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Abstract—The paper considers the method of estimating the depth of streaming video. An algorithm for
obtaining a depth map using the method of image separation is proposed, which can be used in various
fields of technology and industry to determine the object and calculate the distance to it. The debugging
algorithm and the process of its adaptation to specific used external devices and software have been
developed. Two Urchin Tracking Module Webcams (SJ-922-1080) were used for the experimental setup
with the following characteristics: video resolution — FullHD (1920x1080), sensor — complementary
metal-oxide-semiconductor, field of view — 90°, autofocus, frame rate per second — 20. Developed
program code for these cameras in the MatLab environment and its adaptation algorithm for any other
cameras of similar resolution. An experimental study of the algorithm.

Index Terms—Stereo vision; disparity map; depth map; calibration; rectification.

I.  INTRODUCTION

Videos and photos are closely intertwined with
our lives. Almost every mobile phone is equipped
with a camera. Almost every camera can record
video. 3D graphics are ubiquitous. With the
development of possibilities, the need for "cheap"
construction of 3D scenes increases. The most
obvious of these methods is stereo vision — obtaining
a three-dimensional picture of the world from a video
sequence or several images.

Currently, the consumer has access to sterecoscopic
3D image display technologies. At the same time, the
number of available devices that allow consumers to
use 3D image content is still extremely limited due to
the high cost of acquiring and processing stereoscopic
content. Consumer electronics companies appear to
have strong demand for technology that can
automatically convert existing 2D images to
stereoscopic 3D in real time or near real time via
consumer display devices. The main problem facing
2D to 3D conversion methods is the misconception
that given 2D image information, several different 3D
configurations can be obtained. In particular,
automated 2D to 3D conversion algorithms operate
based on image characteristics such as color, position,
shape, focus, tint, and motion. They do not perceive
"objects" within the scene as the human eye does.
Optical motion analysis provides the most promising
video analysis techniques that have led to the
development of structure-of-motion techniques.

Such methods and algorithms are known but their
practical use requires some additional research
directed to adapt them to the exact task.

II. REVIEW OF EXISTING METHODS

A depth map [1], [5] is an image where for each
pixel, instead of a color, its distance to the camera is
stored.

In computer 3D graphics and computer vision, a
depth map is an image or image channel containing
information about the distance of the surfaces of
objects in a scene from a point of view.

An image depth map contains information about
the distance between various objects or parts of
objects represented in a given image. This
information can be useful in many areas.

1) Creating 3D sensors. They are able to build a
three-dimensional picture of their environment, are
used to orient the autonomous robot in space.

2) For systems that use augmented and virtual
reality technologies. For example, cameras that
capture user actions in video games using virtual
reality technology.

3) In unmanned vehicles, which also use depth
maps for road orientation.

4) For photo processing. For example, depth
maps are used to blur the background in a photo so
that the person stands out more clearly.

There are several methods [3] how to achieve this
goal, namely:

e building with special depth chambers (ToF
chambers, Structured light chambers);

e depth map building on a stereopair;

e using neural networks.

At the moment, active and passive methods of
recovering information about the depth of a real
scene are known. Active methods use ultrasonic
transducers or laser illumination of the workspace to
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provide fast and accurate depth information.
However, these methods have Ilimitations with
respect to the measurement range and the cost of the
hardware components. Passive methods based on
computer vision are usually implemented with
simpler and more inexpensive distance sensors. Such
methods are capable of generating depth information
from the obtained pair of images and the parameters
of the two cameras.

III. PROBLEM STATEMENT

It is necessary to develop system that will allow
to obtain the information about the distance to
surrounding objects without the limitations of active
Sensors.

To achive this we must solve the following
problems:

e determine the type of used sensor and method
that will be used;

e develop the structure of the system;
e choose the main components of the system;
e develop the software part of the system.

