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RECOGNITION OF ROAD OBJECTS AS A MEANS
OF SOLVING THE PROBLEM OF INATTENTION ON THE ROAD

Abstract. The subject of the article is the problem of inattention on the road and its root cause. The topic of this article
is methods for recognizing objects on the road in real-time. The tasks of this article are to investigate the statistics of the
causes of road accidents, to analyze the capabilities of modern methods of object recognition and computer vision, and to
analyze the possibility of integrating these methods and models into the smartphone application. The end goal of research
and analysis is to try to develop software that can help visually impaired and inattentive drivers, as well as reduce the
potential number of road accidents. In this article used next methods: contour analysis methods with Fourier transforms and
convolutional neural network design and training methods. The results of the analysis of road accidents causes showed that
the main problem on the road - is the inattention of drivers. The analysis of models, methods and possibilities of their
integration showed that modern methods of object recognition are capable of solving the task, but there are many factors
that affect the accuracy of these methods. Recognition accuracy is also highly dependent on the smartphone and its
processing power, camera, etc. Conclusion. Achieving the goal is possible, but modern algorithms and smartphones can
solve it only partially. Also, we do not really know if it potential developed app will help driver and would not confuse

them more on the road.
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Introduction

Today in the world on average every 3.5 minutes
there is a road accident [1]. The main cause of the road
accidents is the neglect of the drivers [2]. Now there are
many corporations and techno companies trying to solve
this problem. They create different systems with “eyes”
for recognizing situations and objects on the road [3].
But these solutions are very expensive and can only be
installed in certain cars. To solve the problem of
inattention on the road, you need a solution (technology,
device, software) that would satisfy the conditions of
easy installation and relative cheapness. The key to
solving this problem is machine learning and computer
vision. Today, a great number of companies use computer
vision and machine learning in their products and
technologies. Machine learning is now not just an idea
and algorithms, but actually existing objects, models and
methods. Elements and models of computer vision can
replace many of the sensors and systems used in similar
solutions before. So, solving the initial problem using
computer vision and machine learning is a practical and
relevant task. However, it should be understood that
existing technologies for the development of models of
artificial intelligence and machine learning are far from
ideal. Therefore, this work is a study of the possibility of
solving the problem. Despite all above, the problem
remains relevant and a thorough study will in any case
improve the methods of its solution and increase the
amount of attention it receives.

1. Causes of the road accidents

According to statistics, which, by the way, is quite
disappointing in Ukraine, almost all drivers make the
same mistakes [4]. Consider the main causes of road
accidents:

1. Unjustifiably risky behavior and conscious
violation of traffic rules. Probably the most common
cause of an accident. These include ignoring traffic
signs and traffic signals, changing lanes without turning
signal on, etc.

2. Driving drunk. Unfortunately, driving while
intoxicated is almost the norm. Drunk driving itself has
the most severe consequences. Due to blood alcohol, the
driver is prone to losing control over his or her actions.
In addition, in most cases, there is an unjustified self-
confidence, slows down the reaction, dulls the attention
and impairs the ability to analyze the situation around.

3. Over speed. It is necessary to choose the speed
depending on the road conditions (in particular, the
type, condition and slope of the road), visibility and
technical condition of the car, etc.

4. Inattentive driving. This category includes the
inattentive attitude of drivers to each other, including
pedestrians, and not full traffic monitoring.

5. Inadequate behavior in extreme situations. The
greatest danger here is the drivers-beginners or those
who very rarely go on the road, because the ability to
avoid accidents comes only with experience.

6. Non-observance of the distance. Such a
violation may result in the vehicle being hit by a moving
vehicle. In settlements, it is necessary to observe the
distance at the rate of 0.5 m per 1 km/h speed, outside
settlements 1 m per 1 km / h.

7. Violation of overtaking rules. Overtaking is one
of the most responsible and frequent maneuvers
associated with increased speed and limited visibility.

The statistics of the causes of accidents occurring
as a percentage are shown in Fig. 1 [5].

Therefore, it can be concluded that most road
accidents occur due to the disregard of signs and traffic
lights because of drivers’ inattention.

