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Abstract: NetLogo is widely used for agent-based simulatibtransport and logistics because it is openilexand
fast to prototype. This review synthesizes peeiesgod studies on NetLogo across four applicatioeashs: (a)
Intelligent Transport Systems (ITS) and flow op8ation; (b) Public-transport operations and evasnahanagement;
(c) Traffic-control, energy use, emissions analyaisl (d) Driver/vehicle behaviors and connectadf@mous vehicle
modelling. We map how agent rules, interaction togies, and calibration choices shape materiagrinétion, and
human flows across networks and terminals, andthewinform transport operations, distribution kigis, and supply
chain decisions. A thematic synthesis highlighte fiecurring gaps: (1) Oversimplified agent sizefgetry; (2) Limited
behavioral realism for drivers, passengers, andraiters; (3) Weak mesoscopic linking between matemand and
micro operations; (4) Short time horizons for dyi@smof congestion and energy; and (5) Incompletéregion-
verification-validation. We propose a logisticsesried research agenda: multi-scale coupling (maweee—micro),
behavior learning with ML, real-time digital-twirse cases, standardized CV&V protocols, and energgsioons co-
metrics. The review clarifies where NetLogo addsi®do transport logistics - rapid what-if testiofycontrol policies,
routing, and terminal operations - while outlinistgps needed for rigorous, decision-grade models.

1 Introduction - Proposing future directions for Netlogo-based
Transportation is the lifeblood of a country’s econy. multi-agent model research and application for
Viewed through a logistics lens, transport systerganise transportation.

materiaL information, and human flows across nekao The article is organised as follows: Section 2itkethe
and terminals, shaping throughput, dwell timesabglity, ~review scope and protocol; Section 3 presents @adtie
and energy/emissions. Along with advances in comgut Synthesis of NetLogo applications; Section 4 disess
multi-agent modelling (ABM) has been used widely iimplications for transportation, logistics and liations;
sociology, medicine, finance, agriculture, andSection 5 concludes with future research directions
transportation to encode agent interactions ancbdejge
real-world phenomena with transparent rules. 2 Literaturereview and review protocol

In traffic and transport engineering, common This section first outlines the scope and prota¢dhe
simulators include PARAMICS, VISSIM, VISUM, and review and then introduces the fundamentals of imult
NetLogo. While each tool has distinct strengthsilLidgo  agent modelling on the NetLogo platform. Peer-rereig
is open, simple, and flexible, enabling rapid prgting of papers were collected from Web of Science, Scognrs,
transport operations and control policies with pcat Google Scholar using the combined keywords “Netl’pgo
applications across diverse problems. This revietlagent-based model”, and “transportation”. Pubiorag
examines recent NetLogo-based studies in transpdiipm 2010 onward were screened by title and alstrac
highlights their features and advantages, diagngaes, excluding purely technical or non-transport studiBise
and proposes directions that better connect traffimal corpus was coded according to application aiom
modelling to logistics and supply-chain decisionking. model type, and evaluation focus, forming the bfisithe

This article aims at: thematic synthesis presented in the next section.
- Providing an overview of NetLogo as a multi-agent Agent-based models are used to simulate the behavio
platform for transport. and interactions of autonomous agents to evaluae t

- Classifying the main research directions applyingverall impact on the system as well as to invagtighe
the multi-agent model on the Netlogo platform te@mergent and collective effects on the system[1jItiM
the field of transportation. agent modeling platforms use communication ways and
customisable characteristics to interact and coatdi
many independent agents in the simulation enviranme
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Each agent can adapt and has unique traits thatrdgrate report results, while model development begins with

independence and flexibility. defining agents and their behaviours. Rule modgllin
The process of building a multi-agent model in Nggh is  captures agent interactions based on real-world tat
illustrated in Figure 1 meet the research goals [2]. In microscopic models

applying multi-agent platforms, many research &sidi

focused on simulating rules related to motion bahay

MODEL DEVELOPMENT motion efficiency, acceleration, deceleration omela

i>‘ medeiting o) | outeur changing behaviour of agents. The calibration and
L verification steps are done simultaneously to eédhe

o validity and accuracy with real-world behaviours.

