
 

 
 

 

 

 

 

II. THE USE OF OPTIMIZATION TOOLS 

TO IMPROVE TRANSPORT 

EFFICIENCY 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 
 

 



CHALLENGES AND MODERN SOLUTION IN TRANSPORTATION 

 

81 
Stajniak M. et al. (eds.), Challenges and modern solution in transportation,  

https://doi.org/10.17270/B.M. 978-83-66017-85-6 

Bogusław Śliwczyński 

Poznan School of Logistics 

e-mail: boguslaw.sliwczynski@wsl.com.pl 

 

 

MODEL OF INTELLIGENT TRUCK TRAFFIC  

MANAGEMENT SYSTEM IN THE SEA PORT 

 

ABSTRACT 

Background: The objectives presented in the article - systemic assurance of better and 

integrated traffic management, effective use of transport infrastructure and road capacity as 

well as tracking of traffic and optimization of cargo flow - are completely consistent with the 

EU direction documents. Currently, traffic in the European sea ports (e.g. Rotterdam, Hamburg, 

Antwerp, Dover, Gdynia, Felixstowe, Aalborg, Le Havre, Lisbon) periodically reaches the 

saturation level in the existing road network. This causes trucks queues before entering 

terminals and on access roads, creating traffic jams and blocking roads in the port and the main 

access routes, as well as extension of unloading/loading time of ships and reducing the 

efficiency of terminals' work. The problems identified have a significant impact on the 

efficiency and duration (and delays) of cross-border road freight transport and cargo flow in 

import/export as well as in global intermodal supply chains.  

Methods: The article presents the model of intelligent integration of three operationally 

associated areas in sea port – e-booking time slots system for all port terminals, the ITS system 

of traffic control synchronized with terminals and management of the common parking space 

of the port. Based on analysis results of the cargo flows and processes in the port, a model for 

estimating the required capacity of access roads and parking space was developed and applied 

in practice road traffic engineering method HCM-2010. Operational data was used to 

parameterize the model of intelligent truck traffic management (ITTM).  

Results: The main future impact effect of applying is eliminating the bottleneck in the sea port 

as well as undisturbed operations of port terminals and smooth flow of cargo delivery/departure. 

Results obtained with the ITTM model were compared with traffic management solutions in 

the largest seaports of Europe. 

Conclusions: The competitiveness of a sea port depends on their ability to innovate in terms of 

ICT platform, ITS and IoT technology, as well as organisation and management. Numerous 

measurable benefits of increased reliability of deliveries and punctuality in delivering cargo 
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presented in the paper are key reasons for the growth of competitiveness of the polish ports 

among other seaports.  

 

Keywords: supply chain efficiency, traffic management system, Intelligent Transport System, 

time slots e-booking system, bottleneck elimination. 

 

INTRODUCTION 

The increase in the traffic of truck servicing the flow of goods in the network of the Port and 

access roads takes place in the dynamically developing maritime traffic and the growing of road 

traffic of coaches and cars. A significant share of sea terminals, carriers, forwarders, etc. that 

deal with transport and supply chain management in Europe recognise interoperability and 

information exchange as a relevant challenge (Kolinski, Jaskolska, 2018). Interoperability is 

expensive and complex. Information exchange implementations in this respect have so far often 

triggered by traffic management needs (e.g., road, rail, maritime and ship-to-shore 

communications) and public ITS systems for route, journey and parking management. ITS 

components that are integrated can result in synergistic effects when considered as an entire 

system. 

To achieve higher efficiency levels, large companies have significant costs in making sure 

that their transport/supply chains are connected. Many SMEs lack the capability and resources 

to interoperate and collaborate with other companies. 

In response to these needs, the European Commission has launched ITS Action Plan 

(Action Plan for the Deployment of Intelligent Transport Systems in Europe COM(2008) 886 

final) and Directive 2010/40/EU on the framework for the deployment of Intelligent Transport 

Systems in the field of road transport and for interfaces with other modes of transport. 

Intelligent Transport System is only a means for intelligent traffic control, while the needs 

for careful coordination in the sea port include transhipment operations in sea terminals and 

warehouses correlated with maritime/rail/road transport, road traffic management and parking 

area management (Zhang et al. 2011; Meneguette et al. 2018; Greer et al. 2018). The critical 

role of sea port as multi-modal hub require intelligent, integrated and efficient time booking 

system for tracks that will integrate all transhipments operations in sea terminals with 

harmonised road transport in port and surrounding area. 

The objectives and assumptions presented in the article - systemic assurance of better and 

integrated traffic management, effective use of transport infrastructure and road capacity as 
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well as tracking of traffic and optimization of cargo flow - are completely consistent with the 

assumptions of many EU direction documents (including the Plan for the creation of The Single 

European Transport Area - the 'White Book' and the EU Guidelines for the development of the 

Trans-European Transport Network - Regulation of the European Parliament and of the Council 

No. 1315/2013). According to the guidelines presented in Regulation 1315/2013 and the Plan 

for the creation of a Single European Transport Area (White Paper), the intelligent traffic 

management system in the Port should: 

▪ integrate the use of several systems:  

– ITS system, 

– cargo information management system, 

– parking area management system and provide commercial users with an adequate 

number of parking spaces, 

 in order to alleviate the impact of traffic congestion on roads, 

▪ be designed, developed and operated in a resource-efficient manner - i.e. by implementing 

new technologies and financially justified telematics applications, 

▪ use modern information and communication technologies to solve bottlenecks and increase 

road capacity, 

▪ meet the requirements of the EP and Council Directive 2010/40/EU on the framework for 

the deployment of intelligent transport systems in the field of road transport and interfaces 

with other modes of transport, 

▪ provide information flow between the port, sea terminals in the port, logistics platforms 

and individual transport modes in the logistics chain to enable real-time data access on 

available road capacity infrastructure, traffic flows and traffic tracking, 

▪ provide reservation services for secure and protected parking spaces for trucks, 

▪ ensure the functioning of the system and availability of digital services defined in the 

system on a continuous basis (24h/day /365 days), 

▪ take into account the principles of evaluating socio-economic costs and benefits and 

European added value. 