76

© Titov G., Rozsokha S., 2019



ISSN 2522-9052

CyuacHi indopmaniiini cucremu. 2019. T. 3, Ne 3

behaviorin extreme
situations
20%

Over speed
7%

Drunk driving
11%

Non-observance of
distance
9%

Road accidents causes
Violation of
overtaking rules
Inadequate 5% )

lgnore traffic signs
and traffic lights
26%

Inattentive driving
22%

Fig. 1. Statistics of the causes of road accidents in percentage

Driver neglect is not always a lack of skill or habit.
It can also be due to illness. In both cases, this can lead
to an accident. To improve the situation, companies use
specially designed tools that evaluate events on the road
with cameras (or sensors) and give specific guidance to
the driver of the vehicle. In some flagship car models,
such systems are built-in by default. And they handle
their function quite well. However, these are only some
brands of high class cars. So let's understand what these
tools are, what are the drawbacks of methods and
algorithms. Let's find out if we can make these tools
cheaper and easier than they are.

2. Practical part

Over the last 10 years, phones have made a
qualitative leap. Before, they were only for
communication, with a very limited browser and almost
no video playback. But now, these are full multimedia
devices with normal browsers, MS Office suite, games,
equipped with cameras shooting 4K videos. Imagine, that
you have complete PC in your pocket. Manufacturers are
actively developing the same view [6]. From year to year,
smartphone cameras are becoming more successful and
more versatile. Technical innovations that are now being
integrated into smartphones:

— Larger sensors. The fact is, the larger the image
sensor in the camera, the better the end result

— More megapixels. The image resolution is
increased.

— Wider aperture. This allows the camera to
capture as much light as possible during dusk shooting.

- Optical stabilization. Optical image
optimization keeps the shaking videos stable

— Improved processing. Finally, some of the
achievements in smartphone shooting have been
achieved not through better optics but through better
processing of software made possible by more powerful
phones [7].

One possible means of increasing driver
inattention may be a special warning and alarm system.

The main part of this system is recognition of the
situation on the road and road objects, including road
signs and traffic lights. Today exist and implemented
the following methods of recognition of road signs:

1. Methods of contour analysis combined with
Fourier transforms.

2. Methods of machine learning and neural
networks [8].

Let's look at them in more detail.

2.1 Sign recognition using contour analysis and
Fourier transforms. The OpenCV library has the
necessary mathematical apparatus and a fairly high
performance [9].

The steps of the task:

1. Get an image from the camera.

An example of the resulting image is shown in
Fig. 2 [12].

2. Convert the resulting image.

As a result of some experiments, a filter and the
following image was obtained. The result of image gray
scale filtering is shown below in Fig. 3 [12].

3. Application of threshold filter [10].

The parameters for this filter were experimentally
selected. The use of a pore filter is shown below in Fig.
4[12].

4. Determination of boundaries of contours.

An optimized function from the cvCanny library, a
border detector, was taken. The definition of the
contours in the camera image is shown below in Fig. 5
[12].

5. Contour analysis

Any image is a two-dimensional signal. To obtain
the image spectrum, one must take a one-dimensional
Fourier transforms from each row of the image, and
then do the same with each column of the data obtained.
FFT is required for this work, since simple DFT
processes the image too slowly, and should only be used
for one-dimensional signals not exceeding 32 points.

Here are some properties of the Fourier transform
that we need to interpret the spectrum of images.
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Fig. 2. Sample camera image

Fig. 5. Defined thresholds on the image

5.1. Linearity. If you add or subtract two signals in
the time domain, then their spectra also add up or
subtract. This means that you can spread the image
across the spectrum.

5.2. Time shift. This means that when the signal is
shifted in the time domain, its spectrum does not
change, only the phase changes.

5.3. Rotate. This means that when the signal is
rotated in the time domain, the signal in the frequency
domain returns exactly the same.