R Process-based multi-agent platforms simulate cample
real-world events to address large-scale problems.
Common simulators include StarLogo, SUMO, Matlab,

Figure 1 The process of building a multi-agent niode AgentSheets, Swarm, Repast, TNG Lab, Asape,
in NetLogo AnyLogic, and GAMA. Among these, NetLogo is widely
used because it supports both simple and complelelsno
It includes three steps: input, model developmamt, with a flexible language and diverse built-in todisbrief
output. The input and output steps define objestiaed summary of the NetLogo toolkit is provided in Tathle

Agent
definition

INPUT [>

Verification Calibration

Table 1 Agent-based NetLogo software toolset

lF;r:é;Jgg\mlng Scalabilityisgﬁfati or ©  Website Main features and advantages
- Multiple built-in agent types
Netlogo Desktop Social and https://ccl.northwestern- Extensive model libraries
Computing natural science  .edu/netlogo/ - Exploration of interface elements
- Flexible model building and modificati
Source: [3]
3 Main findings and thematic synthesis simulations, focusing on goals, functions, streagtnd

This section synthesises the main findings from thgaps identified across studies. Based on the review
reviewed literature on NetLogo-based transpoRrotocol described in Section 2, four dominant aesie

themes were observed in Figure 2.

C. Traffic Control
Management, Energy
Use, and Fuel
Consumption.

A. Intelligent transport systems (ITS)
and flow optimisation.

B. Research on optimization of travel
demand and disaster prevention for
urban public transportation systems. D. Driver Behaviour and

Autonomous/Connected

Figure 2 Classification chart for Netlogo basedearch in the field of transportation

As shown in Figure 2, studies focusing on drivemodel material and human flows, operational conaint
behavior and connected/autonomous vehicles acdount system performance within transportation and |agst
the largest proportion - approximately 33% of thalgzed contexts.
publications. This finding is reasonable, as NetL.agan
easy-to-use programming language that offers highl Intelligent transport systems (ITS) and flow
flexibility in simulating interactions, making igpticularly optimisation
suitable for modeling vehicle behavior. The secoregor The research on Intelligent Transportation Systems
research direction involves the application offaitl  (ITS) and flow optimisation has been analyzed. &abl
intelligence (Al) technologies in Intelligent Tramstation presents several representative studies, includtiedy
Systems (ITS), representing 27% of the analyze@search objectives, agent types, strengths, anitétions.
publications. The remaining research topics accdomt Typically, Jerry and his research team [4] wergiiresi
25% and 15%, corresponding to studies on travelatiem py Ant Colony Optimisation (ACO) to model the tiaff
optimization and disaster prevention, and thosenéXag  control problem as a Multi-Agent Multi-Purpose (MAM
the impacts of traffic control management and fuedystem, in which traffic flow information is colle! and
consumption, respectively. These themes repredent &hared through a Distributed Intelligent Traffic s&m
principal directions in which NetLogo has been &gpto  (DITS). The model was examined under two scenasios:

o
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employing ACO and the other without ACO (Figure 3)of ACO on the effectiveness of traffic management

Through this framework, the study compared thaiefce solutions.

Table 2 Typical studies using ITS to optimize icdfbw

Articles Research objectiv | Agent types/Attribute Strengths of the stu Shortcoming

[4] Control and optimize [Vehicle agents The ACO algorithm. Single type of vehicle agents

traffic flow Intersection agent The distributed intelligent Not considering variables like trace
Decentralize traffic systerr volatility rate.

[5] Urban Traffic Vehicle Agent, Dynamic multi-agent traffic  |The association from different.
Simulation and contrglntersection simulation system Intersections are ignored to predict
the traffic signal agent/Knowledge, Interaction-based dynamic  |road agent traffic flow.

autonomy, interaction |signal control analyzes retiine|Single type of vehicle agents.
and communication  |and forecast traffic flow from
road agent
[6] Traffic control Autonomous agents |ATSC system development. [Need real data for validation.
Traffic Signal Control |Q-Learning Algorithm.
agent
[7] Simulate and optimiz¢Car agents, Traveler |IPSO approach method. Simple network
urban traffic network |agents, Intersection |Applying linear stability with |Many issues, like traffic laws, are
agent nonlinear theories. overlooked.
[8,9] [Multiple-intersection |Vehicle agents, Road |loT technology. More research is needed on driver
traffic control by ITS |agents Cooperative game theoretic |psychology.
Controller agents algorithms. Multi-intersection traffic light
algorithrr

[10] |Cooperating vehicles|Nodes agent, Directed|V2V Smart and V2I protocols.|Behavioral studies for each vehicle
minimize traffic links Routing algorithms agent are necessary expanded.
congestion. HGV agents, Traffic |Case study on real network in

behavior properti Spanis|
|
- . e e e
O &0 w
a ‘ = o '.E' — :
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Figure 3 Ant Colony Optimisation (ACO) schematid &tfetLogo DITS-ACO model interface, (Source: [4])