An important horizontal guideline for the central and integrated traffic management system 

in the Port is the EC position presented in Communication COM (2016) 766 Final concerning 

the European strategy for cooperating intelligent transport systems - digital technologies and 

implemented digital services in transport should allow new forms of value creation, including 

the data sharing economy and their reusability. In the case of the analysed system, the EC 

guidelines concern the commonality, smooth exchange and data transfer, sharing and re-use of 
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data among partners of intelligent traffic management system (e.g. terminals, logistics 

operators, carriers, forwarders, port, National System of Traffic Management as well as 

National Access Point to traffic data). The EC guidelines resulting from Regulation 1316/2013 

establishing the Connecting Europe Facility specify requirements for increasing the capacity of 

road transport infrastructure in the core TEN-T network and in the TEN-T core network 

corridors - including ITS and other traffic management systems identified for improving the 

efficiency of transport operations in the area of a seaport as a key element of the last mile 

sections of the TEN-T network. 

 

OPERATIONAL ANALYSIS OF LOGISTIC PROCESSES IN SEA PORTS 

The port’s ability to reduce delays and meet customers’ requirements enhances supply chain 

efficiency. Exchanging timely, accurate information about terminal operations, 

road/maritime/rail traffic and parking fulfilling/capacity with suppliers, sea terminals, carriers, 

forwarders, etc. benefits everyone. Operational coordination of transports and transhipments in 

the existing and developing network of feeder-district roads requires intelligent and multimodal 

synchronisation of the goods flow. The proposed project of a multidimensional integrated 

traffic management system will have the task of linking the planned and effective operation of 

terminals in the port with sea, road and rail transport, ensuring smooth delivery and transport 

of goods. Multidimensional integration of intelligent traffic management will include: 

▪ all types of cargo - containers, general cargo, bulk cargo - solid and liquid, oversized and 

special-purpose cargo, 

▪ synchronization of road transport traffic with priority maritime transport, 

▪ synchronization of road transport with reloading operations of all terminals in the port,  

▪ coordination and management of traffic on the internal roads of the sea port with traffic on 

access roads using ITS and IoT systems,  

▪ integrated management of parameters for a common parking space (central parking or 

several parking lots) and by access roads, 

▪ an integrated digital platform for e-service upgrades by hourly time slots (slot booking 

system) for customers and partners around the world, at all port’s terminals,  

▪ an integrated platform for communication and data exchange between the port traffic 

management centre, terminals, forwarders, carriers, drivers, customs and border services. 

 

The objective of the intelligent truck traffic management system in the Port is: 

▪ balancing traffic saturation in the road network,  
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▪ reduction of congestion and elimination or reduction of queues before entry to terminals 

and access roads, 

▪ improving the efficiency and effectiveness of terminals and shortening the time of ship 

service by synchronising the delivery/departure of cargo in road transport with the 

operations in the terminals, 

▪ optimal allocation of trucks in the parking lots of the Port and its surroundings and 

integrated management of the parking space, 

▪ improvement of safety and comfort of transport for the society of City agglomeration. 

Transhipment operations in the sea port include container, general cargo, bulk cargo (loose, 

liquid) and oversized cargo (including ferry terminals). The bulk cargoes are dominated by coal, 

coke, ore, cement, cereals and fodder, biomass, middlings, sugar and flour, aggregate minerals, 

fertilizers, wood, chemical industry products, oil and petroleum products, diesel and heating 

oil, waste. 

The volume and route of cargo flow and truck traffic flows in a seaport are fundamentally 

influenced by factors: 

▪ the volume of cargo turnover in individual terminals, 

▪ location of terminals in the port area - e.g. container, ferry, mass specialized and universal 

terminals,  

▪ truck arrival and import procedures - e.g. including examination of the goods before 

unloading and internal journeys of the terminal - parking - terminal,  

▪ journeys in the port between terminals and wharfs of the Port and effective use of truck, 

access and return routes from the Port, i.e. arrival - unloading - internal passage - loading 

- departure,  

▪ location of parking lots and mandatory car registration/weighing procedures in parking lots 

before entering the terminal, 

▪ cargo handling tactics in ship handling processes (direct loading/unloading of lorries or 

indirect, including warehouses and depots in port terminals). 

The volumes of transhipments in the sea port by product groups (general cargo and bulk - 

loose and liquid) and container transhipments are presented in Table 1. 
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Table 1. Transhipment volumes in seaport by product group 

Transshipment by assortment groups Volume 

  Coal and coke 2 134,5 

  Redhead 15,1 

  Other bulk 1 079,3 

  Cereals 3 482,7 

  Wood 234,0 

  Mineral matter 12 460,4 

  Fuels 1 819,1 

Total 21 225,2 

Container handling /in TEU/ 710 698 

  

Source: own study based on the Port development and terminals data 

 
The volume of transhipments allocated to particular terminals according to their turnover and 

cargo specialization is the basic premise for the size of truck streams on access roads. The table 

below presents vehicle streams including damming up and maximum truck streams of entry/exit 

to/from individual terminals, based on data from cargo turnover records in IT systems, 

managers' estimates and port operational data. Moreover, the access/output traffic of lorries on 

the port roads also generates logistic services and operations of terminal operators, logistic 

operators and other companies operating in the Port area (Table 2). 

 
Table 2. Volume of transhipments in a seaport 

Terminals 
Number of trucks 

per day 

Maximum number of trucks/hour 

Entry Exit 

Cement terminal 40 5 5 

Mass terminal 30 4 4 

Grain terminal 300 15 15 

Container terminal 1300 110 110 

Tank Terminal 45 5 5 

Bulk terminal 300 25 25 

Gas Terminal 40 5 5 

Universal cargo terminal 430 45 45 

Ferry terminal 1200 80 80 

Other cargo transhipment terminal 500 25 25 

Total  4 185 319 319 

Source: own study based on the Port development and terminals data 

 
Truck traffic is the result of transhipments in port terminals, and the flow of goods and traffic 

flows are the result of the location of terminals and the specialization of the handled goods. 

