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Investigations show a growth of requirements for goods transportation quality by rail. There is a need to analyse in details 

goods transportation system by rail to meet requirements of market and give extra boost to development transportation service 
quality. The purpose of the current article is to give a partial overview about the experts, freight forwarders and customers’ survey 
results. The analysis of customers’ answers showed that they are not fully satisfied with quality of the service. It was identified that 
freight forwarders and other transportation service providers must carry out regular self-assessment of performance against defined 
criteria of service. Clear and united criteria of cargo transportation quality by rail will make easier to choose transport mode, 
transport means and route. The survey data and literature analysis showed that there is a vast range of criteria to be proposed for rail 
service quality evaluation, but no one of the models is prevailing. The analysis showed that most often the mentioned criteria are 
linked with the information, rolling stock, reliability and punctuality.  

Keywords: rail freight, quality indicators, forwarders 

 
1.   Introduction 

 
The main problems encountered in the carriage of goods by rail are the reliability, flexibility, 

punctuality, information management, and the average traffic speed. All these factors affect the prospective 
customers in the determination of the mode of transportation of goods. However, new opportunities 
unclose: after liberalization of the transport market by the European Union, the freight rail transport is 
becoming increasingly competitive because of the growing volume of trade exchange, traffic jams on  
the roads, rising prices of fuel and concerns about environmental protection. Carriage of containers, in 
combination of sea and rail transport, is becoming more and more popular. 

At the same time, in the railway transport, in contradistinction to other modes of transport, remains 
the problem of service quality – there are no united compulsory service quality standards for all railway 
companies in the country, region or the international route and therefore, first of all, it is necessary to 
identify and indicate main quality indicators.  

 
2.   Quality Measurement 

 
According to the International Union of Railways (UIC), a quality measurement basically entails  

a comparison between the current state of play as regards compliance with agreed quality criteria and  
the situation that should ideally pertain. It enables the quality of the service, product and end result to be 
appraised and quality-enhancement measures to be designed and introduced.  

A quality measurement is structured and documented as follows: criteria, measurement points, 
responsibility, frequency, statistical records and evaluation, measurement tools. 

Quality measurement for railway transport is generally split into three phases: 
1.   Logistics prior to departure (terminal-railway interface): 

− Provision of wagons; 
− Handover of train; 
− Handover of documentation. 

2.   Rail journey (railway-railway interface): 
− Departure from departure railway station; 
− Changes of locomotives and crew; 
− Border crossings; 
− Arrival to destination station. 
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3.   Logistics (railway-terminal interface): 
− Time at which the train is handed over or made available for unloading. 

Measurement should be concentrated at spots, which are either known or hidden weak points.  
For customers the vital factor is the train arrival on time. Punctuality is expressed in terms of compliance 
with final loading and availability deadlines, which are defined as follows: 

Final loading deadline: latest possible deadline by which the operator must have finished loading 
the train. 

Availability deadline: point in time by which the train must be positioned at the unloading crane in 
the arrival terminal, ready for the first container to be taken off. Any forms required should also be available 
at this stage. If so dictated by circumstances, an alternative definition of the final loading deadline or 
availability deadline may be agreed upon provided it is clearly stated and allows customers’ needs to  
be met. 
 
3.   Quality Indicators 
 

With increased use of rail freight transport it is especially important to identify and evaluate 
quality indicators of this mode of transport. Key indicators include as follows: 

− Freight transportation; 
− Cargo handling services (loading, unloading, transhipment operations in warehouses); 
− Cargo storage (warehousing) services; 
− Preparation for transport services; 
− The rolling stock leasing services; 
− Freight forwarding services; 
− Other services. 
Freight transportation is the main type of services that supplemented by other services (loading, 

unloading, forwarding, etc.). Additional services may include marketing, commercial, insurance and 
information services. 

Basic requirements, which are identified by users of services, are: 
− Reliability of carriages (delivery of goods without damaging or otherwise affected them); 
− Minimum delivery time (duration of carriage); 
− Regularity of delivery; 
− Just-in-time delivery; 
− Security of carriages; 
− Safety cargo delivery; 
− Convenience during acceptance and issuance of goods; 
− Presence of additional services; 
− Presence of different levels of transport services; 
− Adapting to customer needs (service flexibility); 
− Adequate supply of documentary; 
− Proper maintenance of the cargo; 
− Delivery of the cargo from door to door; 
− Acceptable (proportional) price of services; 
− Performance of customs formalities; 
− Access to reliable information about rates, conditions of carriage and the location of the cargo; 
− Availability of necessary handling units (pallets, containers, wagons, etc.); 
− Availability of cargo handling equipment at loading points; 
− Avoiding of intermediate transhipment operations; 
− The functional relevance of the means of conveyance; 
− Specialized transportation option; 
− Environmental protection. 
Quality of transport services can be defined as the quantification of one or more services to 

customers, which compose their quality, description of characteristics. The quality of carriages assessment 
summarized the characteristics that determine their suitability to meet shippers’ and consignees needs 
executing appropriate carriages. 

In order to properly determine the quality of services it is necessary to evaluate these groups of 
indicators: 
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a) Indicators of timely implementation of carriage. This group of indicators, depending on their 
characteristics, can be divided into the following indicators:  

1. Freight transportation in term. These indicators describe transportation of the goods for which 
date of arrival is pre-determined: 

− The average deviation from the cargo arrival pre-determined date; 
− The average exceed of the pre-determined date; 
− Maximum exceed of the pre-determined date; 
− The maximum allowable deviation from the pre-determined date; 
− Number of deviations from the pre-determined date of arrival of cargo; 
− Number of timely completed carriages. 
2. Regularity of cargo arrival. These parameters describe the properties of the carriages, which 

resulting by receipt of cargo within the stipulated time frame: 
− Average number of cargo receipts within the time frame; 
− Minimum number of cargo receipts within the time frame; 
− The average time between receipts of cargoes; 
− The maximum time between the receipts of cargoes; 
− The minimum time between the receipts of cargoes; 
− Number of deviations from the regularity of the receipt of cargoes; 
− Number of received cargoes on pre-determined (agreed) regularity. 
3. Speed of freight carriage. These parameters describe the properties of the carriages, which 

resulting by the duration of cargo transportation process or cargo movement speed: 
− Agreed duration of freight transportation (timeframe); 
− Average duration of freight transportation (timeframe); 
− The maximum allowable duration of freight transportation (timeframe); 
− The maximum deviation from the average duration of freight transportation (timeframe); 
− The percent of cargo arrivals in excess of agreed transportation time (timeframe); 
− The average deviation from the agreed transportation time (timeframe); 
− Average speed of freight transportation; 
− The locomotive/car daily mileage; 
− Number of cargo arrivals in agreed time. 
b) Safety of cargoes during transportation. This group of indicators, depending on their characteristics, 

can be divided into the following indicators: 
1. Without losses. These indicators reflect property of transportation service to maintain steady 

mass of the cargo in the beginning and the end of the carriage or decreased mass depending on natural or 
specified cargo losses. These indicators are more suitable for perishable, bulk and break bulk cargoes. 
These indicators may include: 

− Loss norms; 
− Comparative losses of the cargoes; 
− Average losses of the cargoes; 
− Value of losses of the cargoes; 
− Number of cargoes delivered without losses; 
− Cargo quality reduction factor during transportation. 
2. Without damages. Freight transportation without damages means that during the carriage of 

goods the preservation and suitability to use them according to the purposes after their transportation is 
ensured. These indicators are very important for the transportation of various household appliances and 
other devices. These indicators may include as follows: 

− Part of the cargoes delivered without damages; 
− The average losses due to cargo damage; 
− Comparative costs due to cargo damage. 
3. Without losses. Freight transportation without losses describe property of transportation service 

to save the number of packages of the cargo in the beginning and the end of transportation process. These 
indicators may include as follows: 

− Comparative costs for the lost cargo; 
− Percent of cargo losses during transportation; 
− The average losses due to cargo disappearance. 
4. Without contaminations. These indicators describe the property of transportation service to 

maintain cleanliness of the cargo according to established standards and requirements. These indicators 
may include as follows: 
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− Factor of contamination of the cargo during transportation (ratio between contaminated cargo 
and the total quantity of cargo transported); 

− Part of the cargo which the consignee has not accepted due to the contamination during transportation; 
− Percentage of allowable extraneous impurities of the cargo; 
− Part of extraneous impurities. 
c) Economic indicators. Estimating the quality of freight transport is necessary to take into 

account economic indicators that describe the costs associated with full-transport process or through 
individual work during cargo delivery. Economic indicators set in freight efficiency can be the following: 

− Comparative costs associated with the carriage of goods by different modes of transport; 
− Comparative total costs of freight delivery; 
− Handling and warehousing costs; 
− Percentage of transportation costs inside production costs. 
The evaluation of the indicators mentioned above must be performed on a basis of regular quality 

audit. Taking into account the results of the surveys it is possible to determine the gaps in the railway 
transportation services quality system. 

 
4.   Quality Indicators for Different User Groups 

 
In order to evaluate the importance of rail freight transport quality indicators on 2011-03-25–2011-

04-02 the questionnaire was distributed between rail customers, freight forwarders and experts (specialists).  
The results of this survey are presented in the  Table 1. 

Table 1. Results of quality survey 

Respondents 
No Questions 

Experts Freight 
forwarders

Shippers/ 
Consignees 

Average 

1 Reliability of carriages (delivery of goods without 
damaging or otherwise affected them) 0,96 0,96 1 0,97 

2 Delivery time (duration of carriage) 0,83 0,92 1 0,92 
3 Regularity of delivery 1 0,85 0,93 0,93 
4 Just-in-time delivery 1 1 1 1,00 
5 Convenience during acceptance and issuance of goods   0,93 0,93 
6 Comparative total costs of freight delivery 1 0,92  0,96 
7 Handling and warehousing costs 0,83 0,77  0,80 
8 Percentage of transportation costs inside production  0,83 0,85  0,84 
9 Presence of additional services   0,64 0,64 

10 Presence of different levels of transport services  0,85 0,5 0,68 
11 Adapting to customer needs (service flexibility)   1 1,00 
12 Additional logistic/documentary supply (fito, veterinary 

certificates, etc.)  0,54 0,71 0,63 

13 Proper maintenance of the cargo   0,86 0,86 
14 Delivery of the cargo from door to door  0,46 0,5 0,48 
15 Acceptable (proportional) price of services   0,93 0,93 
16 Performance of customs formalities  0,62 0,93 0,78 
17 Access to reliable information about rates, conditions of 

carriage and the location of the cargo  1 1 1,00 

18 Presence of necessary handling units (pallets, containers, 
wagons, etc.)  0,69 0,64 0,67 

19 Presence of cargo handling equipment at loading points   0,79 0,79 
20 Avoiding of intermediate transhipment operations  0,69 0,71 0,70 
21 Specialized transportation option  0,77 0,43 0,60 
22 Environmental protection  0,77 0,64 0,71 

*Measured response: Important 100 % = 1 
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According to the results of survey the most important indicators (> 0,95) for direct customers (Shippers/ 
Consignees) are: reliability of transportation; duration of transportation; in-time deliveries; adapting to 
customer needs; access to reliable information about rates, conditions of carriage and the location of the cargo. 

Other indicators are not so important for the above mentioned group of respondents. 
 
5.   Rail Freight Market Forecasts 
 

On the 30th of March 2010 company Price Waterhouse Coopers in cooperation with the University 
of Leeds, NEA and Significance have submitted to the European Commission the study “Situation and 
Perspectives of the Rail Market TREN/R1/350-2008 Lot 2”. The Table 2 shows the presented in this 
study the freight market outlook distribution by mode of transport and submarkets. 

 
Table 2. Mode share forecast  
 

Mode share 2007, in % Mode share 2020, in % 
Submarkets in EU27-non-EU 

Rail Road Other 
(Sea/IWW) Rail Road Other 

(Sea/IWW) 
EU27 - CH/NO 9 45 46 10 50 41 
EU27 - Eastern Europe (1,520 mm 
gauge, Baltic Rim) 56 23 22 59 22 19 

EU27 - Eastern Europe (1,520 mm 
gauge, Ukraine, Belarus, Moldova) 27 37 36 23 41 36 

EU27 - Eastern Europe (1,435 mm 
gauge, Balkan and Turkey) 9 33 58 9 37 54 

Total EU27 – non-EU 22 37 41 22 39 39 
 
According to this study, the largest growth in freight traffic is forecasting for the European Union – 

Eastern Europe submarkets through the Baltic region using the wide gauge. 
However, in order to attract additional traffic to rail transport in the above-mentioned direction is 

necessary to ensure compliance with quality standards, the more especially as used in this way both  
the narrow (1435 mm) and wide (1520 mm) gauges. 

 
6.   Conclusions 
 

Quality is an underlying part of each railway service. Quality implies a match between the customer’s 
requirements and the railway service-provider’s technical capacities. 

In order to define and evaluate customer’s requirements it is necessary periodically perform 
questioning and indicate most important quality indicators.  

The quality of carriages assessment summarizes the characteristics that determine their suitability 
to meet shippers’ and consignees needs executing appropriate transportation. 
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MOBILE PHONE ACCIDENTS – EXPERIENCE OF INDIA 
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Every year nearly 1.4 million people have been killed because of they are wireless customers and their over-bearing cell 
phones. While in India, an estimated 1.35 lakhs person died due to road accident in 2010, which is approximately 10% of road 
accident fatalities worldwide and these figures are the highest in the world. But still no research has been carried out to find  
the number of drivers using cell phone involved in road accident and very limited efforts has been carried out to prevent accident 
due to cell phone usage. To our knowledge this is the first survey carried out in India to determine the number of drivers involved in 
an accident due to mobile phone use. With the aim of preventing such accidents, it is proposed to develop a highly efficient 
automatic system for early detection of incoming and outgoing call, by placing an antenna along with mobile detection unit above 
the driver seat. This unit is capable of distinguishing whether the cell phone used either by the driver or by the passenger, if  
the driver uses of cell phone is detected, a safety application named Cellphone Accident Preventer (C.A.P.) which is developed 
using J2ME will be automatically load on the driver’s cell phone which helps in eliminating the risk of accidents from occurring,  
at the same time ensuring that the user does not miss any emergency call. The research has been extended to show how far the 
system will help in preventing accidents and to what extent this system will help in reducing the Indian economic loss incurred 
unnecessarily due to road accident fatalities. 

 
Keyword: Mobile Phone Accident, location of vehicle using a mobile phone, cell phone detection, Mobile safety application, Risk 
of using a mobile phone, Mobile Jammer 

 
1. Introduction 
 
1.1. Global System for Mobile Communication 
 

The general architecture of a GSM network is shown on Figure 1. The GSM system consists of 
several functional elements which include mobile switching centres (MSC), base stations (BSC) with 
associated base transceivers (BTS) and a gateway MSC. GSM mobile terminal or mobile stations are able 
to communicate across the air interface UM, with a base BTS using a small cell in which the mobile unit is 
located. This communication a BTS takes place through radio channels. BSC is connected to the MSC 
through a dedicated line or a radio communication 
link. The BSC reserves radio frequencies, 
manages the handover of the mobile station from 
one cell to another within the BSS (base station 
subsystem). The MSC interface to the PSTN 
(public switched telephone network) is called as 
the gateway MSC. MSC incorporates functions 
including home location register (HLR), visitor 
location register (VLR), authentication register 
(AuC) and equipment identity register (EIR).  
The HLR and VLR together with MSC provide the 
call routing and roaming capabilities of the GSM. 
The HLR stores information (both permanent and 
temporary) about each of the mobile station which 
belongs to it. The VLR register and maintains 
information about a mobile station that is currently 
physically in the region covered by MSC. VLR 
becomes important when the user leaves the area 
served by his home MSC. The two registers are 
used for authentication and security purposes.  
The EIR is a database that contains a list of all 
valid mobile equipment on the network, where each 
mobile station is identified by its international 
mobile equipment identity (IMEI). Figure 1. GSM Architecture 
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1.2. Distraction 
 

Talking or texting, using a cell phone while driving, is a major distraction leading to an accident. 
An immediate hazard for the driver is dialling a phone while a more serious issue is conversing on  
the phone. Such distractions are classified into two different categories namely,  

1. Physical distraction: Which involves removing of one hand from the steering wheel to hold and 
operate the phone and visual distraction which involves taking one’s eyes off the road to pick and put 
down the phone as well as dial numbers.  

2. Cognitive distraction: Cognitive (mental) distraction occurred when tasks are performed 
concurrently, i .e. ,  when a driver is using a hand-held or hands-free mobile phone while driving, she or 
he must divide their attention between operating and maintaining the conversation and operating  
the car while manoeuvring through traffic phone and maintaining the conversation and part to operating  
the vehicle and responding to the constantly changing road and traffic conditions. 
 
2. Motivation 
 

Driver distraction is one of the leading causes of motor vehicle accidents with driver distraction 
while using cell phone is the most common and challenging. An estimated 1.35 persons died in 2010, due 
to road crashes in India with an average of more than one death and four injuries every minute, accounted 
nearly 10% of global accident. 

The report ‘Road accidents in India’ by the Transport Research Wing of the Ministry of Road 
transport and Highways, Government of India shows that “driver fault” is the single most important factor 
which accounted for 81% of total accidents. According to World Health Organization (WHO), road traffic 
crashes rank as the 9th leading cause of death and account for 2.2% of deaths globally. This number is 
expected to increase and rank as the 5th leading cause by 2030 if no action is taken to address the current 
crisis. Road traffic fatalities are forecast to rise from the current level of nearly 1.3 million deaths 
annually to more than 1.9 million deaths per year by 2020. According to National Safety Council (NSC) 
of U.S., it is estimated that at least 28% of all traffic crashes or at least 1.6 million crashes each year 
involves drivers using cell phones. The study by the Governors Highway Safety Association (GHSA),  
a nonprofit group that works to improve traffic safety, critically reviewed research of 350 scientific 
papers published since 2000 and concluded that driving distractions, primarily using cell phones and other 
electronic devices are associated with up to 25 percent of car crashes.  