Figure 4 illustrates the simulation flow diagramtloé

calculate optimal signal timings in real time andleate

NetLogo DITS—-ACO model. The diagram illustrates the¢heir effectiveness. Similarly, Santos and his tda6]

main operational sequence of the model, in whicdro demonstrated that model-driven development for imult
topology and traffic density are dynamically varieml agent-based adaptive traffic signal control (AT 8&Zuces
evaluate system performance. At each simulatiarvat, the workload involved in developing NetLogo simidas
the average vehicle speed, waiting time, and qlength  for traffic flow optimisation.
are recorded and plotted against time to assess theln another study, some authors [7] employed Igfetit
effectiveness of the Ant Colony Optimisation (ACO)Particle Swarm Optimisation (IPSO) to enhance itraff
algorithm in improving traffic flow efficiency. flow and developed a single-lane NetLogo traffiedgr
Another ACO-based study [8] examined dynamienodel to predict traffic performance. Likewise, @th
traffic routing for connected vehicles with diffeteorigins  researchers [11] constructed a NetLogo model wih 2
and destinations. Based on NetLogo simulations, tletersections to assess the system’s effectiveness
proposed strategy significantly reduced the averageducing vehicle waiting times. Building on coopima
journey time compared with the conventional shogpash game theory, Nam Bui and Jung [9] utilised NetLago
routing method. By applying Intelligent Transpoidat simulate a road network aimed at minimising junctio
Systems (ITS) technology, a research group [5] thetla  waiting times and proposed integrating the Interokt
road section with signalised intersections, integga Things (1oT) into the system.
traffic analysis functions into intersection agerits

~ 645~

Published by Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 4 Pages: 643-655 ISSN 1339-5629

NetLogo for transport and logistics: agent-based modeling of flows, control, and operations
Duy-Thoi Do, Vu-Tu Tran

Figure 5 illustrates how the cooperative game-based
model introduces an algorithm to interconnect urban
transportation network intersections.

Legend

t(n) = instantaneous simulation time
tree =Time intereal for recording
tsim = Simulation time
AvS =Average Speed

AwT = Average Waiting Time
No, | Either increase | StC =Number of Stopped Cars
Gs of reduce #v| Gs =GridSize
#V = Number of Vehicles
Yes

Pij = Selection probability at the junction
Aij = Pheromone value

AwT StC o
Yes ; 2 '§_
o
Start Simulation Choose edge Plot or update ¥
Yes with best Pij Graphs E )
v ¢ -5 E
Move vehicles L=
forward No Update Aij
Is vehicle at 3
junction?
No
—|t(n)=t(n-1 )+ [« v

Figure 4 Flowchart of the NetLogo DITS-ACO simwatprocess showing initialisation, vehicle movempghéromone updating,
and performance recording, (Source: [7])
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Figure 5 Cooperative game—based model for urbaffieraontrol using the Internet of Things (loT)p(Bce: [13])

A study [10] employed NetLogo’'s multi-agentreal-time dynamic traffic state within an urbannsport
modelling framework to evaluate the Vehicle-to-network using NetLogo [13].
Everything (V2X) communication traffic system, whic Taken together, these ITS studies show that NetLogo
integrates Vehicle-to-Vehicle (V2V) and Vehicle-to-enables rapid prototyping of control and routimgtegies
Infrastructure (V2I) communications to estimatep tri that measurably reduce delay, queue length, ardggu
performance and alleviate traffic congestion (Fég6). time - key indicators of operational performance in
Using real-time traffic data, Zhu Chaolei and h@search transport-logistics systems. However, many modsysan
team [12] proposed a merging-zone congestion ntiliga simplified network geometries and limited behavalur
approach that ensures driving safety and providas-1 calibration, which constrains transferability tocth#on-
entry guidance based on dynamic traffic conditions. grade applications and to energy/emissions co-osetri

In addition, Wang developed the Cell Transmissioifhese insights motivate the next subsections onigaub
Model (CTM) and Dynamic Graph Hybrid Automatatransport operations, energy use, and driver bebavi
(DGHA) models to estimate traffic density and camsta where the logistics relevance and validation ndedeme

more pronounced.
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Figure 6 MUiti-agent V2X communication model inlgo integrating V2V and V2I systems for traffamfloptimisation and

congestion reduction, (Source: [9])

3.2 urban living conditions. Within transport logistisgstems,

demand and disaster prevention in urban it plays a crucial role in organising and maintagni
public transport systems continuous human flows across networks and stations

Public transport carries large numbers of passenget€Veral representative studies employing NetLogo to
efficiently and safely, reducing congestion and riowing optimise travel demand and support disaster preareate
summarised in Table 3.

