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IMPROVING THE PERFORMANCE OF OILS OPERATING IN HYDRAULIC
SYSTEMS UNDER HOT CLIMATIC CONDITIONS

Zebo Alimova', Sherzod Madrahimov?, Sherzod Mengliev®

Tashkent State Transport University, Uzbekistan
*Texas A&M University, Qatar, Doha, Qatar
$Tashkent institute of chemical technology, Uzbekistan
Corresponding author: e-mail: zeboalimova7841@mail.ru

Abstract. This article suggests ways to improve the antioxidant properties of hydraulic
oils by using additives. Physico-chemical and operational properties of modern hydraulic fluids
are significantly improved by the introduction of functional additives into them - antioxidant,
anticorrosive, anti-wear. An increase in the antioxidant properties of hydraulic oils is achieved
by introducing antioxidant additives.

We conducted a study of samples of MG-32 industrial oils with the addition of zinc
dithiophosphate DPZn-11 additives. To do this, the main indicators of MG-32 base oil were
determined in accordance with GOST 305-2013 in laboratory conditions. Then preliminary
experiments were carried out to determine the effectiveness of the additives. From the results of
the analysis, we selected the content of DPZn-11 additives of 1.8%, which shows the optimal
value of viscosity and flash point.

The results of laboratory studies of oils with an additive based on zinc dithiophosphate
DPZn-11 and recommendations for their use are given.

Key words: hydraulic systems, hydraulic oils, physical and chemical properties,
additives, zinc dithiophosphate, research, flash point, alkaline number, flash point.

INTRODUCTION

The operation of hydraulic systems is based on the transfer of energy through a working
fluid located in a closed volume. When transferring the force to the actuators, due to the practical
incompressibility of the fluid, the force is uniformly and instantly transmitted in all directions.

The design features of hydraulic systems impose strict, sometimes contradictory
requirements on oil (for example, increased density and low viscosity, low viscosity and high
anti-wear properties, high anti-wear properties and sufficiently high friction properties).

During operation in hydraulic systems, the oil is heated and intensively mixed with air.
The main conditions under which oils in hydraulic systems operate are characterized by: a wide
fluctuation in ambient air temperature, the transfer of large forces and the impact of high specific
loads in pumps, dustiness and humidity of the ambient air.

The anti-wear requirements for the oil are also very high. A wide variety of friction pair
materials (steel-steel, steel- cermet) used in hydraulic systems makes it difficult to select oils and
additives to them. The presence of some additives in oils reduces the wear of ferrous metals, but
causes a lot of wear of non-ferrous metals, and sometimes vice versa.

The use of oil at elevated ambient temperatures (more than +40 °C) there are specific
failures caused by deterioration of physical and mechanical properties. Under the influence of

high temperatures, oxygen in the air and condensing water, the catalytic action of metals
_______________________________________________________________________________________________________________|
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dramatically changes the chemical composition of oils and their operational properties. This
leads to an increase in the viscosity of the oil and to the accumulation of oxidation products in it.
Low-molecular and high-molecular acids accumulate in the oil, which will lead to an increase in
energy costs for the hydraulic system drive.

2. MATERIALS AND METHODS

This article suggests ways to improve the antioxidant properties of hydraulic oils by using
additives. The oxidation of oil, in addition to its general contamination and an increase in the
content of acidic products, leads to disruption of the normal operation of the hydraulic system.

The hydraulic systems of machines and mechanisms contain parts made of different
metals: different grades of steel, bronze, which can be subjected to corrosion and chemical wear.

The impact of the external environment on the life of the lubricant is assessed by the
dustiness of the air, humidity, and sudden temperature changes characteristic of many areas in
which the equipment is operated. The degree of dustiness is estimated by the dust content per
unit volume of air. Dust is the cause of intense wear of rubbing parts, and getting into the
lubricant is the main component of its contamination. The operation of the hydraulic system in
dusty conditions leads to an increase in thermal operating conditions.

Studies of the contamination of lubricating oils operating in hydraulic systems during
operation in hot climates (summer air temperature exceeds +50 °C) and high dust content of the
air show that hydraulic oils are intensively contaminated with mechanical impurities, water, and
products of organic origin, which leads to premature aging of the oil. According to research,
70% of hydraulic system failures occur due to the condition of the oil. Of these, 40% are directly
related to the performance of the oil, 60% are related to the purity of the oil.

