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I ntroduction

Obtaining the distance of obstacles and objectgss@asential role in many important fields like abbs,
traffics, military surveyingDifferent methods are used to measure target distahan object, an obstac
or a target from a camera positi The methods may be active or pasqilp A passive stereo visi
method was used by the author [2] to measure ttardie of an obje from a 3D camel using template
matching techniqueAn active method was used by [3] who used a les#tter with a ingle camera to find
the distance of an obstacle from a rotin a work [4],a webcam with laser diocis used to estimate
distance from real video images sequenAnd in another worka system of near distance measuremeni
uses 5 mw laser diode Wwitveb camera to measure the distance from the @ is use.. They measured the
distance up to 218 cm with error of £3 [5]. Also, in another work, a vision based system, sigieed tc
measure the distance between unmanned underwdielevand wall irfront of vehicle using a camera a
single laser pointerg]. Authors in the lasthreeworks used the laser emitter with one camera aser
emitter fixed at specified distance from the canandthe laser beam hitting the target must be partdl
the optical axis of the camera. This implies ti@ré must be an accurate alignment of the lasen bath
the optical axis of the camera and any small deriimay cause large error in measureistance. Hsu and
Wang,proposed an improved stereo vision system to atalynameasure the distance of object in real wc
Their results showed that their system was capafigpeoviding distance measurement with less thanod
measurement error [7]. anov, et a [8], used a simple method of fast background subtradigsed ol
disparity verification that is invariant to change illumination. In that me¢hod, the segmentation
performed by checking background image to eachhef @dditional auxiliey color intensity values
corresponding pixelsShojaeipour, et al., presented a method to meatist@ance of obstacle in order 1
robot to transverse to its target location usirggigpointer and a webcam, making use of image psotg
[9]. In order to avoid this problem and keeping thera&smitter in this work, a 3D webcam is uswith the
laser emitter. The laser emitter is not fixed atcsfed distance, however, the main job of therdasnitter is
to make a bright spot on the targatlats position and beam alignment are not impa:

179



JZS(2016) 18-4 (Part-A)

Basic Stereo Vision Equations

Fig.1. shows the basic diagram of a 3D webcamdabasists of two webcams, the left webcam and right
webcam. They have equal angle of viegiand equal focal length f. They are put togethehgiat their
optical axes are parallel to each other and segmhiay a distance b. The shaded area can be sdeotiby
webcams at the same time. llluminating a targetithimwthe shaded area by a red laser emitter \ailise a
bright red spot on the target which can be seehatly webcams at the same time. The target plaatas
distance D from the lenses of both webcams. Theiswe in the left camera will be at a distanceixels
to the left of the camera center while in the riglebbcam the spot image situates at distangaxels to the
right of the camera centd¥, andf , are the angles made by the reflected laser beamsthe target T with
the optical axes of the left and right webcamseespely. Making use of triangle similarity frongfire, it is
easy to write that, b=bb,, and that:
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Fig.1: basic diagram of a 3D webcam

b= (D/f)(-x1)
and that

b= (D/f)( x2)
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from which
b=(D/f)( X2 —x).

Solving for D we get:

D= (1)

From equation (1) above it seems that the rangehnikithe distance of the target from the two weisds
inversely proportional to the difference in the igoss of target images imaged by both cameras,x
which is called disparity. This horizontal distan¢grepresents the horizontal width of the image fache
camera in pixels. This horizontal distancgcén be related to the angle of vieyand the focal length of the
lens as follows:

Xn/2
f=—0 (2)
%
tan(—)
2
From equations (1) and (2), the range D will beegity:
Xnab
D= : 3)

%
2tan(?)(x2 - Xl)

Equation (3) shows that the distance to the tdbgist given in terms of easily measurable quanti¥gsb,

00, and (%-X;). In order to compensate for misalignment errat aptical distortion in camera lens, some
modifications must be done in equation (3). A cotioe factors will be added to the angle of viedy/2 in
order to account for the actual angle of view alsd #he disparity will be raised to exponent n quation
(3) to account for the probability of the inversegortionality between the distance and the digpafihus
equation (3) can be written as:

D=y P @
2tan(§O +0)(%, = x)"

This equation can be written as:

D = kX" (5)

- x%P

< Ztal i(Beffective)

k must has a constant value since it depends upmroptical and geometrical properties of the camera
6, . . . ,
O treciive( = E°+5) is the effective angle of view for each camerae Tk and n must be determined

practically by measuring real distances and cdirgathem with disparity values obtained by image
processing method.
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Materialsand Method

