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Abstract: This paper presents a multiple objective 

genetic algorithm for multi depot vehicle routing 

problem with simultaneously pickup and 

delivery(SPD-MDVRP-MOGA). SPD-MDVRP 

MOGA is an expansion of MDVRP problems. 

MDVRP is a NP-hard problem which is more 

advantageous than VRP. SPD-MDVRP 

simultaneously determines the routes for several 

vehicles from multiple depots to a set of customers 

and then return to the same depot. The objective of 

this problem is to find the routes for vehicles to 

service all the customers at a minimal cost which is 

in terms of total travel distance and no of vehicles 

without violating the capacity of the vehicles. A Multi 

objective Genetic Algorithm is provided to solve the 

proposed problem with new constraints. MATLAB is 

used to implement the algorithm and the calculation 

results are presented. 

Keywords : VRP, MDVRP, MOGA, SPD-

MDVRP. 

I. Introduction 

Vehicle Routing Problem can be defined as the 

problem of designing routes for delivery vehicles (of 

known capacities) which are to operate from a single 

depot to supply a set of customers with known 

locations and known demands for a certain 

commodity. Routes for the vehicles are designed to 

minimize some objective such as the total distance 

travelled or total cost. The VRP is NP Hard problem, 

meaning that the computational effort required 

solving this problem increases exponentially with the 

problem size. VRP is further extended in following 

types of problems. 

 

VRP: In the Vehicle Routing Problem (VRP), 

multiple vehicles leave from a single location (a 

“depot”) and must return to that location after 

completing their assigned tours. The objective of the 

VRP is to form a route with lowest cost to serve all 

customers. Generally, distribution or collection of 

goods from customers to depot is called as VRP or 

Vehicle Scheduling Problem. In particular, the 

solution of a VRP calls for the determination of a set 

of routes, each performed by a single vehicle that 

starts  and ends at its own depot, such that all the 

requirements of the customers are fulfilled, with 

some operational constraints and the global 

transportation cost is minimized. The operational 

constraints can be a vehicle capacity, route length, 

precedence relation between customers, etc.  

 

MDVRP: The Multi-Depot Vehicle Routing 

Problem (MDVRP) is a generalization of the Single-

Depot Vehicle Routing Problem (SDVRP). In the 

Multi Depot Vehicle Routing Problem (MDVRP), 

multiple vehicles leave from a multiple depots and 

must return to that depot, from where they leave, 

after completing their assigned tours. The objective 

of the MDVRP is to form a route with lowest cost to 

serve all customers from multiple depots. In general, 

the objective of the MDVRP is to minimize the total 

delivery distance or time spent in serving all 

customers. 

MDVRP

 A Solution might look something like this

 Notice that solutions allows revisiting depots
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MDVRPTW: Other variants of the VRP are the 

VRP with split deliveries (SVRP), where customer 

orders can be carried out using more than one 

vehicle. This focuses on the multiple depot case with 

the addition of time windows (MDVRPTW), so that 

customers must be serviced out of several depots, 

under the same constraints that apply for the 

VRPTW. Therefore the vehicle routes have to be 

determined in a way that: 
• each route starts and ends at the same depot. 

• all customer requirements are met exactly once by a 

vehicle. 

• the time windows for both customers and the depots 

are respected. 

• the sum of all requirements satisfied by any vehicle 

does not exceed its 

  Capacity. 

• the total cost is minimized.  

 

MDVRP with pickup and delivery: It 

consider a multi depot vehicle routing problem with 

pickup and delivery requests. In the problem of 

interest, each location may have goods for both 

pickup and delivery with multiple delivery locations 

that may not be the depots. These characteristics are 

quite common in industrial practice. A partical 

swarm optimization algorithm with multiple social 

learning structures are proposed for solving the 

practical case of multi depot vehicle routing problem 

with simultaneous pickup and delivery. A new 

decoding procedure is implemented using the PSO 

class provided in the ETLib object library. 

Computational experiments are carried out using the 

test instances for the pickup and delivery problem 

with a newly generated instance. The preliminary 

results show that the proposed algorithm is able to 

provide good solution to most of the test problems. 

 

II. Related Work 
 

The first algorithm for MDVRP was developed by 

Laporte et al. [1], which is a branch and bound 

algorithm. Another algorithm was also proposed by 

Laporte et al. [2], which is the same algorithm 

modified to solve asymmetric MDVRPs while the 

first one was developed for symmetric problems. In 

order to deal with the dynamism, Psaraftis [3] 

suggested that the dynamic problem should be solved 

as soon as possible and the algorithm should be 

flexible and provides a good solution while 

consuming a short time. HVRP problems were firstly 

introduced by Taillard [4] who presented a heuristic 

column generation method. Some insertion in 

heuristics also cabaple of solving the VRPMPD and 

the MDVRPMPD, were implemented by Salhi and 

Nagy [5]. Prins [6] developed a heuristic for solving 

the HVRP with dependent routing costs (HVRPD) by 

extending a series of VRP classical heuristics and 

incorporating a local search procedure based on the 

Steepest Descent Local Search and Tabu Search 

(TS). Angelelli and Manisini [7] also developed a 

Branch-and-price approach based on the set covering 

formulation, but for the VRPSPD with time-windows 

constraints. Tarantilis et al. [8] developed list-based 

and backtracking threshold accepting algorithm for 

solving the same problem. After that the problem was 

solved by using time window with VRP. The Braysy 

[9] gave the internal design of the VND and RVNS 

algorithm in detail, analyzed VRPTW problem, 

indicated the VND algorithm was one of the most 

effective ways to solve VRPTW problems. After 

applying time window with VRP, Polacek [10] 