5.4. Scalability. This means that as the signal
expands in time, its spectrum becomes the other way
around.

In the signal spectrum, the low frequency
components show those parts of the image where the
brightness remains virtually unchanged. High-frequency

Fig. 3. Filter used

Fig. 4. Threshold filter

components show changes in intensity. Thus, if only the
low frequencies (low pass filter) are left, then only blurry
spots will be obtained after the Fourier transform. If you
leave only the high frequencies (high-pass filter), then
basically only the contours of the objects will remain,
since it is on their borders that the brightness of the image
changes dramatically. According to the Fourier property,
"time shift" when changing the position of an object in
the image, only the phase changes in the frequency
domain, so that in amplitude it can be understood that it is
this object, even if it is elsewhere. in the picture. If there
are many different objects in the image, then their spectra
will add up, and it will be impossible to know whether
the desired object was present in the image. Of course,
according to the linearity property, it is possible to
subtract the spectrum of the desired object from the
image spectrum. Then, if an object is present in the
image, it will disappear from the image. If there was no
desired object in the image, the result will depend on
how many frequencies the subtracted object occupies.
Namely, there will be small interferences in the image,
which will make the image illegible [11].

Advantages of the contour analysis method:

— ease of implementation;

— speed of work;

— low computational complexity of algorithms.

The disadvantages of the contour analysis method:

— it is necessary to ensure that there is no noise
on the image by preprocessing;

— if the object has no clear boundaries or the area
is heterogeneous and contains smooth gradients, then
the algorithm will not solve the problem of
segmentation correctly, which will lead to the
impossibility of further automated analysis;

— under different light and weather a threshold
filter may need to be re-selected;

— consistent implementation;

— difficulty in finding and processing internal
contours [12].
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2.2 Recognition using CNN (Convolutional
Neural Networks).

1. Visualization and intelligence analysis of data.

GTSRB is a road sign recognition datasheet in
Germany. The task is to teach the classifier of road

signs using marked data from GTSRB [13]. In general,
the best way to get an idea of the available data is to
build a histogram of train distribution and validation of
datasets.

The data display is shown in Fig. 6 [14] below.
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Fig. 6. Train, validation and test sample data

2. Normalization of images.

In order to improve the convergence of the neural
network, it is necessary to bring all the images to a
single illumination by converting their color gamut to

Ahead only

grayscale. Normalization of image contrast will be
accomplished using adaptive histogram normalization
(CLAHE). An example of the images obtained is shown
below in Fig. 7[14].

Speed limit {70km/h) Keep left

Fig. 7. Normalize i

3. Data augmentation

We will construct artificial images by transforming
existing images through rotation, mirroring and affine
transformations. We will create new images "on the fly,
so that data augmentation parameters can be quickly
adjusted. Combining the network date into one large
train sample, we submit it to the resulting generator. We
now have two types of augmentation: the contrast and
the affine transformations that apply to the samples. The
generated images by augmentation are shown below in
Fig. 8 [14]. Note: augmentation is required for the train
set. The test set is also preprocessed, but not augmented
[15].

4. Learning the neural network

After the pre-processing is complete, all the
generators are ready and the set date is ready for
analysis, you can go to training.

mages in grayscale

Advantages of wusing coagulating neural
networks:
— the use of convolution kernels gives,

compared to a fully connected neural network, a
smaller number of tunable weights, which results in
reduced time and computational resources for
network learning;

the use of convolution cores also helps to avoid
pixel memory, pushing the network to summarize the
displayed information;

partial invariance of scale;

learns using the classic error back propagation

method,
— other networking and deep learning techniques

may be involved;
Disadvantages

networks:

of using coagulating neural
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— long learning time (several days or more) for a
neural network with a number of convolution layers
greater than two;

— the need for a large number of examples for
training;

— high probability of retraining the network with
insufficient number of examples;

Speed limit (100km/h End of speed limit {

— too many variable network parameters: the
number of layers, the size of the convolution kernel for
each layer, the number of nuclei for each of the layers,
the shift step, the need to use sublayer layers, the degree
of diminution of their dimensions, these parameters
significantly affect the result, but are chosen empirically
for each a new problem [16].