Having established this background it is important to draw attention to the idea that limited 
research work has been carried on to identify the percentage of cell phone distractions behind the crashes 
in India. This is of vital importance because the number of cell phone subscribers and motor vehicle is far 
greater than U.S.A. In order to make efforts to change this scenario there is a need to develop and 
implement strong mechanisms for prevention of mobile phone use while driving.  
 
3. Literature Review 
 

The concern of distracted driving can be tied to the research carried by Bruyas et al. (2008) which 
found attention sharing generated by phone use appears to increase the driver’s mental workload thereby 
overloading the driver’s cognitive capacities and impaired the driving performance. The study carried out 
on cognitive distraction by Harbluk et al. (2002), Strayer et al. (2003) shows, during the cell phone 
conversation, drivers are observed to be looking at the sky much more often, not at the road, traffic, or 
road signs. It is commonly observed that, while the drivers are in-depth conversation, they simply ignore 
the other road users and even close their eyes as they are imbibed in their talk. This is counterproductive 
to driving safely. The outcome of the research carried out by Crundall et al. (2005) show, driver 
behaviours such as impaired gap judgment, reduced sensitivity to road conditions, poor lane maintenance, 
and the increase in reaction time to driving-related events can all be as a result of distracted driving.  
The goal of driver identification task is to classify drivers from their driving behaviour characteristics, 
and distraction detection identifies whether the driver is under distraction due to secondary tasks.  

The work carried by James (2011) show, driver distraction is an obvious risk and it is not difficult to 
understand, since everywhere anyone in traffic can look at the people who are constantly in a head-down driving 
position as they try to dial a number, changing music on smart phone; watch those drivers engaged in conversation 
who cannot maintain consistent speed, drift towards the centre line, or do not move when the light changes from 
red to green. Appropriately identifying driver distraction in real time is a critical challenge in developing these 
distraction mitigation systems, especially in detection of cognitive distraction which needs integration of a number 



Transport and Telecommunication Vol. 13, No 3, 2012 
 

195 
 

of eye movement measures (e.g., blink frequency, fixation duration, and pursuit measurements) and performance 
measures (e.g., steering wheel movements and lane position) across a relatively long time interval but 
unfortunately this function was not well developed. The study carried by Liang (2009) show, differences in visual 
behaviour and driving performance associated with different types of distraction was found by using different sets 
of sensors and algorithms. The algorithms for distraction detection are mostly based either on eye measures or on 
driver performance measures (e.g., speed, lane position, and steering).  

The technique proposed by Azman et al. (2010) is based on a physiological measurement to detect 
driver cognitive distraction. Two types of physiological measurements, eye and mouth movements are obtained 
using the faceLab seeing machine (it’s a technology with a focus on vision based human machine interfaces 
which tracks human faces and certain facial features) and their relationship to each other are analysed using 
Pearson-r correlation. Their analysis proved that using a combination of eye and mouth movements as well as 
other existing features may greatly improve the performance of a driver cognitive distraction detection system. 
The work carried by Rongben et al. (2004) monitors the relationship between mouth movement and driver 
fatigue or distraction using a camera. Normally, the mouth is hardly open when the driver is alert. The 
maximum width and maximum height can indicate different levels of distraction. The height between top lip 
and the bottom lip varies greatly when one is talking, yawning or even thinking. In human science and 
psychological studies, it has been proved that mouth movement was a good indicator of a human’s state of 
mind. This system will warn the driver once the distraction is detected. 

There were few more techniques proposed by the researchers to detect the drivers distraction based on 
only eyes. For example, a technique proposed by Hayhoe (2004) for detecting driver’s distraction by linking 
eye movements (fixation, saccade, and smooth pursuit), cognitive workload and distraction. Fixations occur 
when an observer’s eyes are nearly stationary. Saccades are very fast movements that occur when visual 
attention shifts from one location to another (i.e., When drivers try to get their phone from the pocket or 
observing the display of the phone to find who is calling) while, smooth pursuits occur when an observer tracks 
a moving object such as a passing vehicle. Further, Liang et al. (2007) also uses the eye movement as their 
main feature to detect cognitive distraction on a driver. They used blinking, saccade, eyelid movement and 
pupil diameter and the characteristics of fixations, saccades and smooth pursuits to recognize the patterns of 
eye movements. The research proposed by Fisher et al. (2009) tracks the driver’s eye using a sensor to 
determine whether the driver is distracted while using cell phone and a warning signs is given to the driver 
which effectively increase the driver attention to the roadway. Similarly, the work carried out by Miyaji et al. 
(2009) shows, the standard deviations of eye movement and head movement could be suitable for detecting the 
states of cognitive distraction (drivers divert their attention and focus on the topic of the phone conversation). 
All of these techniques introduced a forward warning system that employs driver behavioural information. 
These systems determine driver distraction when it detects that the driver was not looking straight ahead. 

There are few more studies which consider the position of head along with eye gaze to detect distraction 
and some studies also considers vehicle surrounding state. For example, the research carried by Pohl et al. (2007) 
used head pose (driver will usually tilt the head towards left or right when they engage in conversation) and eye 
gaze information to model the visual distraction level, which was time dependent on the visual focus, with the 
assumption that the visual distraction level was nonlinear: Visual distraction increased with time (when the driver 
looked away from the road scene) but nearly instantaneously decreased (when the driver refocused on the road 
scene). Based on the pose/eye signals, they established their algorithm for visual distraction detection. First, they 
used a distraction calculation to compute the instantaneous distraction level. Then, a distraction decision maker 
determined whether the current distraction level represented a potentially distracted driver. 

The techniques proposed by Doshi and Trivedi (2009) fused head orientation detection and a saliency 
map of the surroundings to determine whether there was a salient object in the driver’s view, which gave 
an indication of whether a driver’s head turn was motivated by the goal in his/her mind or some 
distracting object/event in the environment. The non-contact driver monitoring systems proposed by 
Takemura et al. (2003) analyse the facial expressions through video, as well as vehicle dynamics through 
on-board navigation sensors and develop a warning signals was sent to the driver prior to a potential 
crash.  

The approach carried out by Pohl et al. (2007) makes use of the driver’s face vector which in 
principle was the detection of direction of the driver’s nose tip, and eyeball detection to prevent  
the distraction. The processes start if the vehicle departs from the lane and the driver was detected as 
distracted, then an intervention was triggered which sends a warning to the driver. The study carried by 
Itoh (2009) pointed out, that performing a cognitively distracting secondary task (e.g., talking or thinking 
about something) during driving would decrease the driver’s temperature at the tip of the nose, and this 
effect was reproducible. Similarly, it was reported by Wesley et al. (2010) that a considerable and 
consistent skin temperature changes was measured by using physiological sensor that could be observed 
during cognitive and visual distractions.  
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The research demonstrated by Dong et al. (2010) show, a real-time tracking kernel for stereo cameras  
to estimate face pose and face animation, including the movement of the eyelid, eyeball, eyebrow, and 
mouth, for driver inattention detection. The technique proposed by Smith et al. (2003) was to analysis 
global motion and colour statistics to robustly track a driver’s facial features. Using these features, they 
estimated continuous gaze direction. Once distraction was detected, a beep or warning message was given 
to the driver. However, these methods cannot always localize facial features when the driver wears 
eyeglasses, makes conversation, closes his eyes, or rotates his head. It also failed to work at night. 

Many researchers consider the fact that even small improvements in safety may have an impact on 
reducing deaths in vehicle crashes and carried out a various work to determine whether the use of a speech 
recognition system, could control in-vehicle systems and suggested as a solution to driver distraction.  
The speech recognition system proposed by Itoh et al. (2004) allows drivers to utter a command that is 
recognized by the interface to control equipments in question such as turn on a radio or to enter data such 
as a destination. It measures the driving performance by using speech recognition system when compare to 
manual and found a significant decrease in the standard deviation of lateral lane position. The study 
carried out by Forlines et al. (2005) on a simulated driving task, by comparing speech with a manual 
system and found speech recognition system was more efficient and less distracting. 

The studies proposed by Itoh et al. (2004), Forlines et al. (2005) have shown that drivers can 
achieve better and safer driving performance while using speech interactive systems to operate an in-vehicle 
system compared to manual interfaces. Although providing better interfaces, operating a speech interactive 
system will still divert a driver's attention away from his or her primary driving task with varying degrees 
of distraction. Ideally, drivers should pay primary attention to driving, rather than any secondary tasks.  
It was later found out by Jannette and Mark (2009) that, both manual and speech control in secondary 
IVIS interaction tasks led to significant increases in reaction times and found no consistent significant 
difference in number of steering reversals i.e., in deviation of lane position. Similarly, result obtained by 
Lee et al. (2001) shows, speech controlled in-car systems leads to an increase in reaction times.  
The technique proposed by Gellatly and Dingus (1998) measures the task performance of a speech 
recognition system and found task completion time will decrease mostly between manual conditions.  
In some case, the results of task performance are a bit more mixed. For example, drivers can often dial  
a phone number more rapidly while driving using thumb dialling of a hand-held unit than speaking  
the phone number.  

Few more limitation of speech recognition system raises the issue, for example, a study carried by 
Lawrence et al. (2005) found, a car is particularly difficult environment for speech recognition due to 
environmental noise and competing vehicle sound sources. The work carried by Hansen (Hansen 1996) 
show, a sophisticated speech system should also be able to distinguish between speech directed to it and 
other auditory input. More importantly, the drivers also had to modify their vocal effort to overcome 
noise levels in their cars. Such effects on speech production (e.g., speech under stress) can degrade  
the performance of automatic speech recognition (ASR) system more than the ambient noise itself.  
The work carried by Brouwer et al. (1991) show, the speech recognition technologies will aid older 
drivers in their performance of concurrent tasks while driving. The study carried out by comparing two 
email systems – simple speech vs. non speech is proposed by John et al. (2001). This research found, 
speech-based interaction introduced a significant cognitive load. More guidelines should be focused on 
speed recognition system since as real human speech, especially for cognitively-loaded humans, is highly 
diffluent, full of re-starts and revisions, “uhms” and “ahs”, fragmented ungrammatical sentences, etc. 

The study based on drivers observed behaviour when performing in-vehicle common tasks such as 
operating a cell phone was analysed by Jinesh (Jinesh, 2011). The study employs the UTDrive platform – 
a car equipped with multiple sensors, including cameras, microphones, and Controller Area Network-Bus 
(CAN-Bus) information. The purpose of the analysis was to identify relevant features extracted from  
a frontal video camera and the car CAN-Bus data that may used to distinguish between normal and task 
driving conditions. Once distraction was identified, a warning or alert was given to the driver.  

The study carried by Kircher et al. (2009) developed a system which detect and prevents the driver 
distraction. Authors designed a vehicle which was instrumented with video cameras, an automatic eye 
tracker and GPS receivers. Further, data were read from the CAN bus of the car. The data were logged 
continuously with high frequency. The log system operated autonomously. During the first ten days a behavioural 
baseline was collected. Afterwards the warnings were activated, such that the drivers received distraction 
warnings in form of a vibration in the seat when the algorithm determined that they had looked away 
from the forward roadway too much. 

The work carried by Choi et al. (2007) uses UTDrive corpus which is a subset of driving data.  
The UTDrive corpus consists of rich multimodal driving data synchronously acquired in actual driving 
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environment. The recording data are two video streams (driver face and front view of vehicle), audio 
streams from a five-channel microphone array and a close-talk microphone array, brake and gas pedal 
pressure sensors, following distance, CAN (Controlled Area Network)-Bus information (steering wheel 
angle, vehicle speed, engine speed, and brake position), and GPS information. The data analysis of long-
term behaviour and distracted driving was compared to the non-distracted (neutral). Gaussian Mixture 
Model (GMM) and Hidden Markov Models (HMM) frameworks were used to focus on driver behaviour 
modelling and to capture the sequence of driving characteristics acquired from the vehicle’s CAN-Bus 
information to detect distraction. Further, their results showed that the average vehicle speed was lower 
under a distracted driving, when compared to neutral driving. Also distracted driving had a wider 
neutralized short-term variance than non-distracted (neutral) driving. Once these types of variation were 
observed, it will indicate the driver through warning message. 

Many researchers make use of advanced techniques to prevent distraction. For example, the approach 
carried by Zhang et al. (2004) uses a data mining techniques to successfully detect cognitive distraction 
using various measures. While, the study performed by Liang et al. (2007, 2007a), uses decision tree 
technique to estimate driver cognitive workload from eye glances, and driving performance measures using 
Support Vector Machines (SVMs) and Bayesian Networks (BNs) to successfully identified the presence  
of cognitive distraction from eye movements and driving performance but, glances were sensitive to task 
complexity and visual demand (Green, 1999). Similarly, Chad et al. (2005) developed an Advanced Driver 
Assistance (ADA) to prevent driver from getting distraction due to the cell phone using Bayesian Networks. 
They used sensors/actuators to collect context information of both driver and vehicle.  

The technique developed by Yulan et al. (2007) used support vector machines (SVMs), a data mining 
method, to develop a real-time approach for detecting cognitive distraction using driver’s eye movements and 
driving performance data. This approach assessed the discrete state of cognitive distraction, but did not predict 
the continuous level of distraction. Once distraction was detected, they use ADA system to interact with  
the driver. A cloud computing based decision support system (DSS) proposed by Shah and Rakib (2011)  
to prevent the drivers from using in-vehicle hand-held devices while driving. As a first step, it determine 
whether the vehicle was in motion using odometer reading or using an onboard GPS navigation system and  
it captures video and audio data inside the vehicle using in-vehicle camera for the detection of driver’s carrying 
or interfacing with hand-held device. Once it detected, a warning message was given to driver.  

The study examined by Cameron and Keith (2011) makes use of computer vision in Advanced 
Driver Assistance Systems, specifically for determining the level of distraction that the driver is suffering 
from. ADAS utilizes computer vision as well as lane detection in order to obtain physical information about 
the driver and the accuracy of their driving. First, the computer tracks the face of the driver using  
an AdaBoost algorithm and light compensation methods. The driver assist system then collects data 
through methods of measurement such as percentage of eyelid closure (PERCLOS), gaze direction, and 
yawn frequency, for later computations. The computer condenses the gathered information into a single 
quantitative variable using fuzzy integration. Based upon the data the system is able to analyse, it can 
identify when driving errors transpire or when they are more likely to occur. After producing the driver 
index the computer decides whether to alert the driver if they are overly fatigued, or step in to compensate 
for unintended activity. 

There were few studies carried out by the researcher to prevent distracted driving due to cell phone by 
providing traffic or driver state to the caller. For example the study carried by Mike and Sara (2005) explores 
the possibility of reducing distraction by providing callers with remote information about the driver’s traffic. 
Similarly, the work carried by Huang and Trivedi (2003) towards the development of novel driver assistance 
system, “Visual Capture, Analysis and Televiewing (VCAT)” which provide an example of a context-aware 
system, as one that attempts to alleviate driver distraction caused when using a mobile phone, by providing 
contextual information to the remote caller. This enables the remote party to observe the driving context while 
the conversation is taking place, as though they were a passenger in the car. This technology is envisaged to 
give the electronic “passenger” the same access to visual cues, allowing them the ability to alter the 
conversation style, as though they were witnessing the same thing as a passenger.  

CarCoach, an educational car system proposed by Sharon et al. (2005) was based on generalized 
layered architecture. It used different sensors and inducers like temperature, humidity, pressure, stress, car 
gear state, GPS and many more attached inside the vehicle. Based on the sensors, stress was measured on 
a driving activity such as driving in reveres or performing manoeuvres such as changing lanes, turning 
etc. Application was meant to suppress the cellular phone rings as long as when the driver under stress 
was detected. The stress was measured based on the behaviour of drivers, which might be potentially 
detected by using pressure sensors on the steering wheel, with the assumption that the amount of pressure 
applied on the steering wheel often increased when the driver was in stress.  
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The study carried by Healey (2005) collects and analyses physiological data such as electrocardiogram 
(ECG), electromyogram (EMG), skin conductance and respiration during real world driving tasks to 
determine a driver's relative stress level. During high stress situations incoming cell phone calls was 
diverted to voice mail and navigation systems were programmed to present the driver with only the most 
critical information. The study based on electroencephalography (EEG) signal which contain information about 
the task engagement level and mental workload was proposed by Berka et al. (2007). Once a cognitive or 
visual distraction found, an alert was activated to the driver. While, the outcome of the research carried by 
(Bouchner, 2006) shows, EEG was extremely dynamic and sensitive to outside factors. In addition, EEG 
patterns vary between individuals. 

The research carried by Amardeep et al. (2008) proposed an initial analysis of a system for detecting 
driver distraction using data from the Controller Area Network (CAN) and motion sensor (accelerometer 
and gyroscope). This research mainly focuses on distractions perceivable with leg and head movements of 
the driver. A sensor on the leg will indicate transitions between the accelerator and brake. A sensor on  
the head will indicate the movement of the head from left to right or a tilt to answer a phone call. The leg 
and the head movements are measured using a tri-axial accelerometer and bi-axial gyroscope mounted on 
the sensor node. Once variation in speed and movement of the head is detected a warning or corrective 
mechanisms was used to reduce the intensity of accidents which may cause due to driver distractions. 

