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ABSTRACT 

 

 

 

 

In this thesis, a new problem of arc routing for a fleet of vehicles in waste 

collection is studied.  Objectively, this study investigates the effect of external factor, 

precisely the rainy weightage to expect the optimum routing cost and the number of 

trips for a fleet of vehicles in domestic waste collection.  Although the rain is 

considered a crucial factor in Malaysia due to its ability to change the demand 

behaviour, consequently increased the quantity and trips, this factor has never been 

studied within the context of routing problems.  Thus, two problems namely 

capacitated arc routing problem with stochastic demand (CARPSD) and capacitated 

arc routing problem with delivery time window (CARPDTW) were formulated to 

present the vehicle operations in waste collection.  In general, conventional CARP in 

waste collection lies on undirected network graph, where a vehicle starts with empty 

capacity at a depot, performs pick-up of the customer demands on a set of required 

edges and ends at the depot without exceeding its capacity.  In order to produce 

optimum or near-optimum solutions, constructive heuristics (CH) with several 

techniques such as modified path-scanning, switching rule, route compactness rule 

and shortest route rule are implemented.  The performance of CH is tested on four 

real-life instances and a set of established benchmark dataset.  In conclusion, the CH 

is able to produce optimum or near-optimum results in terms of routing cost and trips 

for a fleet of vehicles within a very fast computation time and is stable without any 

variation when compared to other methods, such as tabu search, reactive tabu search 

and column generation. 
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ABSTRAK 

 

 

 

 

Dalam tesis ini, satu masalah baru laluan teraruh bagi sebilangan kenderaan 

pengumpulan sampah dikaji.  Secara objektif, penyelidikan ini mengkaji kesan faktor 

luaran iaitu pemberat hujan bagi menjangka kos laluan optimum dan juga bilangan 

trip untuk sebilangan kenderaan dalam pengumpulan sampah domestik.  Walaupun 

hujan dianggap faktor kritikal di Malaysia berdasarkan keupayaannya mengubah 

corak permintaan, seterusnya meningkatkan kuantiti dan trip, faktor ini tidak pernah 

dikaji dalam konteks masalah laluan.  Sehubungan itu, dua permasalahan iaitu 

Masalah Laluan Teraruh Berkapasiti Dengan Permintaan Stokastik (MLTBPS) dan 

Masalah Laluan Teraruh Berkapasiti Dengan Tetingkap Masa Penghantaran 

(MLTBTMP) telah diformulasi untuk mewakili operasi kenderaan dalam 

pengumpulan sampah.  Secara umum, MLTB konvensional bagi pengumpulan 

sampah merupakan graf rangkaian tidak teraruh, di mana sebuah kenderaan bermula 

dengan kapasiti kosong dari depot, melakukan pengumpulan permintaan pengguna 

bagi satu set penghubung dan berakhir di depot tanpa melebihi kapasiti.  Bagi 

menghasilkan penyelesaian optimum atau hampir optimum, heuristik konstruktif 

(HK) dengan beberapa teknik seperti modifikasi imbasan-jalan, peraturan pertukaran, 

peraturan kepadatan laluan dan peraturan laluan terpendek telah dilaksanakan.  

Prestasi HK diuji terhadap empat kes sebenar dan satu set data piawai yang telah 

terbukti.  Kesimpulannya, HK berupaya menghasilkan keputusan optimum atau 

hampir optimum bagi kos laluan dan trip untuk sebilangan kenderaan dengan masa 

komputasi yang sangat pantas dan stabil tanpa sebarang variasi bila dibandingkan 

dengan kaedah-kaedah lain seperti carian tabu, carian tabu reaktif dan penjanaan 

lajur. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Routing Problems at a Glance 

 

 

Routing problems at a glance began with Dantzig and Ramser first 

introducing the truck dispatching problem in 1959 and proposed a linear 

programming based heuristic as its solution.  It has been more than half a century 

since they described and formulated the vehicle routing problem and then solved the 

problem with twelve delivery points and one terminal.  Theory, practice and computer 

technology have come a long way since then; so that today vehicle routing is 

considered one of the great success stories in operations research. 