Road traffic on the access roads and internal roads of the Port is also generated by passenger 

cars and coaches. The needs of travel/ departure to/from work of employees in particular 

terminals and enterprises, travel/ departure of passengers in ferry traffic and coach transport in 

passenger traffic service are usually accumulated at specific times of start/end of work and dates 

of ferry trips (Table 3). 
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Table 3. Road traffic on access roads and internal roads of the Port 

Traffic of cars and coaches 

Number of 

vehicles 

 per day 

Maximum number of 

vehicles/hour 

Entry Exit 

Terminals, enterprises, institutions in the Port 2200 550 550 

Cars and coaches (city) 1200 100 100 

Total  3 400 650 650 

Source: own study based on the Port development and terminals data 

 
Individual terminals provide in their development strategies for an increase in reloading (often 

at the level of 10% - 15% / annually), expansion of the warehouse and warehouse base both in 

the Port area and in logistics centres in the vicinity of the Port, in the extended integrated 

formula Sea Port - Dry Port.  The plans also include greater product diversification, expansion 

into new foreign markets and acquisition of new contractors. The resulting increase in transport 

streams may increase both road and rail transport. 

A systematic increase of cargo flow is expected in the TEN-T corridor passing through 

European ports, serviced both by existing terminals and those planned in port development 

strategies. On the basis of the operational analysis, the forecasts presented in Table 4 were 

adopted. 

 

Table 4. Basic assumptions of the operational analysis 

Forecasted operational data Value 

Transhipment of containers /TEU/ 1 000 000 

The structure of container transhipment /%/  

− 20’  containers 20’ 40 % 

− 40’  containers 60 % 

Coefficient of load flow unevenness 1,3 

Empty tractors arriving for containers and departing after unloading 

containers 
60 % 

Number of transhipment work days per year 300 

Number of containers transhipped daily in /TEU/ 3340 

The number of containers per day according to the structure   

40%/60% 
2338 

The number of IN / OUT trucks per day  
(including uneven flow and empty commuting / departures) 

4900 

Effective time of IN / OUT operational traffic in the terminal /man-

hour/   
20 

Source: own study based on the Port development and terminals data 

 
According to the adopted assumptions for the development of the Port and its terminals, the 

forecast traffic of trucks resulting from the forecast container turnover is presented in Table 5. 

 

Table 5. Forecasted truck traffic resulting from the forecasted container turnover 

Traffic of cargo trucks 
Number of trucks 

 per day 

Maximum number of 

trucks/hour 

Entry Exit 

Development and extension of container terminal 9 800 244 244 

Source: own study based on the Port development and terminals data 



CHALLENGES AND MODERN SOLUTION IN TRANSPORTATION 

 

88 
Stajniak M. et al. (eds.), Challenges and modern solution in transportation,  

https://doi.org/10.17270/B.M. 978-83-66017-85-6 

 

In addition, the development of universal terminals, LNG and ferry terminals is also planned, 

as shown in Table 6. 

 

Table 6. Analysis of the development of terminals - universal, LNG and ferry terminals 

Traffic of cargo trucks 
Number of 

trucks 

 per day 

Maximum number of 

trucks/hour 

  Entry Exit 

Development and extension of general cargo terminal 600 45 45 

Development and extension of ferry terminal 1 500 100 100 

Total 2 100 145 145 

Source: own study based on the Port development and terminals data 

 

In total, the increase in truck traffic resulting from transshipment operations in the Port, 

forecast for the future, is presented in Table 7. 

 

Table 7. Car traffic growth forecast 

Traffic of cargo trucks 

Number of 

trucks 
 per day 

Maximum number 

of trucks/hour 

Entry Exit 

Development and extension of container terminal 9 800 244 244 

Development and extension of general cargo terminal 600 45 45 

Development and extension of ferry terminal 1 500 100 100 

Total 11 900 389 389 

Source: own study based on the Port development and terminals data 

 

The forecast for the future growth of passenger car and coach traffic, resulting from the growth 

of goods turnover in the Port, is presented in Table 8. 

 

Table 8. Forecast of growth in passenger car and coach traffic 

Traffic of cars and coaches 
Number of 

vehicles 

 per day 

Maximum number of 

vehicles/hour 

Entry Exit 

Development and extension of container terminal 1600 400 400 

Development and extension of general cargo terminal 100 40 40 

Development and extension of ferry terminal 200 30 30 

Total  1 900 470 470 

Source: own study based on the Port development and terminals data 

 

The road accessibility of the Port depends on the capacity and throughput of the system of 

access roads1 to individual port terminals. Within the analysis, both feeder/carriage traffic of 

lorries as well as road traffic of cars and coaches, commuting to terminals, enterprises and 

institutions, and urban traffic of cars and coaches in the road network of the Port and its 

surroundings have been taken into account. 

 
1 Road capacity - the largest number of motor vehicles that can pass through a given cross-section of a road or lane 

in one direction (for two-way roads in both directions) per hour in favourable weather conditions. The throughput 

is expressed in real vehicles per hour [P/h]. 
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Table 9. Analysis of Port Road Accessibility 

 
Number of 

vehicles 

 per day 

Maximum number of 

vehicles/hour 

Entry Exit 

Traffic of cars and coaches 

- resulting from the flow of cargo in the Port 
2200 550 550 

City passenger cars and coaches 1200 100 100 

Total 3400 650 650 

Source: own study based on the Port development and terminals data 

 
The capacity assessment was made for roads forming the framework of the road transport 

system for the Port. The capacity of access roads to the Port conditioning the availability of 

particular terminals in the transport processes of goods flow in the base network of TEN-T was 

estimated on the basis of the applied in practice road traffic engineering method HCM-85 

(Highway Capacity Manual) and subsequent editions of the method HCM-2010 and HCM-6 

(HCM 2010). 

