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Thesis Title Enhancing the Stereo Vision with Ultrasonic Sensors and a 3D Sound

System for Assisting the Journey of the Visually Impaired
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Abstract

This research proposes a supporting device for the visually impaired by enhancing
the stereo vision with ultrasonic sensors and a 3D sound. The integration of the stereo vision with
ultrasonic sensors was done by data fusion using Kalman filter. The distance data from
the stereo vision and ultrasonic sensors are filtered by discrete Kalman filter for more reliability.
Then, the data from stereo vision and ultrasonic sensors are fused for more accuracy.
Later, the distance data is transformed into 3D sound for interfacing with the visually impaired.

The sound includes 5 words for position and distance from obstacle.

KEYWORDS: Stereo vision, V-disparity image, Kalman filter based on Data Fusion, Electronic

Travel Aid System.
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2.1 MIATINONEANS
1. Low-cost Stereo Vision System for Supporting the Visually Impaired’s Walk [1]
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2. Wearable Real-Time Stereo Vision for the Visually Impaired [2]
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3. Obstacle Detection System for Visually Impaired People Based on Stereo Vision [3]
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4. Preserving Visual Information in Low Resolution Images During Navigation of
Visually Impaired [7]
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5. Ultrasonic and Stereo Vision Data Fusion [8]
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6. Sensing Surrounding 3-D Space for Navigation of the Blind [9]
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Abstract

Classical metheds o support the viswally impaired
include using a cane and a guided dog. These methods
cnable the visually impaired o identify only nearby
abstacles. However, they fail 1o allow them o detect
obstacles that are locared relatively famher and are
mostly visible to normal sighted people. [n aeder o
address this probler, we propose the Pixel-w-Pizel
(PP sterco marching algacithm  find objects tha
are in freat of the viswally impaired. The computing
tirne of this algorithm is reduced by the use of parallel]
campuring that uses Message Passing Interface (MPIY,
but the algerithm resuls in noisee or inaecuracy of the
object distance approximation. Inothis work, the
distance data from the steroo vision and distance
sensorg are used to appraximare the distance and
inceease the accuracy by applyving the discrete Kalman
filtee. This paper peesemis an obstacle detection
sysiem for the visually impaired by enhancing P2
with MPI while Kalman filker is applied o impreve
accueacy of sysier.

Keywords: Siereo Vision, Sensor Fusion, the Visually
Imparicd.

1. Introduction

Teaditional navigation systems far the  viswally
impaired are white canes and guide dags. The white
cane is used o find objects on the grownd sight within
the range of 1 meter. Iis eisk is that the accident is
very high, cspecially in case of “floating objects
absrructed alang the walkway™ such as oree-branches,
damaged wire, and others. Possible working arcas of
the maditional navigation sysiems are  limied.
Therefore, many support devices and  elecironic
iechnologics have been develeped for so many years
i help the wisually impairered's walk, called
“Electronic Teavel Aids (ETA) [1). ETA has been
classified ime rwo groops which are the distance
sensar sysiem and siereovision sysem. Two pogular
products from distance sensof syswems are uliasonic
cancs [2] and glasses [14] communizating to the wser
with sounds and'or vibration. Ulrasanic wave is the
most  wscful and  produces  high  accuracy in
approximating the distance of objects along the

walkway. Comparing with another  distance
measurcment, the laser-based sensor sysiem, the
ulrasamic  svstern  gives  lower  eesolution  and

magnitude and is less cxpensive. Advantages of the
ulrasanic system are that it can detect the obstacles

with high confidence and require no light sources.
The ultrasanic sysiem provides a good result of abjeet
distances within the range of 5 meters and 30 degroes
of the working arca. However, the working arca of the
ulrasanic systent i8 limited, and only the closest
abjects in the working area are detected with poar
angular resolutian.

The sierecvision sysem has been popularly
mounted on helmets and comrwnicates 1o the wsors
with sounds [3] and vibration [4]. The distance of the
object is estimared by a disparity image crcared by
sierco matching algorithms. These algeeithms have
been classified into reo groups: Iniensivy-based
Steroo Matching {15M) and Feawre-based Stereo
Matching {F5M) techniques [5]. The [8M echnigue
[, 7] is 2 rmarching algoeithm of the pixel w pixel
(PZE) algorithm by finding the intensity of pixels. An
advanrage of [5K is that this sysem can work very
well with  low  texiore  images. However, the
compurational cost iz the main problem of this
technigue. There are other techmigues applicd
reduce the computation time of the P2P iechnigue:
Message Passing Interface {MPI) [9] and V-disparicy
[10). The accuraey of both stereo wision systoms is
within the range of 5 meters using low-cost wieb
cams. Howeover, e sterea vision sysier dofs nat
wark if dhere is no external light saurze.