Research on the optimisation of travel

Table 3 Some typical studies on optimisation ofd¢f@lemand and disaster prevention

Articles | Research purpos | Agent types/Attribute Strengths of the stu Shortcoming
[14] |Optimising Network agents Modelling URT network Requires large-scale real data for
passenger demandrain agent Modeling dynamic passenger traffic |validation; Passenger-agent
and service in UR|Btation agent demand/service supply of train with |behaviour needs to be more
Passenger agents agents. complex
Route agen
[15] [Optimisation of |Bus agent. Station Updating operating parameters and ¢blgteds consideration of other
Bus Transit Lines [agent. statistics. vehicle agents; single-vehicle
Traveler agent. Change departure and stopping behaviour
Bus operating/ pausingdistances to improve operations.
[16] |[Subway station |Train agents, Case study on real station (L’Enfant [Requires event-specific studies far
evacuation Passenger agents Metro Station- Washington, DC) customised analysis
simulation Agents’ behavior
Passenger choice
[17] [Simulating metro |Autonomous agents |Shortest-path exit choice algorithm. |Need big real data for calculating
station evacuationPassenger agents Multinomial / Modified multinomial |MNL value
route choic  |Agents’ behavic logit mode
[18] [Highway tunnel |Environmental agents,|Support emergency evacuation Need further study of psychologigal
emergency rescuerescued waiting agentgplanning. characteristics affecting rescued
simulation and rescuer agents  |Showing realistic agents’ moving persons’ behaviors.
behaviors during emergency situatit
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Urban public transport systems are designed to mestategies aimed at enhancing network efficienaytoo
travel demand. However, determining the appropriatgpply overall system cost criteria in evaluating th
number of stops, their spacing, and the optimal budfectiveness of bus operations [15]. The agengdbas
schedule remains a challenge. Several studies haimulation framework is illustrated in Figure 7.
employed NetLogo to simulate and propose stop-locat

initialization

(Define global variables) ( Buid bos mansir ine ) (_input il data )

uopriedaig

Multi-agent definition

) ( Busprz )

Dynamic agent

| dn-paeys wapsiy |

uopesado

Data recording and updating

(" Sysem aperating parumetens ) (_ Sywiem cont parmmeters =

wonwupLI) WSS

Figure 7 Netlogo's bus transit line agent-basedusttion and visual user interface, (Source: [15])

Some scholars used NetLogo to model and providw logistics, evacuation strategies, and pubigmsport
solutions for metropolitan public-transport disastd-or operations. Its capability to represent heterogesegents
tunnel-collapse rescues, Yu and colleagues simiilatand simulate dynamic responses enables reseatclieks
tunnel-collapse scenarios using tunnel, rescuatlfestue behavioural processes with operational performance
agents [18]. Regarding subway stations, Zou et ahdicators such as throughput, dwell time, and eaton
developed an agent-based model (ABM) to studgfficiency - establishing an important bridge betwe
evacuation scenarios in a typical undergroundastdfi6], transport modelling and urban logistics management.
considering critical parameters such as the nunaber
trains, passengers, stairs, ticket gates, exitsdastination 3.3  Traffic control management, energy use, and
choices. Other research teams [19] simulated gtatio fuel consumption
evacuations incorporating psychological and behaelo  Transport systems consume substantial amounts of
features, while Liu Xiaoding used NetLogo to simela energy and contribute to congestion and pollution.
pedestrian flows at intermittent stations [20], @gnto  Studying traffic-control mechanisms that reducel fue
optimise crowd management. Additional researchrbani  consumption and emissions is therefore essential fo
railway networks focused on customer behaviour &jstainable development and efficient transporisting
transfer stations and on optimising operationaperations [21]. Typical related studies employing

management [14], both exploiting NetLogo's adagitgbi NetLogo are summarised in Table 4.
for complex multi-agent scenarios.

