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Abstract 

This research is to present the solution of the vehicle routing 

problem for maintaining and repairing medical equipment in 

Thailand. We take the health promoting hospitals in Ubon 

Ratchathani as our case study because there is a continuous 

medical equipment maintenance and repair service. Also, the 

service team can take a break at the set spots without coming 

back to the starting point because coming back to where the 

team started may have a more expensive cost than staying at 

the set spots nearby. We use time taken in traveling and 

repairing as a condition. Under this condition, we have VRP – 

CTST, which is more effective. We use improved differential 

evolution algorithms for testing our study case in order to find 

the optimal solution and to compare with classical differential 

evolution algorithms. We found that the improved differential 

evolution algorithms give a better solution than the classical 

differential evolution algorithms, and when compared with the 

best practice, we can reduce the traveling cost by 52.24%. 

Keywords: Vehicle Routing Problem, Differential evolution, 

Medical Equipment Maintenance 

 

INTRODUCTION  
Thailand has a long history of health development. Thailand 

makes the quality of life a lot better as we can see from the 

reduced infectious diseases. Infant mortality rate and maternal 

mortality ratio have decreased as well. Thailand's average age 

is much higher. Also, the major changes of the policies of the 

previous government created a universal health insurance, 

which all Thai citizens have an access to health services. People 

tend to trust large hospitals, so there is congestion in them 

although the disease people have does not need medical 

treatment. The disease specific health promotion and disease 

prevention have been neglected in spite of the fact that the 

investment cost is less than the treatment cost. Also, trends of 

diseases are burdens to our society and our nation. Changes are 

chronic diseases caused by the behaviour and preventable 

conditions such as diabetes, high blood pressure, 

cardiovascular disease and cancer. The Ministry of Public 

Health has a policy to develop the country and to improve more 

than 9,000 hospitals by focusing on health promotion, disease 

prevention and proactive services, flexibility and consistency 

with the community's potential and personnel with health 

counselling skills. 

Ubon Rratchathani Provincial Health Office (URPHO) has an 

objective to develop a standard for public health administration 

in the province. One of their activities is to repair and take care 

of medical equipment in 316 health promoting hospitals. This 

research aims to solve a vehicle routing problem (VRP) for 

medical equipment maintenance of 316 health promoting 

hospitals in Ubon Ratchathani, which the maintenance  is 

conducted by the maintenance department of Ubon Ratchathani 

Provincial Health Office by using differential evolution 

algorithm (DE). The first step to solve the VRP is to use the 

classical differential evolution algorithm (DE) and improved 

differential evolution algorithm (IDE). The second step is to 

solve the time table. 

Many studies are to solve the vehicle routing problem. The 

VRP with different constraints is categorized by Capacitated 

VRP (CVRP), Multi-depot VRP (MDVRP), VRP with Time 

Windows (VRPTW), Stochastic VRP (SVRP), Site-dependent 

VRP (SDVRP), Open VRP (OVRP) and so on. For surveys of 

both exact and heuristic methods for these VRPs up to 2002, 
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the reader is referred to Toth and Vigo (2002) stating that the 

use of computerized procedures in distribution planning results 

in 5% to 10% savings in transportation costs. Vidal et al. (2011) 

put forward a hybrid GA originally designed to solve the 

MDVRP, the Period VRP and the Multi-depot Period VRP, 

which also turn out to be highly efficient for the CVRP. Prins 

(2009) propose some heuristics based on ILS, ES and Greedy 

Randomized Adaptive Search Procedure (GRASP) that uses 

some of the features previously adopted in 2004.  Prins (2004) 

put forward a Memetic Algorithm (MA), which its main 

characteristics are: TSP representation of chromosomes (giant 

tour) without tour delimiters, which can be directly converted 

to a VRP solution using a splitting procedure and the first 

improvement local search as mutation operator. Reimann et al. 