In this paper, we present a new ETA for the
visually impaired, intcgrating the advantages of the
ulrasonic scnsor sysiem and sierea vision sysiem in
arder to inceease the efficiency and effoetivencss .

1 System overview

(e sysiem consists of twoe main paris: Ddistance
micasurerent and Dara Fusion. Distanee reasurement
values are exraected from the sterea vizion device and
ulrasonic scnsoes. The distance valies are fod inoo
Dara Fusion. Scnsor noise, sysiem noise, and user
movement are madeled by the Ealman fileer which is
an algoeithm to increase the accuracy of the gysiem by
lincar approximation model. However, the reliabilicy
arcas of both systems are overlapped with cach ather.
Drara Fusion is applied o increase the eeliabilioy and

accuracy of the gysiem.
@ L @

Fuiion

Figure 1. Flow cham of qur sysicm.




2.1 System design

There are three main scopes of the sysiem: § meters
warking area, mobility sysem {light weight and low
power cansumption), and keeping it low cost. Two
wiheams and 3 wlrzsonic sensors are mounted an a
safety helmet. The distance between the cameras is 12
centimeters and the working area of the ulirasonic
sysiem is |3 degrees s shown in Figure 2.

Safecy helmes

Figure 2. The prozatvpe of the sysem.

Two images from wiebcams are fed into the embedded
personal  computer (EPC) for “Sereo Distance
Estimation™ explained in Section 2.2, Three distance
values from wlrzsonic sensars are caleulated by the

microcontroller (Ammega 168) and sent o EPC via
RE-232,

2.1 Stereo vision and distance sensors fusien
for the visually impaired

1 Wistance Estimation of the Stereovision

We use the V-disparicy [ 10] wchnigue 1o approximare
the distances of abjects. The V-disparity is calculzred
from the disperiy map prodoced from the siereo
image proccssing in the  Intensige-based  Sterco
Maiching caregory. We use the Pixel-to-Fixel steren
matching technigue [7] to create 2 disparity map
because it is & widely used technigue in intensiny
marching.

I. Pixel-to-Pixel stereo matching zlgarithm
Birchfield and Tamasi proposed Pixel-to-Pixel Sieren
Matching {F2P) [T] in [998. There are rwo processos:
scan ling maiching and post-processing, Scan line
marching marches egquivalent pixels beraeen ledt and
right images on the same scan lines. Past-processing
manipulaies data berween the scan lines, and seleces
the best disparity value o identify the position. As a
result, the sean line marching process tzkes 2 long
computing time when running the P2P algerithm
sequentiglly. To reduce the cost of computation,
Farallel programiming [9] is applied beczuse the scan
line rnarching process independently computes in
cach scan line.

62

2. V-disparity

The disparity map ecreaed from the B2P
glgorithm is the depth distance egquivalent pixels of
left and right images. The V-disparity map is
gocumulztive of the disparities in ecach scan line.
Hough transfoem is used o find the depeh ling in W-
disparity. It represenis the depth disiznce information
uscs for approximae the object distance. The depeh
line from the V-disparity compared with the real
distance of object is shown in Figure 3.

L elarede [Pl olor |
'

Figure 3. Comparing the V-disparity distznce with
the actuzl distznee.

The dash ling is the actual value, The continuous ling
i the dis@nee datz  from  V-dispariny (100
MERSUTCMENTS per Sep).

2.3 Distance Estimation of Distance Sensors

In this paper, we uwse the PING [13]
ulrasonic sensor for object detection by sending a
shar ulorasonic burst and waiting for refleces from the
echo PING signzl from the ohject The ulirasonic
burst wave is 40 kHz. The burst rravels through the air
with the speed of 340 meters per second, when the
burst hits an object and echo-kack o the sensor. The
time travel of the burst signal from the sensor o the
object and back o the sensor is wsed 1o calculare the
distance &5 shown in Equation | s follows:

=2 {1}
When 5 is the distance bepween the sensor and the
object, v is the speed of the ulrasonic wawve (320
meters'second), and £ is the time travel of the burs:
signal from the sensor o the object and kack w the
SENE0E.