These studies demonstrate that NetLogo provides a
practical and flexible platform for analysing pasger-

Table 4 Typical studies related to traffic contnahnagement and fuel consumption

Articles Research purposgs  Agent types/Attribufes tren§ths of the study Shortcomings
[22] |Optimized cost andDriver agent The matching algorithm [Need implement the model in a real road
fuel with dynamic |Passenger agent Optimization algorithms. |network region to confirm its efficacy.
carpooling The carpooling
Decentralized
optimizatior
[23] |Analyzed traffic  |Vehicle agent Case study on real networfCar length set at 7.5 m in CA model,
density, speed, antdRoad agents/ (Lilongwe city) whereas actual average is 4.5 m
fuel usage. Agents rule and behaviofUpdate traffic, cost, and fu

Coordination of signals. |statistics.

Studying double lanes to
evaluate its efficacy.
Cellular automata moc
[24] |Traffic managemenGovernment agent Q-learning algorithm. The energy consumption system of fre
to save cargo transitransportation enterpris¢Develop a simulation modétansportation is complex. However, th
energy agent Cargo owner agernto adjust transportation cossticle solely uses transportation cost 4
an indicator coefficier

n n
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Several studies have proposed carpooling stratégiesenergy systems, some authors created NetlLogo-based
optimise traffic efficiency and reduce fuel consdimp models for traffic-management optimisation, aimitag
within multi-agent simulations [22], or have deyad minimise total energy use and transport costs [2d]le
traffic—fuel interaction models using NetLogo [28]Jther others designed commodity supply-chain models patth
research applied mathematical approaches to jumctiolusters to optimise transportation costs and pfab].
control and model selection, combining NetLogo, sim, The simulation interface of a representative stusly
and MATLAB environments [25]. To investigate trangp illustrated in Figure 8.

Transportation structure - price
Government — and fotal energy consumpfion Real-time - - % ;-' F.‘:"""' Sar
agent correlation Adjust transport muniluring agent "y - b Ikr‘t' | "\’ [
policy policy - -
m— e \
 — —— et
Transport enterprlse T —— e
h agent respemve requirements [ S . [kt
" price signal b 'WM& ?}k‘
-—n—;u.- ‘ —
1 - -
Simulation Cargo owner — x %X
= y e s
control center agent A IR,

Figure 8 Multi-agent Transport Cost Adjustmént 8ysfor transportation enterprises, (Source:[30])

The reviewed studies confirm that NetLogo offers an
adaptable platform for linking traffic control, egg 3.4 Driver behaviour and
efficiency, and logistics cost management. By regnéng autonomous/connected vehicle modelling
vehicles, enterprises, and government authoritiess a ynderstanding vehicle and driver behaviour in icaff
interactive agents, researchers can explore thantign systems is crucial for improving flow efficiencyafsty,
feedbacks among fuel consumption, transport castd, and overall transport-logistics performance [27&udgs
supply-chain performance. However, most existinget® adopting NetLogo to model vehicle interactions,isiea-

remain conceptual and rely on simplified indicateush as  making, and communication systems are summarised in
cost coefficients or idealised agent behavioursuteu Tgple 5.

work should integrate empirical fuel-flow data amdss-
scale coupling to evaluate both environmental irtgpand
logistics operational performance more accurately.

Table 5 Some typical studies using the Netlogdgetatfor vehicle behavior

Articles  |Research purpos Agent types/Attribute Strengths of the stu Shortcoming

[28] |Assessing the impa¢Yehicles agent. Car-following model IDM. All vehicles have same size,
of heterogeneous |[Stationaly agents. Lane-changing model MOBIL. |patience and error characteristics.
traffic. Vehicle behavio Human Driver Mode All vehicles accelerate similar

[29] |Autonomous vehiclgAutonomous vehicle Vehicle platoon optimization  |Conducted at an isolated
intersection traffic |agents algorithm. intersection; requires extension td
control. Intersection, Rolling Window Time Control |larger networks

Vehicle agents rule Strategy Based on Greedy
Algorithm.

[30] |Traffic managementVehicle agent/ P-AOC modeling method. Requires inclusion of more
driver and vehicle |Road network includes parameters and communication
behavior in VANET. |intersections, and vehicle protocols in vehicular ad hoc

behavior rule: network:

[31] Cooperative lane- |Driving agents / Intersection cooperative lane- |Need consider the vehicle's lane
changing model at |Cooperation lane- changing reinforcement-learningchanging behavior at consecutive
intersections. changing behavior for |algorithm; QuickBundles traffic intersections.