 

 

In the early 1970s, research in transportation routing problems evolved 

drastically after the increment of oil prices in the entire world had such a big impact 

on vehicle operational cost.  Continuous hiking-up of oil prices thus urged 

transportation operators and managers to find a minimum-cost route plan in servicing 

their customers, obviously to keep the cost low.  This caused practitioners and 

industry players in the transportation business from time to time actively seeking 

ways to reduce the operational cost on vehicles and improve their services at the same 

time.   
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Optimization in vehicle routing could be traced back to the first invention of 

the vehicle engine itself in the late nineteenth century, when the first pick-up truck 

was built by the German automotive pioneer, Gottlieb Daimler in 1896.  Since men 

have been able to drive, they have always taken the shortest path, so that their vehicle 

consumes less energy and in a shorter time.  Less energy consumption (e.g.: petrol, 

diesel or gasoline) means a less amount of money spent.  Thus, finding the minimum 

and cost-effective routing is one of paramount importance in the transportation 

business and is considered to be very important.  Primarily in the transportation 

business, whether pick-up, delivery or both operation styles, efficient routing with 

minimum cost is put above other considerations. 

 

 

In order to produce an efficient and cost-effective routing, mathematics plays 

an important role especially in operational research which uses a lot of mathematical 

models in optimization, modelling and procedures to assist the managers in their 

decision making.  Heuristics or metaheuristics are among the more popular methods 

that have been used extensively by mathematicians and researchers in searching for 

optimum solutions.  Metaheuristics such as Tabu Search (TS), Genetic Algorithms 

(GA) and Simulated Annealing (SA) seems competing with each other since no 

method could be claimed as the best so far.  One method usually fits for a specific 

problem and only suitable for a certain routing model.  These metastrategies are 

proven and frequently can produce optimum solutions, but require long computation 

times.  On the other hand, heuristics and other methods are faster, but rarely produce 

optimum solutions since the approach usually is to find a quick near-optimum 

solution.  To this extent, advances in computer technology consequently make all this 

possible in providing a good quality solution. 

 

 

This study emphasizes the real problem that occurs in routing problems which 

has never been studied and heuristics as its solution method.  In this thesis, we 

investigated and had a look at the real problem in rainy day scenarios for vehicle 

operation in residential waste collection.  Our approach is to study a new problem in 

waste collection, construct an accurate and reliable waste collection routing problem 
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model and solve it by using various combinations of heuristics.  Further explanations 

of the problem will be described in the next section. 

 

 

 

 

1.2 Routing Problems in Waste Collection 

 

 

In most countries, waste collection problems are frequently considered as 

environmental and pollution issues thus many approaches have been carried out onto 

development of policies and improving of waste management at administrative level 

(see Thorneloe et al. (2007); Simonetto and Borenstein (2007); and Metin et al. 

(2003)).  Apart from the studies conducted, very few researches have been done to 

improve the vehicle operations in waste collection. 

 

 

There are deep and diverse vehicle routing problems facing the solid waste 

industry today.  Managing waste is a mammoth task as it needs to be collected, 

transported and finally disposed of.  Beltrami and Bodin (1974) did one of the early 

classic vehicles routing problem in municipal waste collection for New York City and 

Washington D.C where different types of vehicles (trucks, barges, tugboats and 

mechanical brooms) were involved in the operations.  In determining the optimal 

routing, they improved on saving heuristic proposed by Clarke and Wright in 1964. 

 

 

Golden et al. (2002) categorized routing problem in waste collection into three 

segments: 

 

 

(i) Node routing problem 

This commercial problem involves the collection of refuse from large 

containers. 
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(ii) Arc routing problem 

Residential collection involves collecting household refuse along a street 

network. 

 

(iii) Roll-on-roll-off problem 

This segment combines elements of node routing and bin packing where the 

operation consists of pick-up, transportation, unloading and drop-off of large 

containers. 

 

 

Routing problems today play an important role in the transportation and 

logistic business.  It contains many characteristics found in basic routing problems 

models (such as constraints on vehicle capacity), but it may also contain many 

complicating issues (such as time windows and stochastic elements) that affect the 

route configuration.  Obviously, the dynamic variables complicating the solutions are 

a richer problem compared to the conventional static routing problems.  These 

differences then inherit various dynamic vehicle routing problems and many methods 

have been proposed to seek the most optimum solutions. 

