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ABSTRACT
Transport is one of the basic elements in economic and social development of mankind. The today public transport 
system in Nepal is characterized with many challenges: lacks of safety, availability and reliability, as well as 
unscheduled travel time, emissions. Another key barrier of the transport system development in the city is lack of 
proper transport policy, bus fleet exploitation management problem, strategy to adapt new technological solutions. 
Intensively. The aim of this paper is the concept study how to improve the public transportation system in Nepal with 
use of the new management solutions and technology based on telematics solutions.

KEYWORDS: public transport, transport fleet availability, transport telematics, intelligent transport

1. Introduction 

Transport is one of the basic elements in economic and social 
development of mankind. Transport system is one of the complex 
sub-systems as result of involving various technologies, working 
mechanisms and systems in order to transport passengers and 
goods from one point to another. The today public transport 
system in Nepal is characterized with many challenges: lacks of 
safety, availability and reliability, as well as unscheduled travel 
time, emissions Ethiopian transportation system is dominated 
by informal and back warded system since its advancement with 
reference to passenger’s interest and accessibility is very low. 
People most of time prefers used to walk long distance as result 
of shortage and inadequacy of transport infrastructure with 
different corridors of the city.

This minimizes the productivity of work as well as has an 
impact on keeping proper working time. There is government 
direction in order to solve the problem through expanding the 
existing road infrastructure to connect with different corridors. 
An expansion of road network capacity has been taken as 
major solution as a result of resolving traffic congestion and 
provides smooth traffic flow. Apart this, transport system should 

adapt and entertain n modern technology in order to make 
the transport system more efficient, attractive and effective. 
According to various studies, transport telematics is a part of 
modern transport technology which could support and facilitate 
the decision making process in real time phenomena through 
providing data analysis and information. 

Transportation can be seen as an activity of movement from 
one point to another. This is accomplished through the use of 
devices called transportation devices. A transportation system 
can be modelled as in a closed loop control system with input 
and outputs. The typical design objectives are time-based such 
as accuracy, reliability, safety and availability.

As seen in Fig. 1, transportation is modelled as an activities 
which takes a number of inputs, such as energy (fuel), intelligence 
of the operator and finances. It then produces a series of measurable 
outputs such as time of travel, availability, reliability and safety. The 
user will have a set goal, or target of these outputs, which we will 
call standards. The output is then compared with these standard 
parameters and a feedback of the difference (error) is supplied back 
to the main activity. The user then tries to achieve these parameters 
by varying the input parameters. In real-life scenarios, however, the 
activity might not run as expected due to varying reasons. These 
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can be predictable or unpredictable. Th ese unpleasant situations 
are referred to threats. Internal threats include threats within the 
transportation device while external threats deal with the ones 
outside the device such as the environment or the operator. Luckily, 
there are tools to check these variations/threats. Digital technology 
has allowed us to use sensors and communication systems in 
transportation devices that transmit important information to 
other devices or to a centralized system. Th e most important of 
these systems is telematics.

Fig 1. Transportation system block-diagram [own study]

2. Methodology

Th is study is based on literature reviews and three discussions 
held at AGH University of Science and Technology – two with 
masters degree students and one with international students from 
various backgrounds.

3. Telematics as a tool in 
transportation

Telematics can be defi ned as the blend of communication 
technologies and computers along with transport devices to 
transfer information across devices. Th ey consist of sensors and 
communication systems. Th e sensors read information physical 
parameters from the system that are transmitted through the 
communication system. Th ey can be as simple as a navigation 
system and as complex as a automated servicing system. Today, 
telematics rely heavily on the internet, being a part of the Internet 
of Th ings (IoT). It transmits data usually using a broadband 
connection or through the help of cellular networks. For the sake 
of simplicity, we will assume that this prerequisite is met in every 
scenario discussed here onwards.

Telematics are seen in many services today ranging from fl eet 
tracking to routing and scheduling, ride-sharing to satellite-based 
navigation, accident prevention to smart insurances. 

4. Unpredictable threats

As discussed in the previous section, threats are undesirable 
situations of operation and can be both internal and external. 
Most threats in real-life are unpredictable, i.e. they occur without 

prior notice. It is of highest concern that these threats do not aff ect 
the activity of transportation. Th e transported goods, people 
should be unaff ected by these threats. Similarly, there should 
be no compromise in the availability, safety and reliability of 
transportation.

5. Scenarios

Th ree scenarios of unpredictable threats are presented as follows.

5.1  Traffi  c congestions

A traffi  c congestion is a situation of immobility on road. It can 
be characterized by complete stoppage of vehicles or limited speeds 
of vehicles. While fundamental causes of traffi  c congestions are 
knows, the underlying issue cannot always be known beforehand. 
Hence, they are unpredictable threats. 

Telematics can be to help in scheduling and routing the vehicles. 
Th e data obtained from them can be used in decision making 
in order to meet standards of safety, reliability and availability. 
Solutions involving telematics are far and many. Sensors installed 
in cars can calculate the average speed and distance between two 
consecutive vehicles, thus notifying when a congestion is most 
expected. Th e data thus obtained can also be used to control traffi  c 
lights and signals. Some traffi  c congestions are caused due to 
irregular parking space, sensors in parking spaces would inform 
when a space is empty. Similarly, data can be used to introduce 
more favorable public transport alternatives. Ride sharing apps 
can also help to reduce traffi  c congestions. Th e introduction of an 
additional segment of road whose usability changes depending 
on the time of traffi  c will also help alleviate the problem. Using 
drones for accident spotting can also be a viable solution.

5.2 Natural calamities

Natural calamities are another kind of unpredictable threat. 
Most are caused due to environmental factors over which we have 
no control.  Specifi cally, in a mountainous country like Nepal, cases 
of landslides are quite frequent in the rainy season. Additionally, 
roads in mountainous terrain are narrow and winding, around 
mountains specifi cally. Th us, in case of an internal or external 
threat, the entire road network will be aff ected. Th e rivers 
originating from the Himalayas fl ow into the southern plains of 
the country; oft en fl ooding them in rainy seasons. Finally, in 2015, 
Nepal was victim to a series of earthquakes peaking at 7.8 Richter’s 
scale in magnitude. Th is caused substantial problems to the road 
network. Th ese natural disasters are indeed a big problem.

Telematics can be used to solve these problems. Data of stuck 
vehicles can be obtained through GPS and a rescue team can be 
deployed accordingly. An app can be devised to call people to 
remove debris due to landslides, etc. A smart solution involving 
sensors in the cliff  that check for motion and moisture content in 
the soil can be used to prewar authorities on landslides. A sensor 
checking water levels of rivers can be used to communicate risks 
of fl oods. 
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5.3 Industrial problems

Material moves in and out of industries. The equipment that 
handle this equipment are called material handling equipment. 
For example forklifts, conveyors, pipelines, inventory robots, fleet, 
cranes, etc. These machines need to working at the entire working 
hours. Any stoppage of these machines due to any reason would 
result in losses for the industry. In addition to these, tight working 
schedules make it harder to allocate time for maintenance.  

Telematics can be used effectively to address these issues.  
Devices with sensors in warehouses can automatically place orders 
when inventory is low. Data from these sensors can also be used 
to predict times of procurement of inventory. In addition, smart 
forklifts can be used that communicate the order of transportation 
of goods. We can have materials waiting near the production 
line instead of the warehouse by using a kind of a JIT system. 
Telematics devices installed in warehouses and trucks can be used 
to effectively communicate for scheduling shipments. We can use 
data of downtimes of equipment to develop a regression curve 
between mean time between failure and time of maintenance. 
Finally, specifically in the case of cranes, the load on the wires 
can be measured to determine the amount of cycles the crane can 
operate without repair and maintenance.

6. Conclusion

This paper has strongly examined that benefits of using transport 
technology is indisputable and believed that it can brings a potential 
impact into day to day activities of peoples and goods. Telematics 
can provide solutions to problems arising due to unpredictable 
threats in transportation.
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ABSTRACT
During last 10 years the technology connected to video streaming analytics and deep learning algorithms  connected 
to Intelligent Transport System and later, initiative of worldwide concept called “Smart City” pushed in reality a 
telematics into direction of IoT and possible use of neural network to support and create an added value in the way 
the Traffic Management Systems are collecting raw date in a massive data streaming mode, to be able to manage 
in an optimized and wright way big cities transportation networks. Recently HD cameras started to be one of the 
more widely used detectors replacing  inductive loops and radars. The observations during productive life time 
of this kind of sensors on the field, created other challenges, efficiency aspects and unfavourable cost structure as 
consequence of usage of this product (HD camera), on such a big scale. Cameras designed to detect the length of 
queues at intersections require configuration by the operator. This process is extremely arduous, tedious and time 
consuming , considering how many cameras are located in cities. In addition, the configuration has to be done by 
a trained person, and what’s more, moving or replacing the camera involves its manual reconfiguration. The aim of 
this article is to present a prototype of an algorithm that uses RetinaNet neural network to detect bikes/motorbikes 
on the street, and using monodepth2 determines the length of the queue and autonomously determines the direction 
of cars on the road. All the work undertaken confirmed that the approach used is effective and additionally allows to 
limit the operator’s work only to defining the focal length and size of the camera sensor.

KEYWORDS: queues length estimation, RetinaNet, monodepth2

1. Introduction

Every day, the cameras dedicated to return queues in a given 
lane are replaced with new ones, installed in new locations or 
require reconfiguration. This requires the operator to log in to the 
camera via the web service, to define the detection zones along with 
the determination of the lane width and the length of the queue 
expressed in meters (set by operator) or the conventional unit that 
the operator will define. This process takes time and has a direct 
impact on the effectiveness of the camera proper working.

The build system for automatically queue length estimation 
consists of several elements:

• lane detection algorithm
• the algorithm for vehicle detection in a given lane
• algorithm for estimate the distance between visible vehicles 

and camera
• algorithm for determining the queue length

In order to achieve the autonomy of the system, neural network 
algorithms have been used for object/vehicle detection, 2D image 
depth prediction algorithms to detect the angle at which the camera 
looks at the lane and additionally algorithm to precise queue length 
in metres.
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Creating a system that will automatically allow the camera to 
be confi gured without the involvement of the operator will save 
the operator’s time and signifi cantly shorten the process associated 
with the commissioning of the new investment. It will also make 
the system resistant to changes resulting from changes in traffi  c 
organization (e.g. closing a given lane).

2. Automatically lane and 
direction detection algorithm

Many neural networks only recognize vehicles and objects 
within close proximity to cameras, making them unsuitable for city 
surveillance. In this project for object detection, RetinaNet [1] was 
used, which, thanks to FPN, correctly detects objects regardless of 
their scale. Th is approach correctly searches for objects that are far 
from the camera. 

Frame extraction from the camera recording and car detection 
on each frame allows to determine the number of lanes in the 
camera view. Th e longer the recording period is analysed, the less 
likely it is to make a mistake in not qualifying a less frequented lane 
(e.g. left -handed turn) as a crossroads element. In our experiment it 
turned out to be suffi  cient to analyse only a two-minute recording 
(30 FPS/s) during rush hours.

Apart from determining the sheer number of lanes, the 
direction in which the found vehicles move was also examined. In 
order to investigate the direction of their movement, the vectors 
of point displacement in Cartesian space were determined. Th e 
points determining the central point of the found bounding box 
of the vehicle were connected with the nearest neighbour in the 
next frame.

Fig. 1. Object detection for one camera frame using RetinaNet [own 

study]

Connection between these points makes it possible to 
determine the number of lanes as well as the direction of travel.

Such linking of straights led to the development of an intersection 
map without the intervention of the system operator.

Fig. 2. Connections between the central point of bounding box 

found in each consecutive image frame determine the 

direction of travel and the number of lanes at an intersection 

[own study]

3. Algorithm for estimate the 
distance between visible 
vehicles and camera

Th e determination of the distance between vehicles at a 
junction and the cameras is done in several stages.

Th e fi rst verifi cation of the depth of the image seen by the camera 
is performed by the monodepth2 [2] depth prediction algorithm. 
Th e algorithm returns a map, which determines how the objects are 
located relative to each other in the image (without specifying the 
exact distance between them). 

Fig. 3. A map of the depth of the image seen by the camera 

processed by monodepth2 [own study]

Th e algorithm, based on colors, marks the lines that determine 
on the preview image the distances of subsequent points seen in the 
camera view. Th e use of the monodeepth2 algorithm is necessary 
when determining the distance between points on the roadway 
when the camera is not set parallel to the axis of the roadway.

Aft er determining the horizontal lines determining the relative 
distance between points/elements visible in camera view, the 
algorithm searches for specifi c object classes whose height is set 
rigidly. Th e algorithm searches:

• motorcycles (average height is about 105cm and length 230cm)
• bikes (average height is about 100cm and length 180cm)
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Fig. 4. Horizontal lines determined by defi ning points of the same 

distance (colour) at the longest intersection. Due to the 

inaccuracy of the algorithm, only the fi rst line is determined 

in this way, and each other line is a line parallel to the 

determined one [own study]

Th e algorithm takes the focal length of 12mm by default (the 
operator has the possibility to defi ne another one on start). Based 
on the above mentioned sizes and by knowing the real height of 
the object (d), the focal length of the camera (a) and the height of 
the object in the frame (c), the distance between the camera and 
the object (b) can be deduced. 

Sensor size:

In order to increase the accuracy of the algorithm’s operation, 
the distortion caused by the detection of a given object from above 
is also taken into account. By eliminating the inaccuracy of the 
bounding boxes of the detected objects, the accuracy was increased 
through an uninterrupted, iterative process of specifying the 
distance with each detection (every few seconds, searches for more 
motorbikes/bikes to increase the accuracy of the results). Th e fi rst 3 
iterations of the algorithm are shown below:

Fig. 7. Grouping the results of motorcycle detection performed on 

fi rst three frames [own study]

Detected point information :
A - {“class”: “motorcycle”,”coordinates”: [427, 1000, 483, 1078]}
B - {“class”: “motorcycle”,”coordinates”: [1373, 593, 1434, 655]}
C - {“class”: “motorcycle”,”coordinates”: [1477, 820, 1541, 926]}
D - {“class”: “motorcycle”,”coordinates”: [1538, 809, 1639, 955]}
E - {“class”: “motorcycle”,”coordinates”: [1634, 839, 1710, 930]}

Fig. 5. A simple diagram showing how the distance is calculated using the similarity of the triangles [own study]

Fig. 6. Selected sensor sizes necessary for distance estimation [own study]
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Calculated distance:
A = (6mm * 1,05m * 2160px) / (78px * 5,4mm) = 32m
B = 40,65m
C = 23,77m
D = 17,26m
E = 23,12m

Aft er more than 1500 motorbike/bike detection algorithm stop 
working and save results in matrix of averaged results for points 
in a given area (the camera image has been divided into areas of 
80x80px). Th e matrix is saving to .csv format and has size 48x27. 
Based on the horizontal lines defi ning the image depths determined 
by the monodepth2, the values are smoothed horizontally between 
the individual areas in a given line, followed by vertical smoothing. 
Both smooths are done by calculating a weighted average with the 
rejection of extreme high and low values. Below, the eff ect of such 
smoothing is shown graphically by applying the results to the camera 
image. Th e real distance was determined by using the Google Earth 
tool.