The work carried by Chieh-Chih et al. (2012) proposed a system which located the cars on the road on 
which drivers were distracted, and it provided a warning message to the driver along with it also displayed 
message (e.g., Distracted !) to the surrounding cars through IVI system that would be visualized on top of their 
associated vehicles. They implemented system using FaceAPI and an RGB-D camera that could track face and 
hand postures. The system models and tracks the users face and determines whether or not the driver is looked 
forward. They model this attentive gaze with a rectangular boundary. When the driver’s gaze was within the 
rectangle, no warning was produced, but when the driver was not looking at the road, the gaze would be shown 
outside of the rectangular region, and the Distracted warning was produced. A system proposed by Marie (2010) 
on detecting motion of a cell phone and disabling the use of the cell phone while moving or driving. The system 
included: a cell phone, a sensor to detect motion of the cell phone, software in the cell phone to disable the use of 
the cell phone when motion was detected. 

There are many active efforts taken by the researcher to prevent the driver from getting distracted 
due to in-vehicle technology like cell phone, however, very limited research is identified wherein 
methods to differentiate whether the cell phone used in vehicle is either a driver or the passenger.  
For example, the study carried by Hon et al. (2011) presents a phone based sensing system, referred to as 
driver detection system (DDS), to determine if a user in a moving vehicle is a driver or a passenger by 
using various user micro-movements that can be detected using the mobile phone sensors (accelerometer, 
gyroscope, compass and microphone) which are capable of capturing and inferring significant amounts of 
information about the user’s status and activities. This detection is based on inferring which part of the vehicle 
the user is present in, such as passenger side vs. driver side or front vs. rear, the directions in which  
the driver and a right side passenger reach for a seatbelt and wears it are different, as well as some key 
activities performed by the driver. Further, the system helps the mobile device’s to identify the user’s 
available attention and focus, enabling it to control delivery of potentially interrupting events such as 
incoming calls and messages. 

The research carried by Jie et al. (2011) developed a cell phone detection scheme using an acoustic 
approach wherein a phone leverages the built-in Bluetooth and a car stereo to generate a series of high 
frequency beeps over the stereo. The phone records these beeps, which are spaced in time across the left, 
right, and if available, front and rear speakers, and times their arrival. Using a differential range approach 
to estimate the phone's distance from the car's centre, a passenger or driver classification is made. Further, 
Shabeer and Wahida Banu (2009) proposed a system which measures speed of the vehicle using digital 
speedometer and transmits the speed to the application installed in the driver’s cell phone and change  
the profile of the cell phone from loud to silent once the speed exceeds a predefined speed. 

Apart from these efforts, there have been some contributions which help in reducing the level of 
driver distraction while using their cell phone by allowing methods to promote ease of handling and 
interaction. The technique proposed by Janne and Jason (2011) reduces the need to operate a mobile 
phone while driving by using context-awareness such as by notifying the location and movement of  
the call recipient to the caller. While, Kevin et al. (2008) present BlindSight, which is a prototype 
application having the ability to replace the traditionally visual in-call menu of a mobile phone. Users 
interact using the phone keypad, without looking at the screen i.e., users with access to personal 
information stored on their mobile phone while talking on the phone. BlindSight responds with auditory 
feedback. This feedback is heard only by the user, not by the person on the other end of the line.  
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4. Case Study 
 

The major objective of this study was to investigate the percentage of drivers who met with an accident 
due to usage of mobile phone while behind the wheel in India. Although extensive research has been 
carried out regarding this in countries like U.S., no single study exists which adequately covers a percentage 
of accidents involving mobile phone in India. 
 
4.1. Participate and Procedure 
 

To study the risk associated with the usage of mobile phone while driving, a set of questions was 
asked to the drivers by interview or through an online survey containing the same set of questions. From 
the total sample of 650 targeted we received complete response from 579 participants. In addition to 
certain questions not considered in this report, participants were asked the following important queries, 

1. Have you used your Mobile phone while driving (Yes/No)? 
2. Do you personally think using a mobile phone while driving would significantly increase the chance 

of an accident (Yes/No)? 
3. Have you met with an accident by using a mobile phone while driving (Yes/No)? 
4. What extent do you think the use of mobile phone while driving should be restricted for safety reasons? 
a) Total ban  
b) No Restrictions  
c) Technology should be developed in such a way that drivers can attend emergency call only 

when he parks the vehicle in a safe place. 
 

4.2. Results 
 

The majority of the drivers 475 (82%) agreed use of mobile phone while driving. 527 drivers 
(91.1%) identified that using a mobile phone while driving will increases the chances of meeting with  
an accident. 180 (31%) of drivers admitted that they have met with an accident as a result of using a cell phone. 
428 drivers (74%) indicated that advanced technology should be developed to restrict the driver from using  
a mobile phone while providing provision to make or a receive call when the vehicle is stopped.  150 respondents 
(26%) opted for a total ban on the use of mobile phone while driving. Nearly 400 drivers (69%) admitted 
that they will drive fast if mobile communication was completely blocked inside the vehicle by using 
technologies like mobile jammers. The summary of complete result is shown on Figure 2. 

 

 
 

Figure 2. Questionnaires – Results 
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From the above study it is apparent that though driver are knowledgeable with regards to the risks 
associated with usage of mobile phone while driving, they still are unwilling to give up the habit, unless 
effective technology was developed which provides the option to attend emergency calls ensuring  
the safety of the driver.  
 
5. Methodology  
 
5.1. Driver Vs Passenger Challenge 
 

An electronic circuit as shown on Figure 3(a) was designed for automatic detection of incoming and 
outgoing calls on the driver’s phone. Though various commercial systems do exists for detecting mobile 
phone. The trouble is that, these commercial systems do not have the ability to distinguish between cell 
phone user was either a passenger or the driver. Even under extreme condition i.e., when all passengers 
use the cell phone except the driver the circuit was able to distinguish that it is not the driver who is using 
the mobile phone. This circuit will get triggered ON when the vehicle gets started. 

The RF amplifier circuit can detect the incoming or outgoing calls and text messages even if  
the mobile phone is kept in silent mode. Here the circuit uses a 0.22μF disk capacitor to capture the RF 
signals from the mobile phone. The disk capacitor along with the leads acts as a small gigahertz loop 
antenna to collect the RF signals from the mobile phone. 

The combinations of both antenna and rectifier produce a direct current. Op-amp IC CA3130 is 
used in the circuit as a current-to-voltage converter, with the capacitor connected between its inverting 
and non-inverting inputs. The rectified DC voltage is amplified using voltage amplifier IC LM324 and it 
is stored in a large capacitor and then is digitised by an analogue–digital converter (ADC) for subsequent 
storage & processing using a microcontroller. 

 

 
 

Figure 3(a). Mobile Phone Detection circuit 
 

The voltage obtained with this system depends, on a number of factors including signal strength, 
the distance of the phone from the antenna and the relative orientation between the antenna and phone. 
This part of the circuit should be placed inside the vehicle on the top of the driver’s seat to receive the RF 
radiation emitted by the mobile phone. This set-up facilitates more trustworthy discrimination of driver 
use of mobile phone than other developed systems. Figure 3(b) shows the snapshot of complete hardware 
arrangement and internal vehicle arrangement. 

The output of RF amplifier stage is given to PIC16F917 microcontroller which executes the driver 
vs. passenger analysis algorithm. The microcontroller is programmed in such a way that, once the voltage 
level obtained from the RF amplifier stage is greater than the value of the voltage stored in EPROM of 
microcontroller, it identifies that the driver was using the cell phone and not the passenger. It will trigger 
a relay unit which will turn OFF, then immediately ON the cell phone. During start-up, the cell phone will 
automatically load a safety application named Cellphone Accident Preventer (C.A.P.) which is developed 
using a J2ME on the driver’s cell phone which will eliminate the risk of accident. Furthermore the 
algorithm’s output is transmitted to a laptop for recording purpose. Following this further analysis using 
MAX232, which is an integrated circuit that converts signals from an RS-232 serial port to signals 
suitable for use in TTL compatible digital logic circuits, can be carried out. 
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Figure 3(b). Hardware Implementation and internal vehicle arrangement 
 

In this experiment, a call was made to the rear seat passenger and to the driver when the vehicle 
was moving. The call was maintained for a few seconds. An antenna which is placed above the driver’s 
seat captures more energy from a mobile when compared to a rear seat passenger as shown on Figure 4(a) 
& 4(c). Figure 4(b) shows the voice communication made by the driver. When the mobile phone is not in 
use, the energy captured is minimal and ranges from 3mv–5mv. When a call is made from the driver seat, 
voltage obtained by the antenna will be high since the distance between cell phone and antenna is small. 
In other cases i.e., when call is made from the passenger seat, voltage captured will be low, since the 
distance between antenna and their cell phone will be far. Here, we have set the a threshold value at 
200mv, once the signal received by the antenna exceeds a threshold value it indicates whether the cell 
phone used was either the driver or passenger. 

   
 

Figure 4. (a) & (b) shows the drivers mobile phone power emission during phone ring and voice communication and (c) shows rear 
seat passenger power emission during ring and communication 

 
5.2. Mobile Application: Cellphone Accident Preventer (C.A.P.) 
 

C.A.P. is a mobile application designed to prevent road 
accidents which occur due to mobile phone use while driving. It will 
automatically load on the driver’s cell phone when microcontroller 
detects the use of cell phone by the driver. C.A.P. comprises of 
various stages including (1) Measuring the current speed of the 
vehicle in which the mobile phone is being used (2) Compare the 
current speed with predefined threshold speed (3) Capture the 
incoming call event even before the phone rings and block the call 
once the speed is beyond a threshold value. (4) Send the message to 
the caller once the call is disconnected (5) Before Step (3) it will check 
whether the call is Emergency. Emergency call is one wherein the Figure 5. C.A.P. Setting Pane 
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caller is calling from the same number thrice within the duration of 5 mins from the 1st call. (6) In case 
of Emergency allow the call, and transfer the controller to microcontroller (7) Not allowing any 
outgoing call irrespective of threshold speed. The following figure 5 shows the C.A.P. application setting 
panel which contain:  

• Driving profile: This is set to enable by default 
• Driving time: This is the maximum time taken to reach the destination this can be set by the driver 

and  
• Threshold speed: This is set to 2 m/s by default above which C.A.P. application will start functioning.  

 
5.3. Measuring Current Speed 
 

Technology that is used today to measure the speed of the vehicle in motion uses Global positing 
system (GPS), signal strength, handover, speedometer or by using network based cellid. We have used a 
combination of network based cellid technique and GPS technology to measure the speed of the vehicle. 
Our application C.A.P. usually tries to obtain speed information from cellid technique because it is faster 
and consumes less power in indoor conditions when compared to GPS. We use GPS technology only 
when C.A.P fails to obtain speed information using cellid technique beyond 90sec and will switch back to 
cellid technique once we are able to get speed information as shown on Figure 6.  

 

   
 

Figure 6. Measuring Speed Technique using Cellid and GPS 
 

To obtain speed in a network based cellid technique, we have used class that provided on J2ME 
RIM package GPRSInfo. GPRSCellInfo to obtain Mobile country code (Mcc), Mobile network code (Mnc), 
Location area code (Lac) and Current cell id (Cellid). Using all of this information we create a query and send 
it to the database which contains a list of latitude and longitude coordinates corresponding to the cellid. In regular 
intervals there will be a change in these coordinates while driving providing information on distance travelled 
and speed which can be calculated using coordinate API method. The use of GPS technology helps input 
GPSInfo class to obtain latitude, longitude, altitude and speed. 

 
5.4. Handling Incoming Call Operation 
 

When a caller initiates a call, request will be forwarded to BTS. This request will then be sent to BSC to 
which it is connected. From BSC request it is then transferred to the MSC. Consequently MSC will made 
a request to HLR in order to check whether the caller has sufficient balance to make a call, area of the caller 
etc., MSC will establish a link between the two parties once the HLR sends back acknowledgement to the MSC. 
However, before the called MS get connected, Cellphone Accident Provider (C.A.P.) mobile application 
will check whether current speed of the vehicle is greater than threshold speed and also checks whether 
the call is an emergency call or not. If it is not an emergency call then application will disconnect the call 
and SMS will be sent to the caller through Short Message Service Center (SMSC) as shown on Figure 7.  
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Figure 7. Handling Incoming Call 
 

The message sent is based on various conditions: 
 If the caller calls for the 1st time then he receives the message: “User is driving... please call 

back after XX minutes, and if an emergency, call back two more time continuously”. 
 If the caller calls for the 2nd time within 5 minutes from the 1st call made, then he will receives 

the message: “User is driving... please call back after XX minutes, and if an emergency, call 
back one more time”. As shown on Figure 8.  

 In case if the time interval between 2 calls is more than 5 minutes than application will 
consider it as first call. 

Here, XX is the difference between the total time of the journey (set in the setting panel) and the time 
of the incoming call.  
 

 
 

Figure 8. SMS received by the caller on 1st and 2nd attempt respectively 

 
If the caller calls for the 3rd time within 5min of duration from the 1st call, then application 

consider this call as an emergency call and it allow the phone to start ringing as shown on Figure 9. 

 

Figure 9. Handling Incoming Call during Emergency Call 
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As discussed earlier, once the phone starts ringing, the mobile detection circuit will start capturing 
the radiation emitted by the phone. This time the microcontroller activates the voice chip which warns the 
driver through the speaker that “you have an emergency call. Please stop the vehicle in a safe place”. 
Once microcontroller detects both the vehicle in motion along with voice communication and it will 
activate a mobile jammer. For the complete operation to take place, i.e., from the detection of mobile 
phone to the activation of mobile jammer takes approximately 25 seconds. Even during this time period, 
the driver may get easily distracted. In order to avoid the driver from talking on the phone during this timeframe  
a PIC16F877A microcontroller along with a KST-TX01 transmitter used to transmit the vehicle number 
plate information to the receiver KST-RX806 which is placed on the signal post. A PIC16F877A is programmed 
to transmit its ADC data (RA0/AN0 channel) serially using its built-in USART hardware at 1200 baud 
with no parity. The PIC’s USART transmitter (TX) pin feeds the data into the data pin of the KST-TX01 which 
transmits it using 433 MHz ASK RF signal as shown on Figure 10. On the receiving end the KST-RX806 
module receives the data and its output is connected to another PIC’s USART input pin. The second PIC 
is programmed to read its USART receiver (RX) pin and the obtained data will be displayed on 
LCD attached on the signal post so that the traffic police may take legislative action against  
the driver. 

 

Figure 10. Automatic Transmission of Vehicle plate information to LCD 

 
5.5. Handling the Outgoing Call Event  
 

To get an outgoing call event we need to implement Phone Listener API which identifies all acts 
on the phone including events like call initiated, incoming call, call disconnection etc. Applications will 
block the user from making an outgoing call unless the driver stops and turn off the vehicle in a safe place 
as shown in the following figure 11. 

 

Figure 11. Handling Outgoing Call 
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6. Experimental Evaluation 
 

To measure the efficiency of the system we install C.A.P. application to nearly 164 users out of which 
18 users got an emergency call. Some of the users got the call during driving for the 1st time, and C.A.P. 
started sending the SMS to the caller with approx. elapsed time of the user to reach the destination. These 
callers made a call only after this elapsed time and by that time the user would have reached his destination 
safely.  As a result, out of 164 people only 18 users were affected with the probability of risk associated 
with the driving after installing this application, showing a risk rate of only 10.3% during incoming call. 
In case of an outgoing call the risk associated with the driver after installing this application is 0% since 
C.A.P. application blocks all outgoing call until the user comes to rest or stops the vehicle in a safe place. 
Figure 12 below shows how far the C.A.P. application is effective when compared with other top 
Cellphone distracted application.  

 

 

Figure 12. C.A.P vs. Other Cellphone distraction application 

 
7. Indian Economic Impact on Accidents 
 

As per data registered by the World Health organization, nearly 13–14 million people are known 
to die each year due to road accidents globally. Out of this figure nearly 1.35 lakhs people are killed in 
India. This shows that 369 people die every day on Indian roads. According to statistics obtained from 
India Ministry of Road Transport & Highways at least 15 people die every hour in road accidents in 2010 
when compared to 14 in 2009 refer Figure 13(a). 

 

  
 

Figure 13(a). Road Accidents Comparison on 2010 vs. 2009 and (b) Total number of Accidents in 2010 
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Due to coordinate inter agency approaches in developed countries, the situation is improving. 
However, projections indicate that unless there is a new strong political commitment to prevention,  
the crash death rate in low and middle-income countries will double by 2020, reaching more than 2 million 
people per year. Road crash injuries impose substantial economic burdens on developing nations like India 
estimating 3 percent of gross national product. The estimated cost includes compensation, asset loss, time 
and energy spent on police, hospital, court cases and work loss cost value productivity loss. They also 
include victims lost wages and the replacement cost of lost household work.  

According to our study estimates that 31% of crashes are caused by a driver using his or her cell 
phone with financial losses of 3% GDP every year. Therefore in India it can be estimated that the total 
loss due to road accidents was `108 crores per day. According to our study estimation, total number 
crashes due to mobile phone usage while driving every day can be calculated as, 31% of 1738 = 539.  

Therefore,  539 crash per day due to mobile phone usage. In India the total cost spent is 
approximately `108 Crores per day for 1738 crashes which includes deaths and injuries as shown on 
Figure 13(b). Hence `33.5 Crores spent is for crashes involved in mobile phone usage. As discussed earlier, 
if we install C.A.P application in mobile phones while driving the chances of involvement in crashes is 
10.3% So, 10% of  539 = 53.9 (Approx. 54). Hence we can save nearly 500 crashes which in turn reduce 
the economic loss of India to `78crores from `108cr and with improving personal family benefits. We further 
carried out the step in reducing 10.3% of mobile phone crashes by implementing automatic transmission 
of vehicle number plate information to the police. Hence implementation of the above proposed system 
along with C.A.P application will reduce more than a quarter of crashes and economic losses of India. 

