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DEVELOPMENT OF A COMPUTER VISION MODULE FOR
AUTONOMOUS VEHICLES

The favorable geopolitical position and very large transit potential of the Republic of Kazakhstan
in the field of land freight traffic between China and Europe makes the transport logistics industry
one of the most promising areas for the development of the country’s economy. In this context,
deployment of unmanned cargo vehicles to minimize the costs of fuel consumption and use of
human labor in labor-intensive and routine operations of logistic processes both inside warehouses
and during freight transportation on public roads seems natural and efficient as ever.

This paper describes the results of a research work on development of a computer vision module for
an autonomous truck prototype. The performed project stages include installation of the necessary
equipment, training of computer vision models and development of a mapping between cameras
and LIDAR sensor for object classification and localization purposes.

Key words: Computer vision, autonomous vehicle, vehicle trajectory planning, real-time
trajectory planning, unmanned solution.
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ABTOHOMOBI KOJIIKTED YIHiH KOMIIBIOTEPJIK KOPY MOIYJIiH 93ipJey

Kazakcranubig oHTailIbl reocasicn kargaiol MeH Koitait men Eypora apachlHIarsl 2KYK TachIMa-
sl casacbinga Kazakcran Pecyb/IMKachbIHBIH VIKEH TPAH3UTTIK 9J1€yeTi KOMKTIiK-TOTUCTUKAJIBIK,
CaJIaHbl €J SKOHOMHUKACHIH JAMBITY VIIiH ITEPCIIEKTUBAJIbI OAFBITTAPIBIH, Oipi OOJIBIT TAOBLIAIHI.
Ochbl TYpFBIZIA OTBIH TYTHIHY MIBIFBIHIAPBIH a3aiiTy YKoHe ajlaM eHOeriH Hali1aIaHy IbIH JIOTUCTH-
KaJIBbIK, YJepicTep/ iy iliHae, coHIai-aK, KOFaMJIbIK, KOIKTEPJeri *KYKTep/i TachIMaJijiay Ke3iHje
maiiTaaaHOafThIH JKYKTEPIH TEXHOJOTUSACHIH MaiiTaJany Tabury »KoHe TUIMI OOJIBIT KOpiHei.
Byn makasmaga aBTOHOMIBI XKYK KOJIITIHIH, TPOTOTHUII YVIITIH KOMIBIOTEPJIIK KOPY MOIYJIH 93ipjey
OOMBIHIIIA 3€PTTEY YKYMBICBIHBIH HOTHKe Iepi cunartasrad. OpblHIaFaH K00a Ke3eHIepi KayKeTTi
2KAOJBIKTHI OPHATY/IbI, KOMIIBIOTEDJIK KOPy V/rJIepiH JailblHaay KoHe OObeKTiIepl KiKTey
JKOHE JIOKAJIU3alusaiay MakcaTbiaga kamepajgap MeH LIDAR cencopbl apachiHjgarbl KapTaHbI
931pJIeyi KaMTH/IBL.

Tyiiin ce3mep: KommbioTepsik Kepy, aBTOHOMIBI KOJIK, KOJIK TPAaeKTOPUACHIH KOCIapJ/iay,
HaKTbl yaKbITTar'bl TPACKTOPUAHDBI 2KOCIIapJiay, aJlaMCbI3 IHeIIIiM.
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PazpaGorka MoayJisi KOMIIBIOTEPHOT'O 3PEHUS [IJII ABTOHOMHBIX TPAHCIIOPTHBIX CPEJICTB