In Figure 4, the actuzl and measuremen:
distances are ploted o compare the accuracy. The
resuls show thar the ulirasonic sensor working arca is
within the range of 4 meters.
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Figure 4. Distance mezsurement and acmeal distances
of the ultrasonic sznsor.

1, The Diserete Kalman Filter Algorithm

In 1950, R.E. Kalman published his famous paper
describing a recursive solution of the discrepe-data
lincar dilering problerm. kKalman filier is 2 set of
mathematical eguarions [ |2] which can be applied w
the distance Measurement and Muli-sensor Dara
Fusion [L3]. Kalman filter is 2 process that is & fomms
of fecdback contral: Ealman filer runs the process
siae 2 some time and obigins feedback in forms of
noise mezsurements of the Kalman filer algeeithm
which are classified into two groups: time updace
cquations and measurement update equations. The
time update equations are responsible for znalvzing
the current stare and errar covariance estimation o
abrain the prieci estimzies for the nexe siep shown in
Figure 3. The measurement updzie eguations are
responsible  for feedback of incorporating  new
miezsuramient ine the prioci estimate. [t is 3 methoed w
improve the posieriori estimate for next iteration.

£ =

Time update

Measurement
Updzre

=7

Figure 3. Discrete Kalman filer cvele.

In this peper, we a2pply the discrene Kalman filer
(DKF)y for distance measurements {Ulrzseaic and
Steren vision). There are twio main processes. First is
cstimating  distances by wsing the initizl distance
values from (fy,,) in Equation 2. Initially, a priari
(Fy ) is an estimation emor covarianes by processing
naise covariance from () in Equation 3. Second,
measurement update shown in Equation 3 uses the
result fram the first process (€5 ) and the result from a
sensar o update the distznee value of the system lf;]
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In Eguation 4. We used the Kalman gain {X,) In
EBquation 5 to uwpdae the final result {.?;}‘,l. The
Posreriari estimates error covariznee (PP In Equation
& 15 used o dind the Kalman gain (K, ). B is 2 noise
measurement covariznoe The process of Kalman
filter is used o reduce naise from svsiems by using a
form of feedback contral.

=08, {2)

Fr = 0 P + Oy {3

=i s Bz = H AT {4)

Ky = PrH, (FTHE + By)™ (3]

PE = (1= KpHyY P + Ki Ry (8
£ o

K
]
X
&3
g
i ) Lmpa] e
&
- = i
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[l:l | 2 i 4 3 §

Figure & Result of applying Discrete Balman fler
(DEE) 1o the steren vision.
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Figure 7. Result of applving Dhscrete Kalman flter
(DEF) ta the ulrasonic sensor,



4. Drata Fuslon

We ser off connections with three frant overlapping
sonar sensors and the stereo vision in the viewing
area. After running the Kalman filier process o
improve the accuracy of distance appeodimation, there
are 4 resulis from steren vision and sensors. We can
camibine results from sensars and stereo vision by
using the value of confidence that is the probability of
sensors and steren vision. The resule shows that the
autput ffam this swep is more accurate as shown in
Figure 8.
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Figure 8. Comparing the result af the data fsion
distance with the acwazl distznee

3. Result and discussions

5.1 Stereo vislen distances estimatlan

The result from steren vision is non-linear and
made-up with noiscs. Stereo vision zlgorithm working
arez is within the range of 5 metees. There are 3
pasitions of distances which are lefi, right and center
positions. The primary advantage of stereo visian is
thar it gives gaod angular resolution 2nd czn be done
2t low cost, but the outpur becomes noisy due o
smooth surfaces of low contrast image. The result is
shawn in Figuee &.

5.2 Bensors distances estimatlon

The result from whrzsonic sensars is linear and
Zives high accuracy sensors is thar they do not reguire
14 meter distance. The primary advaniage of sensor
is not reguires light saurce. The resule is shown in
Figuee 7.