8. Conclusions 
 
To prevent the occurrence of accident due to mobile phone use by drivers an attempt has been 

made to provide a low-cost, non-invasive; small-size system which is capable of differentiating the use of 
cell phone is either by the driver or the passengers. The small-size hardware system and the Cellphone 
Accident Preventer (C.A.P.) mobile application along with low range mobile jammer is used to detect  
the driver’s use of mobile phone, while ignoring the phone used by the fellow passenger in the vehicle and 
possessing the ability to block the mobile communication only in the driver seating area while providing 
an option for the driver to attend an emergency call if he stops a vehicle at a safe. The PIC16F877A 
microcontroller along with a KST-TX01 transmitter is used to transmit the vehicle number plate information 
to the receiver KST-RX806 placed on the signal post. The received data will be displayed on LCD 
(owned by police) once the driver starts using the phone without stopping the vehicle, and before  
the activation of mobile jammer unit is detected, so that, traffic police can take legislative action against 
the driver. Therefore, the implementation of this proposed system would prevent the road accident by 
reducing the drivers’ distraction to a large extent. 
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The article presents the experience in using decision support system (DSS) when managing urban transport system (UTS) 

and a possibility of using microscopic modelling as an integral part of the decision-support system (DSS) when managing the urban 
TS. To illustrate the problem and a possible DSS-based solution, an example of a specific project has been examined, where 
microscopic modelling was used for the analysis of possible reconstruction of a transport system (TS) fragment in the city of Riga, – 
which was performed in 2010 in the laboratory of applied software systems of the Transport and Telecommunication Institute  
(in Riga). The project goal was the consideration of expediency for implementation of a pedestrian area in the street of city centre 
with the existing street traffic. The article formulates some problems that occurred in the process of development and application of 
simulation model for analysing various scenarios; some possible alternatives of their solution are suggested.  

An alternative of possible DSS architecture for managing TS in Riga is suggested; some requirements to the data handling 
and organization in the system are examined. Special attention has been paid to the problem of synchronizing the data handling of 
macroscopic and microscopic models of urban TS. The article formulates the requirements to organization of data transmission 
interface between macroscopic and microscopic data. The suggested DSS concept can be used when solving various problems of 
transportation planning. 

Keywords: Decision Support Systems, Urban Transportation System, Microscopic Model, Data Requirements, Macroscopic Model 
Integration 

 

1. Introduction and State of the Art 
 

The efficiency of TS management implies realization of a broad range of measures (TS control 
policies) and using the system approach at all managerial levels. Decision-making with regard to all 
aspects of UTS planning and management is a complex process, which requires consideration of  
the current state of traffic and transportation network, its configuration, its future condition forecast,  
the relevance of someone or other route, weather conditions, location of zones of influence, preferences in 
selecting travel mode, and many other factors.  

The useful approach applied when managing such complicated systems is as follows – using 
simulation modelling as an auxiliary instrument enabling one to assess the current situation in all  
the system functioning aspects, to make a forecast of the dynamics of system functioning characteristics, 
and to estimate the efficiency of the suggested solutions of the existing problem based on the experiments 
with simulation model.  

Microscopic modelling of transport systems is extensively used in the tasks of analysis, traffic 
control, reconstruction or planning of new TS sections. Microscopic modelling, in its turn, is aimed 
mainly at tactical planning and tactical solution of operational tasks, and enables one to investigate  
the transport network and the properties of traffic flow (including its participants) with a high degree of 
particularization. However, a fragmentary and external usage of modelling outside of the general (DSS) 
can bring about problems at all stages of development of simulation model and its usage.  

The problems encountered by analysts can imply, first of all, some troubles connected with  
the availability of actual data for model development and data for model calibration and validation. These 
problems don’t allow carrying out the correct experimentation with the model. The currently existing 
distributed pattern of data storage and lack of systems approach to the data handling organization are 
connected, first of all, with total lack of integrated database embracing all TS items (from the 
infrastructure to the intensity and organization of traffic) – that would be accessible to schedulers and 
analysts.  
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The one of particularities of UTS management and controlling tasks is a continuous character of 
their implementation. The UTS cycle is presented on Figure 1 and includes the following stages: 
functioning, UTS monitoring and measures of efficiency (MOE) estimation; operation control based; 
tactical planning and control; strategic planning and UTS reconstruction or expansion. And the decision-
making process should have a cycling type. The possible scheme is presented on Figure 2. All stages of 
UTS evolution life cycle are based on the continuous monitoring and MOE estimation. The decision-
making is a complex process in such conditions and should be based on the analysis of its implementation 
results at all levels of the UTS functioning. The DSS should help to support such type of system 
management and controlling and it is applied in order to find the best solution, taking into account all 
constraints and interconnections. 
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Figure 1. UTS Evolution Life Cycle 
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Figure 2. Decision Making of UTS Planning and Monitoring Using Models [2] 

 
The idea of DSS application for UTS was considered by different scientists [2, 4, 9, 10, etc.] in 

many works. Authors consider application of DSS for UTS control using a modelling approach as a part 
of DSS. J.Barcelo considered the DSS for Madrid UTS management using the models implemented  
in AIMSUN and GERTRAM. Authors A.Uliead & A.Esquius considered the framework of DSS for  
the European transport system management and controlling. Some works consider the application telematics 
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for intelligence traffic control within the bounds of DSS. For example, Houng Y. Soo, Dusan Teodorovic, 
J. Collura [6] presented the DSS framework provided a holistic framework to perform analytical 
assessments of integrated emergency vehicle pre-emption and transit priority systems. Juan de Dios 
Ortuzar in his monograph [2] describes the role of DSS in transportation system management and 
planning, and he paid special attention to the modelling application as a part of decision-making. 

The analysis of the information sources has proved the current existence of a wide variety of DSS 
that are used in UTS management problems. The systems meant for strategic or tactical planning, 
operational planning, and the mixed-type ones are singled out. There are systems featuring both  
de-centralized and centralized data storage organization, as well as decision support systems in online or 
offline modes. According to the level of decisions taken, the systems are subdivided into strategic, 
operational, tactical, or mixed-type ones. In terms of the DSS target, one can discriminate between single-
purpose ones (which are meant for solving individual problems), – the multi-discipline ones (uniting  
a few problems) and universal systems. A wide practice of using macro- and microscopic modelling exists, 
implying their usage as an assistant helping one to develop solutions on evaluation of the current situation 
and to assess short-term, medium-term, and long-term forecasts of the system state development with a view 
of evaluating the suggested measures aimed at improving the situation. The following can be attributed to 
those DSS, which have a common interface with simulation packages: SCOOT operating jointly with  
the simulation package of microscopic modelling PARAMICS [3]; SCATS operating jointly with the simulation 
package of microscopic modelling VISSIM [4]. Some systems supporting a few approaches in systems 
modelling can also be encountered. For instance, ICM AMS system is meant for managing traffic of 
major travel corridors and uses macro-, meso-, and microscopic modelling; the system TRIM [7] supports 
both micro- and macroscopic modelling and is meant for developing TS sections control strategies at  
the tactical decision level.  

DSS including microscopic modelling allows one to test various scenarios of traffic condition 
development given the current data and by using short-term forecast data, – and to obtain estimations of 
the efficiency of suggested measures aimed at TS re-organization. However, applying various levels of 
modelling at a time seems to be the most prospective, since applying only macro- or micro approaches in 
UTS development and control planning tasks does not allow one to obtain a comprehensive and proper 
picture of the network situation development. The macroscopic approach can enable one to obtain  
a generalized estimation of the load applied on urban TS; however, the macroscopic approach is not 
sufficient to reveal any reasons for problems arising at the local level and seeking solution. Neglecting 
those problems can aggravate the situation at the global level. Microscopic modelling allows one to 
estimate the situation scrupulously with respect to individual sections of the network, – but it doesn’t give 
one a chance of estimating the impact of the suggested decisions upon the general condition of UTS at the 
micro-level. That’s why their interaction in DSS seems the most prospective.  

This article states the problems arising in process of modelling and the ways of eliminating them 
with a view of enhancing the reliability of decisions taken. To illustrate the problem and a possible DSS-
based solution, an example of a realized project has been examined, where microscopic modelling was 
used for the analysis of possible reconstruction of a transport system (TS) fragment in the city of Riga, – 
which was performed in 2010 in the laboratory of applied software systems of the Transport and 
Telecommunication Institute (in Riga). The problems (especially in availability of data) that occurred in 
the process of development and application of simulation model for analysing various scenarios are 
considered; some possible alternatives of their solution are suggested. Also, the requirements to 
organization of data transmission interface between macroscopic and microscopic data are formulated in 
the article. 

  
2. Example of Riga Node’ Microscopic Model Application as Means of Decision-Making 

 
The laboratory of applied systems (LAS) TTI has experience of applying microscopic modelling of 

Riga TS fragments with a view of their investigation at various stages of life-cycle: from design and 
operation stage to reconstruction. The illustration of using microscopic modelling as a decision support 
tool will be presented on the basis of the project “Pedestrian and Transport Flows Analysis for Pedestrian 
Street Creation in Riga City” (2010–2011 years).  

The Riga City Council has put forward a proposal of establishing a pedestrian area in the centre of 
Riga – in Terbatas Street. Several scenarios have been discussed: 

• From Elizabeth Street to Lachplesha Street, 
• From Elizabeth Street to Matisa Street, 
• From Elizabeth Street to Tallinas Street.  
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Submitting this proposal required the analysis of the impact expected to be rendered by shutting 
off the public and private traffic across Terbatas str. upon the adjacent parallel streets: Brivibas, 
Kr. Barona and Chaka str., which are important traffic arteries in the downtown, – and upon 10 cross 
streets (Fig. 3). The investigated territory is both a traffic source and the attraction site since it covers 
residential buildings, office premises, shops, trade centres, the market, cinemas, and restaurants. Furthermore, 
most of the streets have car parking zones, a few large car-parking lots and the parking places within  
the yards of large houses and office buildings. The total characteristics of the modelling object: the total 
extension is approximately 1.5 km from the south-west to the north-east; the territory covers more than 
50 road intersections, 51 routes of public transport (bus, trolleybus, tram), – and 59 stops.  

The main project implementation phases are the following:  
• planning;  
• organization and collection of data on traffic and pedestrian flows, investigating passenger 

traffic; 
• statistical processing and summarizing of the obtained flow-describing data;  
• implementation of the transport network simulation model with the static routing of the flows 

inside it;  
• analysis of the loading level of the network investigated without making any alterations, and 

estimation of the correspondence matrix; 
• development of TS simulation models taking into account the suggested scenarios based on 

dynamic routing;  
• implementation of experiments and analysis of the results.   

 

 
 

Figure 3. Modelling Object in the Frame of Project “Pedestrian and Transport Flows Analysis for Pedestrian Street 
 Creation in Riga City” 

 
In the course of modelling, a few microscopic models of the investigated TS fragment were 

constructed: the current-state model plus several TS models with the dynamic routing, taking into account 
three alternatives of the pedestrian area development. In total, 11 variants of model have been implemented, 
which took into account possible scenarios in traffic organization, transfer of public transport route,  
the traffic forecast for 2014 and 2018, – and the scheduled alterations to be made to traffic organization in 
the city – which, in their turn, will also impact the traffic flow redistribution within the TS fragment 
investigated.  

The modelling made it possible to estimate the following: the loading level of crossroads under 
each of the scenarios suggested (Fig.4); the time spent for moving along the main itineraries; moreover, it 
is possible to detect some bottlenecks and reasons for the congestion of some individual sections.  
The analysis has enabled one to estimate the aggravation degree of the situation to be expected at the TS 
on the territory adjacent to Terbatas Street after the scheduled establishment of the pedestrian area, – and 
to single out the scenario, which is expected to being about the least worsening of the current situation.  
In particular, such a scenario implied the alternative of introduction of the pedestrian area across  
the section between Elizabeth Street and Lachplesha Street and some modification of trolleybus route No 1.  
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Figure 4. Simulation Results in Graphical Form: a Map of Crossroads Loading Level (LOS) According to HCM Standard 
 

This project is an example of the system approach that should be exercised at decision-making on 
the expediency of taking alterations to TS, since the decisions were made based on simulation 
experiments accompanied by a thorough in-depth analysis of situation development in future, – trying  
a number of possible alternatives. Despite of that, however, a number of difficulties related to investigation 
process arose in the course of realization. 

The main problems in the course of project implementation were connected with lack of access to 
the data necessary and the problem of getting that data both for planning of data collection and the model 
implementation. The modelling was based on the real time traffic data collection, which had been 
scheduled and implemented within the framework of the investigation carried out. The truth is that no 
centralized TS-describing data storage exists in Riga: the data is stored in various municipal structures 
and subcontracting companies having concluded agreement with the municipality. There is no explicit 
data register that would precisely state the whereabouts of the specific information. Moreover, the data is 
frequently duplicated; there is no system approach to its updating, and there is no information available 
on any updating policy with respect to the data. For example, „Rīgas ģeometrs, Ltd” and the Traffic 
Department of the Riga City Council possess two macroscopic models of the TS of Riga: one never can 
tell, which of the two is more updated and, which reproduces the structure of the Riga TS more precisely; 
neither can one tell how the updating of that model is organized. Another example is data storage 
organization in traffic signal: the information on street-traffic control lights and their operating cycles is 
held by the Traffic Department of the Riga City Council; however, the information on how „the green 
wave” is organized possessed by „Rīgas luksofors, Ltd”. Lack of information on data sources and lack of 
access to them has lead to violation of the project implementation schedule.  

Microscopic modelling aimed at a high enough reproduction of TS properties is extremely 
demanding to accuracy and completeness of information describing both the geometry of transportation 
network and the tenants’ mobility. Lack of sufficient information on population mobility and location of 
major centres of gravity has lead to some delinquencies when planning data collection, and brought about 
the subsequent troubles when developing the correspondence matrix. For instance, due to lack of any 
preliminary data on organizing mass events in the vicinity of Terbatas Street and due to lack of any real-
time information on the working time of road signs, – the system observation time and duration was ill 
choice; that led to obtaining inaccurate information and some extra loss of time at the simulation model 
validation phase.     

Lack of any urgent and detailed map of the urban TS and the working time of road signs would 
also lead both to errors in data collection planning and troubles when implementing simulation model. 
When developing the traffic network model, the model developers used as a basis the city map where TS 
is represented schematically enough. The dimensions of the object simulated have made the implementation 
of the traffic network model still more complicated.  

This problem could have been avoided if a system of centralized access and storage of  
TS-describing information and a unique policy of monitoring and updating information had existed in 
Riga. As a rule, centralized storage and updating of data is organized within DSS when planning  
the urban traffic systems. This would allow one to reduce the data retrieval and obtaining costs, ensuring 
reception of real time data and simplifying the process of planning the extra data collection; moreover, it 
would reduce costs directly related to the model implementation and planning of experiments.  
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3. Requirements to DSS with Microscopic Models as a Constituent Part and Features  
of Implementation  

 
The main tasks of DSS are: organizing storage and access to data required in TS planning and 

control tasks; data storage and ensuring access to knowledge base; storage of models; ensuring the work 
with models, and the user interface providing for data input by user; manipulating with models and data, 
and presentation of output results in graphic and textual forms or in the form of generalized reports. The 
GIS-systems usage simplifies the data acquisition and its visualization, as well as development of TS 
simulation models. A possible scheme of DSS based on modelling approach application is presented on 
Figure 5. Generally, DSS should partially to automate some procedures, like data collection, pre-processing 
and processing; models running and Measurement of Efficiency (MEO) estimation, comparative analysis 
implementation; data processing, models simulation results presentation; user graphical interface 
supporting, etc.   

 

 
Figure 5. Scheme of DSS for UTS Planning and Controlling [8] 

 
If microscopic TS models are used as a constituent part of DSS it is necessary to take into account 

that DSS should to be a data source, storage and updating place for: preliminary project planning (TS 
section modelling); organizing additional data collection; TS section model developing; microscopic 
model aggregated and disaggregated sensitivity analysis, its calibration and validation implementation; 
Measures of Performance (MOP) and Goodness of Fit (GOF) estimation; number of experiments 
planning and execution. The DSS should include the following data:  

• about the demand on transportation and the factors which have the influence on the population 
movements: 

ο data on city zonal subdivision and economic activities run in the respective city zones;  
ο data on land utilization and location of parking places, parking lots, and terms of their 

usage;  
ο data on the gravity centres location and traffic flows adjacent to these centres;  
ο data on movement demand; 
ο preferred alternatives of routes and transport mode selection;  
ο OD-matrix;  

• about the TS network and its infrastructure properties and traffic characteristics: 
ο detailed and real-time map of transportation network with a detailed presentation of the 

transportation network geometry;  
ο information on organizing traffic within transportation network showing the road signs 

arrangement, traffic lines, etc.;  
ο information on traffic lights control;  
ο map and the information on organizing the public transport operation;  
ο data on flow intensity and its composition, the flow distribution on the network  

map, etc.  
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The system should receive data describing scheduled major events, which could entail 
intensification of transport and pedestrian flows; this data is necessary both when planning the project and 
analysing the expected impact of the planned events and the selected place of their running. 

The separate task is arranging for completion and storage of data necessary at the stage of model 
implementation: sensitivity analysis (SA), calibration and validation of models. This stage requires both 
aggregated data (traffic intensity, flow average velocity by time or within a section of the network, length 
of queues at road intersections, traffic flow density, flow composition distribution and flow distribution at 
crossroads etc.) and disaggregated data.  