Beirogmoe reomosinTmdeckoe IOJIOXKEHWE W OTPOMHBIN TPAH3UTHBIM MOTeHnnas Pecrybsmkn
Kazaxcran B cdepe HazeMHBIX T'py30nepeBo3ok Mexkjay Kwutaem u EBporoit menaer orpacib
TPAHCIIOPTHON JIOTUCTUKHU OJIHUM W3 CAMBIX [E€PCIEKTUBHBIX HAIIPABJIEHUI PA3BUTHS SKOHOMUKHU
crpaHbl. B 5TOM KOHTEKCTe, MIpPUMEHEHHs TeXHOJIOTUH OECIUIOTHOIO IPYy30BOI0 TPAHCIIOPTA JIJIst
MUHUMU3AIIN W3IEPKEK OT PACXOJOBAHWS TOIJIMBA W HCIOJB30BAHUS YEJIOBEYECKOTO TPYIA
B TPYHOEMKHX W PYTHUHHLIX OIEPAIUSX JIOTUCTHIECKAX IIPOIECCOB KAaK BHYTPU CKJIAJICKUX
IIOMEINEHNH, TaK U IIPU IPY30IIEPEBO3KAX I10 JOPOraM OOIIEro I0JIb30BAHMS, BUINTCH KAK HUKOTIA
€CTECTBEHHBIM U 3(DDEKTUBHBIM.

B jamHOIt cTaThe ONuCcaHbl Pe3yJIbTAThl HAY YHO-MCCJIEI0BATEILCKON pabOThI 10 pa3paboTKe MOLy-
JIsT KOMITBIOTEPHOT'O 3PEHUSs JJIsi TPOTOTUIIA ABTOHOMHOI'O I'PY30BOTO aBTOMOOWMIIst. BhIinosiHeHHbBIE
STAIBl MMPOEKTA BKJIIOYAIOT B €e0s YCTAHOBKY HEOOXOIMMOrO OOOpY/IOBaHUs, OOyUeHHe MOeiei
KOMITBIOTEPHOTO 3PEHUsI U pas3pabOTKy COMOCTaBJIeHUs MeXIay Kamepamu u jaraukom LIDAR
JIIs Tiesiedt KiacCuuKaIM U JIOKAJIU3AIn 00bEeKTOB.

Kurouessbie ciioBa: KommnbioTepHoe 3penne, aBTOHOMHOE TPAHCIIOPTHOE CPEJICTBO, IIJIAHNPOBAHIE
TPAEKTOPHUHU TPAHCIOPTHOIO CPEJICTBA, IIJIAHUPOBAHNE TPAEKTOPUU B PEAJIHLHOM BpeMeHu, OecIiu-
JIOTHOE DPellleHue.

1 Introduction

The global transport market is estimated at about 3 trillion USD, which is almost 7% of
the global GDP. For example, in Germany this figure reaches 13%, and in Ireland it reaches
14.2%, in Singapore - 13.9%, Hong Kong - 13.7%. This indicates that countries pay special
attention to the development of this sector as one of the sources of national income [1].
Favorable geopolitical position and very large transit potential of the Republic of Kazakhstan
in the field of land transportation between China and Europe makes the transport logistics
industry one of the most promising areas for the development of the country’s economy. To
this end, Kazakhstan sets the task to increase transit traffic through the country by 10 times
by 2050 [2].

To achieve this goal, Kazakhstan is actively putting into operation large transport and
logistics centers (TLC) in key regions of the country. The development of the transport
corridor “Western Europe - Western China” will allow it to become a new Silk Road, which
may become a competitor to the maritime route of cargo transportation from the countries of
Southeast Asia to Europe. Thus, cargo transportation along the sea route takes an average
of 35-40 days, while along the transport corridor “Western Europe - Western China” the
time of delivery of goods by road can be reduced by 2-3 times [3]. Such indicators, along
with an increase in the volume of transit traffic, can be achieved through the digitalization
and automation of the processes of cargo transportation and logistics operations. Part of the
measures to develop the infrastructure of transport corridors is planned for implementation
within the framework of the state program “Digital Kazakhstan” [4]. Further development of
the industry involves the introduction of robotic systems to minimize or completely eliminate
the use of human labor and ensure long-term or round-the-clock operation in the TLC by
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logistics robots, as well as autonomous cargo transportation by autonomous vehicles along
transit highways [5].

Currently, mobile robots and autonomous vehicles are increasingly being used in various
sectors of the economy in developed countries. The world’s leading automakers such as Tesla,
Nissan, Volvo and others are already testing and offering autonomous systems to customers
in serial models of cars and trucks [6-8]. The world’s leading innovative companies Waymo,
Yandex, Uber and others are also developing and testing technologies for autonomous vehicles.