 

 

In context, some researchers look at waste collection problem as capacitated 

arc routing problem (CARP) model, while other researchers modelled it as various 

dynamic vehicle routing problems (VRP).  The main difference is this; in an arc 

routing model, the focus is on the route of the vehicles itself, not the nodes.  This 

main difference relies on the fact that the vehicles are giving service when they are on 

the routes.  In other words, in waste collection problem from arc routing point of 

view, the customers are located along the arcs, not at the nodes.  Additionally, the 

capacity of the vehicles is capacitated when the vehicle performs door-to-door 

collection and has moved from one arc to another arc. 
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1.2.1 Vehicle Routing Problem  

 

 

Vehicle routing problem (VRP) is a generalized problem based on the 

Travelling Salesman Problem (TSP) and is considered a NP-hard problem in the 

sense that it is unsolvable in polynomial time (Lenstra and Kan, 1981).  VRP is also 

known as node-based routing problem, meaning the vehicle gives its services when it 

arrives at a certain node or point.  Transporting goods from a warehouse to a set of 

retailers is one example in a delivery system.  While picking-up agriculture products 

from a set of scattered locations to a wet market in the city is another different 

example.  In addition, passenger buses and mail couriers do both kinds of delivery 

and picking-up activities. 

 

 

The main target of VRP is to service a set of customers and return to the depot 

after having completed all tasks.  All customers must be visited exactly once within 

some given constraints and the total customer demands of a route must not exceed the 

vehicle capacity.  Given a set of geographically dispersed customers, each showing a 

non-negative demand (q > 0) for a given commodity, the VRP consists of finding a 

set of tours of minimum cost for a fleet of vehicles.  

 

 

By definition, VRP can be stated as a set of locations and defined on a 

directed graph G = (V, A) where V = (vo, v1,..., vn) is a vertex set and A = ((vi, vj): vi, 

vj  V; i  j) is an arc set (Barbarosoglu and Ozgur, 1999).  The vertex vo represents a 

depot and vi to vn are customers to be serviced without exceeding the vehicle’s 

capacity. 

 

 

One research on VRP in waste collection was carried out by Tung and Pinnoi 

(2000), where the application of operations research techniques in waste collection 

activities in Hanoi, Vietnam was developed.  They formulated the problem into a 

mixed-integer program and proposed a heuristic procedure consisting of construction 
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and improvement phases.  They used a modification of Solomon's heuristic for the 

construction routine while the improvement phase combined the power of Or-opt and 

2-opt* together as one for improvements in both total cost and the number of vehicles 

utilized. 

 

 

Aringhieri et al. (2004) then studied the problem in the collection and disposal 

of bulky recyclable waste such as paper, metals, green and garden waste, wood, glass, 

etc., and considered this problem as a delivery and pick-up problem.  They also 

constructed a graph model based on asymmetric vehicle routing problem (AVRP) 

formulation and solved it using heuristics. 

 

 

Kim et al. (2006) emphasized a real-life waste collection vehicle routing 

problem with time windows (VRPTW), with consideration of multiple disposal trips 

and drivers’ lunch breaks.  Their aims were to minimize the number of vehicles and 

total travelling time while taking into consideration two factors; route compactness 

and workload balancing.  In order to improve the route compactness and workload 

balancing, they developed a capacitated clustering-based waste collection VRPTW 

algorithm and implemented the program at Waste Management Inc., in North 

America. 

 

 

Alumur and Kara (2007) worked further on hazardous waste and developed a 

large-scale implementation of the model in the Central Anatolian region of Turkey, 

with the objectives being to minimize the total cost and the transportation risks.  The 

aim of the proposed model was to determine the locations for open treatment and 

disposal centres, how to route different types of hazardous waste to whichever 

compatible treatment technologies and how to route waste residues to disposal 

centres. 

 

 

 Irhamah (2008) then considered waste collection as a VRP with stochastic 

demand (VRPSD), where demand was unknown when the route plan was designed.  
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This VRPSD objective was to find a priori route under preventive restocking that 

minimized the total expected cost.  Various metaheuristics based on genetic algorithm 

and tabu search were developed to solve the model. 

 

 

Conventional VRP handled deterministic parameters, where elements like 

demands, cost and distance are known and fixed.  However, many VRP variants 

today tackle complicated and uncertain factors that make them more dynamic and 

difficult to solve.  Some research developments in VRP with specific cases in waste 

collection will be explained further in Chapter 2. 

