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1     Introduction 
 

Truck platooning (TP) is defined as the linking of two or more trucks in convoy, with different levels 

of automation, potentially disrupting the road freight industry and the freight modal competition 

(Bhoopalam et al., 2018; Marzano et al., 2022). Level-1 TP (TP1) is characterized by a fully manned 

platoon, with real-world estimates of average fuel saving and emissions in the 8%-14% range, thanks 

to reduced aerodynamic drags. 

Truck drivers can join or leave TP1 convoys opportunistically (online, or on-the-fly), or a third-

party TP manager can optimize their overlapping based on pre-trip requests (offline, or pre-trip), 

given flexibility in departure/arrival times by truck drivers. The network-wide logic of a TP manager 

is non trivial, and represents the research question tackled by the paper. 

Several papers attempted to optimise TP manager operations, a problem proven to be NP-hard 

by Larsson et al. (2015). Van de Hoef et al. (2015a, 2015b) developed a first-order fuel model to get 

optimal convoys, taking into account speed-dependent fuel consumption and platooning decisions, 

in the form of a partitioning-around-medoids (PAM) algorithm. Luo et al. (2018) proposed a 

coordinated platooning optimisation – involving scheduling, routing, and speed selection – in the 

form of a mixed-integer linear problem, solved heuristically by partitioning the set of vehicles first 

and then sub-optimising their routing. Larsen et al. (2019) optimised truck platoons to/from a single 

hub, under static and dynamic dispatching strategies, respectively with an integer linear 

programming (ILP) and a mixed ILP (MILP) approach. Luo and Larson (2022) proposed an iterative 

decomposition-based heuristic for centralized planning, with a two-step solution of the routing 

problem first and then scheduling, eventually improved by Zhao and Leus (2023). Johansson et al. 

(2022) treated the hub-based platoon coordination as a non-cooperative platoon coordination game, 

proving the existence of a Nash equilibrium. Johansson et al. (2023a) studied optimal hub-based 

platooning at hubs along a corridor and compared decentralized, distributed, and centralized policies. 

Bai et al. (2023) proposed a distributed multi-fleet platooning framework, based on scheduling 

discretized waiting times at hubs, solved by dynamic programming. A similar approach was 

followed by Johansson et al. (2023), who proposed a platooning architecture based on service, 

strategic, tactical, and operational layers.  
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Overall, the review of the literature offers some approaches to optimise TP operations, however 

none of them applicable to real-world networks with multiple origin-destination points. In fact, the 

capability of managing TP operations can be primarily offered by highway managers and/or by 

relevant freight network integrators, both looking for a system-wide optimisation. Enabling such 

capabilities to system-wide networks is the primarily research concern of this paper. 

 

2     Methodology 
 

2.1  Problem formulation 
 

The paper tackles the problem of optimising network-wide TP1, leveraging a graph-based 

formulation of the problem. The problem can be conveniently formulated on a daily basis for pre-

trip/offline TP1, that is with all trip requests for day d+1 available at the end of day d, seeking to 

optimise their overlapping in platoons. It can be also straightforwardly adapted to 

opportunistic/online platooning, in a rolling horizon formulation that considers only requests 

available until that moment. The problem is solved in the light of a road network manager, usually 

an highway/motorway manager, that can adjust the departure/arrival times of TP requests to 

maximise their overlapping in platoons, given an upper bound on the maximum deviation between 

posted and offered departure/arrival times.  

The main inputs of the procedure are therefore: a network wherein TP1 can take place; a list of 

pre-trip truck platooning requests R for all origin-destination pair o-d in the network; with 

corresponding desired departure and arrival times tro and trd respectively rR. Assignment to 

platoons might imply deviations in departure and arrival times, that are assumed to be accepted by 

truck drivers up to maximum thresholds tomax and tdmax respectively. The problem is further 

complicated by considering that a truck entering the network operated by the TP manager might join 

and leave many different platoons along its journey. 