On the other hand, unmanned technologies for the autonomy of trucks are widely used
in the mining industry. Volvo was one of the first companies to implement an autonomous
transport project in a mine in Norway, where six unmanned trucks operated on a 5 km long
route, of which 4.7 km were tunnels. This solution made it possible to increase safety in
tunnels and organize round-the-clock work [8]. Since 2015, the British mining company Rio
Tinto has been using a fleet of unmanned cargo vehicles in its quarries and mines in Australia,
and thereby increased productivity and reduced the cost of the extraction of natural resources
[9]. In Russia, ZyfraGroup is actively engaged in the development and implementation of
autonomous mining dump trucks in commercial operation [10].

The active promotion of unmanned solutions in the mining industry is associated with
the relative ease of ensuring safety measures during the operation of autonomous vehicles by
minimizing the presence of a person in the area of operation, the cyclicity and repeatability
of operations, etc. At the same time, a much higher level of safety of autopilot systems
for trucks is required for facilitating movement of autonomous vehicles on transit roads
and TLC territories, along with conventional human-controlled passenger cars and trucks,
with pedestrian presence in the traffic area. This area of research is currently under active
development in various countries with varying degrees of readiness for testing in real
conditions. One of the fewexamples is the successfully launched North American startup
Embark Trucks, which is realizing a project for cargo transportation along the highway from
El Paso (Texas) to Palm Springs (California) [11] along a 650 miles (about 1000 km) long
route.

In view of the prospects for the introduction of autonomous vehicles technologies in
Kazakhstan, Nazarbayev University (NU), together with the Russian company Zyfra (VIST)
Group [10], with the support of KAMAZ PJSC, has recently completed a a industrial project
on development of an autonomous truck on the basis of a modern KAMAZ NEO platform [12].

As part of the project, partners from Zyfra (VIST) Group have equipped a test KAMAZ
NEO truck with their own autopilot system for autonomous vehicle movement along a
predetermined trajectory or to a specified target position with the possibility of remote
control by a person from the control panel (Fig. 1). These technologies have been tested
on KAMAZ and BELAZ trucks and will be adapted for a new model of the KAMAZ NEO
5490 truck (Fig. 1) with an automatic transmission. The task of the NU project group was
to develop software and hardware modules for computer vision, vehicle trajectory planning
with the ability to replan the trajectory in real-time to avoid obstacles and respond to the
infrastructure of the traffic system (traffic signs, traffic lights, etc.). The results of the project
work on vehicle trajectory planning were reported in [13].

For experimental testing of the developed software and hardware solutions on an
experimental KAMAZ vehicle, a test site was created at NU on the basis of an open car
parking area on the NU campus.
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Figure 1: Autonomous truck based on KAMAZ Neo 5490 platform (left) and Remote control
cabin designed by VIST Group (right)

The test site was equipped with road signs, dummy people and cars.

2 Hardware Setup

The hardware part of the computer vision module is a set of interconnected hardware, which
is a single system designed to collect, store, process and transmit data from video cameras.
The main components are:

1. Video cameras Logitech C922;
2. Wi-Fi/4G router;

3. Laptop;

4. Remote computing server.

Next, we describe the process of integrating these equipment within the truck’s cabin.

The bracket and fasteners for the Logitech C922 cameras of the autopilot system inside
the cabin of the Kamaz truck were assembled as shown in Fig. 2. The parts were designed
in SolidWorks and made on a 3D printer from aluminum profile 40 x 40 mm. The cameras
were attached to the frame, which, in turn, was attached to the regular power fasteners of
the Kamaz cabin ceiling sheething. The stock ceiling mount is a power mount that will not
deform due to the added weight of the camera mount assembly and the cameras themselves
and the gravitational forces acting on them.

3 Data synchronization between cameras and the LIDAR

The task of localizing objects using RGB cameras, installed inside the test truck cabin,and
the LIDAR sensor, mounted in front of the vehicle, involves the transformation from one
coordinate system to another. For this, the cameras and LIDAR were calibrated. For
automatic calibration, the algorithm needs to find a specific image template. A chamotte
board is usually used as the image, since the computer vision algorithm is able to easily find
corners.