The stereo vision setup used in this workdetermining the target distance consists essgntiéltwo
similar web cameras (webcams) integrated into aecd as a 3D webcam. The angle of view of each
camera is 40 Both cameras have the same optical properties,the same focal length and the lens
aperture. The optical axes of both cameras ardlglaia each other and at 6 cm distance from edhbro
Both cameras are connected to the Laptop via a anmdEB cable. An inexpensive laser diode pointer
emitter that emits a red laser light at waveler@fil nm and maximum output power of less than 5 W i
used to illuminate the target creating a small Hiriged spot. The laser diode is powered by a simple
electronic circuit which is triggered by an analmgiput pulse generated within the Matlab code ard s
through one of the sound card output channels.

Result and Discussion
1-Image Processing
In order to find the distance of the targahgghe stereo vision system mentioned above, dallaiode
is written to control the two webcams of the 3D RG@ored web camera. The program acts to run both
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Fig. 2: Image acquisition and processing flow chart

182



JZS(2016) 18-4 (Part-A)

webcams (Left and Right) almost simultaneously.ti¢ beginning, each of the two cameras will start
imaging the target with no laser spot, and the eamera will make only one snapshot for the targage
lLa(x,y) and ki(x,y). Both of the images will be referred as backmd images. Immediately after the
snhapshots, the program will create a trigger apdise and send it as an analog output via the scartdof
the laptop. This pulse is detected and amplified @sed to trigger a monostable multivibrator circihe
multivibrator circuit when triggered generates aias@ pulse of 4 second duration used to operate the
semiconductor laser diode. When the laser lighirtseig hit the target, each webcam within the 48ds of
the laser pulse duration time will take a secorapshot for the target, while the target is illuntéthby
laser. The new two snapshots(X,y) and ka(x,y) will include the image of the laser spot asllvas the
background. The background image for each of thealed right cameras is then subtracted from the ne
ones that include the laser spot images resultirntgy@ images with the same dimensions({,y) and k
(x,y)]. The last two images are for the laser smaly as can be seen by both cameras with background
subtracted. In order to get the coordinates oflaiser spot in both images (x,y) and k (x,y), the color
space is changed from RGB(red, green, blue) cplacesto HSV (hue, saturation, value) color spaoethe
sake of removing colors other than red laser cobla,red component is extracted from the last twages
and finally the coordinates of maximum pixel vaisiéound for the extracted red laser spot imagehkereft
and right webcams. To know the coordinates of tdar of the bright red spot image the median vafue
coordinates is found. The disparity is calculatexhf the difference of the x-coordinates of the spdioth
images. Image acquisition and processing stepshangn by the flowchart in figure (2).
2- Experimental tests

In order to find the amount of the correctterm [ Jadded in equation (4), a series of tests were nwade
measure the distance D to a target. In each tegatget is put in front of the 3D webcam, the paogruns,
the target is illuminated by the red laser lighteTdisparity is calculated for each case. The &mused for
the webcam was (640 pixel*480 pixel). The distaBcéo the target is measured by using a digitalrlase
rangefinder. The tests are repeated for differamget distances. The distances D(cm) are plottathsigthe
disparity x(px) for each case as shown in Fig. iigi&xcel program and the following empirical power
formula is deduced:

D(cm)=13847[x(px)]-* (6)

where D(cm) is the distance of the target in ceatérs and x(px) is the amount of disparity in pExel
Comparing both equations (5) and (6), it can bendothat k= 13847 and n=1.18. These values will be
included within the Matlab code to find the distanc
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Fig.4: Images of six tests showing the bright i@kl spots with black background due to subtraction
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3- Final Tests

In order to test the final corrected distamcpiation, six extra tests were executed. In east) tiee
disparity between the images of left and right veebs is calculated and the distance D toilleninated
target is calculated. Also for comparison, theatist is measured by using a digital laser range
finder of 1 cm resolution. The results are tabulaite table (1). Relative percentage errors are
calculated and also tabulated in table (1). Thelabs percentage errors ranged from 0.025 % to
1.757 % for the distance values mentioned in t§bJe Images of the above tests showing the

Table-1: Disparities and distances for six tests

Test No. Disparity x(px) Distance Err.%
Calculated Measured
D(cm) D(cm)

A 119 px 49.46 cm 49 cm 0.938
B 108 px 55.46 cm 55 cm 0.836
C 98 px 62.19 cm 62 cm 0.306
D 90 px 68.77 cm 70 cm 1.757
E 80 px 79.02 cm 79 cm 0.025
F 76 pXx 83.95cm 85 cm 1.235

bright laser spots with background subtracted laogva in figure (4).