Given the inherent complexity of the problem, the paper proposes a formulation based on the 

optimal partitioning of graphs. In particular, a graph G is built, with as many nodes as the cardinality 

of R, such that each node represents a trip request. Two nodes i and j belonging to G are connected 

by an edge ij if trip requests corresponding to i and j can be coupled in a platoon. This occurs formally 

if (a) the overlapping of the paths of the two trips i and j exceeds a minimum overlapping threshold 

vmin, and (b) the difference between the expected arrival times of the two trucks at the first common 

link of their respective paths does not exceed the sum of the maximum departure time shifts for trips 

i and j. The weight of each edge ij equals the fuel savings of a follower truck in a platoon for a length 

corresponding to the overlapping of paths underlying trip requests i and j. 

The paper proves formally that a feasible platooning p is represented by an e-disjoint subgraph 

VpG with two characteristics: (a) completeness, i.e. a clique; (b) a number of nodes 𝑅𝑝 less than 

the maximum platoon size M. Edges lVp can have different weights wl, because the overlapping 

of truck paths might vary across pairs of trucks in the platoon, due to their possibly different origins 

and destinations. Letting L𝑝,𝑅𝑝−1 be the set of combinations of 𝑅𝑝 − 1 edges belonging to Vp, of 

reduced size, identifying the platoon p, the contribution of p to the objective function is: 

 

𝐹𝑝 = maxL𝑝,𝑅𝑝−1
{∑ 𝑤𝑙  𝑙=1..Vp−1 }  

It is worth noting that this framework, not only allows for considering platoons formed by vehicles 

travelling between different OD pairs, but also to consider the possibility for a given vehicle to join 

and leave many different platoons along its journey. This can be done by including zero-weight 

edges in the initial graph G even connecting trips without path overlap as long as temporal 

constraints are respected. Such edges, representing a hypothetical platooning possible if one vehicle 
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continued beyond its destination reaching another within the threshold of deviations in departure 

time, do not affect the objective function but only the clique topology, allowing for representing all 

types of platooning.   

The problem of listing all k-cliques in a graph, i.e. all cliques of given size k, is solved through a 

parallel implementation of the iconic algorithm of Chiba and Nishizeki (1985). The proposed 

implementation overcomes the limits of a sequential graph processing by means of a node-parallel 

architecture which does not rely on a directed acyclic graph (as in Danisch and Balalau, 2018). The 

results of a computational performance comparison between the proposed node-parallel 

implementation and the algorithm in Danisch and Balalau (2018) are also discussed. 

Once all cliques are listed, the truck platooning problem consists in selecting a set of e-disjoint 

cliques which maximize the objective function. The resulting integer  linear optimization problem 

(ILP) is solved by means of a branch-and-bound algorithm and a proposed column-generation 

heuristics, and performance tradeoffs between the two are discussed. 

 

3     Case study and results 
The proposed approach has been tested on the challenging test site of the Milano-Napoli A1 

motorway in Italy, for a length of about 900 km and 97 entries/exits. Real truck trip data (entrance 

and exit stations and entrance time) for an entire day together with dynamic travel times, have been 

provided by the motorway operator Autostrade per l’Italia. 

Thresholds tomax and tdmax have been set as linear piecewise increasing functions of travel time, 

from zero for 1 hours or less of travel time up to 30 minutes for trips of more than 5 hours. 

Numerical experiments will be carried out assuming different market penetration rates of the system 

(from 5% to 30%), in order to test the model under different levels of complexity and evaluate the 

possible environmental and economic impacts. 

Acknowledgments 
 

Research presented in the paper has been partially funded by the National Centre for Sustainable 

Mobility “CN MOST” (MUR code CN00000023 - CUP UNINA code: E63C22000930007) and “ 
System-wide assessment of truck platooning: market potential, business models, operations, and 

policy implications” project (MUR code CN00000023 20225JYFET - CUP UNINA code: 

E63C22000930007E53D23010100006). 

References 
 

Bhoopalam, A.K., Agatz, N., Zuidwijk, R., 2018. Planning of truck platoons: A literature review 

and directions for future research. Transport. Res. Part B: Methodol. 107, 212–228.  

Browand, F., McArthur, J. and Radovich, C., 2004. “Fuel Saving Achieved in the Field Test of 

Two Tandem Trucks.” California PATH Research Report UCB-ITS-PRR-2004-20. 