The microscopic sub-models of a model (Fig. 6) are needed in the special SA and calibration 
procedure. They are needed in some specific data like a driver’s reaction time, decision time for speed 
rate changing, speed curve and path of motion, etc.  

  

 
Figure 6. Structure of TS Microscopic Model 

 
DSS should also include knowledge-base that should contain not only normative and reference 

documents but also methods and methodological instructive regulations for applying someone or other 
models to be used with regard to someone or other data under definite specific conditions and stemming 
from the targets and goals posed. Development of such instructive regulations is a separate task, since an 
analyst facing the problem of selecting one or another way of assessing parameters or analysing situation 
often spends a lot of time to select an appropriate tool for analysis (a model, a method, an approach).  

DSS should provide for an API-interface to external application systems; alternatively, it should 
include separate modules enabling one to perform the procedures as follows: 

• Processing and statistical analysis of data (both obtained to the input from a real system and 
results of modelling and experiments), – as well as forecast; 

• Modelling of TS at macro- or microscopic level, the economic, demographic, and social 
situation in the city; modelling the condition of ecology, etc.; 

• Aggregated and disaggregated sensitivity analysis; 
• Calibration of TS models, OD matrixes and preference functions when selecting routes, mode 

of transport, etc. 
• Validation of models and analysis of scenarios.  
A separate task of vital importance is the task of creation and supporting a sub-system for 

organizing storage of those models and working with them. The scheme of such system is presented on 
Figure 7. In particular, this subsystem should include a repository of models. The DSS models repository 
might include algorithm-based models, statistic-based models, linear programming models, graphical 
models, quantitative models, and qualitative models and TS simulation models. The latter includes 
macroscopic and microscopic models urban TS fragments.  
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Figure 7. Framework of Model Base Management System 

An important task is the data flow arrangement and organizing interaction between separate phases 
of the work implying the usage of a microscopic model. The scheme of such a data flow is presented on 
Figure 8. DSS should include a module, which would provide for the data transfer from one phase to 
another – in the appropriate format fitting into investigation performance. For example, the procedures of 
sensitivity analysis, model calibration and validation are interconnected. Therefore, DSS should provide 
for an interface allowing one to select and transfer the input numerical parameter values necessary for 
execution of those procedures; moreover, transfer of the results obtained and correction of the parameters 
of the model should be provided. Moreover, all of the obtained results of calibration and sensitivity 
analysis should be stored in the data repository for future investigations.    

 

Data 
processing 

and  analysis

Model 
validation

Data 
validation

Simulation  
modelling

CalibrationSA

Scenarios 
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Real System 
data

DSS Data 
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Figure 8. Scheme of Data Flow and Interaction at Various Stages of Data Preparation  
to Model Simulation and Implementation 

 
It is necessary to organize interaction between models at the system analysis stage. It seems 

possible to organize a two-direction interaction between various models. In the vertical direction, when 
the situation within a network section may be changed at microscopic level, – which makes it quite 
important to estimate the impact of these alterations upon the general traffic flow distribution across  
the TS of the city at macro-level. In the horizontal level – when interaction between microscopic models 
of various network sections is required to analyse the changing situation within one of the sections if 
alterations have been made to another one.  

For instance, when examining the vertical interaction between models, one can call to memory  
the project of arranging a pedestrian area in Terbatas Street. It would be extremely fruitful to organize  
the transfer of data describing the traffic state at the microscopic model output to the input of macroscopic 
model; furthermore, it would be expedient to advise the macroscopic model on the load level of  
the transport network. This data would help one to adjust the functions of deciding on selection of itinerary 
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and mode of transport, – which are used to determine the vehicular flow distribution across the network 
on macro-level. This would allow one to receive adjusted data of the flow distribution across the network, 
which could lead to adjusting the input data on microscopic model. This is an iteration procedure (Fig. 9) 
as a result of which, there arises an opportunity of getting both the adjusted picture on macro level and 
some more precise information on the load level of TS section at micro level. Unfortunately, it didn’t seem 
possible to implement that within the framework of the project, since we had no access to the complete 
macroscopic model of TS, and also because DSS was missing.  

Examining the problem of interaction between microscopic models at the horizontal level, one has 
to emphasize the problem of transferring data, which describes the condition of input parameters of the 
second model when the functioning of the first model changes. The authors believe that the problem can 
be solved through using a macroscopic model of TS as a connecting link between the two microscopic 
models.  

 

 
 

Figure 9. Framework of Different Models Interaction on Vertically Level 
 

The macroscopic model will receive from the first model some information on the new traffic 
condition within the respective section of the network and at its output points; than the macroscopic 
model will adapted to the new conditions of functioning (that can be an iteration procedure as in  
the previous case) and will subsequently transfer that information – as input data describing traffic condition – 
to the input of the second microscopic model. The schematic interaction between the microscopic models 
through the macro-level is presented on (Fig. 10).  

 

 
 

Figure 10. Framework of Different Models Interaction on Horizontally Level Using Macroscopic Model of UTS 
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4. Conclusions 
 

The permanent UTS monitoring, management and optimisation play an essential role in the 
contemporary economics. The principal role in this process belongs to DSS, which accompanies all stages 
of the decision-making at all levels of UTS life-cycle. The models might be used as the tools for testing 
hypotheses suggested to find the best way of solving the problems related to the existing transportation 
network. The DSS architecture should provide for a possibility of comprehensive investigation of TS and 
the checking of formulated hypotheses.  

This article formulates requirements to DSS aimed for UTS management (on the base of microscopic 
models), its architecture and data that should be stored therein. The main components of the system are 
determined; the problem of interaction between modules is highlighted. Particular attention has been paid 
to the problem of organizing both vertical and horizontal interaction between models. A new requirement 
to DSS has been posed – namely, provision for an interface that would allow one to organize data transfer 
between micro-micro and micro-macro-micro models, and their interaction. It may be data describing 
traffic properties (intensity, speed, composition), – and the data on the condition and load level of 
transportation network, playing an important role in models with dynamic routing, which use decision-
making functions with regard to itinerary selection. The further investigations in this field are aimed at 
formulating requirements to the module allowing one to accomplish interaction between models, – as well 
as experimental implementation of such a possibility by the example of the available microscopic models 
of TS fragments.  

 
 

References 
 

1. Sussman, J. (2000). Introduction to Transportation Systems. Norwood: Artech House.  
2. Ortuzar, J. and Willumsen, L. (2008). Modelling Transport. Chichester: John Wiley&Sons.  
3. Baffour, K., Brown, T., Thomas, G. (2009). Simulation and Implementing a SCOOT UTC Strategy 

for a Planned Event. Traffic Engineering & Control, 50(3), 118–122.  
4. Kergaye, C., Stevanovic, A., T. Martin, P. (2010). Comparative Evaluation of Adaptive Traffic Control 

System Assessments through Field and Microsimulation. Intelligent Transportation Systems, 14(2), 
109–124. 

5. Alexiadis, V., Cronin, B., Mortensen, S., Thompson, D. (2009). Integrated Approach: Analysis, 
Modelling, and Simulation Results for the ICM Test Corridor, Traffic Technology International 
Annual, 1, 46–50.  

6. Soo, H. Y., Teodorovic, D., Collura, J. (2006). A DSS Framework for Advanced Traffic Signal 
Control System Investment Planning. Journal of Public Transportation, 9(4), 87–106.  

7. Mitrovich, S., Valenti, G., Mancini, M, (2006). A Decision Support System (DSS) For Traffic Incident 
Management in Roadway Tunnel Infrastructure. In Proceedings of the 34

th
 European Transport 

Conference. European Transport Conference (ETC), Strasbourg, France, September 18–20, 2006  
(p. 240). London: Association for European Transport.  

8. Yatskiv, I., Yurshevich, E., Savrasov, M. (2009). Practical Aspects of Modelling in the Transport Node 
Reconstruction in Riga. In Proceedings of the 23

rd
 European Conference on Modelling and Simulation. 

European Conference on Modelling and Simulation (ECMS), Rey Juan Carlos University Madrid, 
Spain, June 9–12, 2009 (p. 295). Dudweiler: Digitaldruck Pirrot GmbH. 

9. Barceló, J. (1997). Advanced Traffic Control Strategies in Madrid. In: Proceedings of the 4th World 
Conference on Intelligent Transport Systems. Retrieved March 5, 2012 from   
<http://www.aimsun.com/site/content/view/58/35/> 

10. Ulied, A., Esquius, A. (2000). Developing Advanced Decision-Support Systems (DSS) an Open and 
Networked Transport DSS for Europe. Retrieved March 5, 2012 from <http: //www.e-ajd.net/source-
pdf/AJD-52-Ulied-Esquius-Pap_DSS.pdf>  

 
 
 



Transport and Telecommunication Vol. 13, No 3, 2012 
 

 219

Transport and Telecommunication, 2012, Volume 13, No 3, 219–228 
Transport and Telecommunication Institute, Lomonosova 1, Riga, LV-1019, Latvia 
DOI 10.2478/v10244-012-0018-4 

 
URBAN PUBLIC TRANSPORT SYSTEM’S RELIABILITY 

ESTIMATION USING MICROSCOPIC SIMULATION 
 

Irina Yatskiv1, Irina Pticina2, Mihails Savrasovs3
 

 
Transport and Telecommunication Institute 

Lomonosova 1, Riga, LV-1019, Latvia 
1Ph.: (+371)-67100544. E-mail: Jackiva.I@tsi.lv 
2Ph.: (+371)-67100584. E-mail: Pticina.I@tsi.lv 

3Ph.: (+371)-67100584. E-mail: Savrasovs.M@tsi.lv 
 

In the article the procedure of the reliability measures estimation for one route of the public transport network on the basis 
of a traffic flow modelling is suggested. A definition of UPTS reliability is based on the analysis of the Travel Time Reliability, 
Arrival Time Reliability and Probability of arriving to the stops with delay no more than m minutes. The approach is applied to the 
real task of the reliability estimation for Riga city public transport route. The microscopic model of transport network fragment is 
used for it. 

 
Keywords: public transport, reliability, travel time, microscopic model 

 
Introduction and Review of Literature 

 
Urban public transport system’s (UPTS) reliability is an important characteristic of transportation 

service quality both from service recipients (customers, passengers) and service providers (public transport 
operators) points of view. As the results of some researches [1, 2], it was exposed that the reliability is  
a property of the same importance for the passengers as the frequency and is the determinant choosing in 
the transportation mode. Moreover, the unreliability contributes to the low level of public transport 
competition with the private vehicles. 

Reliability is a term that can be defined differently depending on field to which it applies. Directly 
the reliability is defined to be the probability that a component or system will perform a required function 
for a given period of time when used under stated operating conditions [3]. For a UPTS service  
the reliability is defined as the ability of the service to provide a consistent service over a period of time [4]. 
A definition of UPTS reliability is based on the analysis of the different types of time: Travel Time 
Reliability, Waiting Time Reliability, Arrival Time Reliability, and Punctuality. All these variants of 
reliability estimation approaches are connected with the analysis of the real travel time, waiting time or 
arrival time compliance with the planned (or scheduled) time. These measures may be estimated both for 
one route of public transport or one destination, which can involve one or some modes of public transport 
and for UPTS as a whole.  

Some researchers suggest using the standard deviation of real travel time on the whole route as  
the necessary and sufficient criteria for the route’s reliability estimation [5, 6]. In addition to route travel time 
standard deviation the following measures for the travel time reliability estimation are suggested [5, 7]: 
coefficient of variation of route travel time, difference between the 90th and 50th percentile of travel 
time, difference between the 80th and 50th percentile of travel time. In [8, 9] travel time reliability has 
also been defined as the inverse of the standard deviation of journey times and the percentage of journeys 
on a route that takes no longer than the expected travel time plus an acceptable additional time. 

One of the reliability measures is the probability of no-failure, which is defined as the probability 
of that an object (item, system) failure does not appear during a specified period of time under stated 
conditions. Therefore, the public transport route reliability may be considered as the probability of arriving 
to the stops in time or with delay no more than m minutes. 

So, the UPTS reliability estimation based on the time measures refer to the problem in the requirement 
of the information about real vehicle arrival time to the stops, real travel time between stops, real travel 
time on the whole route. For gathering this kind of data the following approaches may be used: transport 
surveys without technical facilities or applying technical facilities (for instance, GPS) and modelling. 
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For all these variants it is necessary to have the sufficient scope statistics to create the definite 
level of confidence. Due to frequent changing in the factors that influence the punctuality such as weather, 
congestions, number of passengers etc., the qualitative statistical estimation is too much expensive and 
can take long time to receive such kind of data about the real arrival time. It is more acceptable to receive 
the information about arrival time under the impact of different factors on the transport system modelling 
base [10, 11, 12].  

In this research the procedure of the reliability measures estimation for one route of the public 
transport network on the basis of a traffic flow modelling is suggested. The approach is applied to the real 
task of the reliability estimation for Riga city public transport route. 

 
1. Reliability Estimation Proposed Procedure  

 
Let consider the estimation of reliability of UPTS route on the basis of simulation modelling 

approach. The next reliability characteristics will be used: 
• Travel Time Reliability (TTR), computed as difference between modelled travel times (TTmodelled) and 

scheduled travel times (TTscheduled): 

.mod scheduledelleddif TTTTTTTTR −=Δ=  (1) 

Fours variants (descriptive characteristics) of TTmodelled will be used for calculation: mean modelled travel 
time, median, max and 95% percentile.  

The standard deviation of travel time – S (TTmodelled) and coefficient of variation – CoV (TTmodelled) 
will be analysed. 
• Arrival Time Reliability (ATR), which measures as delay time on the last stop: 

 

,mod scheduledelled ATATDTATR −==  (2) 
 
where DT – delay time, 
ATmodelled – modelled arrival time to the last stop, 
ATscheduled – scheduled arrival time to the last stop. 

The following descriptive characteristics as ATmodelled will be used: mean value, median, maximum, 
95% percentile. Also, the standard deviation of the delay time S(DT) and coefficient of variation CoV(DT) 
will be considered. 
• Let us define the probability of non-delay as the arrival time probability to the last stop with delay no 
more than m minutes and estimate it as the ratio of vehicle journeys number, which arrived to the last stop 
with the delay no more than m minutes (nm) to the number of vehicle journeys (N) in whole: 

 

N
nm=ρ . (3) 

 
The following notation will be used: 
i – vehicle journey number (i = 1, ..., V); 
s – stop number (s = 1, ..., S); 
j – simulation run number (j = 1, ..., N);  
ttij – travel time of i-th vehicle journey in j-th simulation run; 
TTschedule – vehicle travel time in the researched part of transport system according to the schedule; 
dtisj – delay time at the stop s of i-th vehicle journey relative to scheduled time in j-th simulation run.  

So, the next procedure for the reliability estimation on the basis of the simulation approach is 
proposed.  

Firstly, simulation model is fulfilled N times. For each simulation run the data about travel and 
delay times ttij and dijs is captured. 

Also, for each simulation run the following characteristics are calculated: 
• mean value of travel time for vehicles journeys for j-th simulation run (j = 1, ..., N): 



Transport and Telecommunication Vol. 13, No 3, 2012 
 

 221

∑
=

=
V

i
ijj tt

V
tt

1

1
; (4) 

 

• mean value of delay time to the stop S for vehicle journeys for j-th simulation run (j = 1, ..., N): 
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Secondly, we obtain for TTR analysis the next characteristics: 

A. mean value of travel time for all simulation runs: 
 

∑
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1

1
; (6) 

B. TTmed – median value of travel time ( jtt ); 

C. TTmax – maximum value of travel time ( jtt ); 

D. TT95%  – 95% percentile of travel time ( jtt ) 

and use it for the TTmodelled  estimation. 
 

 

So, TTR is calculated on the basis of four variants of TTmodelled (A, B, C, D) by the formula (1) and 
introduce the following notations: TTmean, TTRmed, TTRmax and TTR95%. 

Also, for TTR analysis the next descriptive characteristics are calculated: 
– standard deviation of travel time: 

 

∑
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– coefficient of variation of travel time: 

 

TT

tts
ttCoV j

j

)(
)( = . (8) 

 
Then, we calculate the Arrival Time Reliability on the base next characteristics: 
A. Mean value of delay time for the all simulation runs: 

 

∑
=

==
N

j
jSSmean dt

N
DTATR

1

1
; (9) 

B. ATRmed – median value of delay time )( jSdt ; 

C. ATRmax – maximum value of delay time )( jSdt ;  

D. ATR95% – value of 95% percentile of delay time )( jSdt . 

As in previous case (on the basis TTR analysis) we calculate standard deviation of delay time on 

the last stop )( jSdtS  and coefficient of variation of delay time at the last stop )( jSdtCoV . 

Probability of arrival to the last stop with delay no more than m minutes will be calculated by 
formula (3). 

Finally, to assess the impact of factors affecting the travel time and delay time a set of 
experiments will be conducted:  
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• to estimate the impact of traffic flow volume on reliability measures traffic flow will be increased by 
5, 10 and 15%; 

• to estimate the impact of passenger flow volume factor on the reliability measures the dwell time will 
be increased.  

 
2. Application of the Proposed Procedure on Real Data 

 
Let us apply the proposed procedure to evaluate the reliability of separate public transport route of 

Riga city transport system. Public transport in Riga is represented by five modes of transport: tram, 
trolleybus, bus, minibus and train. Public transport network is star-shaped, where the majority of public 
transport routes converge in city centre (Figure 1). 