6. Conclusion

In cur waork, we have implemented the supparting
svatem for the visually impaired wsing the fusing
distances from the wlrasonic sensors and the stereo
vision applving parallel compurting in arder 1 reduce
the response time. We have used stereo vision and
sensors af which the estimarion of relative distances is
improved by wsing the Kzlman filer algorithm. This
svatem can aecurately detoer abjects within the range
af 3 meters, 60 degree angular eesolutions and 0279
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second for the image of 320x240 pixels. The fuwre
wark can be construction of an approprizie interfaoe
far the visually impaired in 30 sound.
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Abstract

This paper presents an electronic travel aid for
the visually impaired using the stereo vision and

sensing methods to find obstacles within the range of

5 meters, 6l-degrees resolution and interface for
visually impaived using a 3D sound system. The
proposed system applies the Kalman fusion to fuse
data  from sensors and steren cameras  with
overlapping areas after filtering two results using the
discrete Kalman filter algorithm. The enhanced and
more accurate results are used to navigate the
visually impaired. We also apply parallel computing
to reduce the computing time and then transform the
distance results into 3D sounds.

Key Words: Stereo Vision, Sensor Fusion, Visually
Imparied, Travelling Guide, Kalman Fusion

1. Introduction

Free travelling is a special desire for the visually
impaired. The major travelling problems are
obstacles avoidance and navigation. A new electronic
travel aid (ETA) [1] is the device that uses a
multisensory architecture and a post processing to
ensure the reliability of the information about
obstacles. However, holes cannot be detected. A new
Navigation Aid for blind people [2] is used to detect
the static and dynamic objects from the nearby
environment and transform them into acoustical
sounds. This system design is called a safety helmet.
Currently, we can classify obstacle detection methods
into two groups: the stereo vision system and the
sensing system. In previous work, an obstacle
detection for the visually impaired [3] using stereo
vision and applying parallel computing to reduce the
computing time using message passing interface
{MPI) [4] has been presented. The object distances
are found by applying the V-disparity. The stereo
vision system gives high resolution and more ranges.
Unfortunately, the main problem with stereo vision is
that the output becomes noisy when intensity is low
or objects are close to the camera. This system cannot

work well without external light sources. The sensor
system [5] is an ultrasonic sensor system produces
high accuracy in approximating the distance of the
object. There are two processes of ultrasonic sensing;
firstly, the transmitters transmit ultrasonic pulses
toward objects close to the location of user that using
travelling aid. Secondly, the receiver detects reflected
ultrasound pulses from the object. This gives an easy
to understand indication of the location of detected
obstacles. The advantage of the sensing system is that
it gives high confidential results and requires no light
sources. These two methods are good choices for
obstacle detection systems but there are limits of a
single sensor such as spectacular reflection and low
angular resolution.

In a sensor fusion system, robust behavior against
sensory removal can be achieved by using sensors
with overlapping views of the object [5]. This works
with a set of sensors in the same type. The Kalman
Filter and Bayesian reasoning are the most frequently
used methods in sensor fusion. The Kalman fusion
method [6] fuses data measured in successive time
intervals providing a maximum likelihood estimate of
a parameter. Sensor fusion offers a great opportunity
to increate performance of systems. Data fusion
systems are used to keep missing information by
reusing data obtained from sensors with an
overlapping area [7].

In this paper, we present an ETA for the visually
impaired, fusing the advantages of the ultrasonic
sensor system and stereo vision system by applying
the Kalman fusion algorithm. This system’s interface
15 3D sound systems.

2. Back ground
2.1 Steren vision for visually impaired

The stereo vision system for the visually impaired
1s the system to find obstacles in the environment by
using image processing [3]. This system used Pixel-
to-Pixel (P2P) stereo matching algorithm to match
the same points from stereo cameras. The stereo

matching can be classified into two groups: intensity-
based stereo matching (ISM) [8] and feature-based



stereo matching (FSM) [9]: ISM used intensity value
to matching same points from stereo camera and
FSM uses feature value to match the same point from
stereo cameras. The primary advantage of stereo
vision is its good angular resolution. The advantage
of intensity based stereo matching is that it can work
when object surfaces are smooth but this method
takes a lot of computing time that can reduced by
applying parallel programming.

2.2 Ultrasonic sensor for visually impaired

The ultrasonic sensor for the visually impaired is
an obstacle detection device and then transform
distance results into audio or vibrating signals in
response to nearby objects such as Sonic-Guide [10]
and NavBelt. They can detect obstacles with high
confident measurements if the objects have pgood
ultrasonic reflectivity. This sensor uses the time of
flight. The advantage of using ultrasonic sensors is
independent from external light sources and produces
high accuracy output. The problems of this sensor are
secular reflections and low angular resolution that
can be solved by using multi sensors.