designed VNS to solve MDVRPTW, the algorithm 

used the neighborhood structure of swap and cross to 

do shaking operation for the current solution. Andrea 

Bettinelli et al. [11] presented a branch-and-cut-and-

price algorithm for the exact solution of a variation of 

the vehicle routing problem with time windows in 

which the transportation fleet is made by vehicles 

with different capacities and fixed costs, based at 

different depots. Sutapa et al. [12] analyzed the 

underlying complexities of MDPVRPTW and 

presented a heuristic approach to solve the problem, 

in this algorithm, two modification operators namely, 

crossover and mutation are designed specially to 

solve the MDPVRPTW. Goncalves et al. [13] 

consider a VRP with Pickup and Delivery (VRPPD) 

with a mixed fleet that consists of BEVs and vehicles 

using internal-combustion engines. Salhi et al. [14] 

deal with the fleet size and mix vehicle routing 

problem with backhauls (FSMVRPB) based on the 

ILP formulation. Eguia et al. [15], proposes a linear 

programming mathematical model of the HVRP with 

time windows and backhauls (HVRPTW-B) 

internalizing external cost. 
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III. Proposed Work 
The description of flowchart of multi objective G.A 

is given below: 

Random solution: A large population is given 

here with their fitness values. We have to select 

choose random population from here for the further 

processing.  
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Flowchart of multi objective G.A 

Fitness function: Now check or test the fitness 

function of randomly selected population. Whose 

fitness value is best among all the selected 

population, will go further for creating a new 

population  with better fitness values then the 

previous ones. These are called as parents. 

Pareto front: It is a technique for finding the best 

solution among more than one solutions where more 

than one objective are given. It apply the pareto front 

on the objectives and find the best solution. 

 

Crossover: Now apply the crossover operator on 

those selected individuals for create a new offspring 

which is better than their parents. There are different 

type of crossover operators which can be for it. Best 

operator is applied on them. 

Mutation: Mutation is a process which applied 

after crossover for mutate the offspring. Apply the 

best mutation operator for mutate the offspring. 

Stop criterion: After finding the solution check 

weather it is the best solution or not. If it is the best 

solution that’s we want, then stop the process 

otherwise generate the next population using all 

above processes and so on. 

Pseudo code for a genetic algorithm: 

 

1. t  0; 

2. Init Population[P(t)];  

{initializes the population}  

3. Eval Population[P(t)]; 

{Evaluates the population} 

Calculate fitness function 

value for each individual 

Apply pareto front  

 

Apply crossover Next generation 

Stop criterion 

reached? 

Apply mutation 

 

Stop 

Generate random 

population 

Start 
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4. While not termination do 

5. P’ (t)  Variation[P(t)];  

{Creation of new solutions} 

6. Eval Population[P’(t)];  

{Evaluates the new solutions} 

7. P(t+1)  Apply Genetic 

Operators[P’(t) U Q];  

{Next generation pop.} 

8. t  t + 1; 

9. end while 

 

 

IV. Result 

The proposed algorithm for solving the SPD-

MDVRP-MOGA problem (the simultaneously 

pickup and delivery multi depot vehicle routing 

problem With multi objective genetic algorithm) is 

implemented by MATLAB. It should be explained 

that the data sets used in this solution are created by 

ourselves and are compatible with the conditions of 

the problem. This data set includes 50 population size 

with 2 depots on which 100 iteration are applied. 

Then the best results are find out. 

 

 
 

Fig. 1 

In fig 1, There are multiple depots and customers 

which are waiting for assignments. There are 2 no of 

depots here. Now the nearest neighbor approach is 

applied on the customers. Those who are nearest to 

one of the depot are assigned to that depot. 

 

Fig. 2 

There are route is described in fig 2 for single depot 

i.e depot 1. Here after 57 iteration the total distance is 

calculated and the no of vehicle used is 1.so the 

results are better than the previous one for single 

depot. Multi objective Genetic algorithm is applied 

here because more than one objectives are used here 

for finding the best solution.  

 

Fig. 3 

Now again apply the multi objective genetic 

algorithm for the next depot i.e depot 2. After 

applying the 99 iteration the total distance is 
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calculated. No of vehicles used for depot 2 is 2 i.e 

there is two routes are constructed for minimize the 

objective. The results are much better than the 

previous ones because here we are using multi 

objective G.A instead of single objective G.A. 

 

Fig. 4 

In fig 4, the assignment of customers to particular 

depots are done. We apply the multi objective G.A on 

the population and find the better results than the 

previous one. Multi objective are minimize the total 

distance and no of vehicles used. So here both 

objective are fulfilled. 

V. Conclusion and future 

work 

This paper presented a genetic algorithm for solving 

the simultaneously pickup and delivery multi depot 

vehicle routing problem with multi objective genetic 

algorithm (SPD-MDVRP-MOGA). Goods are 

simultaneously gathered and delivered to customers 

after identified their requests. Initially each vehicle is 

in a specific depot; it starts moving from that depot, 

services the customer and again will return to the 

same depot. Each depot has its specific capacity and 

the sum of orders in routes related to a depot will not 

exceed its maximum capacity. The objective function 

is consisted of minimum total distance and no of  

vehicle using to service the customer.  To solve this 

problem, multi objective genetic algorithm was used. 

In addition, vehicles had specific capacities; 

maximum amount of orders in a route must not 

exceed the vehicle’s capacity. The MATLAB is used 

to implement this problem. In this research, pickups 

and deliveries occur simultaneously without time 

window. As a future work, we tend to focus on 

simultaneous pickups and deliveries with time 

window. Results showed that our algorithm is 

working optimally for the proposed algorithm. 
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