Fig. 8. Comparison of the real distance with the result of the 

algorithm [own study]

Th e approximation result shows that the algorithm 
approximation smaller distance than real, but the distances between 
the successive lines are kept within the permissible error margin.

4. Algorithm for determining the 
queue length

To estimate the queue length in a given lane, the camera uploads 
video frames every few seconds to the server running RetinaNet 
neural network. Once processed, the detection is merged with the 
lines that determine the distance between the vehicles and the 
stop line. Determination of the stopping line of vehicles is based 
on the detection of the place where the vehicles are not moving, 
while meeting the condition that no other vehicle has been found 
in front of them. Repeated detection of the stopping point makes 
it possible to determine the line in front of which the vehicles are 
stopping with big accuracy. Th is method is unreliable in case of 
traffi  c jams and when the camera doesn’t cover the beginning of 
the lane in its view. In these situations the algorithm will not work 

properly. In order to detect such a deviation, the algorithm verifi es 
whether the vehicles are detected during a stop in the immediate 
vicinity of the lower edge of the camera view, and then passes 
the information to the server that the queue length cannot be 
determined in this lane.

When a stopped vehicle is detected, a new queue length is 
calculated for that lane. Th anks to this approach, the algorithm 
cyclically verifi es the occupancy of the lane and diff erently transmits 
information about the traffi  c condition to the server.

Fig. 9. Detection of the last vehicle stopped in a given lane 

determines the point in the image that determines the end 

of the queue, which is then mapped to the distance in meters 

determined by the algorithm [own study]

5. Further steps and conclusions

All the work and verifi cation of the effi  ciency of operation was 
performed by using the recordings from the camera monitoring 
system located at the intersection of coordinates 13.790939, 
100.681019.

Th e whole work revealed that the use of RetinaNet and vehicle 
detection approach on the road to determine the length of queue 
on a given lane is possible and gives satisfactory results.

Th e aim of all the works was to minimize the time of the operator’s 
involvement in the confi guration of the camera for counting the 
length of queues at intersections. Th is goal was achieved. Th e operator 
can specify the accuracy by giving only 2 information (focal length 
and size of the camera sensor). Th e rest of the activities are performed 
automatically, and correct determination of queues length is possible 
aft er about 1500 bike/motorcycle detection on the road.

Th e next step will be fi rst of all to compare the eff ectiveness 
of other neural networks for detection of vehicles seen from city 
surveillance cameras and to implement the algorithm to the traffi  c 
management system in Wroclaw.
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ABSTRACT
The paper is presenting the survey results was carried out to evaluate the general opinion of student on how 
transport telematics could be enhanced for sustainable environmental development. This survey, which was mainly 
brainstorming on real transport challenges and its negative environmental impact, gave a deep insight into what the 
future of transportation system would be with a robust data for efficient and effective telematics system to enhance 
environmental sustainability in the transport sector.

KEYWORDS: transport telematics, sustainable environment, transport development

1. Introduction 

The EU Transport Council has defined a sustainable transport 
system as a system that: allows the basic access and development 
needs of society to be met safely and in a manner consistent 
with human and ecosystem health, and promotes equity within 
and between successive generations; is affordable, operates fairly 
and efficiently, offers choice of transport mode, and supports a 
competitive economy, as well as balanced regional development; 
and limits emissions and waste within the planet’s ability to 
absorb them, uses renewable resources at or below their rates of 
generation and uses non-renewable resources at or below the rates 
of development of renewable substitutes while minimising the 
impact on the use of land and the generation of noise. 

With this definition, an effective transport sector is crucial for 
the well-being of people and economic development. However, the 
different negative environmental impacts from transport activities 
such as high air pollution due to emission and noise from the various 
modes of transportation in most developed cities across the world, the 
increasing demand on the natural resources such as crude oil among 
others are serious concerns to everyone in our society both young 
and old, great and small. The physical exposure to chemicals and 

compounds in the environment either consciously or unconsciously 
have resulted to diverse health issues in human beings and animals 
as well as distorted the natural environment. Pollutions from 
transport system is the major source of the increased concentrations 
of NOx, SOx, COx, hydrocarbons, etc Environmental pollution from 
transportation system is a threat to healthy living and sustainable 
environment across the globe, resulting to intensive quest for lasting 
solution through new innovations.

2. Research problem and 
method

The need for more sustainable and integrative transport system 
in our society cannot be overemphasized as population of cities 
continue to increase along with the increasing environmental 
challenges. To allow environmental pollution from the transport 
sector to continue to add to the already existing environmental 
challenges in our cities is a dilemma that could be averted through 
innovations. While there are new modes of transportation 
inventions in the pipelines awaiting to be completed and launched, 
enhancing the telematics of the existing transportation system 
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could enhanced the current transportation system of any city for 
environmental sustainability since cities are responsible for 75% of 
global CO2 emission. Pollution from transport sector is a threat that 
requires great attention if clean air and sustainable environment 
needed for healthy human existence across the globe is our 
common goal. This could be achieved through new innovations 
and adjustment in our way of life as well as modification on the 
current transportation system with telematics.

3. Review of current existing 
transportation systems

Cities are locations having a high level of accumulation and 
concentration of economic activities. They are complex spatial 
structures supported by complex infrastructure, including transport 
systems. The larger a city, the greater its complexity and the potential 
for disruptions, particularly when this complexity is not effectively 
managed. Urban productivity is highly dependent on the efficiency 
of its transport system to move labour, consumers, and freight 
between multiple origins and destinations. Additionally, transport 
terminals such as ports, airports, and railyards are located within 
urban areas, contributing to a specific array of challenges such as 
traffic congestion and parking difficulty, longer commuting, public 
transport inadequacy, difficulties for non-motorised transport, loss 
of public space, high infrastructure maintenance cost, environmental 
impact and energy consumption, accident and, land footprint etc.

Nevertheless, some solution that could ameliorate transportation 
challenges include: ramp metering, traffic signal synchronization, 
car ownership restrictions, sharing vehicles, high occupancy vehicle 
(HOV) e.g. buses, parking management efficient utilization of 
public transit.

A look into the transport systems of a few major cities of the 
world gives insight on the characteristics of the complexity of some 
transport modes and the importance of this sector to humanity:

1. Seoul, South Korea – The KoRail, or subway is always the way 
to go in a crazy traffic situation in South Korea. The train is 
clean and also run on schedules.

2. Santiago, Chile – has one of the most advanced and convenient 
transportation systems in Latin America. With over 100 stations 
in operation. Currently, the Santiago line of commuter rails is 
the best way to beat the heat and the traffic. 

3. Tokyo, Japan – Spanning a mind blowing 193 miles, the public 
rail system in Tokyo is arguably top 5 in the world despite the 
densely populated Japanese cities, the trains are clean, quiet 
and on time.

4. Madrid, Spain – Madrid has the best public transportation 
not only in Europe, but in the world. Their system includes a 
metro, light metro rails, commuter rails and buses. In addition 
to being safe and clean, public transportation is quite affordable 
in Madrid.

5. Shangai, China – moving around in a big and happening city 
like Shanghai, China is incredible. Every corner is connected by 
metro trains and buses. Everything is accessible and affordable.

6. Paris, France – with over 300 stations, it seems a bit overwhelming 
to imagine mastering the system, but Paris has one of the best 

designed metro lines ever. It is so easy to navigate and literally 
get anywhere and everywhere. 

7. Taipei, Taiwan – an island off mainland China has a complex 
transportation system that is used by more than 35% of locals. 
The complex system is labelled according to colour and number 
in order to make it user friendly to locals and travellers alike. 
The advanced technology in transportation system used in 
Taiwan makes one feel already in the future. The ‚MRT’ is the 
local subway system in Taipei that connects the entire city. It’s 
clean, modern, extremely efficient, and easy to understand and 
navigate.

8. Dubai, United Arab Emirate – one of the things that make 
Dubai so unique for public transportation is the fact that it has 
so many options to connect people with places. For example, 
the water taxi, the monorail, the tram or simply the many buses 
connecting the city.

Complexity of modern transportation system and its 
accompanying infrastructure should have been sufficient to curb 
the environmental challenges associated with transportation 
system in our society. Yet, the increasing exodus of people to the 
cities will not stop and will tend to negate the efforts made by 
inventors and engineers in proffering solution to this challenge. It 
is therefore necessary to apply a more subtle way in controlling the 
situation. This could be the enhancement of telematics application 
on transportation aimed at environmental sustainability.

4. Case study

A quick survey was carried out to evaluate the general opinion 
of people on how transport telematics could be enhanced for 
sustainable environmental development on students of AGH 
University of Science and Technology, Krakow. This survey, which 
was mainly brainstorming on real transport challenges and its 
negative environmental impact gave a deep insight into what the 
future of transportation system would be with a robust Internet of 
Things (IoT) data for efficient and effective telematics system to 
enhance environmental sustainability in the transport sector.   

The outcome/result of the brainstorm proffer the following:
In order to shape the transport system for a sustainable 

development:
1. The implementation of cashless city (instead of paying cash for 

tickets and transport fares) should be enforced in major cities 
where the technology could be beneficial.

2. Sustainable consumption of natural resources and raw materials 
(petroleum, lead, iron, cotton, polythene, etc.) should be the 
goal of every manufacturer and users of transport equipment.

3. Countries that wish to implement car-free city policy should 
derive this concept from standardized town-planning concept, 
in which all social amenities are sited within a walking distance 
to discourage driving personal cars when trying to get things in 
another neighbourhood. The strategies for the implementation 
of this should include:
• effective and efficient communication;
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• provision of more public means of transportation to reduce 
over-crowding in vehicles;

• efficient and accurate time table/ schedule of timing for public 
means of transportation;

• provision of adequate roads/ infrastructures for pedestrians/ 
scutters/ bicycles/ parking; 

• relevant and strong safety and security policies should be put 
in place to encourage walking without fear of attack;

• public transport system should be made very attractive (either by 
making some section of the vehicle to have private compartment 
for privacy) to encourage the elite to also use the conventional 
public transport instead of driving their cars;

• massive awareness campaign to change the orientation/mindset 
of the populace especially in countries where ownership of cars 
is seen as a sign of being wealthy. this will reduce the number of 
personal cars on the road especially during peak hours/ period.

4. To ensure safety, reliability, efficiency and time management in 
transport system based on existing infrastructure local culture, 
habits and customs will require:
• a tracking device for monitoring drivers behavior while on the 

steering should be used to achieve safety, reliability, efficiency 
and time management in transport process. The aim is to 
record down the frequency of matching break, the frequency 
of locking and unlocking the seat belt etc. while driving within 
a specific period;

• installation of alcohol sensor to detect the slighted smell of 
alcohol consumption on a driver before mounting the driving 
seat or while on the driving seat;

• to ensure safety, sales of alcoholic drinks to self-driven 
customers at bars should be discouraged so as to avoid 
driving back when drunk;

• the installation of a speed-governor, speed limiter or 
controller with sound sensor to guard against reckless driving 
so as to maintain stipulated speed limits in cities;

• the installation of road /traffic camera e.g. photo radar at strategic 
points on the road to capture road traffic rules defaulters for 
appropriate sanctioning.

5. Energy - saving technologies, emission control as well as 
environment-friendly practices will include:
• use of bicycles and electric cars instead of conventional 

vehicles;
• installation of device that detects excess CO2 emission in cars 

and the information sent to a server;
• proposed launching of hyperloops (a positive innovation 

aimed at covering long distance within a short time across 
busy cities or even between continents);

• proposed design of two wheels gyroscopic vehicles (one in the 
front and the other behind), will save cities of traffic congestions 
and reduce gaseous emission. Its assumed design advantage of 
elevated – height - drive which is above the normal height of 
other road vehicles such as buses and its ability to meander 
within a very short distance, will make it the preferred choice 
of means of public transportation in the future;

• investment on public transport to reduce the number of private 
vehicles on the road; 

• the utilization of extant self - driving/ autonomous cars, a 
positive environment - friendly innovation because of its ability 
to overcomes traffic congestions through rerouting the vehicle 
hence averting the emission of COx during traffic congestion;

• manufacturing vehicles that could automatically switch to 
electric power mode after being on motion to conserve fuel;

• adequate and strategically designated recharging points for 
refueling of electric cars so as to reduce carbon emission 
commonly associated with conventional fuel vehicles;

• production of hydrogen - fuel cars to help produce clean air. 
The hydrogen gas which may be produced from petroleum 
will go a long way to modify the present form of fuel being 
consume in vehicles. 

6. The use of telematics for the evaluation and enhancement of 
the life cycles of a vehicles’ components (e.g. battery, seat, etc.) 
to reduce the pressure on the demand for raw materials used 
in manufacturing them could be achieved through:
• the utilization of Electronic Control Unit (ECU) in vehicles to 

monitor and detect the deterioration levels of the components 
of each vehicle through the sensor base on the information 
on the life cycle of each of the components. The information 
communicated to the server, could be used to evaluate the life 
span of each of the components for decision making;

• the components/ products of the vehicles must be of high 
quality so as to last longer with regular maintenance schedules;

• modern and new production vehicles should have an inbuilt 
updating function for regular instant online update (instead 
of driving the car for repairs);

• updating the life-span of any component/ product used in 
the vehicles to enrich the data base for efficient telematics 
application in the available mode of transportation.   

5. Conclusion

So far, the invention of mobile transport system in the form of 
cars and other vehicles have led to the evolution of the transport 
sector while shaping the way movement of goods and people from 
one place to another. The existing infrastructures varies according 
to the location. For example, the developed countries have most 
of the up-to-date equipment (even though some new innovations 
like the hyperloops, gyroscopic vehicles are in the pipe line) for 
efficient transport system, but in the developing countries the case 
is not the same.  

While we await the latest technological invention in transportation 
to save energy, time and sustain the environment, innovation in 
telematics of our existing modes of transport and a little adjustment 
in our way of life could contribute positively to curb the negative 
impacts of transportation system and also enhance environmental 
sustainability. This could include among others:

1. Installation of tracking device for monitoring drivers behavior 
while on the steering to achieve safety, reliability, efficiency 
and time management in transport system with the device 
connected to server. The aim is to record down the frequency 
of matching break, the frequency of locking and unlocking the 
seat belt etc. while driving within a specific period.
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2. The utilization of Electronic Control Unit (ECU) in vehicles to 
monitor and detect the deterioration levels of the components of 
each car through the sensor base on the information on the life 
cycle of each of the components. The information communicated 
to the server, should be used to evaluate the life span of each of the 
components for decision making. 

