first section, background knowledge of
stereo vision, the Depth Discontinuities by Pixel-to-
Pixel Stereo algorithm, and Message Passing
Interface will be given. Then, the next section will
discuss the designed parallel algorithm used in the
investigation. After that the experiments will be
described and the results will be analyzed. The final
section will be the conclusion and future work.

2. Background

2.1 Stereo Vision

Human beings can perceive a 3-dimensional (3D)
vision through two eyes. Each eye captures the image
separately and sends the vision signals to be
processed at the brain. When the two images arrive al
the back of the brain, the brain will merge the two
images into one |B|. This process is also similar in
stereo vision. Stereo vision can process (wo images Lo
find the distances between the video cameras and the
objects. Stereo vision also includes the image
segmentation., However, stereo vision system needs
high enough processing power in order to produce
the results in real time because it needs to process
images from two cameras.

Stereo matching approaches to the corresponding
problem can be broadly be classified into two
categories. [2]

o Intensity-based Stereo Matching (ISM)
» Feature-based Stereo Matching (FSM)

In ISM, the matching process 1s applied directly to
the intensity profiles of the two images. In FSM,
features are first extracted from the images and the
matching process is applied to the features. This
paper focuses at the Depth Discontinuities by Pixel-
to-Pixel Stereo (P2P) of ISM which is also provided
as an OpenCV function [9] as it can detect featureless
objects. This approach i1s used in this work for a
guiding system for the wvisually impaired. Figure 1
shows an example disparity image ol the stereo
vision system.

Figure 1 The left image, right image and disparity
image

2.2 Depth Discontinuities by Pixel-to-Pixel Stereo

Depth Discontinuities by Pixel-to-Pixel Stereo
(P2P) [4] is an algorithm that can produce the
disparily image from stereo images using Intensity-
based Stereo Maiching techniques which maitch
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pixels on paired scan lines applying a cost function in
order to find the M sequence as shown in Equation |
4].

?(‘M } = ‘MnchrxT B ‘Mn?kr + Zd(‘xn' > Y ] (1)

i=1

From Equation 1, K, is the occlusion penalty
constant, k. is the match reward constant, d(x;,y;) is
the distance between pixel x; and pixel y. and. finally,
N, and N,, are the occlusion and the number of
related pairs respectively.

The P2P algorithm processes left and right images
projecting on the same scan lines. The process can
be divided into 2 parts which are scan line matching
and post-process algorithms. The data processing for
each pair of scan lines in the matching algorithm is
independent. On the other hand, the post process
algorithm needs to compute data from rows and
columns together which is difficult to be parallelized.

Therefore, in this work, data parallelism 1s applied
only in the process of matching scan lines.

2.3 Message passing interface

Message passing interface (MPI) is a standard and
specification for the message passing library
designed for parallel computing. MPI
implementations are on C and FORTRAN. MPI has
the role to facilitate parallel processing by
distributing tasks and data to be processed at
processing units  or processors for  higher
performance. MPI is applied in various works such as
computational science that analyze high guantity of
data; i.e.. finding relationships of base sequence in
human DNA, finding drug formula for destroying
cancer cells, animation rendering and image
processing.

MPICH is one of the MPIl implementations |[3].
MPICH supports 4 different computer architectures
by providing 4 devices as follows.

o ch_p4 device for Workstation Networks

o ch_p4mpd device for Workstation Networks
and Clusters

o ch_shmem
Processors

e globus? device for Grids

In our case, the suitable device is ch_shmem for a
2-core personal computer and an 8-core server which
are SMPs that share memories together.

device for Shared Memory

3. Parallel P2P Algorithm

In order to compare sequential computing and
parallel computing, we tested the sequential and
parallel algorithms on the same computers, a 2-core
personal computer and an 8-core server. The 2-core



computer specification is Intel® Core™ 2 Dual 6320
1.86 GHz with 1010.7 MB RAM running on the
Linux Operating System Kernel 2.6.26. The 8-core
server specification is Intel® Xeon® E5440 2.83 GHz
with 8200 MB RAM running on the Linux Operating
System Kernel 2.6.26.

The P2P algorithm has been added as a function in
the OpenCV library. When using this algorithm with
motion pictures, especially in case of big images or
images with a high maximum disparity, it will take a
long time. Figure 2 shows the experimental results of
the parallel P2P algorithm on a personal computer.
The image size is 320x240 pixels.
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sequential computing P2P algorithm running on a 2-
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In Figure 3. the program is designed to be able to
run on a computer with more than lwo processors.
The user can specify the number of process at run
time. The scan lines are used for work distribution.
The scatter command 1s used for distributing portions
of left and right images to processes. Each process
will manage the same number of scan lines. For
example, for the 320x240 pixels and 4 processes,
each process will malch scan lines from left and right
images for 80 rows. After the matching, the disparity
image and depth discontinuities will be gathered at
Process (0 before moving to the next step of
calculation. Figure 4 shows the pseudo code of the
parallel program mentioned above.

