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Abstract

Transport logistics systems typically evolve aswaeks over time, which may result in
system rigidity and cause changes to become exmeasid time consuming. In this study a
logistics model, named TranSwarm, was developedsitoulate sugarcane harvesting,
transport and mill-yard activities for a mill sug@rea. The aim was to (i) simulate produce
flow, and (ii) allow individual working entities tanake decisions, driven by rules and
protocols, and based on their micro-environmentsoddberg mill was selected for the case
study because of low current levels of synchromsatGrowers were assumed to operate
independent harvesting and transport systems @austonsistent convergences at the mill.
This diverse and fragmented system provided aldeienvironment for constructing a model
that would consider interactions between individgedwers and their respective transport
systems. ldeally, by assessing the micro-decis@inmdividuals and how these decisions
influence the holistic supply chain, TranSwarm difees the impacts of different types of
transport practices, such as changing vehicle spieetduce queuing at the mill. TranSwarm
is visual, mechanistic and represents key entsieh as roads, farm groupings and the mill.
The system uses discrete events to create a dyrandistochastic environment from which
observations and conclusions can be drawn. Thisoapp potentially allows stakeholders to
identify key components and interactions that nempardise overall efficiency and to use the
system to test new working protocols and logistidses for improving the supply chain.

Keywords: sugarcane, transport, modelling, simulation, lidggs TranSwarm
Introduction

In today’s modern world of integrated networks amwmplex system problems, simpler

solutions often mean better solutions. Bonaletal. (1999) formalised the notion of Swarm

Intelligence (SI), which is a complex systems smtioh methodology used to study the
individual behavioural patterns of different em#iin a system and how they interact with
each other. The use of Sl, a system that initialigy seem chaotic, could ultimately

accomplish complex tasks through simplificationu(laind Passino, 2000). An ant colony is a
good example in which, by following simple rulelse tseemingly random movements of ants
collectively accomplish difficult tasks.

The South African sugar supply chain is currendlgiig many challenges. The sugar price is
low, while infrastructure and logistics costs ateaslily rising. A component of the supply
chain that can immediately be identified as hightportant is transport. Sugarcane transport
is comprised of a large and complex network ofvéads. At a single mill, transport can
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involve hundreds of operators and vehicles. Carpfahning and co-ordination is ideally
needed to avoid wasting resources, but in a midkeholder environment this may not be
easily achievable.

Banks (1998) showed that inept transport manageraedtwork protocols often lead to
inefficient systems, and how small correctionshiese systems could benefit industrieéss
hypothesised that Sl-based modelling can be talltyea sugarcane transportation problem to
research how complex tasks could be completedieftiy without centralised control.
Ideally, the Sl system should be able to corresgliitand adjust appropriately when external
influences affect the system. The objective of ttesearch is, therefore, to design and
evaluate a sugarcane transportation simulatioesybaised on swarm intelligence.

M oddl framework

The Rockwell Arena v11.0 simulation software paekagas used to implement the model.
This package was chosen because of its successéulinusimilar industry applications
(Barnes, 1998; Diaz and Perez, 2000; Gaertner,)2004

Software implementation followed the key designngiples developed in the conceptual
model. Arena facilitates a flowchart type methodgloevhen a system is constructed, thus the
components found within the conceptual model cdnddepresented accordingly. Following
this, a generic sugarcane transport logistics BysteamedTranSvarm, was developed.
TranSwarm allows entities of sugarcane bundledow through the system, from farms to
the mill, and includes queuing at the mill.

The conceptual model (Figure 1) is closely relatedhe actual flow that takes place. The
model has been divided into two distinct parts, @newer/Farm section and th#liller/Mill-
yard section, labelledr, andMy, respectively. The reason for this was to difféisga between
the activities of the distinctive parties in theply chain. Therefore, the grower is responsible
for his/her farm fp), harvesting Ilfp) and transporttf) activities, whereas the miller is
responsible for mill-yardnfy) activities.

When the model runs, all the variables, scheduhegi and queue structures are initialised
appropriately using three simultaneous inputs. iAfluts are contained within a MS Excel
spreadsheet and are read into the model thréughd my. Inputs includejnter alia, daily
sugarcane allocation (for harvesting), externamnfalata (e.g. number of vehicles, choppers,
and/or other) and mill data (e.g. number of spiti@nes, hysters, and/or other).

When the inputs have been read, the daily allosatfosugarcane (entities) can start flowing
from module to module. First, the sugarcane wilcte the harvest modulégf, where cane
will be harvested according to an appropriate hetrtechnique. Secondly, the cane will be
transported infield to a loading zone, where itl witter the transport modul&)( Here the
cane will be loaded onto the correct vehicles aadsported to the mill. During the transition
through these modules, various facts, statistick information are gathered and compiled
into reports and graphs.

When the vehicles leavig, they enter the road network, where they are assuméravel
along the shortest path to the mill and back. WArnicles reach the milMp) they enter the
mill-yard (mp) and offload the cane, after which they returnthe farm to load the next
consignment. This cycle continues until cane aldhding zones has been replenished.
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Figure 1. Conceptual diagram for the TranSwarm sugar cane logistics model.

Proposed case study

The region of interest is a small, culturally dser community located north of
Pietermaritzburg in KwaZulu-Natal province. In the&ea, known as Noodsberg, the
cultivation of sugarcane is one of the primary agtural activities. Noodsberg sugarcane
transport configuration offers complex daily logist challenges, which, through Sl-based
simulation, may be represented accurately enoughtvestigate different operating rules.

TranSwarm was configured for Noodsberg accordinthéocurrent road and farm networks.
The Noodsberg configuration comprises 153 majordpetion units, serviced by 105
vehicles. Simulations include daily harvesting aextraction, loading zone dynamics,
inbound and outbound vehicle movements, queuintpeamill, and offloading systems for
both spiller and bundle cane systems. Figure 3tilles the graphical representation of the
Noodsberg mill supply area as displayed in the Arsoftware.
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Figure 2. The TranSwarm configur ation for Noodsberg. The Arena-based model includes
production units, aroad network, loaded and empty vehicles (shaded and un-shaded,
respectively) and several processes at the mill.

Current research includes test results that vaitta@ model under a benchmark scenario by
comparing simulation outputs with observed systarables, such as cycle times, queue
length and product flow rate. This confirms the it validity, which provides a certain
level of confidence when new scenarios are simdldature attempts will include simulation
of external traffic to produce congested conditjoasd alterations to swarm intelligence
rules, such as vehicles speeding up or slowing dand will analyse the impacts of these
issues on overall system efficiency.
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