To achieve this goal, we took samples of MG-32 hydraulic oils and analyzed them
according to the main quality indicators.

A new class of organic compounds, fluorocarbons, an analogue of hydrocarbons, have
many exceptional properties. They are more resistant to oxidation at high temperatures.
However, the lubricating properties of these oils are small. In addition, their big disadvantage is
poor viscosity-temperature properties. Fluorocarbon-based liquids are capable of interacting with
the non-oxidized surface of metals. With prolonged contact, they corrode copper and its alloys,
especially in the presence of moisture.

Phosphorus-containing additives have a higher resistance to all types of oxidation
compared to other additives. They have incomparably greater chemical and thermal stability and
therefore can come into contact with aggress\ive environments in hot temperature conditions.

| CHy g
| CH—O0 [P~
| CHy | NS CHy CH—CCl—CHj,
| /2
Organic phosphoric acid esters are chemically inert to metals under normal conditions.
However, during thermal decomposition or hydrolysis, they form substituted phosphoric acids,
which corrode metals, especially copper.
Polyorganosiloxane liquids have unique physicochemical properties: viscosity-
temperature, high thermo-oxidative and thermal stability. Polysiloxane liquids practically do not

cause corrosion of metals.
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However, insufficient lubricity and high cost limit the widespread use of these liquids.
Some nitrogen-containing compounds, mainly aromatic amines, deserve considerable attention

as antioxidants.
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The most effective anti-oxidizing properties were additives containing metal, sulfur and
phosphorus in the molecule at the same time. Testing of several dozen of these compounds as
additives to oils has shown that they are very effective not only in fresh oils, but in spent and
regenerated ones. Therefore, we chose dialkyldithiophosphate additive.

RESULTS AND THEIR DISCUSSION
We conducted studies of samples of MG-32 industrial oils with the addition of dialkyl
dithiophosphate additive DPZn-11.
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The mechanism of action of dialkyldithio-phosphate is associated with their thermal
decomposition and the formation of a polymer film on the friction surface. The decomposition of
dithiophosphate can take place both by radical and by ionic mechanism.

To do this, the main indicators of MG-32 base oil were determined in accordance with
GOST 305-2013 in laboratory conditions. Then preliminary experiments were carried out to
determine the effectiveness of the additives.

For better solubility, the additive was injected into oil heated to 125°C. To achieve the
desired effect, it was necessary to apply it in quantities of 0.5-3%. The following hydraulic oil —
MG-32 with different contents (0.2 — 2.5 %) of DPZn-11additives were selected as the object of
the study.

The mechanism of action of zinc dithiophosphate is associated with their thermal
decomposition and the formation of a polymer film on the friction surface. The force of adhesion
between the oil molecules and the material of the lubricated surface exceeds the force of mutual
adhesion of the oil molecules, as a result of which a strong layer of lubricant is formed on the
metal surface.

At high temperatures in the zinc-sulfur-air system, reactions between the solid phase and
the environment are the main ones. In the process of further decomposition, O-S-S is formed, the
interaction of which with the decay products leads to the formation of disulfide.

________________________________________________________________________________________________________________|
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The effectiveness of this action is characterized by the formation of metal sulfides and
disulfides. This model assumes the adsorption of the metal surface and the subsequent
dissociation of molecules by S-S bonds with the formation of sufficiently strong compounds with
metal.

The decomposition of zinc dithiophosphate molecules by the P-S-Zn bond is also not
excluded. In the process of further decomposition, O,S,S-tri-n-alkyltrithiophosphate is formed,
the interaction of which with the decay products leads to the formation of disulfide.

The effect of such additives is based on their ability to loosen, wash off deposits from the
surface of parts and transfer insoluble substances into suspension and keep these particles in this
state without enlargement.

The formation of such complexes facilitates the effect of oxygen at the site of attachment
of hydrocarbon radicals to sulfur. The decomposition of dithiophosphate can occur both by
radical and by ionic mechanism:

ﬁ S| ﬁ P
(RO),-P-S- |zn —-—[RO]EP-S—Zn—S—PH\_DR*FﬂﬂﬂdJ“H
2

The presence of such a layer eliminates the possibility of dry friction, and since the
coefficient of friction between the layers of liquid lubricant is several tens of times lower than
the coefficient of dry friction, the energy costs of overcoming friction forces when using such oil
are significantly reduced.