 

 

 

 

1.2.2 Capacitated Arc Routing Problem 

 

 

In general, CARP is another kind of routing problem specifically designed to 

formulate vehicle routing operations in solid waste, snow ploughs, street 

maintenance, mail couriers and other street services.  This routing model was 

introduced by Golden and Wong (1981) and was considered as a special domain of 

VRP, but on the other hand, CARP has been comparatively neglected.  Both classes 

of problems are NP-hard and extremely rich in theory and applications.  CARP 

problems were raised by operations on street networks, such like urban waste 

collection, snow ploughing, sweeping, gritting and road mapping.  Certainly, the 

major CARP application is municipal programs or contractors in waste collection, 

road maintenance or other street cleaning businesses.  The single objective for CARP 

deals only with minimizing the total cost of the trips.  Similarly with VRP, this 

special problem aims to construct a feasible route that minimizes the total cost within 

some pre-specified constraints. 

 

 

Figure 1.1 and Figure 1.2 illustrate the main difference between the VRP and 

CARP.  In these figures, node 1 represents the depot and node 2 until node 4 is the 
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locations.  For each edge, a demand and cost (qij, cij) is assigned and assumed 

symmetric in both directions. 

 

 

Despite CARP and VRP lying on the same network graph, however they 

originated from different problem background.  In VRP, the vehicle delivers its 

service when it arrives at a certain node or point (see Figure 1.1).  Otherwise, for 

CARP, customers’ demands are located on the edges, and the vehicle giving service 

while moving from one edge to another edge, thus increasing vehicle capacity (see 

Figure 1.2).  In other words, CARP intends to seek a solution for all edges (arcs), but 

VRP on the other hand is to find the solution for all nodes. 

 

 

 

  

  Figure 1.1: VRP.    Figure 1.2: CARP.   

 

 

Santos et al. (2009) defined CARP as an undirected graph, G = (N, E) where 

N = {v0, …, vn} is a node set and E = {(vi, vj) : vi, vj  N,i < j} is an edge set.  Vertex 

v0 represents a depot node and each edge (vi, vj) of E has a non-negative commodity; 

cost, cij and demand (or weight), qij. 

 

 

The above arguments support the idea that the waste collection problem can 

be modelled as CARP as mentioned in Gelders and Cattrysse (1991).  Amponsah and 

Salhi (2004) designed a constructive heuristics based on CARP that takes into 

account the environmental aspect as well as the cost in order to solve the routing 
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aspect of garbage collection.  Their method is based on a look-ahead strategy that is 

enhanced by single and multi-objective route planning. 

 

 

Lacomme et al. (2005) modelled periodic CARP (PCARP) where the trips 

must be planned over a multi-period horizon.  They proposed a mimetic algorithm 

based on a sophisticated crossover that was able to simultaneously change tactical 

(planning) decisions, such as the treatment days of each arc, and operational 

(scheduling) decisions, such as the trips performed for each day. 

 

 

A study by Chu et al. (2005) also considered the periodic capacitated arc 

routing problem (PCARP), a natural extension of the CARP to a weekly horizon.  The 

objective was to assign a set of service days to each edge in a given network and to 

solve the resulting CARP for each period, in order to minimize the required fleet size 

and the total cost of the trips on the horizon.  This problem has various applications in 

periodic operations on street networks, like waste collection and sweeping.  They also 

developed a greedy heuristic and a scatter search that evaluated on two sets of 

PCARP instances derived from classical CARP benchmarks (see Chu et al., 2006). 

 

 

Belenguer et al. (2006) developed a linear formulation, valid inequalities, and 

a lower and upper bounding procedure for the mixed capacitated arc routing problem 

(M-CARP).  They developed three constructive heuristics (path-scanning, augment-

merge and Ulusoy’s heuristics) and a mimetic algorithm.  Bautista et al. (2008) then 

considered waste collection problem in Sant Boi de Llobregat, Barcelona as a CARP 

and developed ant colony metaheuristics to obtain the solutions. 