Right fmage

Disperity Image

Figure 3 Overview diagram of data distribution | 10].

Figure 4 Pseudo code of our parallel program.

4. Experimental Results

The testing has been done on lwo types of
computers. First is on a 2-core computer in order to
find a suitable number of processes in real use.
Second is on an 8-core server in order to test the
relationship between the number of cores and the
speedup of the program.

4.1 Running on a 2-core computer

The image size is 320x240 pixels. The result for
sequential computing is shown in Figure 2. Scan line
matching takes up most of the computing time. The
results for parallel computing using MPICH with the
ch_shmem device are shown in Figure 5 and Figure
6.

Computting time (s)

10 20 30 40 50 B0 70 B0 90 100110 120130 140 150 1604170 180 130200
) s Maximum disparity
Number of processes mm | mmo mm g =g

Figure 5 Relationship between the computing time and
the maximum disparity. Graph lines are the number of
processes of the parallel computing scan line matching
of the P2P algorithm using MPICH and a 2-core
computer.
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Figure 6 Relationship between the computing time and
the size of images. Graph lines are the number of
processes of the parallel computing scan line matching
of the P2P algorithm using MPICH and an 8-core
server.

In Figure 5, the computing time is reduced if the
number of processes is higher than | process.
However, when the number of processes is more than
2, the computing time is longer than that of 2
processes. The computing time of the scan line
matching of the maximum disparity of 100 1s
significantly reduced for 49.23% or (.575 second that
be effective in real use.

4.2 Running on an 8-core computer

The image size is 320x240) pixels. For sequential
computing, the result is shown in Figure 7. The resull
is similar to the result running on a 2-core computer
that scan line matching is the main computing load.
Figure 8 and Figure 9 show the results of parallel
computing. The computing time is also reduced when
the number of processes is higher as shown in Figure
7. The computing time at the maximum disparity of
100 is reduced for 0.779 second or 88.21% when
comparing sequential computing and parallel
computing with 2 processes.

Table 1 average computing time of serial computing
and parallel computing on a 2-core computer and an 8-
core server

Computing time (s)
Type of : -
Sequence Parallel computing with
computer .
computing | 2 processes | 4 processes | 8 processes
2-core 1168308994 | 0.593164271 | 0.60281399%4 | (.636913673
8-core 0.883306714 | 0.104114369 | 0.055412835 | 0.028512324

From the experimental running on the 2-core
computer at the maximum disparity of 100 and the
image size of 320x240 pixels. the average sequential
computing time of the scan line matching of the P2P
algorithm i1s 1.168 seconds while the average parallel
computing time with 2 processes is (1.593 second. For
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the 8-core server, the average sequential computing
time of the scan line matching of the P2P algorithm is
0.883 second while the average parallel computing
time with 2 processes is (.104 second. Increasing the
number of processes more than 2 in the 2-core
computer cannot reduce the computing time while
increasing the number of processes in the 8-core
server up to 8 can significantly reduce the computing
time,

. 25
%4}
£
.g
1620 30 40 50 60 70 B0 90 100 110120130 140150160 170180 190200
Maximum disparity
== Matich scan ™= Posiprocess Total time

ine

Figure 7 Graph shows the relationship of the computing
time and maximum disparity of the sequential
computing P2P algorithm on an 8-core server.
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Figure 8 Relationship between the computing time and
the maximum disparity. Graph lines are the number of
processes of the parallel computing scan line matching
of the P2P altorithm using MIPICH and an 8-core server
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Figure 9 Relationship between the computing time and
the image size. Graph lines are the number of processes
of the parallel computing scan line matching of the P2P
altorithm using MPICH and an 8-core server



5. Result Analysis

In order to apply the parallel computing P2P
algorithm in real-time, there are 3 factors to consider,
including the response time, the image size and the
image disparity. In case of the response time, the
computing time that is less than 1 second is
preferable. In order to detect obstacles within the
range of 1-6 meters from the video cameras, the
acceptable image disparity that can be computed
within the response time about 1 second is in the
range of 100-150. Finally, the suitable image sizes
for the acceptable disparity in this case are in
between 320x240 pixels to 512x384 pixels.

The results show that the number of processes to
be run in parallel on multi-core computers should not
exceed the number of cores in order to provide best
performance as according to the parallel computing
theory.

6. Conclusion

Our work shows that applying parallel computing
using MPI on multi-core computers significantly
reduces the computing time in the P2P depth
discontinuities algorithm of the ISM technique and
enables the usage of the ISM to detect the technique
and enables the usage of the ISM to detect the
obstacles for the visually impaired in real-time. The
future work will then be the calibration of the stereo
syslem.
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