vehicles algorithrr

[32] Effects of different |Vehicle—driver agents |Development of traffic models |Does not incorporate accident-
driver types on traffiglaw-abiding, deviant, |with different types of driving |incidence analysis

non-myopic, aggressive)behavior
Case study on a real highway
(Ontario

As shown in Table 5, driving behaviour has beeexamined [29]. Some studies analysed the distobubf
modelled and compared across different countri@sgus travel time for each autonomous vehicle in NetLago

NetLogo

[28]. The

impact of autonomous-vehiclecontrol
behaviour on overall flow operations has also bedwmehavioural attributes.

and

improve

intersection
In addition, several resesns
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modelled vehicular ad hoc networks (VANETs) to Related to mixed-traffic conditions, NetLogo haste
investigate communication dynamics and to promafe s used to simulate motorcycles, cars, and buses tomggra
driving and early-warning mechanisms [30]. Othesimultaneously in Viethamese cities [34], highligbtthe
scholars [33] used NetLogo to build heterogene@fid- complexity of behavioural heterogeneity in devehgpi
flow models to study driver behaviour using indarat countries. Such simulations have supported efftots
such as vehicle-speed index, lane-allocation rdéiog- improve traffic efficiency under diverse driver fitaband
change patience, accident rate, and driver-digbract infrastructure constraints. A representative Netiog
index. interface is presented in Figure 9.

GO$  ticks: 688

Common Traits Specialized Traits

DS | S et of
check-ahead 3 Patches 40%)|  meanR 50%) 29.7 EL
—— S—— —— '-M""{d' Yty
number-ofcars 60 Cars MI 03 R ‘M‘M

w
* 8 b
| S Car Behaviour Colour Legend s f
chance-to-mimic-dev 10 % 50 % - Pink = Law-Abiding *
- Magenta = Non-Myopic

- Lime = Deviant 0 0

| - Dark Green = Imitator 0 Time (ticks) 715 0_Time (ticks) 715
L) ® 5 distribution 33% -Red = Aggressive

- Yellow = Under Pressure

Figure 9 General interface of the NetLogo modebuSe: [32])

The outcomes of these multi-agent simulationshanging model in NetLogo, investigating how
demonstrate that traffic performance is shapedaniytby collaboration among drivers can enhance trafficieficy.
vehicle types but also by the interactions and theap The logic flow and interface of this model are show
learning of drivers. For example, Yao and colleagi3d] Figure 10.
applied game theory to develop a cooperative lane-

Lang-changing Lagging vehicle .dues not _s\ow
zone down rmlma\l driving position

= “‘;*:/»m
b ‘

Step 1: When a lane change vehicle in the Ia_ne—ehan[%in? zone dnés_ have enough space fol
a free lane-chan m? it sends a lane-change siganl to the Tagging vehicle at a cerfain distance
behind in the targef lane.

Sleﬁ 2: The lagging vehicle makes a decision and decides fo yield and return the information
to the lane-changing vehicle.

Step 3: The lagging vehicle takes the lane-changing vehicle as the reference and start to slo
-down to ensure that its speed is no higher than "the lane-changing vehicle speed and does no
collide with it. The lane-changing vehicle starts to change lane, “""% which it still needs I
Pay attention to ihe speed of the vehicle in front of the farget lane and the distance betwee
he solid lane adjusting iis speed (lane changing flowing model ) and must complete the lan
-changing before the solid lane.

Step 4: The lane-changing vehicle is copletely into the target lane, the lagging vehicle passes
after it, and the cooperative lane change is complete.

Figure 10 Cooperative lane-changing model logieviland NetLogo interface, (Source: [31]

Additional experiments further refined heterogareo penetration rates of connected autonomous vehicles
traffic models by varying driver patience and iatdion (CAVSs) affect traffic safety and efficiency[35].
mechanisms, while others incorporated behaviowdalsr Overall, these studies confirm that NetLogo is a
for acceleration, deceleration, and lane-changing flexible and transparent platform for analysingver-
explore spatio-temporal dynamics in traffic flowo T vehicle interactions in both conventional and catee
evaluate the influence of autonomous vehicles ireohi environments. By modelling behavioural diversitydan
manual-autonomous traffic conditions, Chen et2028) adaptive cooperation, it offers valuable insigltstfaffic-
developed a simulation model for mixed traffic flomw control strategies, fleet operations, and transipgrstics
diverging off-ramp areas, analysing how differenbptimisation. However, most studies still employ

s
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simplified physical assumptions and lack integratiath ~ distances critically determine throughput and gafet
empirical driver data, limiting direct application real- Future studies should therefore develop more réfine
world logistics planning - a challenge that will igther representations of agent dimensions and evaluaie th
discussed in the next section. influence on model accuracy and flow efficiency.