Conclusion

An active method is used to select a point ondhget to which the distance is to be found. Stersion
method is used with triangulation to determinedistance of a selected point of the target fromctmera.
The triangulation method is used to drive the stetision equations and the correction factor dueaimera
misalignment error and optical distortion in caméras was added. An empirical formula was deduced
between the distance and disparity. Many succetesdts were made to find the distance of a taRgsults
were compared with measurements done by usingatligser range finder of 1cm resolution. There was
good agreement between them with percentage eanged from0.025 % to 1.757 %. In this research a
laser diode emitter is used with two webcams (3D wamera) to determine the required distance idstéa
using the laser source with only one webcam as datesome previous works [10]. This can be justifi
by the fact that the laser source in this workas fixed with the two webcams and it can be puamy
distance from the webcams and that the laser sqasidon will not be included in calculations. Ehthe
laser beam alignment problems were avoided. Thikssive for future works if the laser spot is te b
replaced with an object of certain color and itlwi easy to track the motion of the object by ifigdits
position coordinates every time. The distance betwthe two webcams cannot be varied since both
webcams are integrated in one device forming 3D eeghera.

Refrences

[1] Jung H. G., Lee Y. H., Km B. J., Yoon P. J. afien, J. H."Sereo vison-based forward obstacle
detection™. International Journal of Automotive Technolool. 8, No. 4, pp 493-504. (2007).

[2] Manaf A. M., Amera |. M., Faris A. K:Object Distance Measurement by Stereo Vlision". International
Journal of Science and Applied Information Techgglovol. 2, No.2, pp 5-8, (2013). Special Issue of
ICCTE 2013 - Held during 11-12 March, 2013 in Hafebwne Plaza, Dubai.

184



JZS(2016) 18-4 (Part-A)

[3] Shojaeipour S., Haris A. M., Shojaeipour A., KesfiShirvan R., Zakaria M. K."Robot Path Obstacle
Locator using Webcam and Laser Emitter”. Physics Procedia, Vol. 5, pp 187-192. (2010)

[4] Christian E. Portugal-Zambrano, Jesus P. Mehalco, Robust Range Finder Through a Laser",
Proceedings of the 2011 Latin American Conferenteniformatics (CLEI), Electronic Notes in
Theoretical Computer Science, Vol. 281, pp 143-157. (2011).

[5] Hamad, A. A. , Dhahir, D. A., Mhdi, B. R., andliéa W. H., "Laser Distance Measurement by using
web camera”. IOSR Journal of Engineering (IOSRJEN), Vol. B4ue 04, pp 25-28. (2014).

[6] Muljowidodo K, Sapto Adi N, Said D Jennie & Agus dyono. "Design, Development and Testing
Underwater Vehicle: ITB Experience’. In Proceeding of International Conference On &mdter
System Technology: Theory and Applications, Perdataysia. (2006).

[71 Hsu T S., and Wang T., C:An Improvement Stereo Vision Images Processing for Object Distance
Measurement”. International Journal of Automation and Smart Areogy, Vol. 5, No. 2, pp 85-90.
(2015).

[8] Ivanov Y., Bobick A., and Liu J.Fast Lighting Independent Background Subtraction”. ijcv0O-
Ivanov.tex; 16/11/2000; 11:36; pp 1-14. (2000).

[9] Shahed Shojaeipour, Behrang Parhizkar, AmirbiossHosseinmemar, Ali Shojaeipour, Hamed
Esfandiari, Esmaeil Mobasheri, Zahra Mohana Bingbfd, "Laser-Pointer Rangefinder between
Mabile Robot and Obstacles via Webcam Based". Key Engineering Materials Vols. 447-448, pp 609-
613. (2010).

[10] Portugal-Zambrano, C. E. and Mena-Chalco,. J:Abust Range Finder Through a Laser Pointer and
a Webcam'". Electronic Notes in Theoretical Computer Scieim, 281, pp 143-157. (2011).

185



JZS(2016) 18-4 (Part-A)

186