 

 

The similarity between VRP and CARP cases is that their vehicles start 

travelling from a depot to a set of scattered destination points before returning back to 

the depot after completing all serviced nodes or arcs.  In both cases, all destination 

points (known as clients or customers) are serviced exactly once. 
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However, very few researches considered external factors (such as weather 

and temperature) in modelling CARP or VRP.  To our knowledge, Amponsah and 

Salhi (2004) is the one single study that considered the element of hot weather in 

modelling CARP and developed a constructive heuristic based on look-ahead strategy 

that takes into account the environmental aspect as well as the cost to solve the 

routing of garbage collection.  Another work was done by Chaug-Ing Hsu et al. 

(2007) where the time-varying temperatures and human interaction during cargo 

opening have an effect on the VRP model.  Their work however was done on 

perishable food transportation and in contrast was applied to VRP, which in practice 

its vehicle’s operations are different than CARP.  An extensive literature review on 

CARP in waste collection and its up-to-date developments will be addressed in 

Chapter 2. 

 

 

 

 

1.3 The Importance of Minimum-Cost Routing 

 

 

In recent years, many service suppliers and distributors have recognized the 

importance of designing efficient transportation strategies to improve the level of 

customer service and reduce transportation cost.  In a typical distribution system, 

vehicles (e.g., trucks or school buses) provide delivery or customer pick-up, where a 

common objective is to find a set of routes for the vehicles that satisfies a set of 

constraints and helps to minimize the total fleet operating cost. 

 

 

In general, the aim of a routing problem is to construct an efficient and 

optimal routing for a fleet of vehicles so that the delivering or picking-up process can 

be smoothly expedited.  Objectively, the goal of constructing the optimal routing is 

for minimizing the transportation or routing cost for the vehicles.  Toth and Vigo 

(2002a) mentioned this matter and stated that the use of computerized procedures for 

the distribution process planning produced substantial savings from 5% to 20% in the 

global transportation costs in North America and Europe.  Furthermore, the 
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transportation process involves all stages of the production and distribution systems 

and represents a relevant component (generally from 10% to 20%) of the final cost of 

the goods. 

 

 

In Malaysia, the local authorities spend about RM1 billion a year to manage 

solid waste generated throughout the country.  In fact, this budget is approximately 70 

to 80 percent of their revenue in solid waste management.  It was reported that in 

2002, Malaysians generated 17,000 tons of solid waste daily, 19,000 tons in 2005 and 

was estimated to reach 30,000 tons by the year 2020 (2010, 17 June). 

 

 

Fuel costs such like petrol, diesel or gas are highly related to transportation 

cost besides labour, maintenance and toll charges.  Without a good plan and efficient 

routing for vehicles, delivering of goods or services will increase the total cost and 

would become a major burden to companies.  As a consequence, even small 

improvements in routing efficiency can result in large cost reductions.  The 

consequences of poor planning are very costly, and a decision maker must frequently 

fine-tune the system to ensure that the needs of customers are being met in a timely 

and cost-effective manner. 

 

 

 

 

1.4 Background of the Problem 

 

 

The conducted interviews of the real case study had shown significant vehicle 

routing problem when it came to rainy days.  On rainy days, rain drops into the 

garbage and increases the waste weights.  Similar conditions happen when the top-

open container truck is used for picking-up the waste.  In other words, the household 

refusal on rainy days does not increase in volume, but in weight due to moisture in 

the waste from the rain drops.  This variable thus affects the vehicle’s capacity in total 

weight. 
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More trips frequently occur on rainy days due to uncertainty in customer 

demands.  During good and clear weather, the total quantity Wqij , where W is 

the maximum capacity for a truck.  The demand or quantity qij is probabilistic to a 

certain distribution, and W is a fixed constant.  However, rain drops or water level is a 

new variable that affects the total weight of collected garbage if the truck operates on 

a rainy day.  Section 1.6 describes this problem in further detail. 

 

 

This problem inherits the time window issue when a longer service time 

(because of more trips being added due to heavier weights), consequently prolonging 

the total operational time.  In time window problem, the arcs that require service must 

be serviced between certain time periods.  In our case, the truck must operate within a 

specific time window constraint due to a limited time for disposal activity.  Due to 

safety reasons, the dumpsite will be closed at 7 pm, so all emptying activities must be 

completed before that hour.  Thus, 111  pt , where tp is the total operational time 

allowed from 8 am to 7 pm. 