3. Manufacturing of vehicles that could automatically switch to 
electric power mode after being on motion to conserve fuel.

4. Adequate and strategically designated recharging points for 
refueling of Electric cars so as to reduce carbon emission from 
conventional fuel cars.

These among others, will go a long way to enhance the 
environmental quality of cities, enhance healthy living and longevity. 
It will also shape the future telematics in transportation system and 
encourage sustainability of our environment. 
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ABSTRACT
The paper presents a process of development and design for the Polish Air Navigation Services Agency system of 
monitoring, visualisation and alerting the safety of CNS (Communication, Navigation and Surveillance) equipment 
located in Radio-Communication Centres (RCC) in Poland. General concept of the transmission network, 
architecture of the system and key tasks performed by the system are presented. The headquarters is based in the 
Air Traffic Management Centre in Warsaw, while the other branches are placed in RCC of PANSA in Działoszyce, 
Konin, Krotoszyn, Przedbórz and Tarnobrzeg. IT System, discussed in the document, is implemented as a distributed 
system covering above locations. The entire system is designed to operate as a Client - Server - Database. The system 
has open and scalable architecture that allows to easily adapt to the new and variable requirements in a very short 
time. The basic purpose of the system is to monitor and control the parameters of technical security devices, power 
supply, ventilation and air conditioning as well as elements of the digital tele transmission network [1].

KEYWORDS: monitoring system, visualisation, CNS security

1. Introduction

OpenEye SCADA by WASKO S.A. is the fifth-generation system 
that has been continuously developed since 1999. It is positioned 
as an “umbrella” system, responsible for monitoring and collecting 
information from various active systems and devices.

The OpenEye system has a wide range of applications such as 
SCADA, BMS, SMS or NMS class system. Thanks to openness (open 
API) it can integrate with industrial controllers, control panels (e.g. 
IDS, AC, SSP etc.), devices and IT systems [2].

The solution provides flexible management of objects and their 
connections and also allows for an extensive management of users 
and their authorizations. The device configuration is simple thanks 
to the use of mechanisms for creating templates or entire template 
panels. Thanks to such features, OpenEye is a very attractive tool for 
user self-customization.

Communication with devices takes place by using dedicated 
agents that ensure effective data acquisition and control from 
devices. The agent has an extensive set of translators and plugins 
that provide support for communication protocols, such as OPC, 
SNMP, Modbus, EtherNetIP, ICMP, REST, SQL and many others 
devices or external systems specific to individual groups.

The system has the ability to define automatic actions that are 
triggered by the state of the monitored infrastructure. As a part of 
automatic actions, it is possible to control devices or perform 
interactions between various external systems, which opens up huge 
integration possibilities for the system user. It also allows to combine 
process information with business information, which makes it an 
excellent tool dedicated to both engineers, dispatchers and decision-
makers. The OpenEye version 5.0 provides a web interface.
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2. Technical solution on RCC

In a single RCC location the designed installation enables to 
integrate signals and alarms with external IDS (Intrusion Detection 
System) and Fire Detection System control panels through alarm 
outputs, and additionally thanks to the ETHM-1 interface via the 
TCP/IP network.

Th e BMS installation was designed based on the WASKO’s 
proprietary solution: MZS (cabinet management module). Th e 
module is connected to a temperature and humidity sensor module 
and operates on tested voltages (primary power supply and power 
supply from a stationary power generator). On the basis of the 
temperature readings, the module controls shutter, fan and heaters. 
Status of the fi re protection switch will also be read. Th e expansion 
module is connected to the MZS module via USB and the MZS 
module is connected to the TCP / IP network.

Th e parameters read by the modules are checked in the browser 
as well as in the OpenEye SCADA application, the application will 
be able to read information sent by the air conditioning system 
(ModBus), the Intrusion Detection System, as well as collect 
information from the UPS and stationary power generator.

Th e OpenEye system will provide the end user with a modern 
user interface built in accordance with the UX Design approach and 
data separation due to the role assigned to users and a number of 
access rights to monitored objects and data visualization in the form 
of confi gurable dashboards. Dashboards allow you to compose 
views dedicated to the individual needs of the Ordering Party, using 
ready-made, confi gurable elements placed on the screens. It is also 
possible to prepare diagrams of devices and breathe life into them 
by linking the parameters obtained from end devices and their 
active visualization, presentation of objects depending on the values   
of the assumed variables or placing active elements that allow you 
to control the device. Another noteworthy feature is the ability to 
drill down into patterns (going from general to detail), dynamic 
transition between dashboards.

Key functionalities:
• fl exible approach to device confi guration,
• generation of alarms,
• the ability to control devices,
• visualization in a fl exible way through confi gurable schemes 

and dashboards,
• visualization on maps,
• support for many communication protocols,
• report generation

Supported communication protocols:
• SNMP
• ModBus TCP
• communication protocol with the MZS controller

Based on the extensive OpenEye platform, the parameters of 
devices will be controlled in accordance with the Fig. 1.

Th e platform has been confi gured to enable full automation 
of processes of acquiring and processing measurement data from 

the new measurement modules mentioned above, with particular 
emphasis on alerting and notifying.

Fig. 1. Communication protocols to monitored devices [own study]

3. System architecture

Th e monitoring system was implemented as a distributed system 
consisting of nodes situated on the level of RCC (OR) PANSA and 
the central node in the Air Traffi  c Management Centre (CZRL) in 
Warsaw. Th e overall system architecture is presented in the Fig. 2.

Fig. 2. The scheme of system architecture [own study] 

Th e soft ware architecture of the monitoring system allows to re-
confi gure the network nodes system in no demurrage (hot swap), 
during production of the system. Such a mechanism will cause 
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that activation and deactivation functions of selected elements 
of the system in order to carry out the work, will service without 
stopping the operation of the whole system. Th is means that the 
exclusion of the application server or database will not cause polling 
and monitoring facilities via a communication module. In this case, 
the module will operate as an autonomous unit, implementing pre-
confi gured tasks. Aft er re-establishing communication with the 
application server or a database, the data collected will be completed 
in the database. In case of the absence of communication with the 
server, the data collected by the communication module will be 
stored in a specifi c time in the confi guration module (min. 3 days).

Th e fi eld locations also placed Workstations running the GUI 
client monitoring application (Fig. 3).

Fig. 3. A map presenting central monitoring system [own study]

Due to the operation of the system in the environment PANSA 
surveillance and monitoring system is equipped with mechanisms 

to ensure protection against unauthorized access and data loss 
prevention. Th e system is also equipped with a mechanism for the 
reporting of individual service or technical support or irregularities 
observed failure of the maintenance data. Th is mechanism indicates 
the occurrence of important system events to coordinate activities, 
review the case and conduct corrective action using the built-in tools 
to determine and automatically send encased event notifi cations or 
SMS notifi cations [3].

4. Graphical User Interface

Th e system is equipped with a Graphical User Interface, which 
allows to perform all operations related to both the operation of 
the system from the system operator and system administration 
(in accordance with their permission) – Fig. 4. 

Fig. 4. GUI of monitoring system [own study]

In all locations, both local and centre which placed 
Workstations running the GUI client monitoring application. Th e 
console GUI application allows to confi gure and monitor the work 
of all application modules and components of the system.

Fig. 5. Administration of monitoring system [own study]

Fig. 6. Map view of monitoring system [own study]



D. KASPRZAK, J. RAJNHOLD

1717Volume 13 • Issue 1 • February 2020

Meeting the requirements of the PANSA system has been 
equipped the opportunity to present and create patterns defi ned 
and developed IT infrastructure for the entire area.

Th e system allows for the presentation of graphs that characterize 
the state of the size of monitored infrastructure objects in the form of:

• Numeric values  ,
• Charts,
• Tables of values,
• Animation dependent the parameter values,
• Indicators (bar, wheels),
• Maps,
• Alarms and Events panels.

5. System functionalities

To meet the basic purpose of the system (monitoring and 
controlling the parameters of technical security devices, power 
supply, ventilation and air conditioning) WASKO developed and 
implemented dashboards, panels and system tools of OpenEye 
SCADA. 

Fig. 7. Main technical view of RCC [own study]

SCADA system monitors diff erent types of objects/devices of 
Radio-Communication Centres.

Intruder and burglary alarm system (I&BAS):
• the status of alarm zones is monitored in terms of: alarm, 

tamper and disarm / arm,
• the system enables remote arming / disarming of a zone aft er 

entering a pin number.

Fig. 9. I&BAS [own study]

UPS guarantee power supply system:
• device operation mode is monitored,
• input / output / bypass / battery parameters are monitored.

Fig. 10. UPS [own study]

Power monitoring:
• device operation mode is monitored,
• input / output / bypass / battery parameters are monitored.

Fig. 8. Power supply view of RCC [own study]
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Monitoring HVAC (Heating, Ventilation and Air Conditioning):
• device status (on/off /alarm)
• Set/Actual Temperature 

Fig. 12. HVAC- Air Conditioning [own study]

Obstruction lighting operation monitoring:
• device status (on/off /alarm)
• type of power supply (AC/Battery)

Fig. 13. Lighting operation [own study]

Generator set monitoring:
• device status (on/off /alarm)
• Battery voltage
• Amount of fuel
• Engine speed

Fig. 14. Generator [own study]

Automatic ATS reserve switching on:
• type of work

Fig. 15. ATS [own study]

6. Conclusion

Th e WASKO Supervisory Control and Data Acquisition System, 
called OpenEye, was created to protect and secure industrial 
installations that require the highest level of security.

Operators can monitor distant Radio-Communication Centres 
behind the monitor of the computer, tablet or smartphone. All they 
need is a device with a web browser. 

Fig. 11. Power monitoring [own study]

Fig. 16. Alarms and Events panel [own study]
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Ability to remotely arm / disarm intrusion and robbery systems. 
Archiving of collected measurement data. Full log of operations.

The main advantage of the OpenEye system is the monitoring 
of extensive architecture in one place, without the need of traveling 
to locations [4]. User will know about the failures even if he is 
not at the location – the sooner the problem information will be 
known, the faster it can be fixed. Improvement of air traffic safety 
in the area supervised by PANSA has been achieved.
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ABSTRACT
Unloading bays are one of the most popular and simple to implement solutions to support development of  
sustainable urban freight transport systems. The solution is aimed at reducing congestion on busy city streets, which 
is often caused by freight vehicles that, in an attempt to load or unload their cargoes, park directly in traffic lanes. 
Where dedicated unloading bays are in place, the traffic is undisturbed, which helps to prevent extra consumption 
of energy and fuel, and thus extra pollution, and which also makes it possible to avoid wasting time in traffic jams 
and ensuing costs. Therefore, the major benefit derived from this solution is its contribution to reduction of traffic 
congestion, followed by a perceptible decrease in pollutant emissions. This article aims at developing an algorithm 
for recommended distribution of unloading bays based on the reported locations of delivery points and parameters 
related to varied quantities of goods and the number of available parking spaces in the vicinity of unloading bays. 
Additionally, it addresses the issue of using unloading bays as EV charging stations. The proposed solution was 
implemented on the basis of a dedicated road traffic simulator based on the original cellular automaton model..

KEYWORDS: urban freight transport, loading/unloading bay, computer simulation, cellular automata

1. Introduction

According to the latest findings of the Central Statistical Office, 
the number of retail outlets in Poland has been rising steadily by 
ca. 1.7% per year. Also, the average sales space of a retail outlet 
has increased by 3.5%. Along with the growing number of shops 
as well as the increasing sales space of retail outlets, the demand 
for merchandise is also on the rise. While large-format retail 
outlets (hypermarkets) are provided with separated loading and 
unloading zones, the smaller shops in city centres face serious 
problems in that respect. Due to the fact that food, everyday use 
items and even some less vital products must be delivered to retail 
outlets on a daily basis, the question is how to plan the traffic in 
the area so as to optimise the distribution of unloading bays [1-3].

This article is focused on studying the effectiveness of urban 
freight transport and on development of solutions to streamline it 
[4-8], also those aimed at improving the road traffic security [9-16].

This article is aimed at developing and examining a method 
for effective distribution of unloading bays. 

It is divided into the following parts. Chapter 2 contains the 
literature review. The next chapter presents information regarding 
the discussed process of computer simulation. The remaining 
part describes the findings of experimental studies and the final 
conclusions. 
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2 Related works 

Unloading bays are one of the most popular and simple to 
implement solutions to support development of sustainable urban 
freight transport systems. The solution is aimed at reducing 
congestion on busy city streets, which is often caused by freight vehicles 
that, in an attempt to load or unload their cargoes, park directly in 
traffic lanes. Where dedicated unloading bays are in place, the traffic 
is undisturbed, which helps to prevent extra consumption of energy 
and fuel, and thus extra pollution, and which also makes it possible 
to avoid wasting time in traffic jams and ensuing costs. Therefore, 
the major benefit derived from this solution is its contribution to 
reduction of traffic congestion, followed by a perceptible decrease in 
pollutant emissions. The research studies conducted in the French 
city of Bordeaux have shown that implementation of unloading bays 
reduced CO2 emissions by up to 40 kg per day. The analyses completed 
in Szczecin (Poland) and in Oslo (Norway) have revealed that freight 
vehicle drivers have to drive on for ca. 1.8 – 2 km (on average) in 
order to find a parking space to unload their cargo [17]. Gatta and 
Marcussi [18] studied the impact of the quantity of unloading bays, 
the probability of finding an unoccupied bay and charges for using 
the bays on the opinions of retail suppliers and transport operators. 
A need to provide unloading bays was also addressed in studies 
conducted in Shanghai – a metropolis that is much larger than any 
major European city. The authors in [19] presented a discrete model 
for estimating the demand for unloading bays.

[20] presents the study of congestion via the proposed methods 
of determining the optimum size and location of loading/unloading 
bays. The earlier studies [21] also confirmed the pertinence of 
unloading bays, particularly in the context of the limited time 
that any freight vehicle drivers have at their disposal. [22] shows a 
model for determining the optimal location of unloading bays in 
terms of abiding by availability and delivery times for individual 
unloading bays, taking into account the purposefulness of deliveries 
both from the point of view of freight vehicle drivers and other 
road users [23]. Based on survey studies and data obtained from 
GPS systems it was found that unloading bays were used by 
various vehicles, not only freight vehicles [24]. The unloading bays 
were also used by taxis (8%), private cars (18%) and other, such 
as municipal service vehicles (17%). The studies showed that the 
unloading bays were occupied by freight vehicles for ca. 50% of 
the time. Among all the freight vehicles, the study distinguished 
between large, medium and small freight vehicles. The studies 
described in [25] pertained to the methodology of optimising the 
FURBOT system operation on the basis of the actual demand for 
cargo. 

There are many studies regarding the effectiveness of urban 
transport [26-32]. 

This is a proof that the issue is still important and shows the 
potential of using unloading bays as additional spaces for electric 
vehicle charging [33].