The figure shows the changes in the physico-chemical parameters of the tested oil
depending on the percentage concentration DPZn-11.
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Fig.1,2,3 - Change of physico-chemical parameters of the tested oil depending on the

concentration DPZn-11.

From the results of the analysis, we selected the content of DPZn-11additives of 1.8%,
which shows the optimal value of viscosity and flash point. With a further increase in the
concentration of DPZn-11, the viscosity increases greatly, which can lead to increased friction
losses. With increasing viscosity, the thickness and resistance to mechanical influences of the oil
layer between the rubbing surfaces increases. In our example, the alkaline number increased
from 4.8 to 6; and the flash point rose to 224°C, which indicates the effectiveness of the added
additive. This means that when using such an additive, the service life oil will increase.

The results of laboratory studies showed that the addition of DPZn-11to the base oil MG-
32 gave an improved result compared to the oils used for agricultural machinery MG-32. Due to
the harsh working conditions, oils for hydromechanical transmissions must have appropriate
viscosity and anti-wear properties.

CONCLUSION

From the results of the comparison, it can be seen that the operational properties of the
obtained hydraulic oil sample far exceed the domestic MG-32 and comply with GOST standards.

This is the effectiveness of the possible application of the new sample obtained by us. In
the future, these oils can be admitted to the next stage — to operational tests on special

equipment.
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Algorithmic support for incident detection by stationary transport detectors in the
Intelligent Transportation System (ITS) of a metropolis.

Navoy D.V. !, Kapskiy D.V. *, Khakimov R.M. ?,
'Minsk, State Traffic Police of the Ministry of Internal Affairs of the Republic of Belarus
2 Tashkent State Transport University (TSTU), Tashkent, Uzbekistan.

Abstract: It is widely recognised that, in addition to the Automated Traffic Management
System developed for urban areas, there is a range of techniques and systems for automated
traffic management that are specifically designed for suburban or ‘access' highways and
motorways. This text describes navigation systems and other technologies that involve
equipping vehicles with specialized equipment. It also includes various subsystems, such as
technical, algorithmic, mathematical, ergonomic, financial, and legal, which are responsible for
ensuring the functionality and advancement of automated systems. Intelligent transport systems
integrate various components to regulate traffic, including incident detection methods and
setups for traffic accidents.

Incident detection algorithms can be categorized as automatic or non-automatic.
Automatic algorithms rely on traffic flow condition data acquired from transportation detectors,
while non-automatic algorithms rely on eyewitness reports. The article examines the
methodologies used to gather data for incident detection algorithms, which are currently
dominated by the use of data from stationary traffic detectors. It focuses on the detection of
incidents on highways using stationary transport detectors, scrutinizing existing and potential
algorithms. These detectors are used in automated traffic management systems and are part of
the development of intelligent transportation systems in cities, metropolises, and regions. The
goal is to integrate current algorithms into automated traffic management systems, along with
modern vehicle technology, including autonomous technology, and connect them to ‘smart'
transport infrastructure to create a comprehensive and intelligent transport environment.

Keywords: Automated Traffic Management System, Intelligent Transportation System,
algorithmic support, incident detection algorithm, stationary transport detectors.

Introduction

Algorithms designed for incident detection can be broadly classified into two primary
categories when considering automation: automatic and non-automatic incident detection [61,
62, 63, 65]. Automatic algorithms pertain to those specifically engineered to autonomously
identify incidents by utilizing data derived from transport detectors, which reflects the traffic
flow's condition. Conversely, non-automatic algorithms or procedures depend on information
provided through reports from human eyewitnesses [64, 65].

Based on functional characteristics, incident detection algorithms are divided into
algorithms for highways and algorithms for street networks [1, 2, 3].

Based on data acquisition methods, incident detection algorithms are divided into three
groups:

- algorithms using data from stationary vehicle detectors (inductive loops, radars, video
cameras, etc.).

- algorithms using mobile sensors (Bluetooth, wifi, RFID, GPS, GLONASS sensors, toll

system transponders, etc.).

- algorithms that use information from drivers (GSM communications, navigation services,
Internet applications, etc.)

This review discusses algorithms that use data from stationary vehicle detectors.

________________________________________________________________________________________________________________|
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The disadvantages of incident detection algorithms using stationary vehicle detectors
include:

1. The need to install and operate vehicle detectors (inductive, video, etc.) leads to
interference with traffic flow and sometimes to temporary closure of traffic;

2. The location of installation of vehicle detectors, the frequency of their installation
and the number are critical from the point of view of detecting an incident on a particular section
of the highway. However, it is extremely labor- and capital-intensive to install stationary
detectors along the entire length of the highway.