2.3 Stereo vision and sensing data fusion

The stereo wvision and the ultrasonic sensing
fusion is multi-sensor data fusion collecting data
from stereo cameras and an ultrasonic sensor all
mounted on a mobile platform [11]. This system
applies a numeric data fusion algorithm that is an
updating process for applying to the Kalman filter.
There are two different kinds of 3D data: 3D
segments which are coordinate points from the
stereovision system, and a cross section of the scene
from ultrasonic sensors. The basic problem in a
multi-sensor system is about integrating data from
different sensors into a single best estimate of the
state of the environment.

3. System configuration

Figure 1. Overview of support systenm.

67

Figure 1. shows the system designed as a safety
helmet used to get images into the embedded personal
computer (EPC). Three distance values from
ultrasonic  sensors  are  calculated by  the
microcontroller (Atmega 168) and sent to EPC wvia
RE&-232. The output of this system is for providing 3D
sounds for the visually impaired.

3.1 Hardware

There are two stereo cameras with a [2-
centimeters base line and three ultrasonic sensors.
The stereo cameras used are low cost Logitech Quick
cameras providing images of 320x240 pixels. Low
cost SRF-05 ultrasonic sensors. Produce ultrasonic
burst waves of which frequency is 40 kHz. The range
of the ultrasonic sensor is 4 meters wide. Ultrasonic
sensors are controlled by the microcontroller. The
stereo camera and ultrasonic sensors communicate
with the eBox620 embedded personal computer used
for processing data and creating responding sounds
for the visually impaired by using a headphone.

3.2 User interface

This system provides 3D sounds for interfacing
with the visually impaired using irrKlang library that
provides buffered sounds as well as giant, streamed
sounds in 3D sounds [11].

+ irrKlang has a high performance 30 sound buffer
emulator built-in, causing a sound experience
nearly as it is a real 3D sound buffer.

s  Multiple roll off models: irrKlang supports linear
as well as logarithm models.

* The distance results are converted into three
dimensional virtual sounds for the user.

3.3 Architecture

The absecle

v Y

Lltrasonic sensors

v v

DKF sensors DKF sterea vision

I_*'_I

Kalman Fusion

Y

D sounds

:

Figure 2. System architecture.

Stereo vision




Figure 2. shows the obstacles in the environment
which are inputs of this system. There are two
methods to process the inputs: the stereo vision
system and the ultrasonic sensor system. Each side
provides data mixed up with noises. Then we use the
Discrete Kalman Filter (DKF) algonthm [13] to
reduce noises from the measurement methods. The
reliability areas of both systems are overlapped with
gach other. Kalman Fusion is applied to increase the
reliability and accuracy of the system and transfer
distance results into 30 sounds for the user.

3.4 Stereo vision and sensing fusion method

The disparity map from the stereo vision is created
from the Pixel-to-Pixel (P2P) algoritbm [3]. The
disparity map is the depth distance from images. The
V-disparity map [12] is accumulative of the disparities
in each scan line. Hough transform is used to find the
depth line in V-disparity. It represents the depth
distance information used for approximating the
object distance. The depth line from the V-dispanty
compared with the real distance of object is shown in
Figure 3.

We use the SRF 05 ultrasonic sensor for object
detection by sending a short ultrasonic burst and
waiting for echo wave reflection from the object. The
ultrasonic burst wave is 40 kHz. The burst travels
through the air with the speed of 340 meters per
second. When the burst hits an object and echoes back
to the sensor. The time travel of the burst signal from
the sensor to the object and back to the sensor is used
to calculate the real object distances.

In this system, the discrete data linear filtering
problem is solved by (DKF) [13]. The Kalman filter
is a set of mathematic eguations main processes, time
update equations and measurement update eguations.
The time update equation produces estimates of the
current state variables, along with their uncertainties.
The measurements update equation’s uses a weighted
average to estimate with higher certainty. We use the
DKF to reduce noises of the outputs from the stereo
vision and ultrasonic sensors.

