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The analysis of calculating the vehicle speed between two automatic speed cameras within the
framework of traffic violation detection demonstrates that using the average speed metric enhances
speed limit compliance accuracy. This method reduces the possibility of evading responsibility for
violations through temporary speed reduction before cameras. These systems employ usage of
existing road cameras infrastructure to determine the minimal travel path of vehicle passing two
cameras placed at a certain distance apart to measure the average speed of travel. Technical
aspects of implementing the proposed system include utilizing cloud computing for data
processing and storage, which reduces infrastructure costs. The system employs the possibility of
usage of machine learning algorithms to predict travel time between cameras, considering various
factors such as road conditions and speed limits. This approach ensures high calculation accuracy
and reduces the number of false violation alerts. To further reduce the possibility of false
violations, it is suggested to only use speed limitations based on the traffic signs on the road
intervals of the calculated minimal path between two cameras that the vehicle has passed.
Implementing the system requires the development of new software for data analysis and
integration with existing traffic control systems. This includes designing algorithms to determine
the minimum required travel time between cameras and calculating the average speed based on
these data. Additionally, methods must be developed to detect and handle exceptions, such as road
stops, or route changes, which can affect calculation accuracy. The feasibility of practical
implementation of the system was investigated based on the existing infrastructure of traffic
cameras in the city of Lviv. Possible minimal routes between cameras were analyzed and
compared to the avarage passing speed of vehicles of different categories. The modulated results
indicate that such a system would be an effective addition to the traffic control system, while
requiring relatively low financial and engineering efforts.

Keywords: average speed, automated processing, speed enforcement camera

1. Introduction

Automated speed control technologies are widespread in many parts of the world. Research
consistently confirms the significant safety benefits achieved through these technologies. However, there
are substantial variations in the nature, extent of use, and acceptability of automated speed control
technologies, especially when used as the primary method for enforcing speed limits.

Ukraine, in turn, demonstrates its readiness to introduce innovative solutions not only in the
commercial sector but also to change laws to be a modern legal state.
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One of the problems arising on Ukrainian roads is the low density of data cameras and the violation
of rules beyond the camera’s reachability. A significant portion of drivers exceed speed limits, and upon
seeing the road sign 5.76 "Automatic video recording of traffic violations," they simply reduce their speed
upon seeing the road sign[1]. Thus, the effectiveness of such cameras in measuring speed is quite limited
and they have substantial "blind" spots.

With the improvement of roads and the growing numbers of people with driving licenses, the
number of road accidents also increases. In 2023, there were 23,642 road accidents in Ukraine, in which
3,053 citizens died and another 29,502 people were injured [2].

Therefore, the issue of increasing the efficiency of the use of automated traffic monitoring cameras
is of great concern to society. With the introduction of automated cameras, speed control has become more
objective, reducing the risk of human error or unfair treatment.

2. Determination of the vector for building an automated traffic monitoring system

Technological advancements continue to progress rapidly, with artificial intelligence increasingly
being integrated into various facets of our lives. One notable example is the use of Al for automatic license
plate recognition in the context of recording traffic violations through traffic cameras.

The main researches related to traffic cameras are divided into specific areas. Some of them are
focused on the accuracy of data calibration of license plate recognition, as researched in Sayed Navid's
article [3]. Others are focused on the improvement of the quality of images, as it is challenging to obtain a
disctinct image at high vehicle speeds and therefore difficult to recognize (for example, the research
conducted by Lee Yangsang on the use of two cameras to enhance pictures quality [4]). There are also
studies related to traffic flow prediction, anomaly detection, and vehicle tracking [5].

We have attempted to propose a method for identifying speed violators based on the minimally
required travel time over a section of the road between two or more cameras.

Currently, there is a method for determining the average speed of travel between two points, which
involves two linked cameras placed at a distance of 200 meters to several kilometers apart, or cameras
mounted on a single pole, with one directed at the front license plate and the other at the rear license plate
of the vehicle [5].

It is well-established that all traffic cameras are connected to a single network, thereby enabling on-
demand access to captured photos for specific uses. Traffic cameras operate within a shared network
infrastructure where images and data are managed through centralized servers. This network allows for
real-time processing, storage, and retrieval of traffic footage, thereby enhancing the efficiency of traffic
monitoring and enforcement. The interconnected system facilitates the handling of large volumes of data,
ensuring that traffic images are systematically cataloged and accessible for analysis and decision-making
[6]. The processing of these images is primarily carried out using artificial intelligence, with human
intervention required only in exceptional cases [7].

