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CATALYST living lab explores smart yard concepts
to improve logistics near yards
A well-known problem with arrival and departure of a large number of trucks at
terminals and business parks is the unpredictability that is introduced by the arrival
and departure of these trucks. This leads in many cases to congestion on the
(public) road at or near these yards, unreliability of delivery or collection of goods,
missed slots of goods in next steps in the logistic chain (such as in the production
process or transport by airplane), inefficiency and increased levels of emissions
(both CO2 and pollutants).
Over 40 partners joined in the CATALYST living lab (see Figure 1) in order to
develop and accelerate Connected Automated Transport (CAT) innovations for
more efficient, more reliable, safer and more sustainable heavy-duty road transport.
Specifically, for the smart yards research line four clusters of partners are
collaborating to advance our knowledge and the applicability of decoupling points in
combination with CAT-solutions to improve efficiency and sustainability at yards:

i.
ii.
iii.
iv.

Transport to and from terminals and business parks in Moerdijk;
Transport to and from ground handlers at Schiphol;
Transport to and from terminals in Vlissingen, North Sea Port;
A business park in Oirschot.

In order to research the value of new logistics and CAT-concepts, simulation
models are developed in CATALYST. This concise document provides an overview
of the simulation models that are being developed. Also a list of deliverables is
provided that describe the final outcomes of the research.

Figure 1: CATALYST Living Lab.

CATALYST is part of the research programme Sustainable Living Labs, which is cofinanced by the Dutch Research Council (NWO), the Ministry of Infrastructure and
Water Management, Taskforce for Applied Research (SIA) and the Top Sector
Logistics. TKI Dinalog monitors the progress and the relation to the content of the
innovation agenda of the Top Sector Logistics.
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Simulation models for evaluating smart yard
concepts
Three simulation models are being developed in CATALYST:






General simulation model for smart yards – University of Twente.
 In the PhD research project of UTwente a generic framework and model for
assessing the impact of various logistics concepts in combination with
autonomous driving to (air)port areas is developed. In this simulation model
it is possible to compare different scenarios on KPIs such as efficiency
(a.o. throughput time, waiting time) and sustainability (a.o. kilometers driven).
The PhD project started with setting up the framework for the Port of Moerdijk
area. Master students assisted in setting up the framework for the Schiphol
Airport area. It turns out to be challenging to gather reliable input data and
realistic assumptions. As such, the simulation model is to be further refined in
the continuation of the CATALYST living lab. From this project we gained
deepened insight on the possible scenarios, relevant parameters and KPIs.
Simulation model for central parking North Sea Port – Distribute.
 Distribute developed a simulation model in order to assess the optimal
lay-out in terms of traffic rules for a central parking in a situation of manual,
mixed and automated transport. In developing the scenarios and setting the
right assumptions (when data was not available), all stakeholders gained
insight on the details that are of relevance when designing new logistics
concepts. It resulted in lively discussions and the realization that also broader
questions on Automated Transport need to be answered first before
implementing the modeled concepts. Therefore, various stakeholders
developed an action agenda Connected Automated Transport for the
Zeeland region.
Simulation and scaled physical model – Technical University Eindhoven.
 In the PhD project of TU/e, the focus is on developing a path planning
algorithm and path following control for tractor semi-trailers. Moreover, the
project aims to develop cooperative control of multiple tractor semi-trailers at
a distribution center. In order to develop these, simulations models have
been developed as well as a scaled physical model. Kinematic and dynamic
simulation models of different complexity are considered, which are primary
intended to be included in the path planning and path following control
algorithms that are currently under development. Besides, a detailed
multibody model of a tractor semi-trailer has been parameterized and
validated for low speeds using measurements taken at the DPD site. This
model is used for benchmarking the developed kinematic and dynamic
models. Next to these simulation models, the physical model consists of a
scaled yard with tractor semi-trailer vehicles. This scaled yard can be used to
test and demonstrate the developed algorithms in a “real-time” environment.
The scaled yard is fully operational, meaning that the path planning and path
following algorithms can be tested.