Tsugawa, S., 2014. Results and issues of an automated truck platoon within the energy ITSproject, 

in: Intelligent Vehicles Symposium Proceedings, 2014 IEEE. IEEE, pp. 642–64710. McAuliffe, 

B., Croken, M., Ahmadi-Baloutaki, M., Raeesi, A., 2017. Fuel-economy testing of athree-vehicle 

truck platooning system 

Humphreys, H.L., Batterson, J., Bevly, D., Schubert, R., 2016. An evaluation of the fuel economy 

benefits of a driver assistive truck platooning prototype using simulation. SAE Technical Paper 



F. Simonelli, M. Montanino, V. Punzo, A. Papola, V. Marzano

   4 

 

TRC-30  Original abstract submittal 

McAuliffe, B.R., Lammert, M., Lu, X., Shladover, S., 2018. “Influences on Energy Savings of 

Heavy Trucks Using Cooperative Adaptive Cruise Control”. WCX World Congress Experience. 

R. Veldhuizen, G.M.R. Van Raedmdonck, J- P. van der Krieke, Fuel economy improvement by 

means of two European tractor semi-trailer combinations in a platooning formation 2019, Journal 

of Wind Engineering and Industrial Aerodynamics 188(1–2):217-234 

Erik Larsson, Gustav Sennton , Jeffrey Larson  The vehicle platooning problem: Computational 

complexity and heuristics Transportation Research Part C: Emerging Technologies Volume 60, 

November 2015, Pages 258-277 

Sebastian van de Hoef, Karl H. Johansson and Dimos V. Dimarogonas Fuel-Optimal Centralized 

Coordination of Truck Platooning, Based on Shortest Paths 2015 American Control Conference 

Palmer House Hilton July 1-3, 2015. Chicago, IL, USA 

 Sebastian van de Hoef, Karl H. Johansson and Dimos V. Dimarogonas Coordinating Truck 

Platooning by Clustering Pairwise Fuel-Optimal Plans 2015 IEEE 18th International Conference 

on Intelligent Transportation Systems 

Alexander Johansson, Karl Henrik Johansson, Strategic Hub-Based Platoon Coordination Under 

Uncertain Travel Times, IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION 

SYSTEMS, VOL. 23, NO. 7, JULY 2022 

Alexander Johansson , Ehsan Nekouei , Xiaotong Sun, Karl Henrik Johansson Hub-Based Platoon 

Formation: Optimal Release Policies and Approximate Solutions IEEE TRANSACTIONS ON 

INTELLIGENT TRANSPORTATION SYSTEMS 

 Ting Bai ,  Alexander Johansson , Karl Henrik Johansson , Jonas Martensson , Large-Scale Multi-

Fleet Platoon Coordination: A Dynamic Programming Approach. IEEE TRANSACTIONS ON 

INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 24, NO. 12, DECEMBER 2023 

Alexander Johansson , Ting Bai , Karl Henrik Johansson , and Jonas Mårtensson, Platoon 

Cooperation Across Carriers: From System Architecture to Coordination,  IEEE Intelligent 

Transportation Systems Magazine ( Volume: 15, Issue: 3, May-June 2023) 

 Rune Larsen, Jeppe Rich, Thomas Kjær,Rasmussen Hub-based truck platooning: Potentials and 

profitability, Transportation Research Part E 127 (2019) 249–264 

Fengqiao Luo, Jeffrey Larson, Todd Munson, Coordinated platooning with multiple speeds, 

Transportation Research Part C 90 (2018) 213–225 

Luo, F., Larson, J., 2022. A repeated route-then-schedule approach to coordinated vehicle 

platooning: Algorithms, valid inequalities and computation. Oper. Res. 70 (4), 2477–2495. 

Boshuai Zhao , Roel Leus, An improved decomposition-based heuristic for truck platooning, 

Computers & Operations Research 161 (2024) 106439 

Chiba, N., Nishizeki, T. 1985. Arboricity and subgraph listing algorithms. SIAM J. 

Comput. 14, 1 (1985), 210–223. 

Danisch, M., Balalau, O., 2018. Listing k-cliques in sparse real-world graphs. Proceedings 

of The Web Conference 2018, Lyon, France, April 2018 

 

 

https://doi.org/10.1145/3178876
https://doi.org/10.1145/3178876