IV. PROBLEM SOLUTION

Since the main task was to develop a more
acceptable result in terms of quality and price, the
second method (passive) was chosen. This required
two Urchin Tracking Module (UTM) Webcam
models (SJ-922-1080) with FullHD video resolution
(1920x1080) which were used as sensors. They were
selected with the requirement for specific tasks due
to their characteristics and acceptably low price.
Since the task at hand requires stable settings for
these cameras, a fixed link was made, which will be a
very important moment for calibration, the rest of the
work was done using a (personal computer) PC and
the MatLab application package installed on it for
solving technical computing problems, in which it
was written code for calibrating cameras, calculating
rectification and stereoanaglyph of images, filtering
streaming video, calculating disparity and final
moment, output image of a depth map. Further, it is
shown step by step how it was designed and what
was obtained during development.

V. CAMERA CALIBRATION

One of the most important points in the creation
of this algorithm is the setting of two stereo cameras
[2], since if the setting is not correct, the results will
not give a meaningful answer.

Difficulties in using this method are in correct
installing the two cameras: the axes of the cameras
must be parallel to each other, as well as
perpendicular to the line connecting the centers of
the cameras. Due to improper installation of

cameras, a very significant measurement inaccuracy
can arise (a difference of one degree can lead to an
error of more than two times). To reduce the error, it
is proposed to increase the base to a distance of the
same order of magnitude as that of the measured
plane. This is solved by superimposing images from
two streaming cameras, as a result of which the
object is exposed at a certain distance and brought to
the maximum convergence along the X, Y axes [8]

(Fig. 1).

Fig. 1. Image overlay: (a) X-axis; (b) Y-axis

Calibration of cameras is usually performed by
multiple photographs of a certain calibration template
[6], it is easy to select key points on the image, for
which their relative positions in space are known.
Further, systems of equations are compiled and
solved (approximately) that connect the coordinates
of projections, matrices of cameras and the position of
the template points in space. Thus, a checkerboard-
like pattern was chosen, which should not be square.
One side must contain an even number of squares and
the other side must contain an odd number of squares.
Therefore, the template contains two black corners
along one side and two white corners on the opposite
side. This criteria allows the application to determine
the orientation of the template. The calibrator assigns
the longer side to be the x-direction (Fig. 2).

It is necessary to measure one side of the
checkerboard square, in current test it was 20 mm.
The size of the squares can vary depending on the
printer parameters, in theory, as the size of the
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template is increased, the quality of the calibration
will be improved, since the points of convergence of
the outline of the squares will be at a longer

distance.
‘ o X
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Fig. 2. Checkboard template

The main point of the algorithm is to find
common points of the template, namely the extreme
points of the square (Fig. 3), then the images are
sorted independently by the found points for
camera | and camera 2, the average overlay error is
calculated and a visual representation of finding the
study plane and video recorders. Below is shown
Camera parameters configuration process through
the Matlab environment is shown in (Fig. 4).
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Fig. 3. General view of the system

This algorithm is useful because using a single
template is necessary to investigate all the image by
moving the pattern around the size of the window
and preferably at different angles, but not more than
45 degrees as there will be distortion of the template
object.

After the calibration processes, the data is
imported for further processing, the data after this
stage is very important because from them it is
learned the focal length, the parameters of both
cameras, movement, rotation along the axes, the
number of convergence points, skew and different
mismatches in both images.
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Fig. 4. Example for setting parameters

VI. RECTIFICATION OF STEREO IMAGES

Process of aligning images is called rectification.
It is usually performed by remapping the image and
is combined with getting rid of distortions. Since the
input, although a calibrated image comes in, but this
does not mean that it is aligned along the Y-axis
absolutely accurately, because of this, a consistent
improvement of the parameters under study is
applied, if you pay attention, just to the basic
formula for calculating the distance to the object [4],
you can be sure of this.

Distance to the object
folowing equation:

is calculated using

(D
where D is the distance to the object; f is the focal
length of the cameras; x; and x, are the coordinates
of the projections on the left and right images. This
means that the convergence points converge as much
as possible in height. Therefore, the corrected stereo
image projects the images onto a common image
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plane in such a way that the corresponding points
have the same row coordinates (Y). This projection
of the image makes the image appear as if the two
cameras were parallel (Fig. 5). Using the disparity
function for calculating the disparity map from the
corrected images, a normalized reconstruction of a
three-dimensional scene is obtained [7].