62 Development of a computer vision module . ..

Figure 2: Finished assembly of fasteners for the cameras

Using the found coordinates of the corners, the matrix of internal parameters K was
calculated (Equation 1). The matrix K for a hole camera consists of 5 parameters: (ug, vo) -
optical center (principal point) in pixels; (a,, o) - focal length in pixels with o, = F/p, and
o, = F/p,, where F is the focal length in real units, usually expressed in millimeters (p,, p,)
is the pixel size in real units; ~ is the skew factor, which is non-zero, if the image axes not
perpendicular (Fig. 3).
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K=1]0 o vy 0 (1)
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Figure 3: Point camera model

Using internal camera parameters, you can convert points from the real-space coordinate
system R3 (x,y, z) to the camera coordinate system R2 (w, h).
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The Equation 2 shows the formula for converting points in the real space coordinate
system to the camera coordinate system, where [z, ¥, 2, 1] is a point in the world coordinate
system, [u v 1] is a point in the camera coordinate system, K are the internal parameters of
the camera, z, is arbitrary scale parameter. [R T - are external parameters that denote the
transformation of the coordinate system from the coordinates of the three-dimensional world
to the coordinates of the three-dimensional camera. Equivalently, the extrinsic parameters
define the position of the camera’s center and the direction of the camera in world coordinates.
T is the position of the center of the world coordinate system, expressed in the coordinates
of the camera-centered coordinate system.

The Zhang’s model was used for calibration [14], which is a camera calibration method
that uses traditional calibration methods (known calibration points) and self-calibration
methods (correspondence between calibration points when they are in different positions). To
perform a full Zhang calibration, it requires at least three different images of the calibration
object, either by moving the object or the camera itself. If some of the intrinsic parameters
are given (image orthogonality or optical center coordinates), the number of required images
can be reduced to two.

At the first stage, the approximation of the estimated projection matrix H between
the calibration target and the image plane is determined using the DLT (Direct linear
transformation) method [15]. Subsequently, self-calibration methods are applied to obtain
an image of an absolute conical matrix.

Several 4 x 8 chessboards were printed on Al sheets. These chessboards were placed in
the field of view of the both RGB cameras, mounted in the truck cabin, to calculate the
corresponding internal parameters. Figure 4 shows 4 calibration boards.

Figure 4: Example of the installed calibration chessboards

At the first stage of calibration the cvlib toolbox was used [16]. This toolbox defines the
internal parameters of the cameras and determines the position and rotation between two
cameras. To work, several boards were placed ce for the entire size of the frame in different
orientations. The figure shows the result of finding the corners of cells in chessboards. Different
colors represent different boards found. Figure 5 shows the result of matching the left and
right cameras. Thus, the external parameters of both cameraswere computed

In order to achieve accurate results of object recognition, the algorithms for overlaying 2D
segments on 3D data from the LIDAR system were developed. To transform the coordinate
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Figure 5: The result of matching two frames of the left and right cameras

system, it was necessary to calibrate the cameras and the LIDAR in order to build the
transformation matrix.

Transformation matrices allow arbitrary linear transformations to be displayed in a
consistent format suitable for computation. It also makes it easy to combine transformations
(by multiplying their matrices).

Linear transformations are not the only ones that can be represented by matrices.
Some transformations that are non-linear in the n-dimensional Euclidean space R, can be
represented as linear transformations in the (n + 1)-dimensional space R,, ;1. These include
both affine transformations (such as translation) and projective transformations. For this
reason, 4 x 4 transformation matrices are widely used in 3D computer graphics. These n + 1-
dimensional transformation matrices are called affine transformation matrices, projective
transformation matrices, or, more generally, non-linear transformation matrices. As for an
n-dimensional matrix, an n+ 1-dimensional matrix can be described as an augmented matrix.

In the physical sciences, an active transformation is one that actually changes the physical
position of the system and makes sense even in the absence of a coordinate system, while a
passive transformation is a change in the description of the coordinates of the physical system
(change of base). The distinction between active and passive transformations is important.
By default, by transformation the mathematicians usually mean active transformations, while
physicists can mean both.