Thus, the existing system of automated speed evaluation cameras can be expanded and
supplemented with the requirement to take photos of every vehicle passing by. There is also a need to
extend the capability of the image processor and data storage to cover the processing and storage of data
about vehicles that have passed by the camera’s place.

In addition to the need to expand the capabilities of the photo analyzer from the camera, it is also
necessary to attract resources that will determine how much time is needed for the minimum necessary
travel time between the two cameras. For this part of the application, it is purposed to use a cloud-based
solution, as building an independent system of speed prediction possess several difficulties, such as
managing information about road conditions and path availability for certain vehicle categories as well as
accounting possible changes in road parts speed limitations that can be changed over time. For this, we will
use Google’s pathfinding tools — Google Maps Routes API [8].

We can calculate the minimum time required to travel between two points (in our case, cameras) by
setting up the necessary parameters, based on the speed limit for the road sections, and disregarding real-
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time traffic conditions (the "predicted travel time" settings). Usage of minimal travel time based on the
road signs instead of predicted avarage time is necessary for two reasons. The first reason is the complexity
of organizing such a system — for each vehicle, it would be necessary to determine predicted travel speeds
at the starting point for each possible future point, as real-time measurements do not provide data based on
past information. The second reason is the difficulty of implementing a legal basis for determining the fine
based on a system that is constantly changing.

In summary, the primary source of truth should be the graph of the shortest time built between a
camera and its nearest neighboring cameras. As a result of the construction of such a graph, it is possible to
obtain a large map of interregional connections with clusters of smaller, but more complex graph
subsystems within regional centers and large cities.

A comparison of speed control approaches existing in Ukraine [9] with the proposed one is given in
the table. 1.

Table 1

Comparison of speed control approaches

Modern systems .
Existing connected systems
Name (TrueCam, Proposed system
. (Dozor) [9]
Vizyr)
L . F T ing, high connectivi
Speed Allied, instant after passing the astp ocessins, high co ecF vity,
Instant queried after second camera is passed
measurement second camera by
The entire r X for th .
All the way except . ¢ route, except for the The inability to accurately calculate
The amount of . distance between the two . .
. for the area in . the average speed if the vehicle had
blind spots cameras and the area in front of
front of the camera stops
the first camera

A server is required for processing
and medium-term data storage, along
with technical support

A modular system with potential for

Maintenance cost .
Same as for existing one

i)oesxt/elopment Existing system development. Low costs for
developing the basic functionality.
Economic With a minimum increase in
prediction 282 million (statistics for 2021) efficiency of 1%, the additional profit
will be at least 2.8 million UAH.
Legal Existing System The need Fo adapt. the law to
Component proposed innovation

3. Determination of basic indicators and development of the
identification system

algorithm for the vehicle speed

Since speed limits are regulated by rules for road safety improvements, the primary indicator of the
successful implementation of such a system is the reduction in mortality and injury rates among road users.
From an efficiency standpoint, this system must meet certain criteria. The most important criterion for this
system is measurement accuracy, as the measured information will be used to confirm that a certain vehicle
has violated traffic rules and should not impose additional burdens on the judicial system due to mistakenly
issued fines.

Data processing speed is also critical, as it affects the system's responsiveness and its ability to
operate in real-time. This means that the system must quickly process the received data and calculate the
travel time of vehicles in a suitable time.

The reliability of the system is determined by its stability over a long period and its ability to adapt
to various operating conditions, including changes in the environment, traffic, and routes. The system must
periodically update the graph of the minimum required travel time. This is necessary for situations when,
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for example, a section of the road that forms the fastest route is closed for repair, and now the fastest route
is different. Or in reverse situations: a new bridge or road opens after repairs, providing a faster route. Such
scenarios could lead to mistakenly issued fines. To avoid this, the minimum speed graph needs to be
updated periodically, for instance, daily.

Additionally, it is worth mentioning the system's integration, which is important for its ability to
coexist with existing systems and the potential for synergy with them, ensuring a comprehensive approach
to traffic management.

To build a centralized system for processing the average speed of each vehicle individually, it is
necessary to model the behavior of the Storage and Processing Center (SPC) when adding a new camera,
as well as the main logic of the system when a vehicle passes by the first camera and then by another.

An important detail in this development is protection against “zombie objects” — vehicles that pass
through one camera, but rarely reach the point of another one, leaving their footprint in the system, but
never reaching required conditions to be fully processed. Over time, this can lead to the need for increased
operational memory capacity due to memory leaks. Such situations can occur, for example, when the
owner of a car lives in the area between two cameras, or if there are multiple possible routes (e.g., when
passing through a city) due to the existence of more than one possible path.