Rectified Sterea Images (Red - Left Image, Cyan - Right Image)
L LN

Fig. 5. Rectified Stereo Images

Obviously, the closer the object is located, the
harder it is to align it, in the lower right corner
(Fig. 5) such is the part of the table where the
cameras are located, nevertheless this image is a
stereo anaglyph, so 3-D glasses can be used to see
the stereo effect.

VII. DISPARITY MAP

Disparity Map is when two images (stereopair)
are compared, in which it is known in advance that
for any point of the first image it is necessary to find
the corresponding point on the second image, but
they must be searched for on a certain straight line
(even a segment, i. . an epipolar line), for this, the
previous setting was made. As a result, we get for
each point of the first image — the distance from the
beginning of such a segment to the corresponding
point on the second, after which the map compiled
in this way is called the Disparity map.

More precisely, after the images are rectified, a
search is performed for the corresponding pairs of
points. The easiest way is as follows. For each pixel
of the left picture with coordinates (xo, y), a pixel is
searched for in the right picture. It is assumed that
the pixel on the right picture should have
coordinates (xo — d, yo), where d is a value called
disparity. The search for the corresponding pixel is
performed by calculating the maximum of the
response function, which can be, for example, the

correlation of the neighborhoods of the pixels. The
result is a disparity map.

It is worth noting that this is usually a black and
white texture, and the values in it are used to
determine the height of each point of the object's
surface (values can be stored as 8-bit or 16-bit
numbers), but for a more acceptable understanding
of finding objects, a color filter was applied (Fig. 6).

-

o
Fig. 6. Disparity map

It is worth noting that the closer the object is, the
brighter the color becomes, some glitches are
noticeable in the picture, but this can be solved when
applying filters for the streaming image itself at the
previous stages of processing, the image requires
noise removal, light glare can negatively affect the
resultant accuracy.

VIII. DEPTH MAP

Actually, the depth values are inversely
proportional to the amount of pixel disparity.
Calsulations for each point of the image are
performed using equation (1). Visual representation
of the result is shown in (Fig. 7).

[X.Y]: [819 174] [X,Y]: [B23 174]
[R.G,B]: [75 99 82] [R.G.BJ: [91 103 80]
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Fig. 7. Example
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Having two images available, which are aligned
along the axis and knowing the parameters of the
cameras, a calculation is made for each of the points
X left image X right image. Finally, get a point
cloud [9], which returns an array of three-
dimensional coordinates of world points (X, Y, Z),
which reconstructs the scene from the disparity map.
The StereoParams input must be the same input you
use to correct stereo images that match the disparity
map. In the example with a room (Fig. 8), it builds
the internal structure of all found objects, there are
some nuances about finding small bodies, but this
already depends on how the cameras are configured
for a specific task, or rather what type of dimensions
should be looked for. It should also be remembered
that when receiving a depth map, the so-called
"refuse" appears when detailing bodies, while the
layers of world points are demolished, this is
corrected by truncating along the axes and removing
these points from the main depth map. This requires
downsampling the data using a box grid filter and
setting the grid filter size to 10 cm. The grid filter
divides the point cloud space into cubes. The points
inside each cube are combined into one output point
by averaging their X, Y, Z coordinates.

First input image

Initial world scene

Fig. 8. Disparity map of the room

If there is a need to detect specified type of object
a function to find the centroids must be written
according to the specified parameters.

IX. CONCLUSION

Proposed system allows to measure the distance
to certain objects by calculating the depth map of the
scene by using two video cameras as sensors. It is
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suitable for navigation, collision avoidance and
design tasks.

The main advantage of such system low cost
when it’s operation is approximately in the same
quality range as LIDAR sensors for the same
purpose.