 

 
 

Figure 1. The scheme of trolleybus routes in Riga 
 

The route of trolleybus number 14 was chosen as the investigated route. On Figure 1 this route is 
highlighted by the red colour. This route runs from the dormitory area Mezhciems to City Centre and 
back. The route's length is 10.33 km in the direction of the Centre and includes 16 stops (including the 
last stop). The frequency on workdays is from 2 to 9 times per hour. 

 
2.1. Model Description 

In this study the microscopic model of Riga transport system part, which was developed in the LAS 
(Laboratory of Applied Software System in Transport and Telecommunication Institute, Riga) as part of 
the project “Pedestrian and Transport Flows Analysis for Pedestrian Street Creation in Riga City” [13, 14] 
was used. The model was developed in the software application PT VISION VISSIM (version 5.4).  

The modelled part of transport system is located in the city centre, near by the historical centre and 
includes part of the main transport arteries of the city. The total characteristics of the modelling object: 
the total extension is approximately 1.5 km from south-west to north-east; the territory covers more than 
50 intersections, 51 routes of public transport (bus, trolleybus, tram), – and 59 stops. The scheme of  
the modelled area of the Riga transport system and the volumes of traffic flow are presented on Figure 2. 

The data sources for the model are as follows: 
– the results of traffic flow survey, which has been conducted in September 2010 between 7:30 and 

9:30 at workdays (morning peak hours); 
– public transport routes and schedule; 
– cycles of traffic lights signal; 
– parking places and their capacity. 
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The morning peak hour (8:15 to 9:15) has been chosen for the simulation. Morning peak hour is  
a typical problem for the Riga city and the public transport is characterized by problems associated with it 
as well, especially in Riga, where the practice of separated lanes for public transportation is not 
sufficiently widespread yet. 
 

 
Figure 2. The scheme of the modelled area of the Riga transport system and the volumes of traffic flow 

 
2.2. Descriptions of Experiments Conditions 
 

Initial data: 
– the investigated route: trolleybus routing number 14; 
– the investigated direction: from Mezhciems to Centre; 
– the amount of stops: S = 4. In the investigated area the route goes along Brivibas Street, where there 

are 4 stops: Tallinas iela, Matisa iela, Gertrudes iela, Esplanade (last stop in the investigated direction) 
(Figure 3). Accordingly: s1 = Tallinas iela, s2 = Matisa iela, s3 = Gertrudes iela, s4 = Esplanade. This 
fragment is more problematic fragment of the route. 

 

 
 

Figure 3. The scheme of trolleybus routing number 14 
 

– TTscheduled – 8.17 minutes; 
– simulation time – from 8:15 to 9:15, workday; 
– the amount of simulation runs for each experiment: N = 100;  
– the amount of vehicle journeys: V = 10, where i∈V – vehicle journey ordinal number; 
– the dwell time for each stop is defined as the random value with normal distribution Normal (20,2) 

with the mean value equal to 20 seconds and standard deviation – 2 seconds; 
– the volume of traffic flow acquired from the result of survey (September 2010) (real volume of traffic flow). 
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2.3. The Analysis of Results of Experiment with Current Conditions 
 

Fixing the data in the simulation run begins with the saturation of the model. Some vehicles at the fixing 
time are already in the model and the value of their travel time is not fixed in time when they enter into 
the model. The same applies to those vehicles which were still in the model when it is stopped. The data 
about such vehicles journeys were excluded from the analysis. The collected data only for the vehicles 
routing number 4, 5, 6 and 7 were included into the analysis. 

In Table 1 the descriptive characteristics of travel time for vehicles routing number 4, 5, 6 and 7, 
which have been calculated on the results of simulation run with the real value of traffic flow volume are 
shown. 

 
Table 1. Descriptive characteristics for the travel time values sample (sample size = 100)  
 

Vehicle journey 
Travel time, min 

4 5 6 7 
Mean 12.25 12.34 13.62 14.32 
Median 11.70 12.15 14.07 14.22 
Max 16.80 17.58 19.38 20.75 
Min 8.90 8.95 8.98 8.98 
95% percentile 16.04 16.24 17.09 18.32 
S 1.97 2.10 2.38 2.61 
CoV 0.16 0.17 0.17 0.18 

 
As we can see by Table 1 the travel time gradually increases with each subsequent journey as  

the model saturation from 11.70 minutes on the median for the vehicle journey number 4 to 14.22 minutes 
on the median for vehicle journey number 7. The values of standard deviation and coefficient of variation 
increase too. 

In Table 2 the estimated values of the TTmodelled variants, standard deviation of travel time, estimated 
by formula 7 and coefficient of variation of travel time estimated by formula 8 for all simulation runs are 
presented. As we see in Table 2 the value of TT95% twice more than TTscheduled (8.17 minutes). 

 
Table 2. The variants of TTmodelled (minutes) 
 

TTmodelled 

TT  TTmed TTmax TT95% S CoV 

13.13 13.07 18.29 16.85 2.06 0.16 
 
The values presented in Table 2 are used for calculation the variants of TTR measures which are 

defined in formula 1 according to TTscheduled (8.17 minutes). Also, the variants of ATR measures as 
defined in formula 2 were calculated. The values of the TTR and ATR variants are presented in Table 3. 
 
Table 3. The values of TTR and ATR for the considered route (minutes) 
 

TTRmean TTRmed TTRmax TTR95% 
4.96 4.90 10.12 8.68 

ATRmean ATRmed ATRmax ATR95% 
4.14 4.09 9.33 7.87 

 
The average delay time on the route in a given area according to TTR is 4.96 minutes (TTRmean), 

the median – 4.9 (TTRmed) but 95% percentile equals to 8.69 minutes. According to the value of ATR  
the time delay on the route in the average equals 4.14 minutes. TTR and ATR have similar values because 
for ATR calculation of the delay time at the last stop was used. The difference is about 0.83 minutes 
(TTRmean – ATRmean), i.e. 50 seconds. This is connected with the test route feature. Trolleybus route does 
not end at the last stop, and goes further in the direction to the loop to turn back and to go in the opposite 
direction. Thus, TTR measure takes into account the time required to get to the model end point after  
the last stop, which is reflected in the difference between ATR and TTR values. 

The descriptive characteristics of delay time at all the stops are presented in Table 4. 
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Table 4. Descriptive characteristics of delay time at the stops (minutes) 
 

Stops Delay time 
characteristics Tallinas Matisa Gertrudes Esplanade 
Mean 1.41 3.16 4.74 4.14 
Median 1.18 3.04 4.68 4.09 
Max 3.53 8.21 9.86 9.33 
95% percentile 2.61 6.66 8.38 7.87 
S 0.68 1.87 2.07 2.08 
CoV 0.48 0.59 0.44 0.50 

 
The smallest value of the delay time is observed at the bus stop Tallinas (95% percentile = 2.61 

minutes), the greatest value of the delay time occurs at the bus stop Gertrudes (95% percentile = 8.38 
minutes). At the last stop, Esplanade, the delay time slightly decreases (95% percentile = 7.87 minutes), 
that is explained by the fact that the distance between the stops Gertrude and Esplanade is less (0.46 km), 
than between the previous stops (0.6 km) however, the values of travel times between the stops, set by  
the schedule are the same – 2 minutes, because this last fragment of route more often have problem 
connected with traffic. The high coefficients of variation values from 0.44 for Gertrudes stop to 0.59 for 
Matisa stop signify about low level of arrival time reliability. 

On the Figure 4 the histogram of delay time values at the stops is presented (the stops are listed in 
route successive order). 

 
 

Figure 4. Histogram of delay time at the stops 
 

The probability of delayed arrival at the stops no more than m minutes were calculated by formula 
3 and the values are presented in Table 5, the high values of probability values (> 0.9) are put in bold.  
 
Table 5. Probability values of delay time at the stops no more than m minutes 
 

Stops m 
(minutes) Tallinas Matisa Gertrudes Esplanade 

0 0.31 0.17 0.01 0.06 
1 0.80 0.31 0.09 0.18 
2 0.97 0.50 0.23 0.33 
3 1.00 0.68 0.38 0.47 
4 1.00 0.83 0.56 0.66 
5 1.00 0.91 0.72 0.80 
6 1.00 0.98 0.86 0.91 
7 1.00 0.99 0.93 0.95 
8 1.00 1.00 0.99 0.99 
9 1.00 1.00 1.00 1.00 

10 1.00 1.00 1.00 1.00 
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As it is seen in the table and in the histogram above the most problematic stop is Gertrudes and  
the probability of arrival at this stop with delay more than 4 minutes is 0.44. 

 
3. Analysis of the Impact of Factors Affecting the Travel Time and Delay Time 
 

The dwell time at the stops and the volume of traffic flow were used as variable factors for 
experiments. They were changed as follows (see Table 6): 
– the volume of traffic flow was increased by 5, 10 and 15% (the experiments with № 1, 2 and 3); 
– the dwell time at each the stops were increased and it was defined as the random value with normal 

distribution Normal (45,10) with the mean value 45 seconds and standard deviation value – 10 seconds 
(the experiment with № 4). 

 
Table 6. The changed conditions in model for the four experiments 
 

Experiments Factors 1 2 3 4 
Volume of 
traffic flow 

real volume +5% real volume +10% real volume 
+15% 

real volume 

Dwell time Normal (20, 2) Normal (20, 2) Normal (20, 2) Normal (45, 10) 
 
The results of each experiment were analysed, for each of them the reliability measures have been 

calculated and values of TTR are presented in Table 7 in comparison with the reliability measures for the 
current situation. 

 
Table 7. Travel Time Reliability values for experiments 
 

Experiments TTR Current 
situation 1 2 3 4 

TTRmean 4.97 7.21 7.83 8.70 6.41 
TTRmed 4.90 7.15 8.09 9.05 5.98 
TTRmax 10.12 15.05 14.52 12.80 14.80 
TTR95%  8.69 11.08 11.38 11.68 11.24 
S 2.06 2.27 2.84 2.91 2.41 
CoV 0.16 0.14 0.18 0.17 0.17 

 
The values of TTR measures increase by increasing the volume of traffic flow. TTR values 

increased from 4.97 minutes to 7.21 minutes that is almost 2.5 minutes by increasing the volume of traffic 
flow by 5%. Also with the traffic flow volume increase by 15% of the TTR increases by almost 
4 minutes. The same situation happens with the ATR values. With the increase of dwell time (i.e. number 
of passengers or it may be result of bad weather); the average delay time at the last stop grew by nearly 
1.5 minutes (on average from 4.14 to 5.62 minutes).  

The values of probability of delay at the last stop for the time less than m minutes have been 
calculated by formula 3 for each experiment. The values are presented in Table 8 in comparison with  
the real situation. We can see the probability of delay more than 4 minutes at last stop equal 
approximately to 1 if traffic increased by 15%. The probability of delay no more than 1 minute at the last 
stop in all experiments practically equals zero. 

 
Table 8. The probability values of the delay at the last stop no more than m minutes 
 

Experiments m  
(min.) 

Current 
situation 1 2 3 4 

0 0.06 0 0 0 0 
1 0.18 0.01 0 0 0 
2 0.33 0.06 0 0.01 0.12 
3 0.47 0.12 0.07 0.02 0.29 
4 0.66 0.30 0.12 0.06   0.44 
5 0.80 0.45 0.20 0.14   0.65 
6 0.91 0.64 0.28 0.23   0.76 
7 0.95 0.75 0.51 0.40   0.85 
8 0.99 0.86 0.66 0.59   0.89 
9 1.00 0.93 0.83 0.80 0.93 
10 1.00 0.98 0.90 0.94 0.97 
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Figure 5 presents the cumulative distribution function (cdf) of the delay time at the last stop for 
conditions on the 3rd experiment. It is practically easy to analyse the tendency in reliability based on delay time 
values using the 95% level this histogram (only 5% of delay time more than according delay time value).  

 

 
 

Figure 5. The cdf of the delay time at the last stop and 95% level for the 3rd experiment  

 
Conclusions and Further Investigation  

 
1. Nowadays transport systems provide both support for economic development and social equality, and 

allow inhabitants regardless of their social strata to implement mobility. Sustainable development of 
transport systems requires the ability to measure the quality of services provided by transport 
systems. The reliability of public transport is one of the most important properties of UPTS, which 
also increases, trust to transport and contributes to its more frequent use. The monitoring of quality 
and reliability of public transport must be day-to-day practice of transport authority.  

2. This paper provides an example of evaluating the UPTS reliability of one route fragment and the use 
of simulation modelling. The tasks of this research didn’t include the simulation model development 
and the existed simulation model (developed in the previous research) was used. That’s why the proposed 
approach realised only data of fragment of investigated route of public transport that was included in 
existed model.  

3. In the further research, it is necessary to proceed from the assessment of the separate route  reliability 
to the UPTS reliability in whole. Some researches prompt to use the average value of the reliability 
measures for the route system in whole. However, it may not allow seeing real problems with the reliability, 
because different routes have different significance for the mobility support and the routes’ features 
should be taken into account in the indicator of reliability for the public transport system in whole. 
This can be achieved by assigning weights coefficients to each route (for example, on the basis the Analytic 
Hierarchy Process estimation method), which must take into account: 

• the volume of passenger flow (demand for the public system route service), 
• the availability (presence) of alternative routes or modes of transport, 
• headways, 
• frequency, 
• the features of the serviced urban areas, 
• cover degree, 
• etc. 
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The given article considers the process of arranging informational support in carrying out experiments on applying  
the nanostructured protective covering on different materials. For nano-coverings coating, there is used special plant, which is given 
different modes of performance. For accounting all parameters and for accumulating the data, which characterize the results of the 
experiments, there is suggested an information system which employs the database designed for these purposes. The authors suggest 
an approach to defining the main requirements and functions of an information system on the basis of functional simulation and 
consider the issues of its realization. This information system also allows processing the results of the experiments with the use of 
statistical methods. The analytical module of the information system is supposed for solving the tasks of determining the thickness 
of covering depending on the specified mode of plant operation (pressure, voltage, current); it is also employed for determining 
what operation mode is required for receiving the covering with certain designated properties and parameters. Consequently, the 
task of scientific prognostication of the covering properties is solved.  

 
Keywords: functional model, database, parameters of coverings, mode of performance nanotechnology, information system, 
analytical processing 

 
1. Introduction  

 
The nanosystems material study faces the complex of scientific and technological problems, 

solution of which is to be directed not only on the research of scale factor (such as decrease of particles, 
elements and other structures size) but also investigation of landmark phenomenon which is the distinctive 
feature of nanoscale.  

The nano-technologies designed in the latest decades comprise such technology as the process of 
vacuum plasma deposition of nano-coating. The nano-materials conventionally involve disperse and massive 
materials with some content of structural elements (grains, crystals, blocks, clusters), if their geometrical 
sizes do not exceed 100 nm at least in one dimension and possessing the brand new properties, and 
functional and operational features.   

Nanotechnologies are technologies operating by sizes of nanometer order. It is an extremely small 
size which is hundred times less than the visible light wave-length and comparable with the size of atoms. 
Plasma deposition of nano-coating having the minimal depth from 1 nanometer (0,001 micron) to 1000 
nanometers (1 micron) provides the substantial increase of functional properties of different items. The thickness 
range of applied coating measured with nanometers consequently corresponds to the values of nanoworld 
and marks this process as a nanotechnological process. Besides scale factor of applied coating the procedure of 
nanoplasma deposition has a nanosized time of certain stages of interaction with the worked up material; 
this time is responsible for the quality of coating, specifically rates of heating and cooling the basic metal. 
The substrate surface under the coating in the layer till 1000 nanometers (1 micron) depth is heated by 
about 200°С for 10-2 nanosecond, and then is cooled by initial temperature for 1,0 nanosecond [1].  

New construction materials are the cornerstones of transport and especially aviation transport 
success. More than 50 years ago there functioned the scientific school under the supervision of Professor 
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V. Prosvirin in the Riga Civil Aviation Engineering Institute (RCAEI). This school operated on the base 
of a material science laboratory and investigated the protective coating. After disassembly of Riga 
Aviation University in the end of 90s the academic staff and employees of the university changed  
the place of work to other higher education establishments, preserving their scientific potential.  

In 2010 the researchers of Riga Technical University (RTU) in cooperation with the researchers of 
Transport and Telecommunication Institute (TTI) and Rezekne Higher School Establishment (RHS) on 
the base of laboratory of Department of Technologies and Repair of Transport Technologies Institute  
(ex-lab of Material Science of RCAEI) stared with the Joint research project of Latvian Council of 
Science “Development of Technology for Industrial Multicomponent Nanostructure Sheeting ” [2]. The results 
of some project’s tasks fulfilment are presented in this paper. 

 
2. Technologies of Applying and Quality Control of Nanocoatings on the Machines 

Components Employing the Technological Process of Ion-plasma Coating  
 

The first stage of investigation is devoted to the general possibility to arrange the contemporary 
base and system of processing the information on research of one of nanocoating creation directions, 
specifically wear-resistance coatings. The most efficient areas of employing the plasma deposition of 
wear-resistance nano-coating are tools hardening and industrial equipment hardening.  

Composition and properties of wear-resistance coatings significantly depend on technique and 
technology of their applying. These methods are divided into two big groups: physical (PVD) and 
chemical (CVD). 