3. Inductive vehicle detectors, which are mainly used to determine the parameters of
traffic flows on highways, are unreliable and often fail, which makes detection of incidents on a
particular section of the road ineffective.

The advantages of the algorithms under consideration include their proven reliability and
accuracy in identifying incidents over decades, which is their undoubted advantage over
algorithms that use mobile sensors or information from drivers [4, 5, 8, 9].

Method
The most commonly used algorithms for detecting incidents on highways are:
1. Comparative pattern recognition algorithms assume that an incident leads to

increased traffic density upstream and decreased traffic density downstream. Examples of such
algorithms include California TSC #7, #8, #10, APID, and PATREG.

2. By monitoring three basic traffic flow variables: speed, flow and lane occupancy
(density), catastrophe theory algorithms are used to detect incidents. The algorithm detects an
incident when there is a sharp drop in speed without an immediate corresponding change in
occupancy and flow. An example of such an algorithm is the McMaster algorithm.

3. Statistics-based algorithms such as Autoregressive Integrated Moving Average
(ARIMA), SND, and Bayesian algorithm are used to compare real-time traffic data with
forecasted data, classifying unexpected changes as incidents.

Artificial intelligence algorithms are based on the recognition of visual patterns or
classification.

An overview of video processing for traffic applications, covering traffic monitoring and
automated vehicle control, is given in [43]. The paper discusses both fixed cameras (road
monitoring) and moving cameras (autonomous vehicles) with specific examples of automatic
lane detection and object detection. The paper examines eleven different traffic monitoring
systems with static cameras. Among the systems reviewed, only Autoscope [26] remains a viable
commercial product to date.

A video-based traffic state estimation method used for incident detection is proposed in
[42]. The system estimates traffic intensity, speed, and density directly from video images.
Incidents are identified based on the segmentation of the three-dimensional traffic state space
using threshold values. The system has not yet been evaluated in real-world conditions.
However, it represents an interesting model-based approach to incident detection that could be
informative.

The authors addressed the challenge of extracting traffic information from uncontrolled,
publicly available video streams in their study [46]. This is a significant problem from a broader
machine learning perspective, as publicly available video streams can provide a wealth of
information about traffic flow. Although primarily a review, the authors identified key
challenges in using uncontrolled video for real-time traffic monitoring, including:

- Lack of control and information about orientation (angles of view, distance, etc.),
complicating the mapping onto a logical network.

________________________________________________________________________________________________________________|
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- Consideration of mismatches caused by occlusion and other factors.
- Fluctuating video quality.
- Influence of the environment, including weather and lighting effects.

The authors did not propose specific deployment steps; however, currently, systems
utilizing public video are widely adopted due to the advancements in machine learning [11-25].

In the paper [41], a vehicle tracking system based on video is proposed. It relies on a
turn-change detection algorithm that requires less calibration than existing systems.
Experimental results using videos from the Las Vegas, Nevada area show favorable distinctions
from the existing commercial Autoscope setup, based on ground truth measurements. The
system has been deployed in a congestion alert system at construction sites and on highways
during special events, although a performance evaluation for this application has not been
provided.

In the paper denoted as [47], a comprehensive examination of the outcomes stemming
from the "Realisation of an AID Enhanced Road traffic" (RAIDER) initiative is provided. This
program received funding from a European consortium, comprising entities such as TNO from
the Netherlands, AIT from Austria, TRL from the UK, and FEHRL from Belgium. Within this
assessment, the AVID (Automatic Video Incident Detection) system is evaluated against three
prospective variations of AID (Automatic Incident Detection) systems anticipated to emerge by
the year 2030.

The initial system under scrutiny is eCall, wherein vehicles involved in road traffic
incidents autonomously relay accident-related information to emergency services—a mandate in
Europe since 2018. The second entails the utilization of mobile (floating) devices, wherein
vehicles serve as passive sensors, furnishing Floating Car Data (FCD) utilized for AID. The third
typifies cooperative systems wherein vehicles actively identify incidents in their vicinity and
transmit these detections centrally.