In the estimation analyses, the required parameters and engineering coefficients were taken 

into account, both for road infrastructure and vehicle driving behaviours (affecting the road 

throughput), including, among others, design speed, lane width and side width, type of side 

roads, number of lanes, traffic directional and generic structure, traffic organization and 

signalling, visibility, average response time of drivers, blocking elements, side obstacles and 

other accompanying elements. An adequate Free-Road Level (FRL)2 is also taken into account: 

▪ Level A – free traffic, low traffic and relatively free choice of speed and manoeuvres, 

▪ Level B – uniform traffic, slightly limited driving speed and freedom of manoeuvring, 

▪ Level C – uniform traffic, considerably limited driving speed, manoeuvring requires much 

attention due to the presence of other vehicles, 

▪ Level D – uneven traffic, very limited choice of speed and manoeuvres, poor comfort of 

driving, temporary increases in traffic cause traffic disturbances, 

▪ Level E – uneven traffic, traffic intensity reflects road capacity. Poorly stabilised speed, 

manoeuvring based on forced movements, slight increase in traffic or temporary traffic 

halts lead to serious disturbances 

 

The capacity of road sections is calculated according to the real traffic speed (currently the 

permissible speed on the main access road to the Port is 70 km/h, in the area of 50 km/h) and 

 
2 Free-Road Level (FRL) is a qualitative measure of traffic conditions, taking into account the feelings of drivers 

and other road users. The whole range of variability of traffic conditions is divided into 6 classes - marked with 

the letters A ÷ F. The level of freedom of movement A corresponds to the best, and FRL F to the worst traffic 

conditions. The level of freedom E determines the traffic intensity corresponding to the road throughput. 
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the estimated traffic intensity, taking into account the above road parameters, traffic coefficients 

and the level of freedom of traffic. 

The throughput analysis was performed for FRL level D and E - assuming real conditions 

of momentary increases in traffic intensity, causing congestion and slowdown of traffic. 

 

 

Fig. 1. Current main access roads to terminals in the Port, own study based on the Port development and terminals data. 

The capacity on the access road to the Port was estimated in the range (750 P/h /FRL - E/; 

1650 P/h /FRL - D/), while on the access roads in the range (125 P/h /FRL - E/; 1400 P/h / 

FRL - D/). 

 

The main balance of the current freight flow created by cargo turnover at the terminals of 

the Port and the traffic load induced - in relation to the capacity of access roads (Fig. 1) 

calculated according to the real traffic model is presented in Table 10. 

 

Table 10. Balance of truck traffic resulting from the goods turnover in the Port in relation to the capacity of access road 

Aggregated 

traffic / day 

(entry + exit) 

The average  
top access traffic / h 

The average  
top exit traffic / h 

Port  

14 670 1 014 1 049 

Capacity of the access road to the Port /real traffic model/ 

 1500 - 1600 cars / h 

Internal roads of Port 

11 200 535 570 

Capacity of the internal road of the Port /real traffic model// 

900 - 1000 cars / h 

Source: own study based on the Port development and terminals data 

 

The forecasted increase in the volume of freight flow in the Port, presented in Figure 1, 

will result in a significant increase in the traffic load on access roads in the perspective of several 

years of the Port's development (Table 11). The increase of goods and truck traffic is forecast 

mainly in the eastern part of the Port. 
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Table 11. Forecasted load on access roads resulting from the Port development strategy 

Aggregated forecast 

traffic / day 

(entry + exit) 

Forecasted average peak 

access traffic / h 

Forecasted average peak exit 

traffic / h 

Port 

27 870 1 780 1 880 

Capacity of the access road to the Port /real traffic model/ 

1500 – 1600 truck & cars / h 

Internal roads 

16 670 1 245 1 310 

Capacity of the internal roads in the Port /real traffic model/ 

900 – 1000 truck & cars / h 

Source: own study based on the Port development and terminals data 

 
The results of the analyses and operational forecasts made so far, as well as the capacity of 

the access and internal roads of the Port, point to prospective difficulties in balancing road 

traffic and road capacity especially in non-investment scenario, which may cause bottlenecks 

in cross-border freight transport, in the European Transport Corridor of the TEN-T network 

Baltic Sea - Adriatic Sea and in the global maritime supply chains Europe - Asia - Europe. The 

analysis of the target traffic saturation in the access and exit direction from the Port indicates 

the possibility of the situation - lack of the required capacity of the access road network to the 

Port for the planned traffic load and thus the lack of the required Port accessibility. 

The results of the research indicate that the existing road system may be a limitation (in the 

absence of road development investments) for the development of the Port and an increase in 

the volume of transhipments. The basic limitation will be the road capacity analysed for the 

optimistic Level of Freedom of Movement - D. However, for the level 'E' of FRL, the 

restrictions are significantly higher. The current estimated capacity of the main access road to 

the Port - 1650 vehicles per hour, compared to the forecasted road traffic (1,828 vehicles per 

hour), may be a limitation. 

The results of the analyses and operational forecasts made so far, as well as the capacity of 

the access and internal roads of the Port, point to prospective difficulties in balancing road 

traffic and road capacity especially in non-investment scenario, which may cause bottlenecks 

in cross-border freight transport, in the European Transport Corridor of the TEN-T network and 

in the global maritime supply chains Europe - Asia - Europe. The analysis of the target traffic 

saturation in the access and exit direction from the Port indicates the possibility of the situation 

- lack of the required capacity of the access road network to the Port for the planned traffic load 

and thus the lack of the required Port accessibility. 

The problems identified have a significant impact on the efficiency and duration (and 

delays) of cross-border road freight transport (road hauliers from all over Europe are served in 
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the Port), in global maritime supply chains served by global shipping lines, as well as in 

international rail freight transport. 

 

THE CONCEPT OF INTELLIGENT TRUCK TRAFFIC MANAGEMENT SYSTEM 

IN THE SEA PORT 

To achieve higher efficiency levels, large companies have significant costs in making sure that 

their transport/supply chains are connected. A significant share of sea terminals, carriers, 

forwarders, etc. that deal with transport and supply chain management in Europe recognise 

interoperability and information exchange as a relevant challenge. Interoperability is expensive 

and complex. Information exchange implementations in this respect have so far often triggered 

by traffic management needs (e.g., road, rail, maritime and ship-to-shore communications) and 

public ITS systems for route, journey and parking management. ITS components that are 

integrated can result in synergistic effects when considered as an entire system. Many SMEs 

lack the capability and resources to interoperate and collaborate with other companies. 