The existing algorithm of depth map calculation
has been improved by adding truncation filters and
calibration processes for specific type of camera and
will be suitable for any type of camera with the same
resolution.
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M. II. Bacunenko. O. C. Cuu. CucreMa OHiHIOBAHHSA IJIMOMHH 300pakeHHsI 32 NIOTOKOBHM Bifeo

B po0GoTi po3risHyTO METOJ OILHIOBAaHHS IJIMOWHH 33 TIOTOKOBUM Bijeo. HaBOOUTHCS alropuTM OTPUMAaHHS KapTh
TJTUOWH 32 JOMOMOTOI0 METOMY IOy 300paXkeHb, SIKUH Moke OyTHM BHKOPHCTAHHMH Yy pI3HMX cdepax TexXHIKH Ta
MIPOMUCIIOBOCTI JJIsl BU3HAYeHHs 00'€KTa i 00UMCIICHHS BiACTaHI 10 HbOro. Po3po0sIeHO anropuT™ HajaroKEeHHs Ta
mpollec Horo ajanTtamii IijJ KOHKPETHI 3aCTOCOBYBaHI 3OBHIIIHI MPHUCTPOi 1 Tporpamue 3abe3nedyeHHs. s
eKCIIEpUMEHTAJIbHOI YCTAHOBKM OyNM BUKOpHCTaHI J1Bi BeO kamepu moxmyis BincrexxeHHs Urchin Webcam (SJ-922-
1080) 3 TakuMH XapaKTepUCTUKAMH: po3AijabHA 3aaTHICTh Bigeo — FullHD (1920x1080), ceHcop — KOMIUIEMEHTapHU I
MeTaJl-OKCUTHUH-HAIIBOPOBIAHUK, mosie orisimy — 90°, aBrodokyc, yactoTa KaapiB B cekyHay — 20. Po3pobieHo
MPOrpaMHUi KO I JaHUX KaMmep y cepemoBuinei Matlab Ta anroput™ #oro amanTarii A1 OyIb-IKHX 1HIIHMX KaMmep
aHaJIoriyHol po3/ibHOI 31aTHOCTI. [IpoBeneHo excriepuMeHTaIbHE OCIiIPKEHHS! pOOOTH aJITOPUTMY.

Karouogi citoBa: crepeo 3ip; KapTa HECXOKESHHS; KapTa IIIMOUHM; KaaiOpyBaHHS; peKTH]iKaris.
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M. II. Bacunenko. A. C. Cbr4. CuctemMa OlleHKH IIyOUHBI H300paKeHHs M0 MOTOKOBBIM BH/IE0

B pabore paccMOTpeH METOJ OLEHKH TIIYOHHBI IO MOTOKOBOMY BHIEO. I[IpUBOAMTCS ajirOpUTM TMOJYYEHUS KapThl
[JyOWH C TIOMOIIBI0 METOZa pa3feeHus] n300paXkeHul, KOTOPhI MOXKET OBITh HCIIOJBb30BaH B Pa3iMYHBIX cdepax
TEXHUKHU U MPOMBIIUICHHOCTH VIS OMpEeAeieHNs] 00bEKTa M BBIYUCICHHS PACCTOSHHES J0 Hero. Pa3spaboTaH airoputm
HACTPOMKHM M TIPOIECC €ro aJamTallid MMOJi KOHKPETHbIC MPUMEHSEMbIC BHEIIHHE YCTPOMCTBA M TMPOrpaMMHOE
obecrieueHue. J{J1si SKCIIEpUMEHTaIbHOW YCTAHOBKM OBUTM HCIIOJIB30BaHbI JIBE BeO-KaMepbl MOAYJSL OTCIIEKUBAHUS
Urchin Webcam (SJ-922-1080) co crmemyromuMu XapakTepucTukaMu: paspemierue Buaeo — FullHD (1920x1080),
CEHCOp — KOMIUIEMEHTapHBIH MeTaJlI-OKCHIHBIH-TIOTYIPOBOIHUK, TIone 0030opa — 90°, aBTOOKyC, yacToTa KaJIpoB B
cekynay — 20. PazpaboTana mporpaMMHBIH KOA ISl TaHHBIX KaMep B cpeae MatlLab u anroputm ero ajganTtanuu s
JIOOBIX IPYrUX KaMep aHaJIoruyHOro paspemenus. [IpoBeaeHo 3KkcriepiMEHTaNbHOE HCCIIeIOBaHUE PA0OTHI aJrOPUTMA.
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