Drawing from an analysis of prevailing technological capacities and anticipated
advancements, the authors assert that "video-based vehicle tracking and radar-based scanning
represent the sole detection technologies within the purview of this project capable of meeting
the specified criteria for accident detection by 2020. These solutions should be perceived as
interim measures until they are supplanted by onboard or mobile devices."

In the citation [48], a comparative analysis is conducted among various systems such as
AUTOSCOPE, CCATS, TAS, IMPACTS, and TraffiCam, juxtaposing them against video-based
vehicle tracking systems like CMS Mobilizer, Eliop EVA, PEEK VideoTrak, Nestor
TrafficVision, Autocolor, and Sumitomo IDET. The paper underscores the challenges faced by
the latter systems in dealing with vehicle occlusion, highlighting the pivotal significance of
camera placement.

Conversely, in reference [58], the authors introduce a real-time video surveillance system
employing video analytics, specifically addressing the identification of stationary vehicles. This
proposed system aims to resolve deployment-related hurdles, encompassing automatic
calibration. The authors compare their system with an unspecified commercial product and
advocate for a more comprehensive evaluation of their innovation. Nevertheless, the evaluation
of the proposed system was notably limited as the testing scenario featured only one instance of
a stationary vehicle, which was successfully detected.

The paper [52] proposes a method for evaluating traffic flow states, including intensity,
speed, and density, in each lane. This is achieved by dividing the lanes into tracked cells and
tracking objects through them. Incident occurrence conditions are determined using a fuzzy state
vector mechanism to classify traffic flow states corresponding to incidents. The results are
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compared favourably with the California and McMaster algorithms, which use inductive traffic
detectors. However, the authors acknowledge that their algorithm may be affected by external
factors such as weather and lighting, as well as the field of view angle, which are common issues
with video detectors.

In a similar solution proposed in [49], customizable video analytics are used to evaluate
traffic flow intensity and speed. These assessments are then classified as incident or non-incident
conditions using a fuzzy logic analyzer. It is recommended to perform manual calibration of
parameters based on a specialized analysis of traffic speed data to ensure reliable results. The
current system's results are likely to vary significantly depending on the deployment due to the
lack of a more reliable calibration method.

In the paper [36], a video-based system is proposed that identifies traffic flow states using
object detection and flow analysis model [66, 67]. The authors claim that the system can
adaptively switch between learning and online modes based on the stability of the flow model
[27-29]. The system was primarily used for evaluating traffic flow states, but the authors assert
that it has applications for video incident detection.

Results and Discussion

The effectiveness of a method or algorithm is evaluated based on standard parameters,
including the Detection Rate (DR), Mean Time to Detection (MTTD), and False Alarm Rate
(FAR) [10].

DR is calculated as the ratio of detected incidents to the total number of incidents,
expressed as a percentage. It is important to note that the definition of an incident in the system
affects this parameter. Therefore, it is crucial to have a clear definition of what constitutes an
incident and what does not.

DR = (%) %100 (1)
TI
where: Np, — the number of detected incidents; Ny, — the total number of incidents.

Mean Time to Detection (MTTD) is defined as the time from the occurrence of an
incident to the moment it is detected. This parameter does not include the time required to verify
the incident (whether the incident indeed occurred).

MTTD = ¥il1(te — tinc)/n @)
where: N — the number of detected incidents; t, — the time when the incident was detected; nc —
the time when the incident occurred.

The False Alarm Rate (FAR) is determined as the percentage of incorrect detection
signals relative to the total number of incidents.

— (Nea
FAR = (N ) %100 3)

TA
where: N4 — the number of false alarms; Nt — the total number of alarms.

The performance of automatic incident detection algorithms is influenced by various
factors [34], including but not limited to: The factors that affect traffic conditions include
operational conditions (such as heavy, moderate, light, at capacity, or significantly below
capacity), geometric factors (such as slopes, inclines, and descents), environmental factors (such
as dry pavement, wet pavement, snow, ice, and fog), incident duration, incident severity,
distance between detectors, incident location relative to the detection station, and traffic flow
heterogeneity. Accounting for all the complex factors in a single algorithm is a challenging task,
particularly in an arterial environment. None of the existing algorithms have been adapted to
consider all these factors, and therefore, their effectiveness cannot be guaranteed for all road
conditions. When studying the impact and effectiveness of incident detection algorithms related
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to geometry and incident characteristics [6], the results indicate that the choice of the tested
California algorithms (Nos. 7, 8, and 10) significantly influences the detection rate (DR) and
mean time to detection (MTTD). It is challenging to avoid the negative consequences of external
factors [31-40].