In response to these needs, the European Commission has launched ITS Action Plan 

(Action Plan for the Deployment of Intelligent Transport Systems in Europe COM(2008) 886 

final) and Directive 2010/40/EU on the framework for the deployment of Intelligent Transport 

Systems in the field of road transport and for interfaces with other modes of transport. But 

Intelligent Transport System is only a means for intelligent traffic control, while the needs for 

careful coordination in the Port include transhipment operations in sea terminals and 

warehouses correlated with maritime/rail/road transport, road traffic management and parking 

area management. Main aims of the proposed concept comes to issues: 

▪ integrated and connected information management in maritime inland and core network 

port operations, 

▪ facilitate access of cargo through the port area,  

▪ optimise handling of cargo, 

▪ improve connectivity and reduce impact of port operations with the city. 

 

The competitiveness of Port will depend on their ability to innovate in terms of ICT 

platform, ITS and IoT technology, organisation and management. Their critical roles of port as 

multi-modal hub require intelligent, integrated and efficient time booking system for tracks that 

will integrate all transhipments operations in sea terminals with harmonised road transport in 

Port City and surrounding area. 
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The main objective of the project is to develop technical documentation of intelligent truck 

traffic management system in the Port - but the main future impact effect is eliminating the 

bottleneck in the Port as well as undisturbed operations of port terminals and smooth flow of 

cargo delivery/departure.  

To this end, it is fundamental to create systemic support for the dynamic development of 

the Port and the increase in the flow of cargo and transhipments, as well as further development 

of port terminals. The basis for achieving the objective is to balance the growing flow of goods 

in the Port with limited capacity of internal and access roads of the Port. 

The concept of integration on the Port IT platform includes three IT systems and at the 

same time mutually resulting and logically related data areas: 

▪ integrated digital truck traffic management platform with two-level digital e-booking 

process for the Customers of individual terminals (1st level) and for the Port (2nd level) - 

a source of aggregated data on the total planned feeder/departure traffic of the Port 

terminals, 

▪ intelligent traffic management system for truck/carrier traffic, supplied with data from port 

e-booking, to control intelligent infrastructure of roads leading to terminals and traffic on 

roads - integrated with ITS system in port and on roads leading to the port, 

▪ a management system for a common and IT-integrated parking space, which is a virtual 

waiting area - ensuring dosing of trucks' exit to terminals according to the planned 

announcements and the needs of optimal traffic control and its distribution. 

The functional and process logic of the traffic management system and digital booking in 

the seaport - from the planning of the ship's call to the port, to the entry of the car into the 

terminal to the collection of cargo - is shown in Figure 2. 

 

 

Fig. 2. Integrated process of the Port traffic management system with the Central e-booking System, own study and results of 

researches. 
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The main goal of the Port's digital promotion process is a comprehensive service in the IT 

system of operational activities, from booking cargo handling in the terminal, to coordinating 

the entry of a car into the terminal in accordance with the time, date and place of the promotion. 

The process of digital booking of vehicle service in the Port is shown in Figure 3. 

 

 

Fig. 3. e-Booking process in Sea Port, own study and results of researches. 

 
The process shown in Figure 3 is divided into four sub-processes: 

(1) Registration and logging in the system, collection of cargo handling data in the Port 

terminals - this is the first level of booking (in the terminal) – booking by the Customers of 

particular cargo handling terminals and the arrival of cars, according to their mutual 

agreements, schedule of ship arrivals, arrivals and departures of trains, preferences of 

shippers/consignees /carriers / forwarders and terminal service capabilities. The preferences 

of the driver of an earlier arrival at the Port parking lot and/or procedural needs of the 

terminal and cargo handling are taken into account. This stage indicates the priority for the 

whole traffic management system in the Port - i.e. the planned and smooth course of the 

transhipment process in the Port terminals and the timely control of the car's access to the 

terminal gate.  

(2) Planning the arrival of trucks at the Port and allocation in internal and external parking areas 

of the Port - this is the second level of notification (in the Port) - after collecting notification 

data from all terminals. The operational data of vehicle service in all terminals in the Port 

are analysed, including date and time, order and number of vehicles in relation to the 

location of terminals and route on internal access roads. An optimal traffic variant is worked 

out, taking into account temporary traffic models in the Port and on the main access routes, 

the highest traffic flow rate and the highest road throughput. As a result of multi-criteria 

optimization of the forecast traffic according to the criteria - the most liquid traffic and the 
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least possible traffic saturation in the Port and city road network, elimination of bottlenecks, 

traffic congestion, congestion and queues - the following scenarios are planned: 

(a) direct arrival at the terminal on a specified date and time - the sub-process ends with 

sending a digital ticket to the terminal/carrier/ forwarder/driver including data - date 

and time of arrival of the car at the terminal, 

(b) access on a specified date and time to a designated parking lot within the common 

parking space of the Port Waiting Zone. Time requirements for vehicle service in 

terminals are mapped into time windows for the use of internal and external parking 

lots of the Port. As a result, a forecast time schedule of car park distribution is 

obtained, a dynamic schedule of car park filling and a forecast dosage of exit from car 

parks to individual terminals. The sub-process ends with the allocation of a place and 

time window for a car in the waiting area of the Port and sending a digital ticket to 

the terminal/transporter/ forwarder/driver containing the data - date and time of arrival 

of the car at the Port and to the car park in the waiting area. 

(3) Service in the digital period of trucks' promotion in the Port - subprocess includes many 

areas of activity - communication with the carrier and driver in the digital period of 

promotion, time of arrival reminder, possibility of dynamic changes and cancellations of 

the promotion, traffic estimation on access roads and planning of the passage road to the 

parking lot of the Port. In the process (3) it is planned to supply data from the planned route 

to ITS and other telematics systems on access roads to the Port, recognition of a car on 

access roads, registration of arrival at the parking lot in the waiting area of the Port, 

monitoring of the parking lot filling level in the waiting area and continuous estimation of 

the parking lot load. The final phase will include communication with the driver and calling 

for departure to the terminal, planning the route to the terminal and ETA calculation. The 

communication system provides the driver with a lot of additional information about traffic, 

road conditions, driving conditions and recommended detours, parking lots, weather 

conditions, etc. The communication system provides the driver with a lot of additional 

information about the traffic, road conditions, driving conditions and recommended detours, 

parking lots, weather conditions, etc.  