Cameras are proposed to be added to the system manually, as this is a relatively rare event.
Information about the camera should include at least the camera identifier, its geographic location, and
neighboring cameras. Since a camera can be unidirectional, the number of neighboring cameras may differ
depending on the direction of travel. After adding a camera, the Storage and Processing Center (SPC) must
calculate the minimum travel time to neighboring cameras and also recalculate the minimum time for these
cameras and update the list of neighbors for them.

The next step is to create the business logic for the main part of the system, specifically the logic for
passing cameras and calculating the average speed according to the speed limit between cameras. At this
stage, it is necessary to consider the logic of storing information about the vehicle in the system's memory
and the need to update data if the vehicle passes the next camera while following the speed limit.

A realistic approach might involve storing information only about the first camera or storing data
about all the cameras the vehicle has passed through. The first option helps to reduce the average speed
calculation, which allows for lowering the deviation from the average speed over the entire route.
However, this method might consider stops and parkings, leading to a derogation of the average speed.

Storing data about all passed points has the disadvantage of increasing memory usage without
improving the system's efficiency. Therefore, the option of storing information only about the first camera
and comparing travel time data when the second camera is passed has been chosen. The algorithm for this
behavior is described in detail in Fig. 1.

In the algorithm, it can be seen that data is overwritten in the SPC regardless of whether the driver is
violating the speed limit or not. This is explained by the fact that a vehicle can violate multiple traffic laws
in succession, and thus, regardless of whether the driver has violated the speed limit, the information about
this passage is overwritten when passing by another traffic camera.

Thus, a vehicle enters the system when it passes a traffic camera and it is removed from the system
only when the specified time limits are exceeded.

As shown in the algorithm above, this logic requires a centralized data processing system, as well as
information that will come from existing cameras through existing communication channels. Therefore, the
costs for equipment are quite low, but this project not only can be economically beneficial but also impacts
the safety of road users' lives.

Apart from the algorithm provided, before moving on to mathematical modeling and calculating the
system's effectiveness, it is necessary to define the conditions under which speed is considered to be above
the permissible limit. Quoting the publication on the site thepage.ua [10]: “A speed limit violator is
considered to be a driver who exceeds the permitted speed. The allowable speed excess is 23 km/h. For
example, in cities, this will be 73 km/h (50 allowed + 20 — allowable excess + 3 — additional
measurement error).”
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Automobile
passes by
the camera

Waiting

The camera records data
and sends information to
the Storage and
Processing Center (SPC)

SPC recognizes the
license plates using image
recognition tools

as the travel time
limit passed?

Remove from
memory

Is there a No
record for

this car?

SPC creates object with:
e cameraid
e car license plate
e  time of camera passage

Calculate the average
speed based on data from
two cameras

Update car data with more

<Has the car exceeded~__NO
the average speed?. current camera data

Record in long-term
memory and synchronize
with the fines system

Fig. 1. Algorithm of the SPC operations with traffic camera data

The calculation of the average allowable speed of movement must be carried out according to the
formula (1).

k
Z(Vn + Vn.add + 8)
_ n=l
Vay = P : (1)
where V, — the allowable speed on a given section of the route, £ — the number of sections with different
speeds, V,..4a — the allowable speed excess on a certain section of the route, J — probable device error
However, since according to the traffic rules in Ukraine, the allowable speed excess does not depend
on the base allowable speed and is a constant number, the formula above can be simplified. Additionally,
since the error J is an error that accounts for the camera's readings at a certain point in time, it can be
neglected when calculating the average speed excess (2):

S(,) S(,)

Vi =254V, g =2=—+20. 2
k n.add k (2)

av

By using data from Google, we can obtain the time ¢ and the distance / between two cameras.
Accordingly, the total speed on the sections can be replaced with the average speed over a continuous
section of the route (3):

Zg
V,=—+20, 3)
ly
where the index g indicates the use of data from the system for determining the required time, which in

turn is obtained from Google.
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4. Mathematical justification of the efficiency of the average speed calculation system

Initially, it is necessary to model an abstract graph. This modeling allows us to represent the road
network as a graph, where nodes correspond to the locations of the cameras and edges represent the road
segments connecting them. By analyzing this graph, we will be able to simulate various traffic scenarios
and evaluate the effectiveness of average speed calculation methods.

For this, we use a real map with the placement of automated traffic enforcement cameras in the Lviv
region (Fig. 2).
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The data was taken from the official website of the Ministry of Internal Affairs of Ukraine [11] and
does not include cameras near the Plav’ya village on the border with the Zakarpattia region, in order to
provide greater detail of the cameras in the screenshot above. By analyzing the main roads and the
probable routes between cameras, a schematic graph was obtained, as shown in Fig. 3.