Calibration was done using the Aruco calibration toolbox [17] which provides a graphical
interface for interacting with 2D and 3D images. Calibration takes place in 2 stages. The first
stage is to select points in the 2D image and their corresponding points in the 3D LIDAR
image. This step must be repeated several times to increase the accuracy of the results.

At the second stage, the algorithm calculates the transformation matrix from the LIDAR
coordinate system to the camera coordinate system. This matrix is also known as the external
parameters of the camera. An example of a calibration process we made is shown in Fig. 6.

The complete calibration scene is shown in Fig. 7. In the center, data from the LIDAR
system is presented in Point Cloud format, where the intensity of each reflected beam is
shown in color. The lower left picture shows data from the left camera fixed inside the truck
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Select 3D LiDAR Points - 1563942107

Select 2D Image Points - 1563942107
.

Figure 6: Aruco calibration toolbox example

cabin. The lower right picture shows data from the right camera fixed inside the truck cabin.

Points with the LIDAR are filtered based on the visibility area, which are set as
parameters. We consider only points in front of the test truck Then, they are transferred
to the camera coordinate system using the matrix obtained earlier. Based on the segments
obtained during object detection, the points are filtered again. The resulting points are the
basis for the final clustering.

Figure 7: Full calibration scene

4 Datasets

One of the most important parts of machine learning using artificial neural networks is
the collection and processing of large amounts of data. To train the object detection and
localization model, it was decided to use COCO dataset [18]. The COCO (Common Objects in
COntext) dataset is a dataset for training models based on different tasks: object recognition,
localized objects, keypoint identification, segmentation, etc. It contains 80 classes, 80,000
training images, and 40,000 images to test the accuracy of the model (Fig. 8).
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The dataset consists of several parts. The first part is the images themselves containing
the objects. The second part depends on which problem the dataset is applied to. In our case,
we use annotations to localize objects. Each object instance contains an annotation with a
number of fields, which include a class identifier and a designation of the object’s boundaries
in the format of x,y coordinates, width and height.

The processing process is divided into several steps. At first, the image must be scaled
using an interpolation algorithm. Secondly, it is necessary to use algorithms for data
augmentation. We used a random image cropping algorithm to obtain different regions. Also,
some images were mirrored horizontally. To annotate the data that was collected manually,
the YoloMark tool is used [19].

ground truth

Figure 8: Examples of images in the COCO Dataset database

For a full-fledged computer vision system that will be able to move along the roads of
Kazakhstan in real time, it is necessary to collect additional data on road signs. By training
the traffic sign recognition model, the computer vision module can detect traffic signs and
send the position of the sign relative to the vehicle to the trajectory planning module. Next,
the planner must take certain actions that were prescribed for a particular sign.

After searching and analyzing existing databases, it was decided to use the RTSD road
sign database [20]. The database has similar road signs as in Kazakhstan. There are 156
traffic sign classes and 104358 sign images in this dataset.

As you can see in Figure 9, the RTSD dataset has very diverse seasons and also different
times of day, which of course helps retrain the model on the same type of data and increases
the accuracy of sign detection.

5 Development of an object detection model

During the development of the object detection model, two models were used: YOLOv3 [21]
and CenterNet [22]. Both models were trained on COCO public data.
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Figure 9: Examples of images in the RTSD database

Figure 10 shows the result of the YOLOv3 recognition algorithm on data collected with
an analog camera. It was revealed that the both models were able to constantly find objects
in the image for classification (detection stage). A distinctive feature of these methods is that
they perform detection and classification at the same time, thereby eliminating the need for
re-classification. This allows the models to be suitable for real-time tasks.

Figure 10: The result of the classification algorithm

The models were trained on the COCO dataset using data augmentation algorithmsfor
recognition of people, cars, fire hydrants and US-style road signs. The “training” of the
machine learning models were carried out on the DGX-1 deep learning cluster from NVIDIA,
which consists of 8 video cards with a total video memory of 64 GB. Both models were able
to recognize all the necessary objects that are found on the roads, namely cars, trucks, buses,
people, signs, traffic lights, etc.
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Table 1: Results of comparing the YOLOv3 and CenterNet models

. . . Average accuracy on
Model Size of input frame | Time to process dataset MS COCO (AP)
YOLOv3 | 416x416 40ms 31.0
CenterNet | 511x511 60ms 37.4

During the experiments the main characteristics of the two above-mentioned algorithms
were identified. The comparison result is presented in Table 1. CenterNet showed a more
accurate classification. YOLOv3, in turn, is the faster model of the two presented.