(4) Closing the digital notification in the Port - confirmation of arrival or entry of the notified 

lorry to the terminal on the basis of data from gate systems and ANPR cameras (existing or 

optionally from cameras installed within the Port Traffic Management System) and closing 

the notification in the Port Traffic Management System. 
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Aggregate e-availability data from all terminals in the Port enable multi-sectional analysis of 

the freight road traffic resulting from the truck flow in 1-hour time windows on a daily and 

monthly basis, located in the eastern and western part of the Port. An example of the daily  

e-availability schedule for the Port terminals is presented in Table 12. 

 

Table 12. Example of daily distribution of cargo e-booking at Port terminals 

Terminals 

e-Booking time  slots / 1  hour  slots –  start  time/ TOTAL 

000 100 200 300 400 500 600 700 800 900 1000 1100 
 

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 

Terminal 

1 

0 0 0 0 0 0 2 5 5 6 4 5 
63 

8 9 4 6 4 3 2 0 0 0 0 0 

Terminal 

2 

0 0 0 0 0 0 0 5 5 4 7 5 
55 

5 6 4 5 4 3 2 0 0 0 0 0 

Terminal 

3 

0 0 0 0 5 10 12 18 25 26 17 25 
325 

25 28 34 19 21 17 19 10 7 4 3 0 

Terminal 

4 

19 16 13 8 9 10 13 23 29 47 57 45 
852 

63 61 63 65 59 57 37 43 40 30 26 19 

Terminal 

5 

11 13 23 18 14 12 23 21 39 42 77 55 
827 

53 62 63 68 49 35 31 3 40 30 26 19 

Terminal 

6 

0 0 0 0 0 1 1 3 5 6 7 5 
63 

9 7 5 5 4 3 2 0 0 0 0 0 

Terminal 

7 

4 8 3 9 5 10 12 18 25 36 27 25 
409 

45 38 34 29 21 17 19 10 7 4 3 0 

Terminal 

8 

0 0 0 0 0 2 0 6 4 6 3 5 
59 

5 7 7 4 5 3 2 0 0 0 0 0 

Terminal 

9 

12 8 9 10 15 12 12 18 28 26 27 35 
414 

25 28 34 19 21 17 19 10 11 8 7 3 

Terminal 

10 

0 0 0 0 0 1 1 3 5 6 7 5 
63 

9 7 5 5 4 3 2 0 0 0 0 0 

Terminal 

11 

2 5 17 19 23 19 20 27 21 29 14 4 
365 

0 1 0 2 10 23 28 30 26 28 12 5 

Port in 

Total  

48 50 65 64 71 77 96 147 191 234 247 214 
3495 

247 254 253 227 202 181 163 106 131 104 77 46 

Source: own study and results of researches 

 
The time schedule of arrival at individual port terminals, for each day of the forecasting 

horizon, requires advancement in the process of analysis: 

▪ the locational transposition into individual parking lots in the common waiting area of the 

Port, with an appropriate allocation in the Port, 

▪ time of arrival at individual parking lots in the waiting area of the Port - including advance 

notice of arrival at the parking lot according to the earlier arrival time notified in the 

notification form or standard 1-hour advance notice of arrival at the parking lot in the 

waiting area of the Port, 

▪ adoption of assumptions for direct access to the terminal and indirect access through the 

parking lot in the waiting area of the Port (for the 24-hour schedule of the notification 

within the planning horizon of the next 30 days): 

– time windows to reach the terminal, in which there may be a direct arrival, 

– time windows, in which it is necessary to plan the arrival of the lorry at the parking 

lot and then control the exit to the terminal, according to the appropriate traffic dosing 

on the access roads and internal roads of the Port. 



CHALLENGES AND MODERN SOLUTION IN TRANSPORTATION 

 

97 
Stajniak M. et al. (eds.), Challenges and modern solution in transportation,  

https://doi.org/10.17270/B.M. 978-83-66017-85-6 

Operations and transhipments affect road traffic on the main access road, as well as traffic 

on the access and internal roads of the Port. The analyses should consider the assumption that 

the traffic of lorries in the Port road network consists of two traffic streams: 

▪ 80% - truck traffic stream resulting from e-availability data - planned and controllable 

stream, 

▪ 20% - free flow of internal traffic in the Port, which will be monitored by means of 

telematics devices in the Port's road network, but will not be planned and controlled. 

The division of streams into planned and free streams should be specified in detail at the 

stage of detailed measurements and design estimations of the traffic management system in the 

Port.  

Free traffic results from many needs of the current operational situation in the terminals: 

▪ truck rides under the associated transport order (import and collection of cargo) - after 

unloading, the cars have to drive on the Port's internal roads to another quay for loading. 

Often, in order to load, the cars have to pass through the parking lot before entering the 

terminal, weigh the empty vehicle and only drive to the indicated place of loading. This 

requires several car passes on the roads of the Port, generating additional traffic on internal 

roads, 

▪ internal procedures resulting from the specificity of the goods handled - e.g. examination 

of goods before unloading, followed by internal passage of terminal - parking (waiting for 

the results of the sampling) and subsequent passage of parking - terminal, 

▪ truck journeys to border and customs control posts, 

▪ access/ departure traffic of lorries servicing the logistic services and operations of terminal 

operators, logistic operators and other companies operating in the Port area. 

 

The model of traffic on access roads and internal roads of the Port should take into account 

the traffic of passenger cars and coaches. The needs of the employees in particular terminals 

and enterprises to get to/from work are usually accumulated in two periods of peak traffic load: 

▪ morning traffic peak: 6.45 ÷ 9.00 - including 6.45 ÷ 7.15 - average peak; 7.15 ÷ 8.20 - high 

peak; 8.20 ÷ 9.00 - low peak. 