We provide an overview of these models in Table 1.
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Table 1: Overview use cases and related simulation models.
Use case
Transport to
and from
terminals and
business parks
in Moerdijk

Transport to
and from
ground
handlers at
Schiphol;

Simulation
model
General
simulation
model –
UTwente (in
progress)

KPI’s
included
Throughput
time; Travel
time; Waiting
time.

Remarks

Deliverables

Model is still under
development. Modeled
scenarios:
• Truck Parking (TP) as a
buffer, where trucks are
called whenever a dock is
available.
• Decoupling Point (DP)
including internal manual
vehicles, where trailers are
decoupled.
• DP including internal
Automated Vehicles (AVs),
where trailers are decoupled.
Modeled scenarios:
• Truck Parking (TP) as a
buffer, where trucks are
called whenever a dock is
available.
• Decoupling Point (DP)
including internal manual
vehicles, where trailers are
decoupled.
• DP including internal
Automated Vehicles (AVs),
where trailers are decoupled
Modeled physical scenarios
as above, and including
connectivity scenarios:
1. No connectivity; 2. Time
slot reservations; 3. ETA; 4.
Both reservations and ETA
To be developed, see
deliverable use case
Moerdijk

Brunetti, M., Mes, M., & van
Heuveln, J. (2020, December). A
general simulation framework for
smart yards. In 2020 Winter
Simulation Conference (WSC) (pp.
2743-2754). IEEE

General
simulation
model –
UTwente (In
progress)
Simulation
models master
theses UTwente

Throughput
time; Travel
time; Waiting
time; Truck
time (time
the trailer is
on a truck);
Asset
utilization

Performance
of the AVs:
AV
utilization,
AV Cycle
time;
Service level
of the cargo:
in- and
outbound
call times

Modeled scenarios:
1A: regular rules: traffic on
the ring-road and traffic from
right has way; 1B: manual
traffic has way, 1C:
autonomous traffic has way,
1D: light-controlled junctions;
2A: manual tractors on
central gate; 2B: teleoperation on central gate;
3: time-separated areas on
central gate

 Deckers, L. (2022). Deployment
of autonomous vehicles on first and
last mile logistics within the port
area of Flushing - CATALYST
Smart Yards Use case Zeeland
Report
 Distribute (2021). Simulation
study central gate North Sea Port
Report
 CATALYST - North Sea Port
Simulation - YouTube
 Demo (executable) of simulation:
 NSP_Pack_Go_version.exe Google Drive

Performance
(e.g.
positioning
accuracy) of
an
automated
tractor semitrailer for
maneuvering
on a yard.

This research is about
developing path planning
and path following
algorithms that allow a
tractor semi-trailer to
maneuver on a yard,
including reverse docking
and collision avoidance.
Moreover, the research aims
to develop concepts for
cooperative control of
multiple tractor semi-trailers
on a yard.
Developments are done
using simulation models and
a scaled physical yard
environment.



Throughput
time, travel
time, waiting
time, peak
occupation
rate
Transport to
and from
terminals in
Vlissingen,
North Sea Port
Central gate
design
Vlissingen,
North Sea Port

General
simulation
model –
UTwente (In
progress)
Central gate
North Sea Port

Business park
DPD, Oirschot

Dynamic path
planning and
following – TU/e
(in progress)

 Heuveln, J. (2020). Defining and
analyzing smart yards: a simulation
study (Master thesis, University of
Twente).
 van Heuveln, J. (2020).
Introducing Smart Yards: a New
Concept in Smart Transport
Logistics. In 11th International
Conference on Computational
Logistics, ICCL 2020.
 Van Laar, L. (2022). Improving
the cargo transport flow within the
yard of Amsterdam Airport Schiphol
by using improved connectivity.
(Master thesis, University of
Twente).

AVEC 2022: abstract accepted,
paper writing in progress. Title:
Model Validation of a Low-Speed
and Reverse Driving Articulated
Vehicle. Authors: Viral Gosar,
Mohsen Alirezaei, Igo Besselink
and Henk Nijmeijer.
 S.L. ter Braake (2022), Accuracy
evaluation of a kinematic tractor
semi-trailer model using real-world
measurement data, BSc. Final
Project, January, 2022.
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