Br=w %, (1
Py =@l P 4@, )
=k +Kk{z.'c _HF:‘?;} (3)
K, =P H (P HZ+ R, (4)
Pr =(1-K.H, )P, + K2R, (5]

There are two main processes. First is estimating
distances by using the initial distance values from
{fk_i} in (1}. Initially, a priori (F;) is an estimation
error covariance by processing noise covariance from
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(@) in (2). Second, measurement update shown in (3)
uses the result from the first process (£7) and the
result from a sensor to update the distance value of the
system {Xn,:‘].‘lr‘r'e used the Kalman gain (Kg) In (4) to
update the final result {XAF:}}. The Posteriori estimates
error covariance (P ) in (5) is used to find the Kalman
gain (K, ). R is a2 noise measurement covariance. The
process of Kalman filter is used to reduce noises from
systems by using a form of feedback contral.

The process of integrating information by the
Kalman fusion algorithm [l4] can improve the
accuracy of more specific inferences than single
sensor data alone. We can assume that the object is
detected with a discrete Kalman filter associated with
sensars.  The object’s state  vector has  two
components: stereo vision data and ultrasonic data
that is homogeneous information. We consider two
independent vectors; X1and X2 in (6) and initial P
priorl estimates error covariance matrnix in (7). We
initialize the parameter P = 1 because that the choice
is not critical and the filter would finally converge. If
X =0 thenwecansetP = 0.

-l
-1

An estimate X, ,of the state wvector X s
computed in the measurement update as show in

Xeoy =X, +K,(2,2) (8)
Where 2, is the distance answer from cameras.
#5 is the distance answer from sensor.
K, 1s the Kalman gain vectors.
Matrix P is computed as show in
Peoy = (I = K H). Py )

Where [ is an identity matrix as shown in

-1

Vector H 15 corresponding Jacobian vector.,

4. Results

4.1 Stereo vision distance estimation

The result from stereo vision is non-linear and
made-up with noises. The stereo vision algorithm
working area is within the range of 5 meters further
from the user. However, the output becomes noisy
due to smooth surfaces or low contrast images. We
can reduce noises by using DKF. The DKF results
are more accurate comparing to corresponding actual
distances shown as in Figure. 3.



Y

[

. =

.+ Actusl -
= <" Stereo vision s
i DKF Stereo vision

Creance (Weies]

1 7 a 4 5 &
Driwncs | Mt °

Figure 3. The result of DKF steren vision and stereo vision

4.2 Ultrasonic sensor distance estimation

The results from ultrasonic sensors are nearly
linear and  give high accuracy results within the
range of | -4 meters. The primary advantage of sensor
is that they do not require light sources. After
applying DKF, the results are shown in Figure. 4.
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DKF sensors
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Figure 4. The result of DKF sensors and sensors.

4.3 Data fusion distance estimation

After running the Discrete Kalman filter process
to improve the accuracy of distance approximation,
there are two results from stereo vision and sensors.
We can combine them by using Kalman fusion that is
a method we used to fuse data from sensors and
stereo vision. The combined result is compared with
the actual data. The combined result gives high
accuracy within the range of 0-4 meters because the
object is on the overlapping area. The combined
results are shown in Figure 5.
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Figura 5. The Compare result from Kalman fusion end the actual.
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4.4 Data fusion results of an object movement

This system can also detect the user movement
and results from the object movement as shown in
Figure 6 -10. We used a 50 = 50 cm plastic plate as
the standard object. The results are compared with
the actual data when velocity of an object 15 0.077
cm/s. We have tested and got the result by using a
moving object that is moved from the maximum
range to the minimum range using a stepping maotor.
There are five levels of the range for testing. This
system increase the accuracy of results when running
the Kalman fusion for a long time as the Kalman gain
value will stabilize as shown in Fig. § -10. The
actual result comes from relation of velocity of an
object and times. The red continuous line represents
the actual result and the blue dash line represents the
result of Kalman fusion shown in Figure 6-10.
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Figure 6. The result within the range of 0-1 meters.
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Figure 8. The result within the range of 0-3 meters.
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5. Conclusion

In our work, we have implemented the
supporting system for the visually impaired using the
fusing distances from the ultrasonic sensors and the
stereo vision applying parallel computing in order to
reduce the response time. We have used stereo vision
and sensors which the estimation of relative distances
is improved by using the Kalman filter algorithm.
This system can accurately detect objects within the
range of 5 meters, 60 degree angular and it take about
0.79 second for the 320x240 pixels resolution
images. This system output can be used to construct
an appropriate simple sound interface for the visually
impaired. Full 3D sounds system interface for
visually impaired is one of the main features to be
developed in the future work.
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