The needs of passengers in ferry traffic to/from and coach transport in passenger traffic service 

are most often accumulated at specific times of commencement/end of work and dates of ferry 

cruises. 

Traffic estimation will allow to determine in which time windows the hourly stream of 

trucks may exceed the threshold of the assumed Level of Freedom of Movement or cause traffic 



CHALLENGES AND MODERN SOLUTION IN TRANSPORTATION 

 

98 
Stajniak M. et al. (eds.), Challenges and modern solution in transportation,  

https://doi.org/10.17270/B.M. 978-83-66017-85-6 

congestion and queues on roads. In such cases, it is necessary to agree with the terminal on the 

possibility of postponing the time of notification in order to avoid unplanned delays and 

untimely arrivals of cars and waiting for the terminal to handle the cargo. 

 

ICT INTEGRATION PLATFORM OF E-BOOKING SYSTEM AND INTELLIGENT 

TRUCK TRAFFIC MANAGEMENT SYSTEM IN THE SEA PORT OF TEN-T 

CORRIDOR 

This objective is in line with the sectoral objectives of EU transport system development 

(Priority - Deployment of innovation and new technology actions, including a focus on safety  

and objective - Support, through digitalisation, for maritime and inland port operations) to 

eliminate bottlenecks in transport systems and to ensure sustainable and efficient transport 

systems, as well as to optimise the integration (Speier, Mollenkopf, Stank, 2008; Prajogo, 

Olhager, 2012; Sliwczynski, Hajdul, Golinska, 2012; Wong, Lai, Cheng, Lun, 2015) and 

interconnection of the different modes of transport.  

Intelligent road transport management of all types of cargo - containers, general cargo, bulk 

cargo - solid & liquid, oversized cargo - requires taking into account the processes and 

operations of reloading, warehousing, identification and control of cargo characteristic for their 

handling at individual Port Terminals. On the basis of the analyses performed so far, the Traffic 

Management System and central reservation of cargo handling in the port terminals will contain 

components: 

▪ digital platform (integrated IT system) of traffic management, 

▪ equipment of ICT and telematics systems on the road and lane networks - including: 

cameras, devices for measuring traffic parameters, variable message signs, communication 

networks (Pedersen 2012), 

▪ IoT (Internet of Things) devices for detection, identification, measurement and monitoring 

of vehicle traffic,  

▪ organisational structure of traffic management in the area of the Port - including: Traffic 

Management Centre in the Port as an organisational unit of the Port and the operator of 

the traffic management system as well as digital waiting zone virtually defined in  

a common parking space. 

 

Digital platform (integrated IT system) of traffic management including: 

▪ central digital advancement system for the Port, including: 
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– module of processing and analysis of operational data from the digital advancement 

of cargo and vehicle handling in Port terminals (analysis of time, sequence and 

number of vehicles/transport units - data from the first level of advancement), 

– module of intelligent allocation of lorries on internal and external parking lots of the 

Port according to the time requirements of handling vehicles and loads in all terminals 

of the Port 

– digital truck advancement module of the Port - with functionality: 

▪ allocation of space and time window - digital ticket,  

▪ digital identification and registration at the designated car park (in the waiting 

zone) and communication and sequential control of telematics devices at the car 

park, 

▪ exchange of confirmation data with terminal systems, 

▪ communication and service in the waiting zone and calls to leave for the 

Terminal, 

▪ digital route planning to the terminal, 

▪ monitoring the passageway to the terminal and entry to the terminal,  

▪ e-Booking portal for terminals (mainly in the group of SMEs without their own 

digitalisation systems), 

▪ Internet and mobile communication module with carriers, forwarders and drivers,  

▪ API communication interfaces with terminal IT systems (ERP class systems), 

▪ a layer of digital communication services with ITS systems in the region and on national 

roads, 

▪ central system of intelligent traffic control and parking space, communicated with 

telematics devices in the Port's road network,  

▪ system of data exchange with maritime and customs and fiscal services,  

▪ central software for system management and data administration. 
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Fig. 4. Integrated environment of the Port traffic management system with the Central e-booking System, own study and 

results of researches. 

 
All IT components of the digital traffic management system platform and communication 

with external systems will be performed in the digital services model. IT applications will be 

available through a web browser, using the data processing technology in the cloud computing 

of the Port, as well as selected services and data (e.g. weather information services, navigation 

services) in the public from the public cloud computing. 

The action will take up several results from previous e-Booking and ITS implementation 

experiences, such as: 

▪ implementation of the e-booking system: Port Aalborg, Port of Hamburg – Slot Booking, 

Port of Lisbon – Gate Operational System, Port La Havre – Truck Appointment System, 

Port Dover - Traffic Access Protocol and Traffic Management Improvement, Tallinn – 

Smart Port and other,  

▪ implementation and functionality of ITS system in the area of Port City and access roads 

to the Port, 

▪ implementation and functionality of the system and ITS services and access points to 

traffic data. 

In conclusion, the presented traffic management systems in sea ports are characterized by 

different range of activities and functionality (including functions: e-availability, parking 

management, intelligent traffic control). Table 13 presents a comparison of functionality and 

range of operation of the analysed systems, taking into account the criteria of valuable 

comparison, for four distinguished features and functions of the systems. 
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Table 13. Comparison of functionality and range of operation of the analysed intelligent traffic management systems 

No System  

Features and functions of the system 
Total 

rating 

range of the 

system 
e-booking system 

parking 

management 
system 

Intelligent  Transport 

System (ITS) 
 

Comparison criteria  

4 - country / 

region 
3 – city 

2 – port 

1- terminal 

3 – hour time slots 
2 – daily 

1 – booking 

without 
specifying the 

time 

2 - integrated with 

the e-booking 

system 
1 - not integrated 

3 - integrated with the e-
booking system and 

parking management 

2 - integrated with the e-
booking system or 

parking management 

1 - traffic control without 
integration with external 

systems 

 