3 Proposed approach

The basic version of the simulation system and the description 
of the model based on cellular automata were presented in [17, 
34, 35] and the model was further developed in [27]. This chapter 
presents the additional functions developed for the purposes of 
this article and implemented in the simulator, to enable studies 
pertaining to optimal distribution of unloading bays.

3.1 Limitations affecting distribution of 
unloading bays

An important factor for optimising the distribution of unloading 
bays is information regarding the population of a given area and 
its demand for parking spaces. 

In order to compute the minimum quantity of needed parking 
spaces, the following formula was applied:

(1)

where: rl – length of the examined road segment, P – population 
living within the said road segment, ac – average number of people 
per passenger car. On that basis, it was possible to develop an 
algorithm for automatic recommendations regarding distribution 
of unloading bays, while taking into account e.g. the needed 
number of parking spaces. 

An additional factor that was decisive for establishing an 
unloading bay is information regarding the quantity of merchandise 
units transported by a single freight or delivery vehicle to a specific 
retail outlet, and the potential unloading time. The factors affect the 
time needed for unloading, and consequently the risk of congestion 
(particularly when freight vehicles stop in a traffic lane to make 
a delivery) or occupancy of the vehicle charging facility in case 
the unloading bay is also used as an EV charging station. This is 
reflected by the formula:

(2)

where: mc – quantity of goods in the freight vehicle, up – quantity 
of goods unloaded within one operation cycle of the simulator.

3.2 Validation of the prepared software 

Due to the specific nature of discrete simulation, particularly 
in the aspect of examining the probable traffic behaviours, results 
generated for specific input data may sometimes vary. This is 
connected with the stochastic nature of the road traffic dynamics 
in individual simulations. For a simulator to be a reliable tool, the 
differences in computations for the same data should not be too 
significant. Therefore, the measurement error was computed by 
means of the following formula:

(3)

where: Δx – absolute error of measurement, x – the actual value 
of the measurand. 
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100 sets of test data were prepared for the purposes of the 
simulator validation, taking the following assumptions: on the 
examined road segment the traffi  c is intensive, vehicles move with 
the average velocity of ca. 30 km per hour, the probability of a new 
vehicle joining the traffi  c is 0.9, during each of the simulations 
100,000 vehicles drive along the examined road segment. 100 
simulations were run for each data set, and the results being the 
mean for all the data sets are presented in Fig. 1.

Th e mean error diff erence for each measurement in the set 
of 100 simulations was 0.0004%. Th is is a very good result which 
proves that the developed simulator is a reliable tool for road 
traffi  c simulation in the aspect of unloading bays. 

Fig. 1. Measurement diff erences (%) for 100 simulations based on 

the same measurement data [own study]

3.3 Algorithm for optimising the distribution 
of unloading bays

Th e developed simulator is based on a cellular automaton 
model. A fragment of the cellular automaton grid is presented in 
Fig. 2. Along the road being used by vehicles there is a space where 
unloading bays may be located, which are also used as EV charging 
stations. Unloading bays are between the road space and the space 
where retail outlets may be located.

Fig. 2. Cellular automaton grid [own study]

One of the major criteria for correct distribution of unloading 
bays is eliminating their redundancy. As long as there are several 
retail outlets in the vicinity, it becomes more reasonable to locate an 
unloading bay. Th erefore, one of the parameters of the presented 
algorithm for optimising the distribution of unloading bays is the 
optimisation area, understood as an area covered by a specifi c 
unloading bay. If there already is an unloading bay within the 

assumed optimisation area, the optimisation algorithm will not 
be generating another unloading bay in that area. An additional 
parameter is the probability of setting up an unloading bay. On 
the basis of the described probability, the algorithm selects at 
random whether unloading bays should be set up in the car park 
space (along the road), or on the road. Additionally, the road 
traffi  c capacity in that area is checked in the numeric experiment 
process, and in the case of excessive congestion the unloading bays 
are moved to other places. As a result, the algorithm displays a list 
of possible locations for unloading bays, along with information 
on the road traffi  c capacity.

4. Experimental studies

In order to refl ect the actual vehicle fl ows along the examined 
road segment, the measurement data obtained for Wojska Polskiego 
Street were used (Fig. 3).

Th e measurements were taken from 6:00 a.m. to 10:00 p.m. Th e 
number of vehicles totalled 12432. Th e most intensive traffi  c was 
observed between 7:00 and 8:00 a.m. – 1153 vehicles were counted 
within that time. 

Fig. 3. The examined road segment [own study]

Th e simulations were run for many various confi gurations so 
as to verify the optimisation algorithm for diff erent road traffi  c 
behaviours. Th e parking spaces are located in parallel to the examined 
road segment. Th e Polish road traffi  c regulations stipulate that thus 
situated parking spaces for passenger cars may not be smaller than 5 
m in length and 2.5 m in width [36]. Assuming that such a parking 
space may be converted into an unloading bay for freight vehicles 
with the GVW of up to 3.5 T, the length of each parking space was 
defi ned as 7.5 m. 

All the simulations were run for a single quantity confi guration, 
i.e. 26 retail outlets that need to be delivered their merchandise. Th e 
space covered by the study was modelled in the developed simulator 
along with the traffi  c parameters and the retail outlets locations 
(Fig. 4).

Fig. 4. Distribution of service outlets (white rectangles) along the 

analysed road [own study]

Th e fi rst criterion for evaluation of the proposed algorithm is 
the number of free parking spaces aft er distributing the unloading 
bays. Another possibility is that a delivery point may be located in 
the traffi  c lane instead of an unloading bay located on the roadside. 
It was assumed that parking spaces are found all over the length 
of the analysed road, on both sides. Th is means that on the given 
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750 m stretch of the road segment (100 CA cells in the simulator) 
there are 200 parking spaces.

Parking spaces located along the road are scarce in city centres 
and this can considerably disturb the traffi  c [27]. It is important 
that unloading bays should be distributed in such a way so as 
to take up the fewest parking spaces. In terms of this criterion, 
the best distribution of unloading bays is when none of them is 
located on the roadside. Obviously, such distribution of unloading 
bays will lead to deterioration of the road traffi  c capacity. 

Th e road traffi  c capacity is the second major criterion of 
optimising the eff ectiveness of the examined solution. Th us, the 
person making use of the simulator is able to estimate whether 
within a given area there will be increased congestion. Road traffi  c 
capacity is calculated as follows: the more computational cycles 
(iterations) the simulator performs, the greater the congestion 
for the given setting. Th is means that in order to decrease the 
congestion, the simulator searches for a solution resulting in the 
smallest number of operation cycles (iterations). 

Th e comparison of the eff ects of the algorithm for distribution 
of unloading bays involved three sets of data: data on the unloading 
bays which were entered manually by the user, data on the unloading 
bays distribution which were generated at random on the basis 
of the previously discussed criteria (parking spaces, road traffi  c 
capacity, area covered by an unloading bay, etc.), and locations of 
unloading bays generated by the optimisation algorithm. 

Th e results of the fi rst study aimed at comparing the eff ectiveness 
of unloading bays distribution in the aspect of supplying varied 
quantities of goods are shown in Fig. 5-6. Th e optimisation algorithm 
operated on the basis of the following values: probability of locating 
an unloading bay on the road – 0.5, optimisation area – 4.

Th e study refl ects the expectations. Th e more time it takes to 
unload the goods, the more intensive congestion is observed, so 
it becomes more important to properly distribute unloading bays. 
In both analysed cases, the effectiveness of the unloading bays 
distribution is the greatest when the locations are determined by 
the optimisation algorithm. Th e worst eff ect was obtained via 
generating data at random, which confi rms that locating unloading 
bays at random without taking into account the specifi c features of 
the area is ineff ective. Consequently, one might expect that decision-
makers should make use of analyses performed by researchers in 
order to increase the eff ectiveness of cargo fl ows in cities. 

Fig. 5. Examining the eff ectiveness of unloading bays distribution 

for three sets of data for freight vehicles with the max. 

loading capacity of 500 cargo units [own study]

Fig. 6. Examining the eff ectiveness of unloading bays distribution 

for three sets of data for freight vehicles with the max 

loading capacity of 1000 cargo units [own study]

Th e subsequent study regarded an emergency situation 
(extended road repairs). Th e question was: should the distribution 
of the unloading bays be verifi ed in the course of such works? Th e 
said situation was modelled in the simulation system as per Fig. 7 
(the red rectangle stands for roadworks). If a freight vehicle stops in 
the same place (but on the other traffi  c lane), the traffi  c on the road 
will be stopped. It seems reasonable to locate delivery points directly 
ahead of or behind the roadworks area.

Th e simulations were run for various road traffi  c loads, i.e. low 
road traffi  c intensity (Fig. 8) and high road traffi  c intensity (Fig. 9). In 
this case, the results obtained by the developed algorithm are much 
better when the traffi  c intensity is higher. Th is means that appropriate 
shift ing of delivery points may to large degree contribute to increasing 
the road traffi  c capacity in the area where roadworks are underway.

Fig. 7. The road segment with roadworks underway (red rectangle) 

[own study]

Fig. 8. Examining the road traffi  c capacity with roadworks underway 

and low traffi  c intensity [own study] 

Fig. 9. Examining the road traffi  c capacity with roadworks underway 

and high traffi  c intensity [own study]
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5. Conclusion

The main objective of this article was to address the problem of 
distribution of unloading bays in the aspect of the effectiveness of 
cargo flows in the city. Distribution of unloading bays and examining 
the effectiveness of this process were based on the original traffic 
micro-simulator operating on the basis of the developed cellular 
automata models. 

The authors of this article developed an algorithm for automatic 
distribution of unloading bays, and the effectiveness of the algorithm 
was verified in the process of experimental studies. The obtained 
results made it possible to organise the places for unloading the 
goods in such a way so as to optimally save parking spaces and not 
to deteriorate the road traffic capacity. Both parameters seem to be 
in conflict with one another, however, the studies have shown that 
appropriate and automatic distribution of places for unloading is 
possible and produces better results than locating any unloading 
bays at random.

An additional, important idea presented in the article is 
simultaneous use of unloading bays as electric vehicle charging 
stations. In that context, it is necessary to perform further analyses 
in order to find out about the related needs and risks.
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ABSTRACT
In the kinematic system of airplanes and helicopters there are critical elements of structures on which accelerated 
symptoms of fatigue use are observed, e.g. in the form of: damage (peeling) of the raceway of the rolling bearing, 
fatigue undercuts of the gears. The article presents a method for diagnosing a kinematic system based on an on-board 
generator (state observer). At the beginning, some of the research problems occurring in helicopters, based on their 
own research data, were approximated. Particular attention was paid to the phenomenon of resonance of rolling 
bearings and resonance excitation of a pair of gear wheels under its influence. The effectiveness of detection of such 
resonance phenomena by means of the proposed diagnostic method was presented. The conclusion summarizes the 
conclusions that the method provides a reliable diagnosis and would be a valuable complement of previously used 
HUMS. The directions of further research on the development of the diagnostic method were also indicated. 

KEYWORDS: computer diagnostics, diagnostic method, HUMS system

1. Introduction

Drive units of modern aircrafts and helicopters require good 
monitoring system and effective diagnostic methods. In helicopters, 
the crucial problem is the strong, dynamic impact of blades 
(natural vibrations, aerodynamic forces’ impact due to overlapping 
of forward velocity on the rotational velocity) on the power 
transmission system. It should be added that while in the aircraft, 
the phenomenon of formation of lift and changes in the value of 
this force (at least in a small change in altitude) almost does not 
affect the drive unit, in the helicopter this impact is large. During 
climb or change of the direction of the helicopter’s flight, the 
dynamics of impact on multiple nodes of the drive unit increases. 
The dependence of the opposite perspective is also observed – if 
the mechanical elements of the drive undergo wear beyond norms, 
abnormal vibrations of an airframe, disturbing aerodynamics of 
flight or the deterioration of control precision may occur [1].

So far, in diagnostic measurements of aircraft drive units, including 
the transmissions of helicopters, the following measurements were 
used [2-6]: vibro-acoustic, inclusions in lubricating oil, temperature 
fields, rotating velocity and displacement of rotating parts (e.g. 
compressor blades) using electromagnetic sensors. All these 
methods require mounting of additional sensors. The proposed 
FAM-C (the diagnostic method based on the application of an AC 
generator, where FM – frequency modulation symbol (Frequency 
Modulation), A – alternating current symbol (AC – Alternating 
Current), C – method progression degree) [4, 5] diagnostic method 
uses a permanent on board power generator as instantaneous 
angular velocity (IAS) transmitter. The IAS signal depends on the 
operating range and AM/FM/PM modulation parameters generated 
by dynamic processes in the engine, control units, kinematic system 
and power receivers. The IAS and the instantaneous voltage of on-
board generator are carriers of diagnostic information. It is possible 
to obtain a voltage signal of a direct current (DC) or alternating 
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current (AC) on-board generator for the comprehensive evaluation 
of many elements of a power train. Th e use of FAM-C method, 
which does not require interfering in the structure of the power 
train, would make the HUMS (health and usage system) [7] system 
cheaper and more reliable.

2. General description of the 
FAM-C method

Th e FAM-C method was developed at Air Force Institute of 
Technology (by A. Gębura) in the 90 s of the twentieth century. 
Th e FAM-C method has been initially used (1990) only in LUZES 
(Ground Power Unit – constructed by Air Force Institute of 
Technology for Polish Air Force) airfi eld electrical power supply 
units with turbo-shaft  engine GTD-350 [4], in which several 
diagnostic systems were installed. In this application, the FAM-C 
method was used for monitor the axial and radial run-out of the 
transmission shaft , as well to assess the rotational dynamics leading 
to rupture of tachometer shaft s. High sensitivity of production 
and assembly errors detection (e.g., tooth gap between gear stages, 
shaft  alignment) and reliable diagnosis made the FAM-C method 
applied to diagnose fatigue problems of the hydro-electrical GP 
21 (Fig. 1.b, element 16) block installed on the gearbox KSA-
2 (Fig. 1.a, element 15) on MiG29 aircraft . In this block there was 
the problem of screwing the drive shaft  – (Fig. 1.b, element 17). 
Also in this application, the high effi  ciency of the method was 
confi rmed, which was the basis for the development of the tester 
DIA-KSA-CM – (Fig. 1.a) and the implementation of the FAM 
C method for the diagnosis of the kinematic system of RD-33 
engines and MiG29 aircraft  transmissions (1993) [4]. Th e FAM-C 
method, based on the TTM idea, using on-board power genera-
tors as diagnostic transmitters, is a cheap, comprehensive, easy to 
automate, diagnostic method of monitoring the drive system of 
the helicopter. Th e power generator transmits diagnostic signals 
into bandwidth of the relatively high frequencies, and these 
signals obtain signifi cant resistance to any kinds of interferences. 
Th anks to the development of the method of control over the 
bandwidth of the observability of mechanical processes (“a 
visibility window”) of the power generator [8], we can observe 
almost all of the kinematic bonds of the drive system of a given 
helicopter. With this method, the technical condition of the main 
bearing and the gears of the gearbox of Mi24 helicopters was 
observed. While observing vibrations of the upper bearing of the 
main transmission of the Mi24 helicopter, it was stated that when 
a characteristic set of the bearing breaks into two subsets (Fig. 3), 
and the value of the Q factor increases to the level of Q = 4, this 
bearing must be decommissioned immediately.