In [32], algorithms are categorized into five types: pattern recognition, statistical
processing, catastrophe theory, artificial intelligence, and video analytics (refer to Table 1).

Table 1 - Comparison of the effectiveness of algorithms based on data from inductive
loops and video detectors [32]

Algorithm Algorithm Detection False Alarm | Mean Time to
Type Rate (DR) Rate (FAR) Detection (MTTD)
Pattern California No. 7 67% 0.13% 2.91 min.
Recognition APID 86% 0.05% 2.55 min.
SND 92% 1.3% 1.10 min.
Bayesian algorithm | 100% 0% 3.90 min.
ARIMA 100% 1.4-2.6% 0.39 min.
Statistical Smoothing models | 92% 1.87% 0.74 min.
processing DES 82% 0.28% 5.05 min.
HIOCC 96%
Filtering models 95% 1.5% 0.67 min.
Dynamic Models less 0.02% Short
Catastrophe McMaster 100% 0.04% 1.5 min.
Theory Algorithm
Artificial Neural Network | 97% 0.21% 2.83 min.
Intelligence Model
Video INVAID-TRISTAR | 90% 1 every 3 hours | 0.33 min.
Analytics

In the study [30], the effectiveness was evaluated using a sensitivity analysis of the most
common traditional automatic incident detection algorithms and the proposed Minnesota
algorithm. Three types of algorithms were compared qualitatively and quantitatively:
comparative logic (i.e., a series of California algorithms), statistical forecasting (i.e., standard
deviation algorithm, double exponential algorithm, ARIMA algorithm, and HIOCC algorithm),
and macroscopic traffic analysis (i.e., the McMaster algorithm, dynamic algorithm, and dummy
traffic volume algorithm). They found that the investigated algorithms have several limitations
related to: 1) unsatisfactory quality of raw data (i.e., data from inductive detectors) and the use of
raw data only with limited filtering; and 2) the inability to distinguish incidents from bottleneck
clusters or other similar road situations. The best algorithms in comparative logic and time series
types were selected based on DR-FAR curves and compared with the Minnesota algorithm using
a dataset collected in Minneapolis, Minnesota. The performance comparison figures, DR-FAR
curve, and TTD histogram are shown in Figures 1 and 2, respectively. In Figure 2, negative TTD
values are due to "0" being the time when the operator determines that an incident has occurred.
However, if the operator has determined it, then an algorithm that takes more time is not
required.
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The author concludes, based on these assessments, that raw inductive loop detector data
often proves unsuitable for incident detection if the noise in traffic flow parameters cannot be
filtered out before use. In particular, this is a limitation characterizing comparative algorithms, as
the distortion caused by the noise makes it difficult for the algorithm to detect "patterns™ of
incidents in traffic flow data. Similarly, fluctuations created by noise sources can be mistaken for
incidents. As a result, the only easily identifiable "patterns™ (templates) in traffic flow are those
that occur under conditions of severe incidents and satisfy every algorithm test. As for statistical
forecasting algorithms, they use filtering according to their design specifications, so their
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applicability is severely limited. The main drawback of these algorithms lies in their inability to
distinguish incidents from similar traffic flow "patterns” (templates) [75, 76, 77].

In the work [7], the author evaluated a variety of common incident detection algorithms
based on theory and practice. The algorithms were assessed in terms of their performance, data
requirements, implementation simplicity, calibration simplicity, and operational experience [68,
69]. The algorithms were classified into one of five groups: comparative algorithms, statistical
algorithms, time series algorithms, smoothing or filtering algorithms, and modeling algorithms.
The results of theoretical assessments and on-site research showed that: 1) most freeway
management centers used a modified version of the California algorithm, except for Toronto,
where a different algorithm was used; 2) operators generally did not heavily rely on automatic
incident detection algorithms; 3) for the most part, operators relied on other mechanisms, such as
radio broadcasts or video monitoring (CCTV), to alert them to incidents on the freeways; and 4)
among the systems that discontinued using the algorithm, incorrect calibration was the most
common reason why algorithms generated a large number of false alarms. Moreover, it was
considered that algorithms could not be properly calibrated if an incident did not affect every
detection zone [71, 72, 73, 74].