1 
National Intelligent 

Transport System 
4 - - 1 5 

2 Port Tallinn 2 3 2 - 7 

3 Port Dover 3 - 1 2 6 

4 Port Aalborg 3 - - 1 4 

5 Port Felixstowe 2 3 - - 5 

6 Port Le Havre 2 3 - - 5 

7 Port Lisbon 2 3 2 - 7 

8 Port Cork 2 3 - - 5 

9 Port Hamburg 2 3 - - 5 

10 

The concept of the 

traffic management 

system of the seaport 

3 3 2 3 11 

Source: own study and results of researches 

 
VALUE CONCLUSIONS AND FURTHER RESEARCH 

The functional goal and useful purpose of traffic management at the Port is the use of e-booking 

planning in advance of entry/exit of trucks, which will avoid bottlenecks in the transhipments 

service process. The mechanism of 1-hour time slots will enable a convenient choosing the time 

of arrival and service for terminal customer as well as defining the 30 days/24h trans-shipment 

capacity for the terminal. The mechanism will have the functionality of limiting or increasing 

capabilities of booking by the terminal in particular commodity groups or for individual 

contractors. For this purpose, they will be designed e-booking portals for terminals (or APIs for 

sharing data from terminal booking systems /truck appointment systems/), which will allow 

aggregation of booking data on the Port's digital platform (e.g. time, order and quantity of 

planned trucks in successive time slots). The list of truck service times in all Port terminals is 

aimed at intelligent allocation of trucks on both the internal and external truck parks of the Port. 

The basic functionality of the truck e-booking system at Port terminals includes: 

▪ defining and managing the booking calendar by each of terminals (including defining the 

operating capacity for each time slot), 

▪ sharing the calendar for e-customers - carriers, shippers, forwarders, drivers - with the ability 

to track the booking and make changes, 
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▪ e-booking and communication of any change or delay - both from the terminal and the carrier 

side, 

▪ registration the arrival of the truck with e-booking in the parking lot of the waiting zone and 

in the entry of terminal. 

The e-booking and intelligent traffic management system requires a comprehensive 

coverage of data for each stage of booking process implementation - from its 'opening' to 

'closing'. It should be designed and installed comprehensively because can’t be interrupted an 

information chain and flow.  

The Sea Port digital platform will be designed in the Service Oriented Architecture (SOA) 

and the Service Component Architecture (SCA). It will be an open and technologically 

independent ICT environment. The flexible, standardized and open approach to logical and IT 

architecture results from the dynamic development of the Port and the open needs of 

integration/communication of many future ICT systems. All IT components of the digital 

platform of the traffic management system and communication with external systems will be 

made in an open digital service model. 

The projected benefits of implementing the presented system concept result from the direct 

impact on traffic in the Port's road network and include, inter alia, eliminating bottlenecks in 

truck and stacking traffic in truck traffic, as well as reducing travel time, increasing freedom of 

movement and reducing traffic saturation in the road network. Numerous measurable benefits 

of increased reliability of deliveries and punctuality in delivering cargo are key reasons for the 

growth of competitiveness of the Port, among other seaports in the TEN-T network corridors. 

The estimated analysis of the measurable benefits of implementing an intelligent truck 

traffic management system at the Port includes the potential of: 

▪ improvement of terminal capacity and increase in transhipment by 18%, with the current 

available infrastructure and work organization - as a result of elimination of road 

congestion, ensuring timely commuting of trucks to terminals in accordance with planned 

time slots, and thus stable, planned, efficient and effective work terminals in the Port, 

▪ increase the capacity of the road system in the current road network by 12%, including a 

reduction of travel times in Port's road traffic by 5.5% and an increase in the speed of 

travel by 16% - 20%, 

▪ shortening the service time of the truck at the Port by 20% - including shortening by more 

than 25% of waiting time for trucks in the terminal, approx. 20% of the average time of 

entry and exit processes to/from the terminal and a reduction of over 10 minutes of 
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administrative service time as a result computerization of the process of e-booking 

integrated with service automation at the entrance gates of terminals, 

▪ financial benefits for all stakeholders of the Port, including: 

– reducing the operational costs of terminals by approx. 20% - by improving the 

efficiency of operations and reducing staff costs, better use of machines and devices as 

well as storage and infrastructure, 

– more courses and higher revenues for drivers, as well as an increase in revenues for the 

carrier and forwarder, as a result of more transport orders and deliveries/pickups, 

– lowering the carrier's costs and ordering transport of shippers, as a result of shortening 

the transport process and delivery cycle, 

– reducing the cost of frozen capital in a shorter period of more efficiently flowing loads 

both for shippers and for customers, 

– a reduction of fuel consumption (about 33%) and transport costs of cargo as a result of 

an efficient and short journey, with a much more efficient driving technique possible, 

– reducing administration costs due to computerization of the e-booking process and 

automation of access to terminals, 

– postponing (delay/postponing) the need for investment to expand and develop 

facilities, equipment and terminal infrastructure, as a result of better use of existing 

machines, equipment and better use of infrastructure and rotation in warehouses and 

squares, 

– increase in terminal revenues due to increased transhipments by approx. 15%, resulting 

from the increased service capacity and terminal capacity achieved, 

– increase in revenues for the Port Authority due to the greater volume of goods 

transhipped, transhipments handled and the number of vessel visits, 

– increase in revenues for logistic and intermodal operators as well as other service 

providers in the back of the Port due to the greater number of services provided and the 

flow of cargo handled, 

– reduction of financial costs (operational capital costs) - by shortening the time of 

operations, the cycle of cash turnover and the cycle time of operational capital, 

▪ social and environmental benefits - including: 

– improvement of road traffic safety by over 20% - measured by a reduction in the 

number of road accidents and accidents involving trucks participating in the carriage 

of cargo to/from the Port and an increase in the level of freedom of movement, 
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– increasing the living comfort of the region's inhabitants by eliminating queues of trucks 

in the city of road network as well as timely commuting to work and shorter time 

allocated for journeys, 

– to improve the protection of the natural environment and healthy living conditions of 

the region's inhabitants - by reducing the emissions by about 30%, as well as 

greenhouse gases and noise. 
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