In subsequent years, the FAM-C method has been used to 
diagnose the Mi24 helicopter kinematic system (main gearbox, 
generators’ gearbox, transmission). Th e idea of the FAM-C method 
is presented in Fig. 2

Fig. 1. DIA-KSA-CM diagnostic tester to a MiG29 aircraft: a) tester: 

1. - housing, 2. - Kab-DIA-KSA-CM cable (intended for 

connection with the airplane), 3. - 2RMD33KPN32G5W1 

connector, 4. - CANON DB9 connector, 5. - display, 6. - diode 

LED (yellow) indicating the zone of partial wear, 8. - LED (red) 

signaling the danger zone or failure zone, 9. - balloon (“+” and 

“-” for the test, 10. - button for running the test, b) 11. - LED 

(orange) indicating the duration of the test, 12. - connector for 

connection with the computer, 13. - tester connector, d) MiG-

29 aircraft: 14. - fuselage, 15. - KSA-2 case chest, 16. - GP-21 

generator (115V, 400 Hz), 17. - hydraulic and current stabilizer) 

- broken shaft connecting GP-21 with KSA-2, 18. – place of 

breaking, c) FAM-C imaging in the form of characteristic 

pattern ΔF = f (fp): A. - low level of wear KSA-2, B. - average 

level of wear KSA-2, C. - high level of wear KSA-2, d) = f (t) at 

night breakage of the aggregate shaft GP-21 [own study]

 Fig. 2. FAM-C method schematics [own study]

Th e FAM-C method prefers steady-state of engine operation 
when power layer angle PLA = const and the derivative of engine 
IASe is small in relation to the transient states. 

Under these operating conditions, the IASg signal of AC and 
DC generators reveals modulation components generated by:

• the fuel controller of engine (IASFC), 
• kinematic system (ΔIASKS) 
• external disturbances (Δ IASED), 

which describes the mathematical formula (1) 
(1)

where: ig is a kinematic transmission between the generator shaft  
and the motor shaft .

Th e generator voltage signal u(t) additionally contains 
information on: design features (DF) of the generator (number 
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of poles, type - Alternating Current (AC) or Direct-current) [4, 
9]; the modulation applied by: the voltage regulator VR(t), the 
inductance of the generator winding Lcoil and electric capacity of 
the generator winding and cables C.

(2)

The reactance (inductance and capacity) components of u(t) 
can be omitted when the generator is not loaded with receivers 
(after disconnecting from the on-board electric network, i(t) ≈ 0). 
The influence of the voltage regulator VR(t) can be omitted for the 
quasi-constant engine IAS and i(t) ≈ 0. With such assumptions of 
measurement and (1) there is a relationship (3). 

 u(t) ≈ f(DF, ig ·IASe, Δ IASFC, Δ IASKS, ΔIASED)  (3)

The spectrum of the modulating components IASg maps the 
modal properties of the fuel system, kinematic system and external 
disturbances. A change in the technical condition of the test object, 
e.g. play in meshing of gears, misalignment results in a change in the 
spectrum u(t). The generator voltage u(t) in addition to the carrier 
frequency contains numerous characteristic frequency bands, which 
are the status observers of individual elements of the monitored 
object. This observation is the foundation of the FAM-C method. 

For observation of the instantaneous spectrum u(t), the time 
of arriving u(t) by the reference level (zero for AC generator) is 
recorded and numerical analyzed. Measurement of the arrival time 
TOA(k) = f(u(t)) is carried out using the frequency method, with 
time resolution 0,5 μs (fclock = 2 MHz). Before the measurement, 
the signal u(t) is clipping (in the amplitude) and amplified G times 
in an analog-front-end (AFE), which describes the mathematical 
formula (4). The output signal from AFE is optically isolated.

(4)

The analog signal u1N(t) is not spectrally limited before TOA 
measurement, as a result the discrete time TOA(k) maps the 
spectrum u(t) along with the alliances. FAM-C methods is in 
essence a Tip-Timing Method (TTM) [ ], which used for non-
contact monitoring of vibrations and health of rotating blades: 
fan, compressor and turbine as well as complex diagnostics of 
jet engine [4]. In the TTM method, measurements are made in 
steady and transient states of the engine (set speed, acceleration, 
deceleration, start-up and run-out). 

The measured TOA time describes the relationship
 (5)

where: ζg is a jitter of encoder phase markers (AC or DC 
generator), ζω is a jitterer generated by changes in the IASg; 
TOAcarrier is the average arrival time of the encoder phase marker 
for a given range of engine operation; noise is a colorful noise 
of the measuring path and electromagnetic interference, k is a 
discrete time. 

The noise level is minimized in AFE (in the analog part of 
the measurement path) after completion of laboratory tests and 
recognition of the spectrum of diagnostic symptoms. The AC or 
DC generator has rigid phase markers, arranged circumferentially 
with a constant error Δθi for the individual marker. Therefore, 
the FAM-C method is based on the calculated parameter - the 
instantaneous frequency IF(k) of the u(t) determined between 
each phase marker (two-sided comparisons of signal transitions 
through the reference level).

 (6)

where: favg is the average carrier frequency u(t).

IF(k) decomposition on the carrier and modulating components 
is implemented in the PRAZEK software [4]. Quantitative and 
qualitative analysis of jitter ζg is carried out on the plane (ΔF, fp). 

2.1  Results

Selected possibilities of the FAM-C method are illustrated in the 
examples of dynamics of the helicopter Mi24’s transmission parts 
wear and tear. The helicopter’s propulsion system (Fig. 3) consist 
of turbine engine, mechanical fan, the WR-24 main gearbox (with 
main shaft, upper bearing – Fig. 3, element 3a) helicopter propeller, 
power transmission shaft, generator’s gearbox, tail rotors. On the 
destructive wear and tear of the gearbox if the Mi24 helicopter 
as a result of the impact of upper bearing (Fig. 3, element 3a) of 
the WR-24 main gearbox (Fig. 3, element 3) and the possibility 
of early recognition of this phenomenon, the authors already 
writes in. With the increase of the level of this bearing tribological 
wear and tear, the frequency of modulating’s of the main shaft’s 
angular velocity emitted in the direction of the tail rotor, and, 
therefore, the gearbox increases. At a certain level of tribological 
wear and tear of the upper rolling bearing (Fig. 3, element 3a), 
such frequency reaches a level equal to the rotational velocity 
of the generator’s gearbox. Then, it is possible to synchronously 
induce the modulating’s of these input rotational velocities, and, 
hence, the formation of a single, well-defined angular position 
of the dynamic surpluses and associated additional stresses on 
gearings. The gearbox itself is a generator of mechanical, self-
excited vibrations of positive feedback. Synchronous excitation 
of the input rotational velocity and the said dynamic surpluses 
may cause undercutting of a gear pair in a well-defined angular 
position [4]. To prove this hypothesis, subsequent pieces of a 
puzzle, starting from the worn upper bearing of the WR-24 (Fig. 
3, element 3a) and ending on the broken off gear-tooth of the 
generators gearbox (Fig. 3, element 6), should be traced. The main 
shaft is subject to an unbalanced torque due to the imbalance of 
the helicopter main propeller in its upper part, and, at the bottom, 
there is no significant moment of inertia. Therefore, all dynamic 
impacts of imbalance of the main propeller as well as a shield and 
a control head is transferred by the upper bearing. 

Its damage may cause incalculable consequences, including the 
disaster. Therefore, the need of its monitoring is obvious. Traditional 
methods, for example, vibroacoustic ones, seem to be little effective 



J. LEWITOWICZ, S. MICHALAK, A. GĘBURA

2929Volume 13 • Issue 1 • February 2020

due to: a) considerable thickness of the WR-24 main gearbox and 
damping of material structure (a cast made of a so-called electron); 
therefore intensively dampen acoustic vibrations and signals from 
the depths of the upper bearing, b) neighbourhood of mechanical 
nodes of exceptionally high levels of vibration and sound intensity 
in WR-24. In relation to these relationships, the FAM-C method 
seems to be the only alternative monitoring method. 

2.2 Detection of the damaged upper main 
shaft bearing and other WR-24 main 
transmission component with the FAM-C 
method

Aft er analysis of the parameters of the characteristic sets, it can 
be concluded that, between the main shaft  bearing and the gearbox, 
mechanical resonance occurred [4, 5]. Th is resonance manifested 
itself with the decrease in the amount of the characteristic set of 
the upper bearing and separation into two subsets: A21 and A22 
(Figs. 4 and 5).

Fig. 3. Distribution of transmission elements between the engine 

and the power generator on the Mi24 helicopter: 1 – the 

turbine engine, 2 – a mechanical fan, 3 – the WR-24 main 

gearbox, 3a. – upper rolling bearing, 3b. – main shaft, 

3c. – main propeller, 4, 5, 7 – power transmission shaft, 6 – 

generators’ gearbox, 8 – the left GT 40PCz6 power generator 

(behind it, the right GT-40PCz6 power generator it attached 

to the same genera-tors’ gearbox), Z30, Z70. – wheels of 

generators’ gearbox [own study]

 Fig. 4. Upper rolling bearing of the WR-24 main gearbox in 

resonance: a) Characteristic sets acquired for powerplant of 

“negative pattern” of a Mi24 helicopter – characteristic sets of 

upper (main) bearing A2 divided into two subsets: A21 and 

A22, b) upper rolling bearing with false brinelings of the WR-

24 main gearbox: 1. – false brinell prints, 2. – inner treadmill 

of a roller coaster, 3. – main shaft, 4. – locking nut, Dw – inner 

race diameter, dk – rolling element diameter [own study]

Th e verifi cation conducted then proved the existence of a long 
mechanical resonance, manifesting as the so-called false brinellings 
(Fig. 4.a, detail 1) [4]. Such brinellings are the clear evidence of 
radial, internal resonance of the roller bearing. At the same time, 
for such bearings, the author was observing (during operation of 
the turbine engine) the increasing relative amount of sets obtained 
with FDM-A method (relative amount of the characteristic set 
– the quotient of the amount of the characteristic set A=|{ΔFi}
max|+ |{ΔFi}min| to its width, i.e. the width of the frequency band 
occupied by this characteristic set (subset): 

  (7)

Th e amount of the also increased the value of the Q factor of 
the characteristic sets

(8)

where: foj – “carrier” frequency of the characteristic set (fo≈ 
psN∙ fN) of bearing no. j, Δfpoj – width of the bandwidth of the 
characteristic set of a given bearing no. j.

Where: psN – nominal bearing rolling coeffi  cient (concept I 
created – in mathematical terms, this coeffi  cient is a complement 
to unit of the slip coeffi  cient encountered in the literature) as a 
signifi cant parametric supplementation of the rolling bearing 
effi  ciency evaluation, including the development of formulas for 
a reference bearing, is exposed by a formula [4]:

(9)

 where: Dw – inner race diameter, dk– rolling element diameter 
(Fig. 4.b, detail 1). 

Th e carrier frequency fo (in the theory of teletransmission and 
telemetry, oft en called a lift  frequency) of FAM-C and FDM-A 
characteristic sets – calculating the current value of the rolling 
coeffi  cient4 for a rolling bearing (operating within a monitored 
power train) from the formula [4]:

(10)

where: n – rotational speed of a bearing mounted shaft  (bearing 
journal), N – number of rolling elements of a given rolling bearing.

3. Conclusion

Th e diagnostic method FAM-C allows detailed monitoring 
of multiple mechanic nodes at the same time, and change of the 
measurement confi guration from single-phase to the triple-phase 
one allows the movement of the observability bandwidth of 
mechanical processes towards higher frequencies fp. Th e FAM-C 
does not require any sensors – their role is played by the on-board 
power generator. It is possible to detect failures and damages quickly. 
Bad technical condition of the WR-24 main transmission, and, in 
particular, its upper bearing aff ects the wear rate of the gearbox. 
Replacement of the main bearing in the WR-24 transmission should 
be associated with replacement of the gearbox co-operating with it.
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ABSTRACT
Transport remains one of the pillars of development with a view to accelerating economic growth and reducing 
poverty. It facilitates the exchanges and the circulation of goods and people. Madagascar, as some African countries, 
lags considerably in the development of its regional trade, mainly due to the lack of reliable and adequate transportation 
system. Therefore, it has to be recognized that in order to achieve sustainable development, it is necessary to focus 
the efforts of the State and its development partners to the specific questions of transport and communications in 
Madagascar. So, the implement of telematics system might be one of the solutions that aim to develop the transport 
area. The aim of this paper is to undertake the implement of telematics in any area and environment, especially in 
some countries in Africa, in this case Madagascar, where this technology is not yet used. Also, the paper focuses on the 
expertise in transport engineering via transport system telematics in order to use telematics system in the proper way.

KEYWORDS: transport telematics, intelligent transport, sustainable transport

1. Introduction 

The mobility of the population is an important indicator 
of economic development in a country. At the same time, it is 
also a factor which enable this development. Actually, the more 
inhabitants of a region move easily, the more they access to public 
services and markets. So, they are stimulated to produce more, to 
educate themselves and to have access to medical care more easily. 
However, in order to promote this ability to move from a region 
or a place to another one, an adequate and effective transportation 
system is needed. And telematics is one of the tools that is used in 
order to meet this requirement for a better, and even, sustainable 
transport system. 

During  those  last  two  decades,  some transport devices have 
evolved from an analogue machine with  mostly  mechanical  and  
hydraulic  control systems  to  a  digital one,  with  a  rapidly  growing 

volume  of  computer-based  control  systems. This transition 
continued with the integration of sensor-based intelligent vehicle 
functions that will further advance digital technologies in future 
automobiles. Then come the Intelligent Transportation Systems 
(ITS) which require increasingly capable in-vehicle digital systems. 
The reason why resulting digital car create a long-term market push 
and pull for telematics technologies. This all because a large portion 
of the population is dependent on communications and content and 
wants to extend this capability to their vehicles also. But telematics 
systems are not only involved in the ability to communicate but also 
encompasses security and safety functions for users. 
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2. Motivation of the paper

The means of transport and transportation infrastructures allow 
the population to move, to transport their goods and to carry out their 
daily activities. In other words, it is a support for the development of 
a city, even a country.

As a result, any problem that affects the transportation system 
may slow down or paralyze the economic growth in the region or 
the concerned country. Hence, a special attention has been given 
in how to improve and optimize the current transport system in 
Madagascar.

The main problems in the current transport system in 
Madagascar are:

• Traffic congestions in the mains cities, especially in Antananarivo, 
the capital city of Madagascar.

