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INTRODUCTION 
 
Demand for freight transport is ever increasing. This demand in the European Union (EU) 
countries has increased about 3 times during the last three decades. Relatively, the same 
trend has been reported for the Netherlands1.  
Motorways have a more important role in the road freight transport than other categories of 
roads. Now, they carry about 40 % of all vehicle-kilometers (CBS2). The length of the 
motorway network in the EU countries during the above period has tripled, mainly because 
of rapid increase of car ownership and passenger traffic. Dutch motorways, however, were 
extended less than twice during the same period. 
It can be concluded that the capacity of the motorway network in the Netherlands, during 
the last two decades, has been increased much less than the mobility of freight and 
passenger transport (total ton-km or passenger-km). However, the required high investment 
(for building the motorway and the acquisition of its right-of-way) and also its negative 
environmental impact can be considered as major factors for limiting further development. 
Extrapolating this trend into the future, much more congestion on the motorways would be 
expected. For improving the level of service, in some short sections of existing motorways 
(specially near to ports and major freight terminals) a dedicated lane for trucks has been 
built. But, such a measure will not be sufficient to answer to the demand of freight transport 
in future. 
Automation of vehicle operation would allow closer vehicle spacing, which could enhance 
traffic capacity. It also might improve the road safety by reducing the risk of accidents due 
to driver’s negligence and errors, which are responsible for a large share of accidents. 
Therefore, automation may be considered as one of the most promising options for facing 
the above challenge. However, operation of automatically guided vehicles (trucks) still has 
many uncertainties, which might be analyzed in order to be detected how to deal with them. 

                                                           
1 Source: European Commission, Directorate-General for Energy and Transport (2000). 
 
2 Centraal Bureau voor de Statistiek, The Netherlands 
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The main aim of this paper is to address one of these challenges and to indicate how to deal 
with it. It addresses an optimization model for controlling the mixed traffic flow of 
Automatically Controlled Trucks (ACTs) at merging areas while interacting with Manually 
Driven Vehicles (MDVs) at on-ramps. 
 
 
1    APPROACH 
 
Normally, a merging area is considered as a bottleneck of the motorways because of the 
conflict between the mainline traffic flow and the ramp flow that enters the mainline. 
Specially, increasing the volume of the traffic and the variety of user classes (with different 
characteristics) will increase the severity of conditions in these areas. In this way, operating 
the ACTs on the Dedicated Freight Lanes (DFLs) of motorways- as one of the options for 
accelerating the freight transport on the motorways- will be confronted with more severe 
congestion at on-ramps.  
For answering to this challenge, this paper represents an optimization model, which controls 
the traffic flow of ACTs while interacting with the MDVs at merging areas. The main 
objective of this model is to minimize average travel time for all of the user classes of the 
assumed motorway (including ACTs and MDVs).  
The main decision variables of this model are the proposed (optimal) traffic flow 
characteristics of the ACTs at upstream of an on-ramp. Therefore, the impact of different 
control strategies such as platooning of the ACTs, or metering the traffic flow of ACTs 
could be evaluated via the sensitivity analysis of the proposed optimization model.  
In summary, this paper investigates the impact of various strategies of control of ACTs on 
improving the throughput of existing motorways, including a dedicated lane for freight 
transport at on-ramps. It assumes the shoulder lane (of existing motorway) to be a dedicated 
freight lane for ACTs (figures 1.a, 1.b).  

Figure 1.a. Schematic layout of mainline buffer situated upstream of an on-ramp 
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Figure 1.b
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Legend:  
  manually driven vehicle           manually controlled truck         ACT 

   platoon of ACTs           buffer area                                   traffic control device    
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Figure 1.b. Schematic layout of on-ramp buffer 

 
 
2      RESULTS 
 
As the main result, this paper refers to a new concept for increasing the efficiency of 
operating the automatically controlled vehicles while interacting with the manually driven 
vehicles. This new concept has been named buffer area. A buffer area acts as a transition 
area for regulating the traffic flow of ACTs passing on DFLs. It aims to contribute to 
optimal strategies of control of ACTs. It also would minimize the delay for the traffic 
including ACTs and manually driven vehicles on the main roadway and at on-ramps. The 
other proposed functions of the buffer areas are overruling the mode of vehicle control 
(from manually to automatically and vice versa), enabling rapid incident management for 
ACTs, and providing flexible use of the DFL for different user groups. 
Moreover, the impact of effective parameters (e.g., critical values of density of ACTs on the 
DFLs) on the optimal values of decision variables will be reported to answer some of the 
uncertainties about operating of ACTs on the existing motorways. In this way, it can be 
summarized that this paper investigates a method for increasing the efficiency of existing 
Dutch motorways for accelerating the freight transport in the EU- countries. 
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