Under the physical deposition (method PVD, or physical vapour deposition) the coating material is 
transferred into gas-phase from solid phase as a result of evaporation affected by thermal energy or as  
a result of dispersion affected by kinetic energy of material particles collision. Energy, dispersion and 
density of particles flow are determined by applying method, by process parameters and by particles 
source form. Applying the coatings with an employment of PVD method under rather low temperature 
regime (up to 450°С); this fact practically does not imply any restrictions on the materials, used for 
coating applying. All the PVD processes take place in vacuum or in atmosphere of operating gas under 
rather low pressure (about 10-2 mbar). It is necessary for facilitation of particles transfer from the source 
(storage plate) to item (substrate) with minimal number of collisions with atoms or molecules of gas.  
The same condition determines the necessity of particles direct low. As a result the coating is applied only 
to the part of item directed to the source of particles. One of basic factors determining the quality of 
coating applied by physical vapour deposition method is the purity of initial materials, the required level 
of vacuum and purity of reaction gas [3, 4]. All these processes are divided into two big groups:  
the processes utilizing the evaporation procedure, and the processes utilizing the sputtering procedure. 

Among all facilities dealing with the sputtering procedure, the most widely used ones are  
the plants on the basis of magnetrons (MSIP — Magnetron Sputtering Ion Plating). In the process of 
implementing the high voltage in the atmosphere of inert gas (it is argon as a rule) the glow-discharge 
occurs. The inert gas ions from plasma usually possess the high energy and impact the target, inserted as  
a cathode. At the expense of impact impulse the release of the material takes place, and then it is sputtered 
escaping the intermediate liquid stage.  

The magnetron method is the sub-kind of the cathode sputtering method, which assumes that  
the layer of plasma is formed at the surface of the sputtering cathode (the target) employing the crossed 
magnetic and electrical fields. The density of this plasma is significantly bigger compared to the common 
(non-magnetic) systems of cathode sputtering. Accordingly, there is a sufficient growth of the density of 
ion flow on cathode and the velocity of cathode sputtering. The magnetron method allows applying the 
wide spectrum of covering of various metals and their compounds with the high uniformity of properties 
including the highly rigid durable coatings. The sputtered particles contain the neutral atoms on 75–95%, 
that is why the bottom layer (a detail, an item, a tool, etc) is heated faintly, and this permits to deposit  
the coatings on the detail having the low fusion temperature (low-melting-point metals and alloys, 
plastics, organic substances). The magnetron sputtering is supposed to be the prospective method and  
at the same time it is a method which has been well-tried and developed in the laboratory of Department 
of Technologies and Repair of Aeronautics Institute in Riga Technical University [5]. External view of 
magnetron plant is shown on Figure 1. In its turn Figure 2 demonstrates the scheme of vacuum ion-
plasma sputtering the coatings on the details surfaces. 
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Figure 1. External view of magnetron plant 

 

 
 
 
 
 
 
 
 
 
 

Figure 2. Vacuum ion-plasmas sputtering installation scheme: 
1 – plasma, 2 – cathode (arc evaporator), 3 – circular anode, 4 – gun, 5 – worked parts, 6 – sputtered material, 7 – focusing magnetic 

coil, 8 – regulating magnetic coil, 9 – vacuum chamber 

 
Thickness and evenness and accordingly the quality of applying coating depend on the process 

control power: position of a detail on the spinning table, choice of sputtering modes (see Figure 3).  
 

 
 

Figure 3. The scheme of evaporators location on the modified vacuum installation:  
1, 2 – arc-jet evaporators; 3 – magnetron; 4 – turntable 

 
The technological parameters of the coating applying process make and determine the procedure 

of coatings quality control; nevertheless, it is necessary to know the way how the precipitation process 
technology provides the quality of precipitated coating with the specified degree of accuracy.  
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The fundamental parameters describing the precipitated coating quality are as follows:  
 coating thickness;  
 microhardness of coating or composition of coating-backing, GPa;  
 strength of coating and substrate adhesion;  
 roughness of the surface with coating;  
 coefficient of friction.  

These parameters are related with the employment purpose of coated details. The mentioned input 
and output parameters of nano-coating plasma deposition are the principal ones in the process of 
estimating and optimising this technology. That is why the subsequent research stages assume possibility 
of organising the enhanced database under the condition of equipping the laboratory of Department of 
Technologies and Repair of Aeronautics Institute in RTU with other research plants for complex 
evaluation of obtained coating samples. The electronic microscope and the diffractometer ADP-1 are used 
in the laboratory for complex evaluating the quality of applying the nano-coatings with specified 
properties. Nevertheless the output analogue signal of this diffractometer was directed to the computer  
М-6000 and data plotter. The investigated detail of this diffractometer can be irradiated and rotated on  
the operating table for 60° at a pitch of 0,001°. Consequently, under investigation of one sample only  
(at one sectional view of, for instance, compressor or turbine blade), the massive of 60 000 signals, 
describing the deposition uniformity and coating structure, is obtained. It is necessary to compare  
the amplitudes of output signals with the base (reference) values for determining the quality of coating 
with preset properties [6]. 

At the first stage of present research the tasks of the authors were the following: to develop  
the means of transforming the analogue signals from diffractometer into the digital ones; to analyse  
the structure and volume of obtained information and determining the possibilities of results accumulation 
in the specialised database of personal computer.  

 
3. Development of Automated Digital Measuring System of Registration and Control  

of the X-rayed Diffractometer Data  
 

The proposed system of automated registration and taking off the data is oriented on detection and 
displaying the signal of basic goniometer (BG) general purpose, the functional blocks of which are  
the principal components of the X-rayed diffractometer. The goniometer implements the principle of 
focusing the X-ray radiation, dispersed by investigated sample [7].  

Registration of output signals BG-0 is implemented in the analogue system employing the laboratory 
compensation recorder. The form of presentation is shown on Figure 4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The fragment of amplitude registration of output signal of radiation detector of the X-rayed diffractometer 
 

For processing the measurement results according to the recorder data, done with employment of 
the X-rayed diffractometer, the combination of at least two operations is necessary: 

 fixation of maximum angles of recorder output signals; 
 estimation of maximum values of output signals in relative units depending on the equipment 

settings (on Figure 4 the maximum values are marked with corresponding notes). 
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Formerly both operations were executed manually. This fact significantly increases the 
laboriousness of the measurement results processing procedure and does not provide the acceptable 
accuracy of measurements. Moreover, the process of preliminary setting the equipment is significantly 
complicated.  

For eliminating the above mentioned defects it is offered to combine the measuring equipment and 
the system of automated registration and data taking off, the principal functions of which are done with 
employment of analogue-digital converter (ADC) of output signals of radiation detector and personal 
computer (РС of Notebook type), presenting and processing the signals at software level. 

The structural scheme of the created system of automated data registration and data taking off of 
the X-rayed diffractometer is demonstrated on Figure 5. It comprises the following blocks: output signal 
coupler of radiation detector, scaling amplifier, analogue-digital converter (ADC), triggering pulse 
generator, buffer register, USB interface and PC (notebook).  

The graphic block comprises the set of programmes providing the representation of sampling of 
measuring equipment signals on PC display in the view convenient for tuning the measuring equipment 
and further processing the measurements results.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Structure scheme of automated registration system and the X-rayed diffractometer data taking off 
 

The conversion device, marked with dashed line on Figure 5, is implemented on the basis of 
microcontroller AT90USB1287, comprising integrated ADC, generator and USB interface with power 
supply of +5V. AT90USB1287 is an economical 8-rated CMOS microcontroller implemented on the basis 
of high-performance architecture AVR RISC. By means of executing the majority of instructions at one 
synchronisation period the microcontroller AT90USB1287 reaches the efficiency of 1 million operations 
per second at 1 MHz of timing frequency, allowing optimisation of ratio of required power and 
promptitude.  

Microcontrollers are produced according to the technology of high-density non-volatile memory. 
The procedure of programming the integrated flesh-memory allows re-programming it inside the system 
via the consecutive interface SPI with employment of non-volatile memory programmer or with integrated 
boot programme, executed by AVR core. The boot programme can utilize any interface for downloading 
the programming code into flash-memory. By means of dividing the flash-memory into booting sector 
and applied programme sector, the actual possibility of reading in the course of recording when 
the booting code is still executed and the sector of applied programme is updated.  

All the exchanges (transactions) in USB consist of 3 packages. Every transaction is planned and starts 
due to the initiative of the host-controller, which is comprised in personal computer. The host-controller 
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sends the marker package (of token type), describing the type and direction of transaction, address of 
USB device, number of final point. 

There is only possible exchange between the final point of device and host for every transaction. 
The source of data, determined by marker, transfers the package. After successful receiving the package, 
the data receiver sends the package of confirmation (package of Handshake type). Since the maximum 
frequency of ACD discretization is 10 Hz, it is possible to use a low-speed mode of operating the USB 
bus bar USB LS (Low-speed), providing the transmission capacity of 1,5 Mbps. Moreover, for employing 
the drivers integrated into the operational system PC, it is reasonable to consider ACD as a HID-device 
(Human Interface Device), the maximum exchange speed of which is 64 Kbps. 

The graphics block is a standard window application with WinAPI interface, created in the environment 
of object oriented programming Borland Delphi 7 employing the compiler of Object Pascal language.  
The user’s interface, located in the right-hand part of the programme principal window, presents several 
logically separated groups of buttons and windows of settings. 

The following algorithms, implemented in the block of programming graphics, are employed for 
presenting and processing the measuring device signals: the amplitude indication of signals, colour brightness 
indication of registered signals levels, processing the signals, using the Hilbert transformation [8, 9]  
(see Figure 6).  

 

 
 

Figure 6. The amplitude registration of signals employing the Hilbert transformation 
 
4. Development of Information System of Statistical Processing the X-rayed Diffractined 

Data Analysis of Results of Experiments on Producing Nano-coatings  
 

The research group of the Institute of Transport Machinery Technologies in Riga Technical University 
is engaged in the investigation of issues of applying thin layers (nanocoatings) on various items for a long 
time. Information on the results of carried experiments is kept in different ways, partly in electronic form, 
partly in hard copies. The diffractometer, the signals of which are recorded by the recorder, are used for 
measuring then layer thickness and evenness. The diffractogramme decoding is done manually with 
employment of special tables, and this process demands the experience specialist’s labour and substantial 
time. The automated measuring set is in the process of developing for solving the problem of measuring 
the depth of layer; this set is supposed for digitisation of the diffractometer analogue signal and 
registering the measurements values in the database; this allows determination of the layer thickness in 
automated mode.   

The measurement of the following parameters is necessary for evaluating the quality of precipitated 
coating:  

• coating thickness;  
• microhardness of coating or composition of coating-backing, GPa;  
• strength of coating and backing adhesion;  
• roughness of the surface with coating;  
• coefficient of friction.  
The below listed parameters can be shown for comparative characteristics of the sample parameter 

values before and after applying the layer:   
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• hardness;  
• surface roughness;  
• friction coefficient.  
The experiments are carried out in a special plant designated for coating applying. Two arc evaporators 

and one magnetron dispenser are used as the sources of evaporation material. Every experiment is carried 
out for producing the coating for certain purpose, for instance, wear-resistant, heat-resistant, ornamental, 
smooth, special, and others. Several samples can be obtained in the same experiment. The following data 
are registered in the database: experiment number, date of carrying, purpose, executor, experiment 
description.    

The samples are registered, they are numbered, then the information on them is put into database: 
type of sample (detail, plate, etc), then photo before an experiment, type of material (steel, copper, type of 
alloy). The sample is set in the sector of plant, its position is registered (vertical or horizontal), if there is 
spinning (yes/no). There are five sectors in the plant: four peripheral and one central. The following data 
are registered in the database after carrying out the experiment: electric conductance, electrochemical 
conductance, hardness, colour, roughness and photo with layers structure. The first stage of an experiment 
consists of heating the plant for providing the normal adhesion for applying coating on the sample. 

The process of heating and modes of applying the coating are described with the following parameters: 
sputtering material, current intensity, draw-down pressure, gases pressure (argon, nitrogen), temperature, 
reference voltage and time. Thickness, hardness and deposition rate are fixed for every layer after 
experiment. Registration and processing the diffractometer results in the database are absent; they will be 
added only after the solution of technical problems connected with equipment development and its 
combination with diffractometer.   

The presented analysis allows formulating the following business requirement towards the developing 
system: the specialists of the research group need the information system capable of providing  
the registration and accumulating information on the conducted experiments, processing data, received 
from the measuring devices and the complex statistical processing of the obtained results. This system 
allows increasing the quality of measurements processing, to register and store centrally the information 
on investigated samples, to take the statistical analysis of the obtained results.  

The functional model of the coating applying process has been developed for finding out the full 
set of functions and tasks of the projected information system. The functional model in the framework of 
formalization allows gathering the information on the coating applying process in so called “information 
pile”. The functional model has been constructed on the basis of the system structural analysis with 
implementation of the method IDEF0 [10] using the package BPwin4.0 (see Figure 7). 

 

 
 

Figure 7. Functional model of coating application process 
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The received model has been presented in details in accordance with the tasks solved in  
the process of applying the coating and contains the following functional blocks (see Figure 8):  

• to prepare the sample – the sample is prepared for experiment, the measurements of parameters 
are found out and entered into the database;  

• to apply the nano-coating – the sample is put into the plant, the necessary values of 
parameters for coating applying are preset and fixed in the database;  

• to measure the parameters after the coating application – the measurement of the coating 
application uniformity, hardness, friction coefficient and strength of its adhesion with its 
backing is done with implementing the measuring devices;  

• to enter the results into the database – this functional block gathers all the data in the experiment 
process into the “information pile” for consecutive processing and analysing;  

• to process the results – the accumulated information is processed with statistical methods 
employment, then the analysis is done, and moreover, the user has possibility to receive  
the interesting information from the database in the form of output papers on the basis of  
the created query.  

 

 
 

Figure 8. Functional detailed model of coating application process 
 

The process of applying the coating comprises several stages. First, the information about  
the sample before applying the coating is registered in the database, the sample is numbered, its material 
or alloy is determined, the photo of this sample is taken, and the initial hardness, roughness and friction 
coefficient are measured with employment of measuring devices.  

Then the sample is placed into the plant for applying the coating, and the parameters of setting 
mode are fixed (temperature, pressure, magnetic field intensity, length of the process, etc.) and  
the material applied on the sample.   

The evenness and thickness of coating after its applying are examined with an employment of the 
diffractometer. The parameters, describing the quality of coating applying, can also be measured: 
hardness, friction coefficient and strength of coating and backing adhesion, the chemical composition of 
coating. The data of measurements are registered in the database with implementation of ACD. 

The database accumulates the information on the process of applying the coating on the sample. 
The statistical analysis takes place on the basis of accumulated information and in accordance with 
chosen statistical methods. The system forms the necessary final reports. 

The database model has been developed on the basis of functional model; it comprises the entity 
and their attributes, presented in the Table 1. 



Transport and Telecommunication Vol. 13, No 3, 2012 
 

 237

Table 1. Database phenomena and attributes 
 

Entity Attribute name Property  

ID_sample Primary key 
Material   
Picture   
Primary key  
Roughness   

Sample  

Friction coefficient  
ID_material Primary key 
Material   
Quantity   

Coating material 

Chemical composition   
Hardness   
Roughness   
Layer thickness  
Friction coefficient  
ID_sample Foreign key 
Layer chemical composition  

Sample parameters 

Strength of adhesion  
ID_setting mode Primary key 

Temperature   
Pressure   
Magnetic field intensity  
Time   
Angle of rotation   

Setting mode 

Pitch of rotation angle  
ID_coating applying Foreign key 
ID_setting mode Foreign key 
ID_material Foreign key 
ID_sample Foreign key 

Coating applying 

Date of application  
ID_sample 
ID_coating applying 

Primary key 
Measurements of diffractometer  

Amplitude of a signal  
ID_tests Primary key 
Date of test  
Type of test  
Test description  

Test  

ID_sample Foreign key 
Hardness   
Layer thickness  
Friction coefficient  
Roughness  
Strength of adhesion  

Test results  

ID_Test  Foreign key 
 
Database Implementation. The database has been implemented on the basis of functional model using 
MS Access 2007 [11]. This database management system (DBSM) quite corresponds to the solved tasks 
on saving, storage and processing the information under the condition of conducting experiments.  
The created data model is presented below on Figure 9.  
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Figure 9. Database diagram 
 

There has been developed and implemented the application interface. The user gets the main form, 
shown on Figure 10, allowing starting the operation with the database after running DBMS. There are  
the parameters for the experiment data registration in the upper part of the main form. There tab pages 
below; they provide the transit to the corresponding form.  

 

Figure 10. Application main form 
 

There is the form for completing the data about the sample of experiment on the tab Product 
Performance (see Figure 10). The user employs Check Box to point in the diagram the sector location  
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of the sample, its rotation round the axis and its position in the plant: vertical or horizontal. All  
the registered parameters are united into groups presenting the certain convenience for user, for instance,  
the parameters, registered after the experiment are united into group Characteristics of the Layers after 
Deposition. There is the form for introducing the data on heating mode on the tab Heat Performance  
(see Figure 11). The tabs Characteristics of the First Layers, Characteristics of the Second Layers Characteristics 
of the Third Layers contain the single-typed forms with parameters for accordingly the first, second and 
the third layers. These forms are shown on Figure 12.  

 
 

Figure 11. Form for introducing the data on the heating mode 

 

 
 

Figure 12. Form for introducing the data on the mode of applying the coating on the first layer 
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There is a button Experimental Results on the main form, shown on Figure 13, which opens form 
“Results of Experiments”. Employing this form, the user can view the experiments results for the certain 
time period, choose the experiments with specific material of deposition, and receive the data on 
experiments, resulted in certain level of hardness.  
  

 
 

Figure 13. Protocol form 
 

There is the button Report of Experiments on the main form for arranging the experiment protocol 
according to the settled form; it allows switching to the form “Report Experiment” (see Figure 14). It is 
possible to choose the number of experiment and then watch it in the preview mode or print it. 