• Air pollution caused by the CO2 emission in traffic congestion 
in Antananarivo where the atmospheric pollution can reach a 
peak of 360 μg / m3 during the day (World Health Organization 
statistics). Even if the use of polluting household fuels are also 
behind this figure, the main part is due to the carbon emission 
from traffic congestion.

• Lack of information about the traffic, information that might 
help in traffic management [2].

• Nonexistent schedule for the majority of public transportation.
• High rate of road traffic accidents, that causes injuries and 

death in many cases (29 deaths per 100 000 inhabitants from 
road traffic accidents) [3].

Therefore, this paper aim to propose a concept for the 
implementation of telematics into the current Malagasy transport 
in order to deal with the main issues linked to transportation.

3. The requirement of the 
implement a telematics 
system

Any transportation system can be interpreted as a set of 
elements and relationships linked into a functional entity (i.e. a set 
of technical means, human resources, and organizations involved in 
service delivery) [1]. And as a part of the technical means for this 
entity, telematics encompass many areas such as telecommunication, 
wireless connectivity, electrical engineering, IT, road transport. More 
concretely, this technology can involve any of the following: 

• the technology of sending, receiving and storing information 
using telecommunication devices to control remote objects,

• the integrated use of telecommunications and informatics for 
application in vehicles and to control vehicles on the move,

• global navigation satellite system technology integrated 
with computers and mobile communications technology in 
automotive navigation systems, for pinpointing and locating 
the exact position of the vehicle.

• (most narrowly) the use of such systems within road vehicles, 
also called vehicle telematics.

4. What might be the concrete 
benefits of use of telematics 
in transport system in 
Madagascar?

First of all, telematics is an efficient tool for fleet management 
[2]. Indeed, with the location tracking, the owner can have 
information about the location of his vehicle at any time, even 
in remote places. This is because of the superior communication 
system that allows transparency and a free flow of data. Moreover, 
this also helps them in enhancing the overall execution. That will 
allow to tackle the issue of non-scheduled public transportation in 
Madagascar. Also, this information can be shared with the users 
of public transportation to solve the problem of long standing line 
and longtime of waiting in bus stops.

The capability of fleet telematics is not limited to simple vehicle 
location tracking. On the side of management of transportation 
system, telematics allows maintenance control. Regular maintenance 
is an often underestimated way to improve fuel efficiency. Effectively 
used, fleet telematics can be set up to alert managers when certain 
maintenance needs to be performed to their vehicles. In this case, 
telematics is used as a part of a decision making process for any kind 
of maintenance, especially for predictive maintenance. This improve 
also the productivity monitoring of individual equipment based on 
real-time location and status transmitted to fleet control center from 
the equipment.

Due to the lack of real-time data and information about the 
traffic, vehicles get stuck in traffic jam and people lose an important 
amount of resources (fuel, time…). However, the traffic data analysis 
allowed to create macroscopic traffic models using connections 
between average speed, traffic flow, and density in order to undertake 
the problem of traffic congestion [5]. And also, they provide to the 
drivers the most direct and closets routes–saving time and fuel.

In-vehicle telematics devices and telematics data are used to 
optimize the capacity of the vehicle and reduce its CO2 emissions, 
especially in dense street networks and in urban areas [4].

 Finally, telematics can be used in order to find risky driver 
behavior which is one of the main causes of traffic road accident. 
Actually, the travel behavior is defined as the driver’s choice 
concerning which type of road to use, what time of the day to drive 
and how much to drive. The speed and GPS data, the acceleration, 
braking, speeding and cornering and the associated timestamps can 
also be used in a risk analysis model in order to determine how risky 
a driver’s behavior is [6].

To conclude, telematics will play a major part in helping make 
the road freight sector more sustainable.
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5. Case study : Methodology of 
implementation of telematics 
in Antananarivo, the capital 
city of Madagascar

According to a survey done by the communication agency 
Stilex to a selected inhabitants of Antananarivo in 2018, nearly 
80% of questioned people fi nd public transport more practical. 
Also, almost half of the respondents use them daily. However, on 
the average, the workforce spend between 30 minutes to 02 hours 
a day on public transportation. Th e mostly common complaints 
received from users are the time lost in traffi  c congestions, the 
absence of a precise timetable for public transport as well as non-
compliance with the routes pre-established by the company [9].

All those issues motivated the proposition of concept for 
implement of telematics system into the public transport of 
Antananarivo. 

5.1 Infrastructure

Infrastructure is an important mean that allows to implement 
Telematics. So, the evaluation of existing infrastructure, such as a 
good network system and communication equipment, will be 
necessary. In some remote regions in Madagascar, the network 
coverage remains a problem, so the investment on new infrastructure 
is required. However, for the particular case of Antananarivo, the 
city already has a good network coverage, as shown on the map Fig. 
1, which will facilitate the use of telematics.

5.2 Technical requirement

Th e uses of telematics systems require some basics knowledge 
from both sides the users and the operators. From the operator 
point of view, these are some systems used to facilitate telematics 
implementation such as soft ware telematics for fl eet management. 
Th en, telematics operators need to have knowledge on how the 
application works, how to enter the data, and how to build solutions. 
It doesn’t mean they have to have hands-on experience as long as 

they are aware of the capabilities of the application and how to drive 
the data into it and get the solutions. 

From the side of users, in order to make the technology more 
convenient, the simplest design might be the most effi  cient. For 
instance, the use of intelligent human-machine interface (IHMI) 
provides an interaction of user and an information system (IS) in 
a natural way by means of intrinsic modalities of a human gesture, 
voice, facial expression, using artifi cial intelligence, that ease the 
adaptation of telematics [7].

5.3 Ethic point of view

By knowing the benefi ts of telematics system and understanding 
its social and economic impacts, companies and people will be 
more inclined to use it. Th erefore, in order to get people more 
interested and motivated to use this technology, the fi rst step will 
be to promote widely and explain its application, how does it works 
and its benefi ts. 

Another important element is support: listening and 
understanding what the users are expecting from this technology 
and trying to meet those expectations. Th e perspectives off ered by 
the technologies of the intelligent transportation systems should 
refl ect the real needs of their users, therefore should be adapted and 
suitable for them. Th at allows to design a system which is suitable 
and adapted to the special area where it will be implemented, Fig. 2.

Fig. 2. Investment climate structure – behavior – profi tability [1]

Fig. 1. Antananarivo network coverage [8]
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6. Targeting a sustainable 
transport by the use of 
transport telematics 

A sustainable transport refers to a various perspectives, including 
social, economic, environmental, cultural and technical, and covered 
a broad range of issues, including its definition, analytical framework, 
planning, policy, regulation and implementation [10]. Among those 
perspectives, the environmentally sustainable transport (EST) receives 
the most attention and comprises the biggest branch of research in 
order to mitigate the negative impacts of transport on environment 
and climate. Actually, it is assumed that transportation systems are 
also a generator of many kind of waste (vehicles, parts, packaging, 
carbon emission, etc.), that have impact on the environment and 
climate.

The use of public transport has recently been increasingly 
encouraged in many cities and countries all over the world. The 
motivation behind this promotion of public transportation system 
is to deal with the environmental problems linked to transport 
in general and to build practical urban areas, in other words, to 
build more sustainable cities which is one of the 17 Sustainable 
Development Goals (SDGs) set by the Union Nations. 

In order to meet this target of a sustainable transportation 
system, many principles have been used such as the Car Free 
Developments [11] that prohibit or confined the use of private car 
in urban areas. The diminishment of the quantity of vehicles, and in 
this way a decrease in the requirement for stopping spots and street 
space, gives chances to expand green space and green systems in 
urban areas, which thusly can prompt numerous valuable wellbeing 
impacts. At the same time, this also motivate the use of the public 
transportation which are more and more available.

In order to support the mobility needs of all users and to 
allow a better integration of any modes of transport, the concept 
of transport planning through mobility management have been 
proposed. By the use of telematics, the accessibility of particular 
areas and services are now easier. On the other hand, this will also 
contribute to improvement of the quality of life for the public and 
the environment [12].

7. Conclusion

This paper has shown the importance of the implementation 
and adaptation of telematics into the transport system in 
Madagascar, especially in the particular case of the capital city, 
Antananarivo. As a support to the daily activities of the population, 
transportation system should be on the top of interest of the State 
in order to solve issues that can paralyze the economic growth of 
the city, and even the country. And also, to make the transportation 
system more sustainable, any point of view should be considered: 
economic, human and social, and environment and all of them 
can be encompass in the benefits of use of telematics. Even if the 
implementation of this system requires an important investment 
from the start, not only financially but also socially, the project may 

well have important positive impacts on the daily lives of inhabitants 
in term of comfort of use, availability of transport system but also 
the safety while traveling. Over the long term, this will then be more 
than profitable for the country.
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ABSTRACT
In the XXI century, magnetic measurements are widely used in many diverse applications. In this paper, we present 
the practical application of magnetic measurements in the Helmet Mounted Cueing System (HMCS) on board 
military aircraft . We start with the research problem and proposed solutions (idea). Next, the theoretical basis of the 
helmet’s system operation are described. Herein, we include the characteristics of the Earth’s magnetic fi eld and the 
modeling of this (WMM 2015, IGRF 12, EMM2017), as well as the theory of magnetic fi eld distribution as generated 
in fl at coils, Helmholtz coils and anti-Helmholtz coils. In the later detailed part, we describe the metrological aspects 
of HMCS applications and the characteristics therein of diff erent magnetometers used in the tests, plus example test 
results. Finally, we describe ongoing research, while in the summary, we present further research possibilities and 
potential directions of research in the avionic implementation of magnetic phenomena in HMCS systems.
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1. Introduction

In the 21st century, the market for magnetometers is the 
fastest growing among all various sensors. Today, magnetic 
and electromagnetic measurements are widely used in diff erent 
applications, e.g. informatics devices (data carriers, smartphones, 
tablets), processes monitoring systems in cars, metrology 
(current intensity measurements, encoders), geology, archeology, 
medicine, aerial and marine reconnaissance and non-destructive 
testing (Fig. 1). 

A wide range of magnetometers are now on the market, 
their prices are decreasing and metrological parameters are 
improving. Moreover, new magnetometer applications, designs and 
developments are coming to light continuously [12,18]

Fig. 1. The varied magnetometer applications [8]
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Th ere are many diff erent types of magnetometers designed for 
diff erent applications. For very small magnetic fi elds, we can fi nd 
SQIUD sensors; for small magnetic fi elds - fl ux-gate sensors; for 
medium fi elds - MR sensors; for high magnetic fi eld - Hall sensors 
(Fig. 2) [18,19].

Fig. 2. Typical area of applications for the main magnetic fi eld 

sensors [own study]

In this article, we present the application of magnetometers 
in the construction of Helmet Mounted Cueing Systems (HMCS).

Several HMCS systems are being currently marketed. Th ese are:
• Th e JHMCS system, manufactured by Honeywell, found on 

the F-16 C/D Falcon Fighting (in version Block 52+ PL - in 
Polish Air Force service). Here, the system of helmet position 
determination is based on the generation of an artifi cial reference 
magnetic fi eld “connected” to the aircraft ’s cockpit [15];

• TOPOWL system, used on French and German military 
helicopters [15]; 

• NSC-1 ORION system, designed in the Air Force Institute of 
Technology, as a technology demonstrator dedicated for the 
W-3PL Głuszec helicopter (Fig. 3) [17].

Fig. 3. W-3PL Głuszec helicopter [own study]

2. Research problem

Th e helmet cueing system is a key element of the weapon control 
system in modern military aircraft  [15]. Its main task is to deliver 
reliable information about the pilot’s head orientation (within a 6 
DOF coordination system). Th is information is then processed in 
the mission computer to form a set of control signals for a turret gun 
(or an optoelectronic surveillance system or line of sight or other 
guided weapon system). Such signals include azimuth and elevation 
angles. 

A good helmet system ensures achievement of advantage in 
combat, improves the general performance of the aircraft , increases 
the chances of completing the mission and ensures the survival of 
the crew (Fig. 4).

Fig. 4. Advantages of a good helmet system [own study]

Th e above-mentioned control signals have to be insensitive 
for the attitude and dynamics of aircraft  fl ight (thus, they have 
to include corrections). Signifi cant metrological parameters are 
pilot’s head pitch and yaw angles. Turret gun control disturbance 
parameters include aircraft  roll angle and linear movements of the 
pilot’s head, in addition to the aircraft ’s attitude and variable fl ight 
parameters.

Th e main research problem is how to accurately and quickly 
measure the spatial position of the helmet in the aircraft ’s coordinate 
system. In other words, the problem involves an interaction between 
two main coordinate systems (Fig. 5):

• 6 DOF aircraft ’s system according to the Earth;
• 6 DOF helmet’s system according to the aircraft .

Fig. 5. The two main coordinate systems utilized in current HMCS 

systems [own study]
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Th is research problem is not trivial as it includes metrological 
and analytical aspects that arise because the pilot is placed inside 
an aircraft ’s cockpit, in a weapon system which performs complex 
and dynamic motions in space. Example fl ight parameters of a 
modern, highly maneuverable aircraft  are [15]: 

• Speed: up to 2.2 Ma;
• Altitude: up to 12 km above sea level;
• Linear accelerations: up to 8 g (78.5 m/s2);
• Angular speeds: up to 1000 degrees/second.

Th at is why the metrological requirements for a sensor are 
very demanding. Common demands include:

• Update frequency: min. 240 Hz;
• Latency: max. 3.5 milliseconds (fi lter off ).
• Static accuracy: 

• 0.2 degree RMS for sensor orientation; 
• 0.8 mm RMS for the X, Y, Z position;

• Dynamic accuracy: similar to existing solutions.

Hence, measurement data have to be transferred from a movable 
head’s coordinate system in the form of turret gun control signals 
- to an immovable turret gun coordinate system afi xed within the 
aircraft . It must be remembered that the turret gun and the pilot’s 
head coordinate systems are not placed in the aircraft ’s centre of 
gravity. Th is last determines the fl ight trajectory and is central to the 
aircraft  coordinate system.

2.1 The idea of the helmet system

For solving the research problem, researchers have proposed the 
measuring of the slowly changing Earth’s geomagnetic fi eld via two 
vector magnetometers, the fi rst one is placed on the pilot’s helmet; 
the second one is placed inside the aircraft  cockpit (and is in use 
only during the magnetic fi eld distribution mapping process inside 
the cockpit) (Fig. 6).

Fig. 6. Idea of magnetic tracking using only the geomagnetic fi eld 
[own study]

Th e Earth’s magnetic fi eld BE is a sum of several contributions 
(Fig. 7):

• Core fi eld, Bcore;
• Crustal fi eld, Bcrust;
• Combined disturbance fi eld, Bdisturbance.