Table 2 — Comparative analysis of algorithms based on data from inductive detectors [7]

Algorithm Type | Algorithm Detection Rate | False Alarm Rate | Mean Time to
(DR) (FAR) Detection
(MTTD)
comparative California basic | 82% 1.73% 0.85 min.
CaliforniaNo. 7 | 67% 0.134% 2.91 min.
California No. 8 | 68% 0.177% 3.04 min.
APID 86% 0.05% 2.5 min.,
statistical SND 92% 1.3% 1.1 min.
Bayesian 100% 0% 3.9 min.
time series ARIMA 100% 1.5% 0.4 min.
smoothing or | DES 92% 1.87% 0.7 min.
filtering -
LPF 80% 0.3% 4.0 min.
flow modeling McMaster 68% 0.0018% 2.2 min.

The work [45] provides a comparison of classical algorithms, a video analysis algorithm
and an algorithm using cell phone data. Although the algorithms are recognized as difficult to
compare directly due to methodological differences in evaluation, comparative analysis provides
a useful benchmark for the resulting performance measures (Table 3). The false alarm forecast in
Table 3 is given for the road network in Salt Lake City.
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Table 3 — Results of the analysis of algorithms in [45].

Algorithm DR (%) TTD (min) | FAR (%) Place of use | SLC« forecast of
name network false alarms
per hour
APID 86 2.50 0.05% | loronto, 7.74
Boston
DES 92 0.70 1.87% Toronto 289.48
ARIMA 100 0.40 1.50% Laboratory | 232.20
Bayesian 100 3.90 0% Laboratory | 0.00
California 82 0.85 1.73% California, 267.80
Chicago,
Texas
t‘i)l‘g’fass 80 4.00 0.30% Laboratory | 46.44
McMaster 68 2.20 0.0018% Minnesota 0.28
Neural 89 0.96 0.012% Laboratory | 1.86
network
SND 92 1.10 1.30% Not Known 201.24
SSID 100 - 0.20% Laboratory | 30.96
California 67 2.91 0.134% California, 20.74
No. 7 Chicago,
Texas
California 68 3.04 0.177% California, 27.40
No. 8 Chicago,
Texas
Video 90 0.37 3.00% France 0.03
analysis
Cell phone | 100 - 5.00% n/a 0.005
usage

In the study [35], a fuzzy logic-based incident detection algorithm was proposed and
compared with algorithms such as California TSC#7, APID, PATREG, SND, Bayesian, and the
McMaster algorithm. The algorithm's performance was evaluated using data from the research
[7]. The results showed the following effectiveness for the fuzzy logic-based algorithm: DR —
100%; FAR — 3.33%; MTTD - 0.68 min.

In the research [44], a comparative analysis of incident detection algorithms based on
Artificial Neural Networks (ANN) and Probabilistic Neural Networks (PNN), along with
classical algorithms (California, McMaster, etc.), was presented. The summarized results in
Table 4 indicated relatively high levels of efficiency, especially for ANN and PNN. This
suggests significant value for traffic monitoring systems during deployment [51-60].

Table 4 - Comparative analysis of algorithms conducted in Australia [44]

Algorithm name DR, % FAR, % MTTD, min.
McMaster 68-88 <0.01 2.1-3.2

DELOS [37] 78 0.176 1.1

ANN [53] 89 0 2.4
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ANN [53] 89 0 2.4
ANN [40] 83 0.065 3.4

PNN [1] 98-100 0-0.5 0.3-2.5
California 8 Algorithm [38] 71 0.005 8.9
DELOS [38] 73 0.03 5.5
ANN [38] 97 0.176 5.2
PNN [60] 93 0.057 2.7
ANN [60] 83 0.065 3.4

The authors proposed a method of responding to traffic flow using an incident detection
algorithm in their publication [50]. The proposed method involves online calibration of threshold
values for the California No. 7 and DELOS algorithms, which makes them more robust to
changing traffic flow conditions. During testing in Athens, Greece, the proposed algorithm
demonstrated a 20% increase in DR efficiency and a 25% reduction in FAR when compared to
existing algorithms.
Conclusion

The analysis revealed numerous incident detection algorithms, which are continuously
evolving and improving, particularly with the advancement of big data analysis. However, the
practical application of these algorithms is restricted due to the high rate of false positives.

Therefore, the employment of fixed vehicle detectors for highways in incident detection
algorithms necessitates improvement or the integration of supplementary systems for daily traffic
monitoring. This will enable their use as integrated components of intelligent transport systems.
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