 

 
 

Figure 14. Report of Experiments form 

 
All the requirements towards the database declared in the stage of developing have been implemented; 

the developed database has been testing using real data.  
 
5. Analytical Processing the Results of Nanocoatings Properties Changes  
 

The different modes of the plant operation were set in the process of performing the experiments: 
pressure, voltage, current; two parameters were set as constant values, while the third parameter was 
changeable. The performed experiments resulted in the obtained dependencies of the coating settling 
velocity on the plant operation mode. The above presented graphs were obtained after the data processing 
in this analytical module, and the equations describe these dependencies. The demonstrated graphs are  
the results of the experiments investigating the procedure of applying the coating on the different sides of 
the gas-turbine engine blade (see Figure 15). 

 

 
 

Figure 15. Stator blade of the gas-turbine engine after applying the coating and the view of the coating layer obtained  
with the electronic microscope employment 
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The obtained dependencies allow the performer to specify the plant operation mode for receiving 
the certain properties of coating, for instance, the thickness of the coating. The determining parameter is 
the gas pressure in the plant, and then the coating settling velocity is determined according to the gas 
pressure. The coating settling velocity will determine the voltage and the current intensity in the plant 
employing the received dependencies are shown on Figure 16 and Figure 17.  

 
 

Figure 16. Dependence of coating settling velocity on the gas pressure in the plant 
 

 
 
 
 
 
 
 
 
 
 
 
 
 a) b) 

Figure 17. Dependence of coating settling velocity on the voltage (a) and current intensity (b) in the plant 
 

The analytical module allows identification of the plant mode parameters automatically and to  
a high precision, since it uses the equations, describing the obtained data. In the process of accumulating 
the experiments data in the different plant operation modes, the automatic correction of the received 
dependencies aimed at their updating and specification is done on the regular basis. Consequently, the analytical 
module allows efficient and prompt imposing the correcting procedures in the process of performing  
the experiment. Comparison of the forecast results and then this forecast verification has manifested  
a rather high rate of the results convergence.  
 
6. Conclusions 
 

The research under consideration covers the complex approach towards arranging the procedure of 
the experiments on applying the nanocoatings on various materials. This approach comprises the full 
provision of the experiments information support, including the database containing the entire 
information on the experiments results. The data kept in the database are “cleared” and then transferred to 
the data warehouse; consequently, the data are “downstocked” for the following analytical processing. 

The researcher employing the system analytical module has possibility to analyse this information, 
discover the hidden dependencies, and make the results forecasts, and so on. This approach has provided 
the high quality level of performing the experiments on applying the nanocoatings on the surfaces of 
industrial products and machinery.  
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Palšaitis, R., Ponomariovas, A. Assessment of Rail Freight Transport Service Quality, Transport 
and Telecommunication, Vol. 13, No 3, 2012, pp. 188–192. 

Investigations show a growth of requirements for goods transportation quality by rail. There is  
a need to analyse in details goods transportation system by rail to meet requirements of market and 
give extra boost to development transportation service quality. The purpose of the current article is to 
give a partial overview about the experts, freight forwarders and customers’ survey results.  
The analysis of customers’ answers showed that they are not fully satisfied with quality of  
the service. It was identified that freight forwarders and other transportation service providers must 
carry out regular self-assessment of performance against defined criteria of service. Clear and united 
criteria of cargo transportation quality by rail will make easier to choose transport mode, transport 
means and route. The survey data and literature analysis showed that there is a vast range of criteria 
to be proposed for rail service quality evaluation, but no one of the models is prevailing. The analysis 
showed that most often the mentioned criteria are linked with the information, rolling stock, 
reliability and punctuality.  

Keywords: rail freight, quality indicators, forwarders 
 

Shabeer, H. A., Banu, W. Mobile Phone Accidents – Experience of India, Transport and 
Telecommunication, Vol. 13, No 3, 2012, pp. 193–208. 

Every year nearly 1.4 million people have been killed because of they are wireless customers 
and their over-bearing cell phones. While in India, an estimated 1.35 lakhs person died due to road 
accident in 2010, which is approximately 10% of road accident fatalities worldwide and these figures 
are the highest in the world. But still no research has been carried out to find the number of drivers 
using cell phone involved in road accident and very limited efforts has been carried out to prevent 
accident due to cell phone usage. To our knowledge this is the first survey carried out in India to 
determine the number of drivers involved in an accident due to mobile phone use. With the aim of 
preventing such accidents, it is proposed to develop a highly efficient automatic system for early 
detection of incoming and outgoing call, by placing an antenna along with mobile detection unit 
above the driver seat. This unit is capable of distinguishing whether the cell phone used either by the 
driver or by the passenger, if the driver uses of cell phone is detected, a safety application named 
Cellphone Accident Preventer (C.A.P.) which is developed using J2ME will be automatically load on 
the driver’s cell phone which helps in eliminating the risk of accidents from occurring, at the same 
time ensuring that the user does not miss any emergency call. The research has been extended to 
show how far the system will help in preventing accidents and to what extent this system will help in 
reducing the Indian economic loss incurred unnecessarily due to road accident fatalities. 

Keyword: Mobile Phone Accident, location of vehicle using a mobile phone, cell phone detection, 
Mobile safety application, Risk of using a mobile phone, Mobile Jammer 

 
Yurshevich, E., Yatskiv, I. Consideration of the Aspects of the Transportation Systems Microscopic 
Model Application as Part of a Decision Support System, Transport and Telecommunication, 
Vol. 13, No 3, 2012, pp. 209–218. 

The article presents the experience in using decision support system (DSS) when managing 
urban transport system (UTS) and a possibility of using microscopic modelling as an integral part of 
the decision-support system (DSS) when managing the urban TS. To illustrate the problem and a possible 
DSS-based solution, an example of a specific project has been examined, where microscopic modelling 
was used for the analysis of possible reconstruction of a transport system (TS) fragment in the city of 
Riga, – which was performed in 2010 in the laboratory of applied software systems of the Transport 
and Telecommunication Institute (in Riga). The project goal was the consideration of expediency for 
implementation of a pedestrian area in the street of city centre with the existing street traffic.  
The article formulates some problems that occurred in the process of development and application of 
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simulation model for analysing various scenarios; some possible alternatives of their solution are 
suggested.  

An alternative of possible DSS architecture for managing TS in Riga is suggested; some requirements 
to the data handling and organization in the system are examined. Special attention has been paid to 
the problem of synchronizing the data handling of macroscopic and microscopic models of urban TS. 
The article formulates the requirements to organization of data transmission interface between macroscopic 
and microscopic data. The suggested DSS concept can be used when solving various problems of 
transportation planning. 

Keywords: Decision Support Systems, Urban Transportation System, Microscopic Model, Data 
Requirements, Macroscopic Model Integration 

 
Yatskiv, I., Pticina, I., Savrasovs, M. Urban Public Transport System’s Reliability Estimation 
Using Microscopic Simulation, Transport and Telecommunication, Vol. 13, No 3, 2012,  
pp. 219–228. 

In the article the procedure of the reliability measures estimation for one route of the public 
transport network on the basis of a traffic flow modelling is suggested. A definition of UPTS 
reliability is based on the analysis of the Travel Time Reliability, Arrival Time Reliability and 
Probability of arriving to the stops with delay no more than m minutes. The approach is applied to 
the real task of the reliability estimation for Riga city public transport route. The microscopic model 
of transport network fragment is used for it. 

Keywords: public transport, reliability, travel time, microscopic model 
 

Kopytov, E., Urbach, A., Kutev, V., Labendik, V., Yunusov, S. Information Support System 
for Technology of Applying the Multi-Component Nano-Structured Protective Coatings, Transport 
and Telecommunication, Vol. 13, No 3, 2012, pp. 229–242. 

The given article considers the process of arranging informational support in carrying out experiments 
on applying the nanostructured protective covering on different materials. For nano-coverings 
coating, there is used special plant, which is given different modes of performance. For accounting 
all parameters and for accumulating the data, which characterize the results of the experiments, there 
is suggested an information system which employs the database designed for these purposes.  
The authors suggest an approach to defining the main requirements and functions of an information 
system on the basis of functional simulation and consider the issues of its realization. This information 
system also allows processing the results of the experiments with the use of statistical methods.   
The analytical module of the information system is supposed for solving the tasks of determining  
the thickness of covering depending on the specified mode of plant operation (pressure, voltage, 
current); it is also employed for determining what operation mode is required for receiving  
the covering with certain designated properties and parameters. Consequently, the task of scientific 
prognostication of the covering properties is solved.   

Keywords: functional model, database, parameters of coverings, mode of performance 
nanotechnology, information system, analytical processing 
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Palšaitis, R., Ponomariovas, A. Dzelzceļa kravu pārvadājumu servisa kvalitātes novērtējums, 
Transport and Telecommunication, 13.sēj., Nr.3, 2012, 188.–192. lpp. 

Dotie pētījumi parāda preču pārvadājumu pa dzelzceļu kvalitātes prasību pieaugumu. Pastāv 
nepieciešamība sīki izanalizēt preču pārvadājumu pa dzelzceļu sistēmu un izprast labāk tirgus 
prasības, kā aŗī strauji uzlabot pārvadājumu kvalitāti. Šī raksta mērķis ir sniegt pārskatu par ekspertu 
atzinumiem, kravu ekspeditoru un klientu aptaujas rezultātiem, kas arī pierāda kvalitātes trūkumu 
pārvadāšanā. Rakstā tiek analizēti kritēriji, pēc kuriem var tikt precīzi izvērtēta pārvadājumu 
kvalitāte, kā arī tiek pierādīts, ka neviens no modeļiem negūst virsroku. Analīze parāda, ka visbiežāk 
minētie kritēriji ir saistīti ar informāciju, ritošo sastāvu, paļāvību un punktualitāti. 

Atslēgvārdi: dzelzceļa krava, kvalitātes rādītāji, ekspeditori 
 
Shabeer, H. A, Banu, W. Mobilo telefonu izraisītie negadījumi – Indijas pieredze, Transport 
and Telecommunication, 13.sēj., Nr.3, 2012, 193.–208. lpp. 

Katru gadu ap 1,4 miljoniem cilvēku iet bojā tāpēc, ka viņi ir bezvadu tīkla klienti un dēļ to 
mobilajiem telefoniem.  

Tajā pašā laikā Indijā 2010. gadā 1,35 simti tūkstoši cilvēku gāja bojā ceļu satiksmes negadījumu 
dēļ, kas sastāda apmēram 10% no visā pasaulē bojā gājušajiem ceļu satiksmes negadījumos un šie skaitļi 
ir visaugstākie pasaulē. Un tomēr nav veikti pētījumi, lai noskaidrotu precīzu skaitli, cik cilvēku ir 
iesaistīti ceļu satiksmes negadījumos, lietojot mobilo telefonu auto vadīšanas laikā. Pēc mūsu domām, 
šīs ir pirmais pētījums, kas tiek veikts Indijā, lai noteiktu to auto vadītāju skaitu, kas ir iesaistīti 
negadījumos mobilo telefonu dēļ. Lai ierobežotu šos negadījumus, ir iecerēts attīstīt augsti efektīvu 
automātisku sistēmu agrīnai ienākošo un izejošo zvanu noteikšanai, izvietojot antenu un mobilās 
iekārtas atrašanās noteikšanai virs auto vadītāja sēdekļa. Šī ierīce varēs atšķirt, vai mobilo telefonu lieto 
auto vadītājs vai pasažieris, ja tiek noteikts, ka mobilo telefonu lieto vadītājs, tad drošības ierīce – angl. 
Cellphone Accident Preventer (C.A.P.) – kas ir uzbūvēta, pielietojot J2ME, automātiski ielādēsies 
vadītāja mobilajā telefonā, kas palīdzēs izvairīties no negadījuma riska, tajā pašā reizē nodrošinot,  
ka telefona lietotājs nepalaiž garām kādu no neatliekamajiem zvaniem. Pētījums tiek izvērsts, lai 
parādītu sistēmas palīdzības iespējas negadījumu aizkavēšanā un cik lielā mērā šī sistēma palīdzēs 
Indijas ekonomikas zaudējumu samazināšanā, kas radušies nevajadzīgi satiksmes negadījumos bojā 
gājušo dēļ. 

Atslēgvārdi: ceļu satiksmes negadījums, ko izraisa mobilā telefona lietošana; satiksmes līdzekļa 
lokācija, lietojot mobilo telefonu; mobilā telefona uztveršana; mobilās drošības pielietošana; mobilais 
slāpētājs 

 
Jurševiča, J., Jackiva I. Daži aspekti par transportēšanas sistēmu mikroskopiskā modeļa pielietošanu 
kā daļu no lēmumu atbalsta sistēmas, Transport and Telecommunication, 13.sēj., Nr.3, 2012,  
209.–218. lpp. 

Rakstā tiek parādīta lēmumu atbalsta sistēmas (angl. decision support system (DSS)) lietošanas 
pieredze pilsētas transporta sistēmas (angl. urban transport system (UTS)) vadīšanā un iespēja lietot 
mikroskopisko modelēšanu kā integrālo daļu no DSS, vadot pilsētas transporta sistēmu. Lai ilustrētu 
problēmu un iespējamo DSS-balstītu risinājumu, īpaša projekta piemērs tiek izskatīts, kur 
mikroskopiskā modelēšana tika lietota Rīgas pilsētas transporta sistēmas fragmenta iespējamās 
rekonstrukcijas analīzei, kas tika veikta 2010. gadā pielietojamās programmatūras sistēmu laboratorijā 
Transporta un sakaru institūtā Rīgā. Projekta mērķis bija lietderības apsvēršana, lai ieviestu gājēju 
zonu pilsētas centra ielā ar esošo ielu satiksmi. 

Dotajā rakstā tiek piedāvāta alternatīva iespējamai DSS arhitektūrai, lai vadītu transporta sistēmu 
Rīgā., kā arī tiek izskatītas dažas prasības sistēmas datu apstrādē, tās vadīšanā un uzturēšanā. Īpaša 
uzmanība tika veltīta pilsētas transporta sistēmas mikroskopisku un makroskopisku modeļu datu 
apstrādes sinhronizācijai. Rakstā tiek formulētas prasības datu transmisijas interfeisa starp 
makroskopiskiem un mikroskopiskiem datiem organizēšanai. Piedāvātais DSS koncepts var tikt 
lietots, risinot dažādas transportēšanas plānošanas problēmas. 

Atslēgvārdi: lēmumu atbalsta sistēma (angl. – DSS), pilsētas transportēšanas sistēma, mikroskopisks 
modelis, datu prasības, makroskopiska modeļa integrācija  
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Jackiva, I., Pticina, I., Savrasovs, M. Pilsētas sabiedriskā transporta sistēmas uzticamības 
novērtēšana, pielietojot mikroskopisku imitāciju, Transport and Telecommunication, 13.sēj., Nr.3, 
2012, 219.–228. lpp. 

Rakstā autori piedāvā uzticamības pasākumu novērtēšanas procedūru sabiedriskā transporta tīkla 
vienam maršrutam, pamatojoties uz satiksmes plūsmas modelēšanu. UPTS uzticamības definīcija ir balstīta 
uz Travel Time Reliability /ceļošanas laika uzticamība/, Arrival Time Reliability /ierašanās laika 
uzticamība/ un Probability of Arriving to the Stops /ierašanās pieturvietās varbūtība/ ar nokavēšanos 
ne vairāk kā m minūtes analīzi. Pieeja tiek pielietota reālajam uzticamības novērtēšanas uzdevumam Rīgas 
pilsētas sabiedriskā transporta maršrutam. Tam tiek lietots transporta tīkla fragmenta mikroskopiskais 
modelis. 

Atslēgvārdi: sabiedriskais transports, uzticamība, braukšanas laiks, mikroskopiskais modelis 
 

Kopitovs, E., Urbahs, A., Kutevs, V., Labendiks, V., Junusovs, S. Informācijas atbalsta 
sistēma daudzkomponentu nanostrukturētu aizsargslāņa pārklājumu pielietošanas tehnoloģijai, 
Transport and Telecommunication, 13.sēj., Nr.3, 2012, 229.–242. lpp. 

Dotajā rakstā tiek izskatīts informācijas atbalsta sakārtošanas process, veicot eksperimentus 
nanostrukturētu aizsargpārklājumu dažādiem materiāliem pielietošanā. Nano-segumu pārklājumiem 
tiek izmantota īpaša iekārta, kurai tiek doti dažādi veidi veikšanai. Visu parametru uzskaitei un datu 
uzkrāšanai, kuri raksturo eksperimentu rezultātus, tiek piedāvāta informācijas sistēma, kura izmanto 
šiem nolūkiem izveidotu datubāzi. Autori piedāvā pieeju informācijas sistēmas galveno prasību un 
funkciju noteikšanai, pamatojoties uz funkcionālo imitāciju, kā arī apskata jautājumus tās realizācijai. 
Šī informācijas sistēma arī ļauj eksperimenta rezultātu apstrādi ar statistisko metožu pielietošanu. 
Informācijas sistēmas analītiskais modulis ir paredzēts, lai risinātu uzdevumus pārklājuma, kas ir 
atkarīgs no ierīces darbības konkrētā veida (spiediena, sprieguma, strāvas), biezuma noteikšanā; tas 
arī tiek izmantots, lai noteiktu, kāds darbības veids tiek prasīts, lai iegūtu segumu ar dažām 
norīkotām īpašībām un parametriem. Tādējādi, segumu īpašību zinātniskās prognozes uzdevums ir 
atrisināts.  

Atslēgvārdi: funkcionāls modelis, segumu parametri, nanotehnoloģiju darbības veids, informācijas 
sistēma, analītiska apstrāde 
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