No passing for vehic  No entry

Fig. 8. Generated images by augmentation

3. Ability to integrate into the mobile
application

All recognized recognition methods have several
disadvantages:

1. Difficulty of use and installation.

2. The complexity of data collection and
processing.

3. Complexity of implementation.

4. Great response time.

5. Not always great recognition accuracy.

Analyzing the methods, we can conclude that the
basis of all systems is a powerful processor and camera.
Almost all of us carry our own smartphone. Then, why
can't all these methods be integrated into one mobile
application? In fact, it is possible, but even if we assume
that most users (or people who need this app) have an
average Android smartphone, there may be some
difficulties using the above libraries:

1. Different smartphones may have different
cameras. It follows that the images of them may also be
different.

2. Different types of color rendering also give
different images in the analysis.

3. Different screen resolution, gives different-
scaled images, which degrades the final performance.

4. Different performance indicators on different
smartphones, also under different conditions of use of
smartphones.

5. Despite the development of smartphones, not all of
them have the same computing power as computers [17].

Conclusion

The most common cause of an accident is driver
inattention. Any driver in certain circumstances may be
inattentive. Existing driver assistance systems are
inaccessible and difficult to install. These systems are
based on mathematical algorithms, methods and models
of computer vision. All methods are different and have
different advantages and disadvantages. Each of them
solves the problem to some extent. You need an
innovative tool that is easy to integrate, cheap to
implement, and combines all the benefits of existing
ones.
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PoznizHaBaHHs 00’ €KTIB J0POKHBOI0 PyXy fIK 3aci0 pilleHHs MPO0/IeMH HEYBaKHOCTI Ha 10po3i
I'. O. Tiros, C. B. Po3coxa

Anorauis. IIpexver crarri — npodieMa HeyBaXHOCTI Ha JI0pO3i, 1 BOHa € nepiuonpudnHoro. Tema wiel crarri - Meroau
po3mi3HaBaHHS O0’€KTIB HA JIOpO3l B PEeXMMI peajbHOro 4acy. 3aBJaHHS Li€i CTaTTi - JOCHIAUTH CTaTUCTHKY NPUYMH
JIOPO’KHBO-TPAHCIOPTHUX HPHIOJ, IPOaHAII3yBaTH MOMXJIIMBOCTI Cy4aCHUX METOJIB PO3Mi3HaBAaHHA 00’ €KTiB Ta KOMII FOTEPHOTO
30py Ta MpoaHaji3yBaTH MOMIJIMBICTh iHTETpallii IMX METOAIB Ta Mozieneil y cMapTdoH. KiHleBa MeTa 10CHiPKeHb Ta aHAMI3Y -
crpoOyBaTH PO3POOUTH NPOrpaMHe 3a0€3IeUCHHs, IKe MOXKE JOMOMOITH JIIOSAM i3 BaJlaMH 30py Ta HEYBa)XKHUM BOZISAM, a TAKOXK
3MEHILUNUTH TOTEHIINHHY KiJbKICTh JAOPOKHBO-TPAHCHOPTHUX HPUroA. Y IiH CTAaTTi BUKOPHCTAHI METOMM: METOJ KOHTYPHOIO
aHaui3y 3 nepersopeHHsAMU Dyp'e Ta MeTOx M3aiiHy Ta HABYAHHS HABYAJIbHUX HEHPOHHMX Mepek. Pe3ysibTaTn aHanizy npuuuH
JIOPO’KHBO-TPAHCIIOPTHUX IIPUTOJ IOKA3aJld, 1[0 OCHOBHA HpoOiieMa Ha JI0po3i - Lie HEYBaXKHICTh BOIIB. AHami3 Mopnenei,
METOZIB Ta MOMJIMBOCTEH iX iHTerpauii mokasas, IO Cy4acHI METOAM PO3IMi3HaBaHHS 00 €KTiB 3[aTHI BHUpIIIUTH 3a1ady, ajue
icHye Oarato (hakTopiB, SIKi BIUIMBAIOTh HAa TOYHICTh IMX METOIB. TOYHICTH PO3IMi3HABAHHS TaKOX CHIIBHO 3aJISKUTH Bif
cMapTdoHa Ta HOro MoTyxHOCTI 00poOKH, KamepH Tollo. BHCHOBOK. JIOCATHEHHS METH MOXIIMBO, aJle Cy4acHI aJI'OPUTMH Ta
cMapTOHU MOXKYTh BUpIIIMTH ii uime gacTkoBo. KpiM Toro, Mu He 3Ha€MO, YU MOTCHLIHHO PO3POOIICHUH 0AaTOK JOIIOMOXKE
BOJI€BI 1 He 3aIuTyTae iX OlIbIIe Y T0PO3i.