6 Model training

To recognize objects with an RGB camera, it was decided to use a convolutional neural
network with the CenterNet architecture (Fig. 11). CenterNet uses a system similar to YOLO.
This network is a state-of-the-art architecture capable of classifying and localizing objects
in 2D RGB images. CenterNet accepts a fixed-size 2D image as input, and an interpolation
algorithm is used to resize the images coming from the camera. As output, CenterNet provides
a 2D bounding box of objects found in the image. Unlike YOLO, CenterNet is based on a
central point. The implementation of CenterNet for PyTorch was used.

CenterNet consists of several parts. The first part is preprocessing, in which the images
are converted to the required format that the neural network accepts. At this stage, the image
is interpolated to the dimensions 511 x 511. Each of the three RGB channels of the image is
normalized according to the parameters of the dataset on which the network was trained.

In the second step, the algorithm uses an autoencoder/decoder-based neural network
architecture to perform semantic segmentation. The hourglass architecture with 54
convolutional layers is used as a basis.

At the third stage, the corners of the bounding box are found in parallel using the cascade
pooling algorithm and the centers are found. After that, a heatmap is built for the found
centers and angles. Heatmap contains information about the probability of each pixel to
contain the corners and centers of objects. The data from both heatmaps are combined to
get the final bounding box.

The network was trained and tested on MS COCO datasets with 50 classes of everyday
objects and KITTI dataset [23] with three classes: cars, pedestrians, bicycles, collected using
a car with 2 RGB cameras and equipped with a LIDAR system and designed for training
and testing machine algorithms with self-government.

7 Development of methods and algorithms for localization of detected objects

After converting the points from 2D to 3D and segmenting them, it was necessary to select
clusters that correspond only to the objects that need to be defined. The first step in achieving
this was the segmentation of the plane that corresponds to the ground. For this, parameters
were found to describe the plane. All points that lie below a certain distance are filtered.
This distance can be set as a separate parameter. The remaining points are passed on. To
determine the parameters of the plane, the formula was used:
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Backbone

Figure 11: Stages of object detection in the CenterNet architecture

fit = (AT« A7t x AT % b (3)

where A - x and y coordinates are a set of points belonging to the plane, b - z coordinates
are a set of points belonging to the plane, fit - parameters of the plane in the format:

ar +by+cz+d=0 (4)

The remaining points can be grouped together to form separate objects. We use the
Euclidean Clustering Extraction algorithm to separate points into clusters based on their
proximity to each other. The algorithm uses the Euclidean distance to determine if the
points belong to the same cluster. Points are considered to be in the same cluster if they are
within radius r from each other. The radius r is set as a parameter. By changing it, we can
control the size of the clusters. It should be noted that in our case, r must be larger than
the voxel size used in the VoxelGrid downsampling step. Brute force search of points within
a radius is very expensive, so the point cloud library uses the Kd tree structure to optimize
the algorithm. The modified version creates a kdtree from all input points. The tree is used
to find the closest points and check their relative distance. This eliminates the need to
check all points in the set. At the end, the algorithm extracts a set of clusters that contain
points for each feature. The clustering method divides the disorganized point cloud model
P into smaller parts, so that the overall processing time for P is greatly reduced. A simple
approach to data clustering in the FEuclidean sense can be implemented by using a 3D grid
subdivision of space using fixed-width blocks or, more generally, an octree data structure.
Such a particular representation is very quick to construct and is useful in situations where
either a three-dimensional representation of the occupied space is needed, or the data in
each resulting 3D block (or octree leaf) can be approximated with a different structure.
More generally, however, we can use nearest neighbors and implement a clustering method
that is essentially similar to the flooding algorithm. Let’s assume we’ve given a point cloud
with a table and objects on top of it. We want to find and segment individual point clusters
of an object that lie on a plane. Assuming we are using a Kd tree structure to find nearest
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neighbors, the algorithmic steps for this would be:

1. Create a tree view Kd for the input point cloud dataset P;
2. Initialize an empty list of clusters C' and a queue of points ) to be checked;
3. Then for each point p; € P, do the following;

(a) add p; in the current queue Q);
(b) for each point p; € @ perform:

i. find a set PP of point neuighbors p; in the sphere of radius r < dy,;
ii. for each neighbor pf € PF, check if the point has already been

)

processed and if not add it to Q);

(c) when the list of all points in @) has been processed, add @ to the list of
clusters C' and reset () to an empty list;

4. The algorithm terminates when all points p; € P have been processed and are
now part of the list of point clusters C'.

For each segment, the algorithm finds several clusters. By choosing the largest cluster,
i.e. the cluster with the most points is the desired object. Using these points, you can
find the position of the object relative to LIDAR The position is found using the cluster
centroid. The centroid is the average value of all the coordinates of a given cluster. To test
the algorithm, data was collected from the test KAMAZ truck: images from the two installed
RGB cameras and Point Cloud data from the LIDAR sensor The data was written using
the rosbag utility that comes with the Robot Operating System (ROS) robotics software
development framework. To visualize the work of the algorithm for converting data from a
3D LIDAR coordinate system to a 2D coordinate system, an algorithm was written that,
using the calibration parameters, overlays the LIDAR data and the image from the camera.
An example is shown in Fig. 12.

Fig. 15 shows the visualization result of object detection and classification. In this
example, the pedestrian classes have been filtered out. Fig. 16 shows the visualization of the
result of the object localization algorithm. The objects are localized based on the segments
shown in Fig. 13. The dots of different colors show the centers of the segmented objects.

8 Conclusion

In this paper we developed a computer vision module for an autonomous vehicle prototype
based on a KAMAZ NEO chassis which was provided by our industry partners. The module
is aimed at object detection and localization using an integrated system with two video
cameras and a LIDAR sensor. The first task was to design and install the necessary hardware
equipment. Thus, the cameras and the fasteners were installed inside the cabin whereas the
LIDAR sensor with its brackets was installed on the front bumper outside the cabin. Next,
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Figure 13: Visualization of the detection (left) and localization (right) algorithms

we performed the tasks of calibration and synchronization of two independent data streams,
namely, 2D images from the cameras and 3D point clouds from the LIDAR sensor. Once
the data streams were fully calibrated and synchronized, we developed the algorithms and
trained the models for object detection in the 2D images and localized them in 3D space
using information coming from LIDAR.

All the tasks were successfully completed. Currently, our computer vision module is able to
detect and classify people, cars, road signs and traffic lights as well as to identify the distance
to the detected object. It should be noted that the developed algorithms are suitable for any
type of vehicle or mobile robotic systems that employ RGB cameras and a LIDAR sensor as
their primary sources of visialinformation.

As a future work, we plan to develop the algorithms for obstacle avoidance, i.e., we need
to replan the trajectory or stop the truck based on the situation on the road. This work was
partially done but still needs to be improved.



72

Development of a computer vision module . ..

9 Acknowledgement

The project team was partially supported by the Ministry of Education and Science of
the Repubic of Kazakhstan (grant project IRN AP08052091), Nazarbayev University CRP
project (project Ne11022021CRP1502) and the industrialgrant funded by Zygra (VIST)

Group.

(1

(2]

3l

(4]

(5]

[6]
7]

(8]

Bl

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

18]

References

Iskaliyev Y., “Transport logistics today cerogusi is the key component in implementing of the State program Forced
Industrial Development” , accessed: 07.07.2022, URL: http://portal.kazlogistics.kz/analytics/95/708/.

Nazarbayev N., “State program «Strategy «Kazakhstan — 2050»: new political course of a developed country” , accessed:
07.07.2022, URL: https://online.zakon.kz.

“What is the importance of logistics development for the economy of Kazakhstan”, accessed: 07.07.2022, URL:
https://forbes.kz/finances/markets/birthday /.

“Official website of the State program «Digital Kazakhstan»”, accessed: 07.07.2022, URL: https://digitalkz.kz.