(2004) propose an Ant Colony (AC) based on the heuristic 

using a divide-and-conquer decomposition. Both of the 

complete and partial problems are solved as follows: (i) a 

solution is generated by employing a nearest neighbor 

heuristic; (ii) a local search is applied to the initial solution; (iii) 

the pheromones are updated; and (iv) the information regarding 

the level of attractiveness between each pair of customers is 

augmented. Shi et al. (2007) has presented a novel method 

based on PSO for a traveling salesman problem. An uncertain 

strategy is added in the approach for optimizing the TSP and 

GTSP (generalized traveling salesman problem). Jesus et al. 

(2005) has presented the multi-echelon VRP. The model and 

the inequalities have been tested on new benchmarks derived 

from the CVRP instances of the literature showing a good 

behavior of the model for small and medium sized instances. 

Ammar et al. (2008) has presented a modified priority-based 

encoding incorporating heuristic operator for reducing the 

possibility of the loop-formation in the path. Yu, Lin, Lee and 

Ting (2010), Jokar and Sahraeian (2012), Jabal-Ameli, 

Aryanezhad and Ghaffari-Nasab (2011), Hemmelmayr, 

Cordeau and Crainic (2012), Escobar et al. (2013) and 

Contardo, Cordeau and Gendron (2013b) have presented that 

the construction process is proposed for the particle 

representation in PSO. 

The differential evolution algorithm (DE) is a branch of an 

evolutionary program developed by Rainer Storn and Kenneth 

Price (Price and Storn, 1997) for optimization problems over 

continuous domains. In DE, each variable’s value is 

represented by a real number. The advantages of DE are its 

simple structure, ease of use, speed and robustness. DE is one 

of the best genetic type algorithms for solving problems with 

the real valued variables. DE is a globally population-based 

evolutionary algorithm, which uses a simple operator to create 

new candidate solutions and a one-to-one competition scheme 

to select new candidate greedily. Due to its simple structure, 

easy implementation, quick convergence, and robustness, DE 

turns out to be one of the best evolutionary algorithms for 

solving continuous problems in a variety of fields. 

Nevertheless, due to DE’s continuous nature, the research on 

DE for combinatorial optimization is very limited. Obviously, 

it is more difficult to apply DE to different areas of problems 

than to continuous optimization that inventors originally are 

focused on. Recently, some researchers have used DE to design 

machine layout problems (Stornand Price, 1995; Nearchou, 

2006), and to solve manufacturing problems with mixed integer 

discrete variables (Lampinen and Zelinka, 1999). However, to 

the best of our knowledge, no work that uses differential 

evolution can be found for a VRP. Lai and Cao (2010) develop 

an improved DE algorithm for the VRP with simultaneous 

pickups and deliveries and time windows (VRP-SPDTW). In 

the same year, Hou (2010) proposed discrete DE (DDE) with 

modifying a mutation operator for the VRP with simultaneous 

pickups and deliveries (VRPPD). Liao et al. (2012a) proposed 

two hybrid DE algorithms to obtain the truck sequences for 

cross-docking operations aiming to minimize the total 

makespan. Later, Dechampai et al. (2015) proposed DE to 

solve the capacitated VRP with flexibility of mixing pickup and 

delivery services and maximum duration of a route in the 

poultry industry. 

 

PROBLEM DEFINITION 

A review of the literature on the travel route of the vehicle finds 

that VRP travel patterns generally are running from the back to 

the beginning. In the vehicle cycle, all cars will return to the 

starting point upon completion of the work equipment. We 

develop a heuristic for the continuous routing, which allows 

continuous transportation without limitation of truck operation 

hours and returning locations. In this system, drivers are 

allowed to take routine breaks at designated rest areas without 

having to return to the hub and consider travel and service time 

requirements as the capacity of the vehicle (VRP-CTST). 

Figure 1 shows how to find answers with DE and compares the 

cost of traveling back to the beginning. The objective is to solve 

a vehicle routing problem for medical equipment maintenance 

of 316 health promoting hospitals in UbonRatchathani. 

The test instance used in this research is from a real study case 

of 316 health promoting hospitals in 25 districts in 

UbonRatchathani. 

 

 

 

(a)                                                                            (b) 

Figure 1: Continuous routing. This article is organized as following: session 3 presents problem solving, session 4 presents the 

computational result of real study cases and session 5 is the conclusion of the whole article. 