B core crust

Bcore dominates the fi eld (>95% BE at the Earth’s surface) with 
secular variation <100nT/year - this is described by the WMM 
2015 and IGRF models [3, 6]. Bcrust has spatial variations on the 
order of meters, to thousands kilometers - this is described by the 

EMM 2017 model [10]. Bdisturbance varies both with location and 
time - this is monitored by SWPC (USA) and INTERMAGNET 
network stations (around the globe) [9,11].

Fig. 7. The Earth’s geomagnetic fi eld [own study]

Th e simple idea of helmet magnetic tracking using only the 
geomagnetic fi eld was found to be insuffi  cient. In our initial tests, 
the accuracy of the helmet’s position was more than 5 degrees 
away from true. Hence, such a simple method cannot be applied 
to the Helmet Mounted Cueing System because of: 

• loss of information about small linear movements of the 
helmet inside the cockpit;

• local homogeneity of the geomagnetic fi eld;
• the negative impact of the “local magnetic fi eld” ΔBi, generated 

by ferromagnetic components of the aircraft  (still and rotating), 
the on-board electrical networks (DC,AC) and the electrical 
devices;

• the infl uence of fl ight parameters (e.g. linear and angular 
velocities, acceleration, attitude and spatial position) on Bcore, 
Bcrust, Bdisturbance and measured data B1 and B2.

Th erefore, to increase accuracy and make the system doable, 
a reference signal is needed (Fig. 8). Our researches were realized 
as two variants:

• with a fl at coil supplied by a rectangular electric current 
signal;

• with a pair of coils in Helmholtz and anti-Helmholtz 
confi guration supplied by a rectangular electric current signal.

Fig. 8. Concept of magnetic tracking using the geomagnetic fi eld 

and reference signal [own study]

In the cockpit (test stand), either one fl at coil was placed 
behind the pilot’s helmet (NSC-1 ORION system) or a pair of coils 
(research and development works of the system) were placed on 
both sides of the helmet, generating a reference magnetic fi eld for 
the receiver (the helmet’s magnetometer).
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Th e fl at coil is supplied by rectangular electric current signal 
(in a current and no-current state). Th us, the pair of coils are 
successively in the below mentioned states:

• turned off  (in no-current state aft er stabilization of transient 
states);

• turned on in Helmholtz confi guration;
• turned off ;
• turned on in anti-Helmholtz confi guration.

On the basis of the above mentioned measuring cycle and the 
applied algorithms of data analysis, the following infl uences on 
turret gun control signals are eliminated:

• Earth’s geomagnetic fi eld and aircraft ’s spatial attitude in the 
geophysical coordinate system;

• dynamics of aircraft  fl ight (linear and angular accelerations);
• magnetic fi eld disturbances generated by aircraft ’s 

ferromagnetic elements and DC power supply system.

In the designed prototype of the NSC-1 Orion system, the 
initial research target was accomplished. Th e accuracy of helmet 
control of the turret gun was less than 1 degree. 

In order to increase the reliability of helmet’s system:
• the technical state of measurement path is monitored on the 

basis of reference data from the World Magnetic Model WMM 
2015 [10]. Input data to WMM2015 model (time, geographical 
position and altitude of the aircraft ) is obtained from the 
GPS system during the fl ight or are loaded into the mission 
computer before the mission;

• periodically (during the maintenance), the magnetic fi eld 
distribution inside the cockpit is mapped, on this basis, the 
residual magnetism from aircraft ’s ferromagnetic elements (the 
infl uence of stress magnetism) and changes of coil inductance 
are evaluated. Th e magnetic fi eld distribution mapping process 
and the resulting calibration is done with specifi c measuring 
apparatus in an accredited laboratory. 

Th e system, in its developed version, can be supplied by the 
geomagnetic fi eld parameters and data from on-board systems such 
as GPS or AHRS.

As an output, we obtain the dynamic correction of the helmet 
positioning (Fig. 9).

Fig. 9. The concept of helmet dynamic correction measurements 

[own study]

2.2 Theoretical notions

In our fi rst tests, we used a fl at coil supplied by a rectangular 
electric current signal. Th e fi eld for the circular loop of current I 

and radius R as displaced from the origin by distance D, as shown 
in Fig. 10, has magnetic fi eld components given by (1) and (2) 
[14]. 

Fig. 10. Cylindrical coordinates for the magnetic fi eld distribution of 

a single circular current loop of a fl at coil [own study]

(1)

(2)

Here, μ is a permeability of free space (for air, permeability 
is approximately equal to that of a vacuum);  is a radius in the xy 
plane, k is a parameter (3), while K is the complete elliptic integral 
of the fi rst kind and E is the complete elliptic integral of the second 
kind. Th e exact values of the complete elliptic integral K(k) and 
E(k) are available in tables.

A Helmholtz coil is a parallel pair of identical circular coils spaced 
one radius apart and wound so that the current fl ows through both 
coils in the same direction. A Helmholtz coil is a device for producing 
a region of nearly uniform magnetic fi eld with low gradient and low 
curvature (Fig. 11) [5,13].

Fig. 11. Magnetic fi eld distribution in Helmholtz coil [own study]

Th e magnetic fi eld components (4) and (5) of the Helmholtz 
coil are computed from the sum of the two fi elds generated by two 
coils:

(3)

(4)

Near the origin of the ideal Helmholtz coil (when R=2D, ρ < 
0.2R, |z| < 0.2R), components of magnetic fi eld (up to the second 
order of Taylor series) are described as below:
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(5)

(6)

We can see that the radial component equals to 0 and the 
longitudinal component depends on the electric current and the 
coil size (geometry). However, certain conditions must be achieved 
in order to measure the angular position of the helmet.

An anti-Helmholtz coil is a device for producing a quadruple 
trap – the fi eld is zero and the gradient is high at the center (Fig. 12). 
It consists of two identical circular magnetic coils that are placed 
symmetrically along a common axis, separated by a distance equal 
to the radius of the coil. Each coil carries an equal electric current in 
the opposite direction. 

Th e magnetic fi eld components of the anti-Helmholtz coil (8) 
and (9) are computed from the diff erence of the fi elds generated 
by the two coils [22].

(7)

(8)

Near the origin of the ideal anti-Helmholtz coil (when R=2D, 
ρ < 0.2R, |z| < 0.2R), the situation is as described as below:

(9)

(10)

Fig. 12. Magnetic fi eld distribution in Anti-Helmholz coil [own 

study]

Certain conditions are necessary for measuring the linear 
position of the helmet, and in order to obtain the unequivocal 
representation of the helmet’s attitude, as well as reliable data for 
turret gun control system, the below mentioned assumptions are 
accepted:

• Th e pilot’s head is placed centrally between the two coils, in a 
quasi-homogeneous zone of magnetic fi eld for the Helmholtz 
confi guration (non-homogeneity is less than 0,5% and quasi-
linear changes of Bz and Bρ for the anti-Helmholtz confi guration 
(nonlinearity) is less than 0,5%);

• linear movements of pilot’s head are less than 20% of coil’s 
radios;

• angular displacement of pilot’s head is in the scope of ±90° 
yaw, ±40° pitch and ±10° roll angles.

Th is limitation of pilot’s head displacements enables the 
introduction of the previously presented formulas and components 
and low-order polynomials (Fig. 13), in the fi rst step of the 
measurement data analysis. For other sub-ranges, there is a need to 
add medium and high order polynomials to determine the helmet’s 
true position.

Using the tables of elliptic integrals E(k) and K(k) and having 
the theoretical preparation, conditions are in place to calibrate the 
measuring path towards mapping the magnetic fi eld distribution

Fig. 13. Measuring path algorithm [own study]

2.3 Measurement path

Th e magnetic fi eld generated by the helmet’s system coils is 
generally assumed to be not higher than 180 μT, which is about 
300% of Earth’s geomagnetic fi eld. Such an assumption enables the 
use of sensitive magnetometers and the same measurement range 
to generate useful input data. Th is:

• ensures the high resolution of measurements;
• eliminates the negative impact from changes of measurement 

path gain;
• simplifi es the measuring data processing in the mission 

computer.

In the prototype of the Helmet mounted Cueing System, 
designed and manufactured in the Air Force Institute of Technology 
in 2010, for the W-3PL Głuszec helicopter, two ADIS 16405 
magnetometers (Analog Devices company) were incorporated [1]. 
Th e ADIS16405 iSensor device is a complete inertial system that 
includes a triaxial gyroscope, a triaxial accelerometer and a triaxial 
magnetometer. Each sensor has its own dynamic compensation 
formulas that provide accurate sensor measurement. 

Th e signal from the included magnetometers was numerically 
low-pass fi ltered so as to reduce measurement path noise and to 
counter the infl uence of the electromagnetic fi eld generated by on-
board devices supplied by the 400Hz power system. 

During the tests, the below-mentioned sensors were used:
• an intelligent electronic compass AMI-305 produced by Aichi 

[2] that integrates 3MI sensors for obtaining 3-axis magnetic 
fi elds;
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• a 3-axis inductive magnetometer RM3100 produced by PNI 
[16], which is characterized by very high temperature and 
output data rates (ODR) stability;

• a 3-axis TMR magnetometer type FXOS8700 produced by 
NXP [7] with maximum output data rates of 800Hz;

Th e Prototype module XEN1210 – a magnetic fi eld sensor 
based on the Hall eff ect, equipped with a 24bit digital output and 
a maximum measurement rate up to 5kHz [21].

In Tab. 1 below, selected parameters of the above-mentioned 
sensors are presented. Some parameters in the catalogue data are 
unknown, hence, there is a need for calibration to achieve the 
required accuracy.

Tab. 1. Selected parameters of the sensors used in tests [own study]

Parameter Unit ADIS
16405

AMI
305

RM
3100

FXOS
8700

Type --- Hall MI MI TMR

Dynamic range μT ±250 ±1200 ±800 ±1200

Sensitivity nT/LSB 50 600 50 100

Axis 
non-

orthogonality
degrees 0.25 0.6 PCB ???

Axis
misalignment degrees 0.5 ??? ??? ???

Sensitivity 
temperature 

coeffi  cient (1σ)
ppm/K 600 ??? 0 0.1%/°C

Bias 
temperature 

coeffi  cient
nT/K 50 ??? 0 800

Nonlinearity %of FS 0.5 0.5 0.5
(±200 μT) 1.0

Output noise
(no fi ltering) nT 125 ??? 30 <1.5 

μT-rms

Maximum 
sample rate for 

3-axis mag.
Hz 1200 333 534 800

2.4 Laboratory tests

Variant I: a fl at coil (Fig. 14).

Fig. 14. Test stand with a fl at coil [own study]

Referring to the tests conducted, the fi rst variant utilized a 
fl at coil. Herein, the achieved accuracy is less than 2 degrees. Due 
to the curvilinear character of the magnetic fi eld (Fig. 15), the 
latency between the measurement and the result is more than 10 
ms. Th e main problem that arose was how to accurately measure 
linear displacements of the helmet in the non-homogeneous fi eld. 
We chose to separate the fl at coil into two pieces, internal and 
external, supply electric current to each part and try to determine 
the linear movements of the helmet in this way. Th is is an area for 
further analyzes. 

Fig. 15. Magnetic fi eld distribution generated by a fl at coil

  [own study]

Variant II: a Helmholtz/anti-Helmholtz coil (Fig. 16).
To achieve better results, we experimented with applying a 

set of Helmholtz and anti-Helmholtz coils. In the initial tests, the 
accuracy of the helmet’s linear position was less than 1mm, while 
the helmet’s angular position was less than 0,5 degrees and the 
latency was less than 4 ms.

Fig. 16. Test stand with a Helmholtz/anti-Helmholtz coil [own study]

Th e obtained measurement data were analyzed using the 
COSMOL MultiPhysics program [4] and the Wolfram Mathematica 
program [20]. 

3. Conclusion

With the aim of applying magnetic tracking algorithms and 
verifying the research idea, we utilized the ADIS16405 sensor 
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(IMU and AHRS system sensors, a3D gyroscope and a 3D 
accelerometer and 3D magnetometer of the Hall’s type) in which 
the magnetometer has only an auxiliary function – to obtain 
rough spatial orientation and to compensate for accelerometer 
and gyroscope error accumulation. The obtained results look 
promising.

In navigation, most advanced Western aircraft use Fluxgate, 
AMR and MI type’s magnetometers. Their metrological parameters 
are much better than ADIS16405 or its successor ADIS16480. What 
is more, 24-bit Q-Hall magnetometers with the sampling frequency 
fs  =  5 kHz and 15 nT resolution are being marketed, as are very 
quick 24 and 32-bits ADC converters. The metrological barriers to 
achieving the research work target, hence, no longer exist. 

On the basis of the laboratory tests of the coils that we conducted 
as well as our prototype Helmet Mounted Cueing System, we see a 
need for:

• determining unknown magnetometer catalogue data 
parameters;

• verifying the mechanical vibration influence on real 
magnetometer metrological parameters.

Further research activities will be orientated to achieving the 
required functional parameters (update frequency: min. 240 Hz, 
latency: max. 3.5 milliseconds), and to gaining an understanding 
of, among others: 

• new types of magnetometers and their algorithms verification 
(differential sets, gradiometers);

• coil power supply signal optimization (sinusoidal signals);
• fast measurement data algorithms optimization.

In the paper, we informed the reader of the prototype Helmet 
Mounted Cueing System designed in the Air Force Institute of 
Technology (technology demonstrator). The helmet system is based 
on magnetic field measurements. Furthermore, in our work, the 
theoretical basis and metrological aspects of cueing systems were 
described, as well as were new metrological possibilities resulting 
from the dynamic development of magnetometers, ADC converters 
and processors. In pursuing this exploration, our derivations, 
constructed solutions and gained experiences can be easily 
transferred to other applications, e.g. control/positioning systems, 
IPS navigation systems, simulators or virtual reality (VR) systems.
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ABSTRACT
Officially, at the end of 2019, a correction of the Baltic Sea Location was published in the Sailing News, which at the 
same time informed about the change of the operator of the Polish GMDSS Responsibility Zone, excluding Witowo 
Radio so far and transferring the Polish Rescue Radio (SPL) service. Starting from 2020. PSL began operational 
service of GMDSS in Poland. This article is the first presentation of the experience from the implementation of this 
project “Construction of maritime communication system in danger, GMDSS-PL”. mainly focusing on the OpenEye_
GMDSS operating system. In addition to the technological layer of the project, the procedural and organizational 
part of the GMDSS service has been equally important. The maritime emergency response system can be compared 
to the operation of 112 on land. The operation and efficiency of this system directly translates into human health 
and life as well as the quality of the marine environment around us. The technical means provide a high quality and 
certainty of business continuity. Communication in danger is one of the basic and most important tasks of the Polish 
maritime service. At this point, all operators and GMDSS services in the Maritime Office in Gdynia and Szczecin 
deserve praise.