 

 

A significant problem arises when the driver has to re-route from the initial 

plan in order to collect the highest demand of waste before proceeding to disposal 

activity.  Frequently during rainy days, the truck cannot complete their zone 

collection in one trip because of overcapacity demands and limited time.  Sometimes, 

long queues from the entry point to the landfill site during rush hour make this 

situation become worse.  In addition, the truck sometimes also fails to transport the 

loads to the dumpsite in the same operational day.  Consequently, this incomplete 

task needs to be continued on the next operation day (next morning) and the truck 

must start its collection from the uncovered routes from the previous day (if occurs).  

For these reasons, a refined model of routing problem is needed for suitability with 

the problem case in Malaysia.  Chapter 3 explains the case study in detail. 
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1.5 Introduction to Mesh Network 

 

 

In this research, we also introduce a mesh network graph as the CARP model 

that closely represents the layout of residential housing in Malaysia.  In a mesh 

network, the houses are located side by side along the alley and each alley is 

connected by a main road as the backbone (see Figure 1.3).  The structure of a mesh 

network is assembled by three components; corner, outer and inner (see Figure 1.4a ~ 

1.4d). 

 

 

 

  

            Figure 1.3: Typical residential housing layout in Malaysia.  

 

 

 Figure 1.4 displays the three components that assembled a mesh network.  

A complete but simple mesh network of 9 nodes and 12 arcs is depicted in Figure 

1.4(d).  Hence, we redefine our CARP according to Santos et al. (2009) as an 

undirected graph, G = (V, E) where V = {vo, v1, v2, …, vn} is a vertex set and E = {(i, 

j)  V, i  j} is the customers edge set.  Vertex vo represents a depot and vertices {v1, 

v2, …, vn} are link intersections.  The corner vertex is denoted by VC, where VC  V.  

The outer vertex is denoted by VT, where VT  V and the inner vertex is VN, where VN 

 V, thus (VC , VT , VN  V). 

 

 

 
 Backbone 

 
Outer joint 

 
Inner joint 
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Figure 1.4: Components of a mesh network. 

 

 

 

 

1.6 Problem Statement of Research 

 

 

In stochastic environments, vehicle capacity may be exceeded during the 

service due to its randomness in customers’ demands.  An infeasible route occurs if 

the quantities of customers’ demands exceed capacity and that alternative actions 

need to be taken at extra cost. 

 

 

Firstly on rainy days, customer demand becomes more dynamic and changes 

the normal behaviour.  The rain drop is the weightage that increases the customers’ 

demands and burdens vehicle capacity in total.  Customers have stochastic demands 

nii ,...,1,   which are non-negative and random discrete variables with a certain 

probability distribution QKkkprobp iik  ,...,1,0),( .  By adding a weightage 

parameter of rain drops r, hence 











RjiRji
ijkij Wyqyqr ijkij

),(),(

, where r[0.1, 1.0].  

      
   (a) corner       (b) outer       (c) inner 

 

 
 (d) complete 
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This inequation suggests that the quantity of collected garbage qij might 

increase to double drastically and can easily exceed the truck capacity during rainy 

day operation.  The load reaches capacity W faster during rainy days because of the 

waste weight is increases in the same relation.  Consequently to this matter, chaotic 

routing happens when the truck needs to add more trips in order to collect all 

demands.  This study tries to investigate the influence of rainy weather on vehicle’s 

operation of waste collection.  The different scenarios between normal and rainy 

weather operation needs to be further examined in order to recognize and segregate 

the model of the arc routing problem.  In addition, this research also tries to refine the 

CARP model with stochastic demand (CARPSD) according to specific case in truck 

operation of waste collection by taking into account the element of rain drops. 

 

 

Secondly on rainy days, the operation of the vehicle is longer than normal 

days because more trips are needed to accomplish all collections.  This situation then 

prolongs the normal operational time frame.  This time window constraint increases 

the complexity of determining optimal delivery routing.  In this research, the model 

CARP with delivery time window (CARPDTW) is formulated and the penalty cost, P 

is implemented if any lateness occurs. 

 

 

From the above explanation, CARPSD and CARPDTW were chosen to 

represent the residential waste collection operational problem.  The proposed and 

redefined models are designed to seek the solutions of this question.  How to 

minimize the routing cost and trips for a fleet of vehicles in residential waste 

collection when affected by weather? 