The probability of passing by a camera is influenced by the number of road branches, their weight,
the length of the road, and the presence of settlements along the route between cameras. However, this
does not affect the speed of travel but only the efficiency of the use of SPC resources.

To check the efficiency of the speed enforcement cameras, the following connections between
cameras were selected (Table 2).

Table 2
Cameras’ data
Camera Location 1 (Letter Camera Location 2 (Letter . . .
on the Graph) on the Graph) Distance (km) Required time (h)

Yavoriv (A) Ivano-Frankove (B) 32 0.52

Lviv, Stryiska St., 292 (D) Western Bypass of Lviv (C) 8.4 0.16

Lviv, Stryiska St., 292 (D) MO6 Kyiv-Chop 552 + 486 (E) 3.7 0.06

Lviv, Stryiska St., 292 (D) MO06 Kyiv-Chop 555 + 662 (F) 8.8 0.1

iv- +

%?6 Kyiv-Chop 535+ 662 1 \106 Kyiv-Chop 685 + 309 (G) 129 1.87

N17 Lviv-Radekhiv-Lutsk 4 | N17 Lviv-Radekhiv-Lutsk 3 + 18 0.03

+ 898 (H) 064 (1) ' '

Depending on the input data, the used travel time for the given section was calculated at speeds
ranging from 50 to 200 km/h. Depending on the distance, the calculated minimum travel time, and the
average speed of the vehicle, the curves differ in their intersection with the allowable speed, where the red
line indicates the minimum required travel time and the blue line represents the time taken according to the
average speed at which the driver is traveling. The calculation results are shown in Fig. 4.
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Fig. 4. Graph of time spent relative to the vehicle's average speed
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All vehicles whose travel data lies above the red line are not violators. However, those who traveled
at an average speed greater than the allowed speed have data points that fall below the red line.
Accordingly, the time spent for such objects will be lower, and they will be considered as having driven in
violation of specified rules.

The calculations above are based on the vehicle’s average speed. Lets consider scenarios where a
vehicle is stationary for a certain percentage of the time: this could be due to a traffic jam, a stop at a gas
station, or a lunch break. Let's model the delay with idle times of 1%, 10%, 25%, and 50% of the total time
spent.

Fig. 5 shows the families of characteristics with added delays corresponding to these percentages of
the time spent. Green represents the minimum required time to travel the given section, blue represents a
1% delay, red represents a 10% delay, yellow represents a 25% delay, and purple represents a 50% delay.
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Fig. 5 Graph of time spent relative to the vehicle's average speed with considered delay

The figure illustrates that increasing the frequency of pauses during driving can potentially lead to an
increase in the average speed required to cover the same distance. The data from the graphs suggest that
the proposed algorithm is most effective on medium-distance highway sections. These sections typically
experience fewer traffic jams and a lower likelihood of stops compared to long-distance highways.
Therefore, implementing such a system can significantly enhance road safety and reduce the number of
traffic violations. Moreover, the system's ability to identify speed violations and ensure compliance with
traffic regulations can contribute to a reduction in accident rates and improve overall traffic management.

Conclusions

We considered the possibility of implementing a system for detecting events of exceeding traffic
speed limits. The proposed mechanism for the system's operation that is based on a time comparison of
distance travel with expected data for various transport systems. In this mechanism, we considered the
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possible system limitations based on the factors that might reduce the chances of identifying the vehicles
violating the speed limits, such as road stops and low camera density across the roads.

The feasibility of practical implementation of the system was investigated based on the existing
infrastructure of traffic cameras in the city of Lviv. The modulated results indicate that such system would
be effective addition to the traffic control system, while requiring relatively low financial and engineering
efforts.
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MIJIBUILEHHS] EOEKTUBHOCTI BUKOPUCTAHHSI KAMEP
JIOPOKHBOT'O PYXY HA OCHOBI PO3PAXYHKY CEPEJHbOI
HIBUIKOCTI

Oxcana YpikoBa, Kocraurun Moproes, Jlennc Yopauii

Hayionanvnuii ynieepcumem «Jlvsiscoka nonimexuixay, eyn. C. banoepu, 12, 79013, Jlvsie, Ykpaina