4  Discussion and implicationsfor 4.2 Limitationsin simulating the actions and

transportation and logistics reactions of driver, passenger, and control
This section discusses the limitations and lessons agents
drawn from previous NetLogo-based transport stualiebs The accuracy of multi-agent traffic simulations
highlights their implications for both transportati depends largely on how effectively the behaviours,
planning and logistics operations. The discussio#ecisions, and reactions of individual agents are
synthesises methodological shortcomings, modellingpresented. In most NetLogo-based studies, driver,
constraints, and future research opportunities tifiesh passenger, and control agents are modelled using
across the reviewed literature. Figure 11 illussahe five simplified rule sets with limited behavioural digdy.
main categories of limitations identified from tteviewed These rules usually assume homogeneous reactions to
studies, which are discussed in detail below. stimuli such as congestion, signals, or other \ekjc
thereby underestimating the variability of humaaisien-

2. Limited realism in simulating 3. Weak integration between micro- maklng in real transport epwrpnments. .
triver, passenger, and ,meso-, and macro-scale Although such simplification reduces computational
control behaviours modelling approaches . A N . . .
S l cost and improves visual clarity, it restricts tagacity of
the model to reproduce interactive dynamics between
SR 4 . |Hmsiom different categories of agents. For instance, rteractions
'S?ﬂgé_ﬁ?sp(s%’fﬂimﬁet;y | & e il b between passengers and control agents during ngeudi
Ioeracion 200 y! evacuation, or between human-driven and autonomous
b vehicles in mixed traffic, are rarely calibratedings
5. Incamplete calibraton,verifcation empirical data. Most models lack a feedback mecnai
and validation (CV&Y) processes . . . .
simulate delayed or adaptive responses, resulting i
Figure 11 Key limitations of NetLogo-based transation deterministic and overly stable flow patterns.
modelling These limitations diminish the model’s usefulness f

analysing behaviour-sensitive logistics and trartspo
Although NetLogo offers transparency, simplicitida operations, where driver response time, passenger
flexibility in agent-based traffic modelling, sew@r poarding patterns, and signal-control adaptation
limitations are apparent when applied to compleal-r sjgnificantly affect throughput and reliability. fewe
world transport systems. research should incorporate richer behaviouralsgiga-
derived from field observations, sensors, or ttajgcdata
4.1 Limitations related to the physical dimension - to refine agent-response functions. Integratiraghme-
modelling of agents learning or reinforcement-learning algorithms could
The physical size and shape of mobile agents farther enhance behavioural realism, enabling more
transportation systems directly affect their movetred accurate assessment of operational performance and
interactions. For simplicity, most NetLogo-baseddels decision-making in transport-logistics systems.
assume that all mobile agents are identical in sizé
occupy a single patch or point. However, the effeaft 4.3 Limitationsin the scale approach for traffic
agent dimensions on simulation accuracy have rivesy modeling
examined. NetLogo can simulate transport systems at either th
In some previous simulations of heterOgeneOUSi(traffmicroscopic or macroscopic level. However, a mdeve!
flows, trucks and cars were often modeled as ageits simulation that simultaneously accounts for detbiigent
equal size for simplicity. In practice, howeveydks are pehaviours and dynamic interactions becomes
considerably larger than cars, and the safe distafr computationally intensive and may significantly velo
acceleration, deceleration, and lane-changing shbel down the model, especially when large numbers efixg
determined based on the full vehicle length rathan a and dense traffic networks are involved. Consedyent
single central point. Such dimensional differenvee most previous researchers have tended to adopfdhe
frequently overlooked due to programming constea@md two scales - micro or macro - rather than attengptin
model simplifications. integrate them. The majority of existing NetLogaséa
Such simplification, while computationally convemtie  traffic studies employ microscopic modelling, which
reduces the model's ability to represent realispatial focuses on the behaviour and interactions of inldiai
interactions and traffic-density effects. It alseakens the agents_ While this approach Captures local dynamics

applicability of simulation results to transporgistics effectively, it restricts the capacity to evalusgstem-wide
operations, where vehicle size, cargo load, andrafee
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performance such as network throughput, congestidiuture research should therefore develop multi-teaip
propagation, and service reliability. Converselyacno- modelling frameworks that integrate real-time or
level models describe aggregate flow patterns &ilitd  longitudinal datasets, enabling a better underatgndf
represent driver heterogeneity or lane-level dyeamis transport dynamics, congestion cycles, and timexdéent
a result, the macro-to-micro evaluation of the aiter logistics efficiency.
transportation system remains limited.