 

 

Then, a constructive heuristics (CH) is developed to seek for optimum (or 

near-optimum) routing cost solution and trips for a fleet of vehicles in waste 

collection.  Solution of routing problems begins with a careful description of the 

characteristics of the operational service under study.  The type of problem then 

determines the solution techniques, (methods, procedures and algorithms) available to 

the decision maker.  Algorithms for dynamic CARP are more intricate than 
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deterministic, thus it calls for efficient algorithms that are able to work in accepted 

and reasonable results. 

 

 

 

 

1.7 Objectives of the Study 

 

 

The objectives of this study are to: 

 

(i) Highlight a new and real-life problem in waste collection that has never been 

studied by considering the effect of rainy weather on vehicle operation in 

domestic waste collection. 

(ii) Investigate and distinguish the different behaviour of waste collection 

operational vehicles between normal and rainy days based on Johor Bahru 

data case. 

(iii) Modelling the CARP according to the dynamic case of waste collection 

routing problems. 

(iv) Develop constructive heuristics algorithms in order to find the optimum (or 

near-optimum) cost solution and trips for a fleet of vehicles in waste 

collection. 

(v) Conduct analysis and comparative studies in order to establish the results of 

routing plans, trips and routing cost. 
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1.8 Scope of the Study 

 

 

The scope of this study is as follows: 

 

(i) This study addressed the waste collection vehicle operations in Malaysian 

weather (normal and rainy) for constructing the vehicles route from the depot 

to the dumpsite. 

(ii) The CARP modelling and CH were specially designed to solve waste 

collection routing problem in residential area. 

(iii) The methods developed might be limited to the specific CARPSD and 

CARPDTW models and might not be useful for other cases or models. 

(iv) In terms of generalization, other CARP models that fall under certain 

stochastic distribution may also be able to be solved. 

(v) The segregation of weather-type data (service time, routing distance and net 

weight of customer demands) is based on distribution analysis and goodness 

of fit tests using EasyFit Professional Version 5.2. 

(vi) This study considered identical vehicles with a fixed constant capacity in one 

run time. 

(vii) It is assumed that every customer demand has the same probability 

distribution but can have different values. 

(viii) The simulated data in performance testing of constructive heuristic is 

randomly generated following a certain probability distribution. 

(ix) The system and algorithms are coded in C# programming language, which is 

not similar to other programming languages in terms of source code and its 

environment. 
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1.9 Limits of the Study 

 

 

The limits of this study are stated as follows: 

(i) This study is not considered the winter seasonal weather such as snow and 

storm; and specifically addressed the Malaysian weather on how the rain can 

affect the waste collection vehicles in terms of routing cost and trips. 

(ii) This study is not considered the heterogeneous vehicle, but only one identical 

truck is simulated in one run time. 

(iii) The developed computer program only caters for a certain probability 

distribution for customers’ demands. 

(iv) The developed computer program is not for commercial or shortest path 

purposes. 

 

 

 

 

1.10 Significance of the Study 

 

 

The significance of this study is: 

 

(i) This research introduced a new problem that has never been studied in waste 

collection routing problems, by taking into account vehicle operation during 

rainy days and considers rain drops as the new weightage or variable that 

affected the CARP model.  

(ii) This study redefined the conventional CARP model by distinguishing the 

vehicle operation between normal and rainy days. 

(iii) Real problems in waste collection are solved by using the constructive 

heuristics algorithms and a computer program was developed as its method of 

solution. 
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The findings of this study have been presented and published in international 

conferences and journals. 

 

 

 

 

1.11 Structure of the Thesis 

 

 

The thesis is structured as follows.  Chapter 2 presents a review of the 

literature on CARP and VRP models in waste collection and their solution methods.  

In Chapter 3, the analysis on distributions and goodness of fit tests is described in 

order to recognise the different behaviour of vehicle operations in waste collection.  

The CARP models development and constructive heuristic design framework will be 

elaborated in Chapter 4.  Chapter 5 explains how the CH and other heuristics work by 

showing comprehensive numerical calculations.  In Chapter 6, various instances of 

computational results, analysis and comparative studies are given.  Finally, Chapter 7 

concludes with the summary, findings, discussions and related future research. 
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