KawuyoBi ciroBa: po3mizHaBaHHS; BOAIN; HEYBaXKHICTh; MOJIENI; HEWPOHHI MEpexXi; TEXHOJIOT11; MalllHU; cMapTQOH.

PacnosnaBanue 00bEKTOB JOPOKHOIO ABHKEHHS
KaK CpeacTBO PeIICHUsA npoﬁnemu HEeBHUMATEJIbHOCTH HA 0pore

I'. A. Turos, C. B. Po3coxa

Annotanusn. [Ipeqmerom craTey sBiseTcs poOieMa HEBHUMATEILHOCTH Ha JOpOre U ee nepBonprynHa. Tema naHHOM
CTaTbU - METO/Bl PacHoO3HaBaHHMS OOBEKTOB HA JIOpPOre B PEKMME PEajbHOrO BpEeMEHH. 3aJadaMu JAHHOH CTaTbU SIBIISIOTCS
HCCIIEIOBAHNE CTaTUCTHKU IIPUYMH JIOPOXKHO-TPAHCIIOPTHBIX IPOUCHIECTBHH, aHAIN3 BO3MOXHOCTEH COBPEMEHHBIX METOIOB
pacro3HaBaHusi 0ObEKTOB M KOMIIBIOTEPHOI'O 3pEHMs, @ TAKKe aHAIM3 BOSMOXHOCTH HMHTErpallii 3THX METOAOB U Mojened B
cmaprtdon. Koneunas nesib Uccie0BaHUI 1 aHAIN3a COCTOMT B TOM, YTOOBI IOIBITATHCS pa3padoTaTh NPOrpaMMHOE 00eCIIeUeHHE,
KOTOpOE MOXXET MOMOYb CIa0OBHISIIMM M HEBHUMATEIHHBIM BOAUTENSIM, @ TAKKE YMEHBIINTh MOTEHIHAIBHOE YHCIO JOPOXKHO-
TPaHCIOPTHBIX TPOHCINECTBHH. B IaHHON craThe HCIIONB30BaHBI METOABI: METOJ KOHTYPHOI'O aHaiH3a C IpeoOpa3oBaHHSMU
®dypre M CBEpTOYHbIE HEHWPOHHBIE CETH, METOIbl NPOEKTHPOBAaHMS M 0OydeHHs. Pe3yabTaTsl aHammza NPHYMH JIOPOXKHO-
TPaHCIOPTHBIX NPOHCIIECTBUH, MOKAa3aJlk, YTO IJIaBHAs MpoOieMa Ha JOpore - 3TO HEBHUMAaHWE BOIWTENCH. AHAIN3 MoJeiei,
METOIOB U BO3MOXKHOCTEH WX HMHTErpaliH IOKa3all, YTO COBPEMEHHBIE METOJbI PAcIiO3HABaHUS OOBEKTOB CIIOCOOHBI PEIIHThH
MIOCTABJICHHYIO 3371auy, HO CYILECTBYET MHOXKECTBO (haKTOPOB, BIMAIOIIMX HA TOYHOCTH 3THX METOZOB. TOYHOCTb PAaCIO3HABAHUS
TaKOKe CHJIBHO 3aBHUCHT OT CMapT(oHa U ero BEMMHUCIUTENFHON MOIITHOCTH, KaMepsl U T.1. BeiBoa. JlocTibkeHHe ey BO3SMOXKHO, HO
COBpPEMEHHBIE AT OPUTMBI M CMapT(OHBI MOT'YT PEIINTh €€ JIUIIb YacTHIHO. KpoMe Toro, Mbl He 3HaeM, IIOMOXKET JIY TOTEHIUATEHO
pazpaboTaHHOE IPUIIOKEHHUE BOJUTEIIO M He OyJIeT JIM OHO Ha000pOT IyTaTh X OOJIBIIE HA JIOpOTe.

KiaodyeBble c10Ba: paclo3HaBaHNe; BOAUTENb, HEBHUMATEILHOCTh; MOJIEIIH; HEHPOHHBIE CETH; TEXHOIOTUH;
aBTOMOOMIIM; cMapTQOH.
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