To bridge the gap between these two scales, somié The calibration, verification and validation
researchers have explored an intermediate mesascopi (CV&V) procedures are limited and
(meso) modelling approach, combining the aggregated incomplete
efficiency of macro models with the behaviouralailebf Calibration, verification, and validation (CV&V) ar

micro models. Nevertheless, experiments using Ngilad  ggsential for ensuring the credibility and applittybof
this level remain scarce due to the lack of stafidad gimylation outcomes. However, due to the largeesodl
interfaces and the computational cost of crosssdata models, limited funding, licensing constraints, and
transfer. Conceptually, macro-, meso-, and micraef® yepjoyment time, most NetLogo-based traffic studég
form a continuum, linking large-scale system e#i@y n,iimarily on computational outputs without systeimat
with individual ~ behavioural ~ dynamics  throughtesiing against real-world data. As a result, mangels
intermediate mesoscopic representations. remain unverified and uncalibrated, reducing their
NetLogo’s increasing connectivity ~with  otherglevance to actual traffic conditions. Only 17.6%the
analytical toolkits - such as GIS, optimisatiorveos, and sy dies reviewed in this article reported explieV&V
machine-learning platforms - offers opportunities tprocedures. A comparison between calibrated—vaiitiat

develop multi-scale hybrid models. These integrstioill 54 non-calibrated—validated studies is presented |
enable future research to analyse transportatios afigure 12.

logistics systems more comprehensively, linking rotc
level agent decisions with macro-level flow, coshd 1000
energy performance indicators. Such coupling iers ' 82.5

for supporting strategic transport-logistics plamgniand e 800
sustainable system design. £ 600
S 400 17.5
4.4 Limitationsin the time-based approach to 2 500 —
traffic modelling -

Temporal resolution is a crucial element in simotat ' CALIBRATED NON-CALIBRATED
transport systems, as the timing of events detesnihe VALIDATED STUDIES  VALIDATED STUDIES
accuracy of flow eVOIUtlon anc.l sys_tem performarioe. Figure 12 Comparison histogram of calibrated, vatietl and
most NetlLogo-based studies, time is representedighr non-calibrated studies

discrete ticks rather than continuous processede\tis

discrete-time structure simplifies computation and Although a few studies conducted partial validation
visualisation, it constrains the ability to repmeséynamic iheir influence on model accuracy and interpretatid
variations in traffic demand, driver reactions, amthtrol | esylts was rarely discussed. To ensure feasibilitgl
adjustments over extended periods. _ _ correctness, future research should prioritiseesyatic
Many models employ short simulation horizonscajipration, verification, and validation, and coang
typically focusing on seconds or minutes of systegimylated outputs with empirical observations to
activity. As a result, long-term variations in tehdemand, strengthen the reliability of transport and logisti
congestion accumulation, or vehicle emissions arely  gimylations. In summary, this limitations exposey ke
captured. S|mpl_|f|ed time steps also prevent thalet® methodological gaps in NetLogo-based transportiesud
from representing feedback loops between netwolq their logistics applicability. The next sectibistils our

performance and behavioural adaptation - sucha@sge’s  conclusions and outlines concise, data-driven, irsadtle
in departure time, route choice, or vehicle utflsa These  gjrections for logistics-oriented simulation ressar

simplifications reduce the realism of simulations,

particularly when analysing logistics operationsatth 5 Conclusions and future research
depend on scheduling accuracy, delivery reliabiiiyd This review confirms that NetLogo is a powerful and

cumulative fuel consumption. aﬁcessible platform for simulating transport system

Valation frher Imits e gonbrananiity dfaults. o TOUGN an ‘agent-based modeling approach. s open
9 Y : architecture, ease of customisation, and rich model

studies compare simulated and observed flow patterfi. - ies enable researchers to prototype _traffied a

%Cri(;?iisdg:]%r?rgtngn:)erts I(:ngﬁ]y (?(Litsriﬁgrtggnqmog rs logistics scenarios rapidly and cost-effectivelgrdss the
9 port p 9, TWeg reviewed studies, NetLogo has been applied to adbro

the potential of NetLogo models to support timegabl Co L . )
optimisation, shift scheduling, or demand forecasti range of topics, including: (a) Intelligent-trangpgystems
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(ITS), (b) Public-transport operations and evaamt{c)
Traffic control and energy efficiency, and driverda(d)
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