AHaJi3 po3paxyHKy IIBHIKOCTI PyXy TPAHCIIOPTHOIO 3aco0y MDK KaMmepamu aBToOdikcarlil
MOKa3ye, HIO0 BUKOPHCTAHHS MOKa3HUKA CEepPeIHbOI IIBHJKOCTI ITJBHIIYE TOYHICTh OI[HKH
JNOTPUMAaHHS ~IIBUJAKICHOTO pPEXHMY. 3amnporoHOBaHa CHUCTEMa BUKOPHCTOBYE ICHYIOUY
iHQPACTPYKTYpY AOPOXKHIX KaMep Uil BU3HAYECHHS MIHIMAIBHOTO HUISIXY PYXY TPaHCIIOPTHOTO
3aco0y, mo (ikcyeTscs nBOMa abo Oiyblle KamMepamy, pO3TAIlOBAaHMMH Ha AUISHII LUISXY
TpaHCTIOPTHOrO 3aco0y. TexHIuHI acleKkTH BIPOBaPKEHHS 3aIPONIOHOBAHOI CHCTEMH BKITIOYAIOThH
BUKOPHCTAaHHS XMapHHUX 00YKCIIEHb I 00pOOKH Ta 30epiraHHs JaHHX, 10 3MEHIIyE BUTPATH Ha
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iHppacTpykTypy. OIiHKa po3paxyHKy I'paHHYHOTO 4Yacy BPaxOBYE MOXKJIHMBICTH BUKOPHUCTAHHS
aJITOPUTMIB MalIMHHOIO HAaBYaHHS JUIS NMPOTHO3YBAaHHS 4Yacy pyXy MIX KaMepaMH, BPaXxOBYIOUH
pi3Hi (aKTOpH, TaKi K JOPOXKHI YMOBU Ta OOMEXEHHS IIBUIKOCTI. J[JIs moqanpIoro 3MeHIIeHHS
MOXIIUBOCTI XWOHUX pE3YJbTATIB OIIHKKA IIPONOHYETHCS BHKOPUCTOBYBATH OOMEKEHHS
IIBHUKOCTI, 3aCHOBaHI Ha JIOPOXKHIX 3HAKaX HAa IHTEPBaJax JOPOrd MiHIMAJILHOIO PO3PAXOBAHOTO
LNUIIXy MDK JBOMa KaMmepamH, sKi IpOMIIOB TPaHCIOPTHHH 3aci0. BrpoBalykeHHs cucreMu
BUMarae po3poOKM HOBOI'O IPOrPaMHOro 3a0e3ledyeHHs Ui aHalily JaHuX Ta IHTerpamii 3
ICHYIOUMMH CHCTEMaMHU KOHTDOJIO JOPOXKHBOTO pyxy. Lle BKiroyae po3poOKy ajuropuTMmiB st
BU3HAYEHHS! MiHIMaJbHO HEOOXINHOrO dYacy pyxXy MiX KamMepamMd Ta PpO3pPaxyHKY CepenHbOi
IIBHKOCTI Ha OCHOBI IMX JaHuX. KpiM Toro, HeoOXiTHO PO3POOMTH METOIM JUIsi BUSIBJICHHS Ta
00pOOKHM BUKIIIOYEHB, TAKHX SIK 3yIHHKU Ha JA0p03i a00 3MiHM MapupyTy, SKi MOXYTh BIUIMHYTH
Ha TOYHICTh PO3PAaXyHKIB, a TAKOK MOXKJIMBI 3MIHH IIBUAKICHUX OOMEXHb Ta HAHMEHIIIHX IIIIXiB
MiX KamepaMu. MOXXJIMBICTh IPAaKTHYHOT'O BIIPOBA/KEHHS CHCTEMHU Oyiia JAOCHiKeHa Ha OCHOBI
iCHYI04Oi 1H(PACTPYKTYpH TOPOXKHIX Kamep y Micti JIbBoBi. Bynmu mpoaHamizoBaHi MOXIIHBI
MiHIMaJIbHI MapUIpyTH MiK KaMepaMH Ta TMOpIBHSHO 4Yac iX IPOXO/DKEHHS 13 CEepeaHbOIo
HIBHJKICTIO TPOi3Ay TPaHCIOPTHUX 3aco0iB pi3HUX KaTeropid. MoaynboBaHi pe3ysbTaTH
BKa3yIOTh Ha Te, IO Taka cucTeMa Oyae e(QeKTHBHUM NOMOBHEHHSM J0 CHUCTEMH KOHTPOJIIO
JIOPOXKHBOTO PYXy, BHMAararo4u IpU LBOMY BiTHOCHO HHM3bKHX (DIHAHCOBHX Ta IH)KEHEPHHX
3YCHUIIb.
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