KEYWORDS: monitoring system, safety at sea, GMDSS

1. Introduction

Since 1959, when the International Maritime Organisation 
(IMO) was established in close cooperation with the International 
Communications Union (ITU) and the other meteorological (WMO), 
hydrographic (IHO) and satellite (IMSO) organisations, there has 
been a common understanding to provide radiocommunications 
in distress situations at sea. This cooperation resulted in the first 
GMDSS in 1999.

The old maritime distress and safety regime, as defined in Chapter 
IV of the 1974 SOLAS Convention, in force until 1 February 1992, was 
based on the requirement that certain classes of ships at sea should 
have radio equipment capable of transmitting within a minimum 
specified range on the international emergency frequencies allocated 
in accordance with the ITU Radio Regulations. The Shipmaster at 
sea should receive a signal that a ship, aircraft or survival craft is 
in distress, and at the same time inform those affected that he is 

doing so. The IMO has defined the minimum requirements for the 
radio communication range from the ship as distance:100-150 Mm. 
Assistance to a ship in distress could generally only be provided by 
other ships in the vicinity of the incident, which means that the old 
system was primarily intended for ship-to-ship operations. 

As the situation and the maritime transport sector has 
developed, it has become clear that the organisation of aid to people 
at sea cannot be mainly dependent on the provision of aid by nearby 
ships. Therefore, the natural development of the GMDSS system has 
been to expand it by increasing the range of communication using 
the space segment and by creating coordination centres on land. 

The new definition and scope of the GMDSS is as follows: 
The GMDSS is a radiocommunications system comprising a set 
of technical and organisational (including procedural) measures 
designed to ensure the safety of life at sea regarding radio 
communications. In order to achieve this objective, it has been 
established that all ships subject to the SOLAS Convention must be 
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equipped with radio equipment and systems capable of performing 
the following essential functions [1]:

1. transmit alarms in distress from ship to shore by at least two 
separate and independent means of communication, each 
using a diff erent radio service,

2. receiving shore-based distress alerts on board 
3. transmitting and receiving distress alerts between ships,
4. two-way (transmit and receive) coordination communication 

in search and rescue operations,
5. bi-directional communication at the accident site,
6. transmitting and receiving location signals,
7. transmission and reception of maritime security information,
8. bidirectional general communications through coastal radio 

systems or telecommunications networks,
9. bidirectional bridge-to-bridge communication.

Due to technological limitations and physics of operation of radio 
communication, the GMDSS system was divided geographically into 
zones:

1. Sea area A1 area within the radiotelephone range of at least 
one VHF coastal station where continuous digital selective call 
signaling (DSC) is available, 

2. Sea area A2 area, excluding sea area A1, within the radiotelephone 
range of at least one coast MF station with DSC continuous alert,

3. Sea area A3 area, excluding sea areas A1 and A2, within the 
range of the Inmarsat geostationary satellite, where continuous 
alert is available;

4. Sea area A4 area outside sea areas A1, A2 and A3.

Fig. 1. GMDSS - Baltic Coast Stations [2]

Each maritime broadcasting station in the GMDSS system has 
its own unique identifi er. Th e GMDSS uses a nine-digit number 
called Maritime Mobile Service Identity (MMSI) to identify the 
ship or coast station. Th ree of these digits indicate the geographical 
area of the administration in charge of the station and are known 
as Maritime Identifi cation Digits (MID).

An integral part of the GMDSS is the handling of DSC (Digital 
Selective Calling) messages, which are used to transmit distress alerts 
from ships and to send the relevant acknowledgements from shore 
stations. It is also used by ships and shore stations to transmit distress 
alerts and other urgent and emergency calls. Trials of DSC systems 
were coordinated by the CCIR Interim Working Group 8/10 in 
19821986 and included tests of HF, MF and VHF DSC systems. Th e 
system was launched and became permanently operational at sea. 

Poland has been a member of the IMO since 1960. Under the 
agreement we have assumed all obligations resulting from this 
membership, including the organisation of the GMDSS sector on 
the Polish coast.

2. Scope of implementation 

Th e implementation and launch of the Polish GMDSS service is 
called Polish Rescue Radio and can be divided into main areas [1]:

1. Design and construction of support structures for antenna 
systems or installation and adaptation of existing facilities to 
function as edge stations of the system,

2. Adaptation of rooms to serve as Radio Communication Centres 
and Management Centres with installed communication 
infrastructure,

3. Construction of a radio system for emergency communications 
in accordance with international GMDSS standards,

4. Construction of an IT system to ensure the correct handling of 
received alarm calls, their verifi cation and handling.

Due to the size of the project and the degree of complexity, 
this article will discuss only the scope of building an IT system 
supporting the work of GMDSS operators. OE_GMDSS system was 
one of the key factors of the project’s success and is a Polish original 
solution (manufacturer of WASKO S.A.) for the needs of ensuring 
operation of GMDSS system. Visualization and alarm system 
OpenEye_GMDSS is an umbrella system containing functionalities 
known from SCADA-type system.

Fig. 2. Login window for OE_GMDSS [own study]
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3. GMDSS architecture

Th e GMDSS system architecture consists of the following 
components:

1. Radio Transmission and Reception Centre in Gdynia - ensuring 
operational and separate operation of the system in basic mode,

2. Radio Transmission and Reception Centre in Świnoujście - 
providing operational and separate back-up operation of the 
system,

3. Zone A1 Shore stations - providing means of radio communication 
operating in maritime V-band in cooperation with the Radio 
Transmission and Reception Centres in autonomous mode,

4. Zone A2 Shore stations – providing radio means of 
communication operating in the intermediate wavelength band 
operating in autonomous mode with Radio Transmission and 
Reception Centres,

5. Server rooms of the Radio Transmission and Reception Centres 
– providing a place of work of the infrastructure necessary for 
the correct operation of the system.

Polish Rescue Radio (SPL) 
MMSI: 002618102
Phone: +48 58 355 36 70 
Fax: +48 58 620 53 63 +48 58 620 53 28 
E-mail: gmdss@umgdy.gov.pl 

Communication in distress and to maintain safety at sea. 
GMDSS A-2 zone
the range: 150 Nm (Ustka) 
MF DSC hearing 2187,5 kHz (H24) 
MF Radiotelex Call Signal (SEL CALL): 2934; hearing 2174,5 

kHz (H24) 
MF Phonia Hearing 2182,0 kHz (H24) 

GMDSS A-1 zone 

VHF DSC Kanał VHF 70 (H24) 
Location (name and geographical position) and range (nm) 

exposure:
6. Police 53˚33,9’N 014˚35,1’E 24 Mm
7. Kikut 53˚58,9’N 014˚34,8’E 29 Mm
1. Niechorze 54˚05,7’N 015˚03,9’E 25 Mm
2. Gąski 54˚14,6’N 015˚52,4’E 23 Mm
3. Jarosławiec 54˚32,4’N 016˚32,6’E 24 Mm
4. Czołpino 54˚43,1’N 017˚14,5’E 25 Mm
5. Stilo 54˚47,2’N 017˚44,0’E 29 Mm
6. Rozewie 54˚49,8’N 018˚20,2’E 28 Mm
7. Gdańsk 54˚22,2’N 018˚46,7’E 23 Mm
8. Krynica Morska 54˚22,9’N 019˚25,3’E 24 Mm

Th e exhibits are remote stations managed from the Maritime 
Safety Centre of the Maritime Offi  ce in Gdynia. 

VHF Fonia Hearing Channel VHF 16 (H24) 
Location (name and geographical position) and VHF exposure 

channels:
1. Police 53˚33,9’N 014˚35,1’E 16, 61 
2. Kikut 53˚58,9’N 014˚34,8’E 16 , 5 
3. Niechorze 54˚05,7’N 015˚03,9’E 16, 62 
4. Gąski 54˚14,6’N 015˚52,4’E 16, 61 
5. Jarosławiec 54˚32,4’N 016˚32,6’E 16, 62 
6. Czołpino 54˚43,1’N 017˚14,5’E 16, 5 
7. Stilo 54˚47,2’N 017˚44,0’E 16, 61 
8. Rozewie 54˚49,8’N 018˚20,2’E 16, 62 
9. Gdańsk 54˚22,2’N 018˚46,7’E 16, 5 
10. Krynica Morska 54˚22,9’N 019˚25,3’E 16, 61

Fig. 3. GMDSS station layout diagram [2]
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Th e exhibits are remote stations managed from the Maritime 
Safety Centre of the Maritime Offi  ce in Gdynia.

Th e basic functionalities of the GMDSS system are:
1. Conducting voice communication correspondence in distress 

through the Receiving Centres in sea areas A1 and A2 of 
the Polish SAR responsibility zone and the Polish exclusive 
economic zone (EEZ),

2. Support for a digital communication carried out in the DSC 
system by Radio-telecommunication Centres Receiving Zones 
A1 and A2 of the Polish SAR Responsibility Zone,

3. An information system providing:
• proper handling of incoming emergency calls,
• assessment of the surface situation, together with mechanisms 

for verifying the notifi cations received,
• download and present data on units in available national and 

international systems
4. Providing the necessary radio communication mechanisms 

with wired connectivity for additional services,
5. MSI (Maritime Safety Information) broadcasting support. 

4. Development of OpenEye_
GMDSS

Th e following panels are pre-confi gured in OE_GMDSS:
1. Th e Baltic Sea
2. Current events

3. DSC event history
4. Recordings
5. Navtex
6. Hydro Meteo
7. System operator monitor
8. Radar control
9. Weather forecast

Th e panels are fully confi gurable and managed from the user 
level, who can adjust the order and position of the displayed panel 
to his needs. Th e main panel giving an overview of the entire surface 
situation, which is used for a quick identifi cation of the event and 
subsequent coordination of the action is the Baltic Sea panel. 

Th is window presents data from all possible sources including 
the most important ones:

1. Presented position of vessels with their destination port data, 
speed, course based on AIS data.

2. Presented radio sightings (red lines) with the specifi ed listening 
channel and transmitter direction.

3. Presentation of radar echoes from coastal radars.
4. Presentation of GMDSS coast stations as well as Transmission 

and Reception Centres.
5. Presentation of excluded/hazardous areas.
6. Presentation of both automatic (DSC) and manual assistance 

call signals.
7. Presentation of the allocation of SAR (Search and Rescue) 

service units.

Fig. 4. GMDSS operator main control panel - Baltic [own study]

Fig. 5. Current events panel OE_GMDSS [own study]
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Th e main objective of the GMDSS system is to ensure the handling 
of events at risk and therefore to handle the messages contained in the 
Current Events panel. 

You could say that this panel is the main element of the 
system. It shows details of a distress call. Outgoing DSC messages 
appear in it and at the same time are graphically presented in the 
Baltic panel. From this place the operational work of the GMDSS 
operator begins, which fi rst of all consists in the verifi cation of 
the call and confi rmation of its takeover. Due to the geographical 
location of the Baltic Sea in our responsibility zone we do not 
have A3 zone, but part of the sea is A2 zone. Th e characteristics of 
medium-wave propagation (MF) cause that messages from outside 
the area of responsibility, e.g. the North Sea or even the Atlantic 
Ocean, are also received in the system, so each of such messages 
must be verifi ed.

Th e next step aft er identifying the event as “ours” follows the 
procedure of service and the next sequence of events notifying the 
Maritime Rescue Service (SAR), land-based services (Police, Fire 
Brigade, Army, Health Service, etc...). Th e DSC message schema is 
strictly defi ned and the same throughout the GMDSS.

Th is panel is connected to the following panels presenting 
the history of events, service, messages and recordings of calls via 
radiotelephones. 

Th e handling of an incident in danger itself is a series of 
procedures that cannot be presented in a condensed form. It is 
important that, as in most alarm systems, we have diff erent levels 
of danger. Th e success of any rescue operation requires the good 
cooperation of many services. In the OE_GMDSS system, apart 
from collecting and presenting events, there is a separate module 
for planning the rescue action. From the action planning panel the 
operator has the possibility to limit the search area, to select units 
for rescue action, to track and predict the location of the unit calling 
for help, to search for additional data in port registers about visits 
of this ship, etc.

Another panel of the system is the NAVTEX panel, i.e. the 
system for transmitting warnings and navigation messages to ship 
crews.

From one place, the operator has the possibility to view the 
situation with regard to safety messages for shipping, weather, 
marine works and switched/closed areas. NAVTEX is another 

international system for navigational safety. Th e structure for our 
Baltic Sea area is defi ned in the fi gure below. 

Fig. 7. Navigational warning circuit diagram [3]

Part of the work of GMDSS operators is broadcasting weather, 
navigation warnings and ice messages which are transmitted in Polish 
and English in the MF band on f=2591 kHz aft er the announcement 
on f=2182 kHz in the VHF band on channels 5, 61 and 62 aft er the 
announcement on channel 16 VHF and on request. Navigation 
warnings are broadcast 6 times a day, every 4 hours from 0133 to 
2133 UTC. Weather messages are broadcast 4 times a day at 0135, 
0735, 1335 and 1935 UTC. Ice messages shall be transmitted at 1035 
and 1335 UTC. Th ese messages shall be pre-prepared in the system 
and shall be broadcast by voice by the GMDSS operator for the whole 
Baltic Sea at a specifi c time.

Th e widest and most complicated in terms of conditions is 
support in search of survivors. Finding a man who has fallen off  the 
ship into the sea is extremely diffi  cult and, in most cases, ends in 
failure. However, it is always human life at sea that is most important 
and, in any situation, saving it is mandatory. Th ere are several 

Fig. 6. NAVTEX OE_GMDSS Panel [own study]
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panels in the system where data are presented in combination with 
each other to help in this difficult rescue operation. In one panel 
we integrate radar indications, weather conditions (wind strength 
and direction - drifting). Thanks to the operator’s efforts and their 
experience, they are able to narrow down the search area for SAR 
and Military vessels at sea.

The last but not least important panel of the OE_GMDSS 
system is the System Work Monitor, in which current diagnostics 
of all subsystems and interfaces to external systems are conducted. 

5. Conclusion

Implementation, launch and maintenance of the GMDSS system 
for the Maritime Office in Gdynia is one of the most difficult 
projects, both organisational and technical. Due to the complexity of 
the system and many variables and data concerning practically the 
whole globe of the Earth, the construction of the GMDSS system for 
Poland does not differ from the one in Norway, the Netherlands, 
Canada or Australia. The progressive technological development 
of ships and the demand for maritime transport, which, due to its 
characteristics, is the most economically viable in the world, means 
that the safety and operational sector must also be constantly 

developed. For this reason, this article is the beginning of events 
which we hope will open the gate of Polish technical thought to the 
world and they will result in taking further scientific activities in 
order to understand the mechanisms of synergy and optimization 
of rescue operations in sea conditions as deep as possible, validate 
the system in the post-implementation period as well as start 
further analyzes and studies of the level of maritime safety in the 
area of OE_GMDSS impact.

The publication on OE_GMDSS will also contribute to 
increasing the openness of the maritime sector to Polish technical 
thought in the field of maritime safety management.
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