“Transport logistic centers of Kazakhstan, what was done?” | accessed: 07.07.2022, URL:
http://atameken.kz/ru/articles/27077-transportkazakhstana.

“Official website of Tesla”, accessed: 07.07.2022, URL: https://www.tesla.com/autopilot.

“Nissan tests fully autonomous prototype technology on streets of Tokyo?”, accessed: 07.07.2022, URL:
https://newsroom.nissan-global.com/releases/release-1fc537356ae3aaf048d0201b77013bf9.

“Autonomous trucks in real operation”, accessed: 07.07.2022, URL: https://www.volvotrucks.com/en-en/news/volvo-
trucks-magazine /2019 /feb /bronnoy.html.

“Mining automation: The be all and end all?” | accessed: 07.07.2022, URL:
https://www.australianmining.com.au/features /mining-automation-the-be-all-and-end-all /.

“Robotized technique for mining and industrial companies” , accessed: 07.07.2022, URL:
https://vistgroup.ru/solutions/robotizirovannaya-tekhnika,/.

“Self-Driving Trucks Are Now Delivering Refrigerators”, accessed: 07.07.2022, URL:
https://www.wired.com/story /embark-self-driving-truck-deliveries/ .

“A new project for development of an autonomous vehicle based on KAMAZ NEO platform started at Nazarbayev
University”, accessed: 07.07.2022, URL: https://nu.edu.kz/ru/news-ru/v-nazarbaev-universitete-startoval-proekt-po-
sozdaniyu-robotizirovannogo-avtomobilya-kamaz-neo.

Abilkassov Sh., Nurlybayev A., Soltan S., Kim A., Shpieva E., Yesmagambet N., Yessenbayev Zh., Shintemirov A.,
“Facilitating Autonomous Vehicle Research and Development Using Robot Simulators on the Example of a KAMAZ NEO
Truck”, 2020 IEEE 23rd International Conference on Intelligent Transportation Systems (ITSC), (2020):1-8.

Zhang Zh, “A Flexible New Technique for Camera Calibration”, IEEE Trans. Pattern Anal. Mach. Intell., 22(11),
(2000):1330-1334.

Abdel-Aziz Y.I., Karara H.M., “Direct linear transformation from comparator coordinates into object space coordinates
in close-range photogrammetry” , In Proceedings of the Symposium on Close-Range Photogrammetry, 8 (1971):1-18.

“cvlib - a simple, high level, easy to use, open source Computer Vision library for Python” , accessed: 07.07.2022, URL:
https://www.cvlib.net/.

“ArUco: a minimal library for Augmented Reality applications based on OpenCV”, accessed: 07.07.2022, URL:
https://www.uco.es/investiga/grupos/ava/node/26.

Lin T.Y., Maire M., Belongie S., Hays J., Perona P., Ramanan D., Doll?r P., Zitnick C.L., “Microsoft COCO: Common
Objects in Context”, European conference on computer vision, (2014):740-755.



Zh. Yessenbayev, Zh. Kozhirbayev et al. 73

[19]

20]

21]

[22]

23]

“YoloMark - Windows and Linux GUI for marking bounded boxes of objects in images for training Yolo v3 and v2”,
accessed: 07.07.2022, URL: https://github.com/AlexeyAB/Yolo mark.

“Russian Traffic Sign Dataset” , accessed: 07.07.2022, URL: http://graphics.cs.msu.ru/en/research/projects/rtsd.

Redmon J., Divvala S., Girshick R., Farhadi A., “You only look once: Unified, real-time object detection” , In Proceedings
of the IEEE conference on computer vision and pattern recognition, (2016):779-788.

Duan K., Bai S., Xie L., Qi H., Huang Q.,Tian Q., “CenterNet: Keypoint Triplets for Object Detection”, In Proceedings
of the IEEE/CVF international conference on computer vision, (2019):6569-6578.

Geiger A., Lenz P., Stiller C., Urtasun R., “Vision meets robotics: The KITTI dataset” , International Journal of Robotics
Results, 32(11)(2013):1231-1237.



	Без имени
	Без имени
	Без имени