Sleep 
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Information on the cost of transportation 

Our goal is to minimize transportation cost, which consists of 

gasoline cost, maintenance cost, labor cost and accommodation 

cost without going back to the maintenance center. In our study 

case, there are three staff members who travel together with a 

van. They take turns driving in each day. The staff member who 

drives on that day does not have to do the maintenance work. 

Therefore, the average time used in our research is from two 

staff members. The cost of transportation is 4 Baht per one 

kilometer. The maintenance cost consists of lubricant, which is 

570 Baht per one liter. The lubricant needs to be changed six 

liters in every 10,000 kilometers, which is 0.342 Baht per one 

kilometer. In addition, one tire is 3,700 Baht and it can be used 

for 40,000 kilometers, which the cost is 0.37 Baht per one 

kilometer. The total tire cost is 1.48 Baht per one kilometer. As 

a result, the total transportation cost is 5.822. The labor cost 

consists of the wage cost of 377 Baht a day. The allowance is 

240 Baht a day. Therefore, for three staff members, the cost is 

(377 + 240) x 3 = 1,851 Baht in a day. Finally, the 

accommodation cost is 500 Baht a day, and we have the total 

transportation cost shown in Table 1. 

Table 1: Costs of medical equipment maintenance. 

Type Costs/Bath 

Gasoline and maintenance 

cost 

5.822 

Labor cost per day 1,851 

Accommodation cost per day 500 

Mathematical Model for the Problem 

Let us denote the following indices, parameters and decision 

variables: 

Indices : 

𝑖 Index of customer i while 𝑖 =  1,2, … , 𝑁 

𝑗 Index of customer j while 𝑗 = 1,2, … , 𝑁 

𝑘 Number of vehicles 𝑘 while  𝑘 = 1,2, … , 𝐾  

  

Parameters : 

𝐶𝑖𝑗 Distance from Node i to Node j 

𝑠𝑖 Service time at Node i 

𝑡𝑖𝑗 Travelling time from Node I to Node j 

𝑅𝑘 Number of routing 

𝑇𝑘 Maximum time of work 

Cf Fuel cost 

Cm Maintenance cost 

Cl Labor cost per day 

Ch Accommodation cost per day 

 

 

 

Objective Function 

          𝑀𝑖𝑛 = [(∑ ∑ ∑ 𝐶𝑖𝑗𝑋𝑖𝑗𝑘) × (𝐶𝑓 + 𝐶𝑚)] + [(∑ 𝑅𝑘) × 𝐶𝑙] + [(∑ 𝑌𝑗𝑘) ×

𝑁

𝑗=2

𝑁

𝑘=1

𝐾

𝑘=1

𝑁

𝑗=1,𝑗≠𝑖

𝑁

𝑖=1

𝐶ℎ]     (1) 

Constraints 

∑ ∑ 𝑿𝒊𝒋𝒌

𝑲

𝒌=𝟏

𝑵

𝒊=𝟏

= 𝟏 

∀𝒋=(𝟐,…,𝑵)𝒂𝒏𝒅𝒊≠𝒋 (2) 

∑ ∑ 𝑿𝒊𝒋𝒌

𝑲

𝒌=𝟏

𝑵

𝒋=𝟏

= 𝟏 

∀𝒊=(𝟐,…,𝑵)𝒂𝒏𝒅𝒊≠𝒋 (3) 

∑ 𝑿𝒊𝒑𝒌 −

𝑵

𝒊=𝟏

∑ 𝑿𝒑𝒋𝒌 = 𝟎

𝑵

𝒋=𝟏

 

∀𝒌=(𝟏,...,𝑲),𝒑=(𝟏,...,𝑵) (4) 

∑ 𝑿𝟏𝒋𝒌

𝑵

𝒋=𝟐

≤ 𝟏 

∀𝒌=(𝟏,…,𝑲) (5) 

∑ 𝑿𝒊𝟏𝒌

𝑵

𝒊=𝟐

≤ 𝟏 

∀𝒌=(𝟏,…,𝑲) (6) 

𝑼𝒊 − 𝑼𝒋 + 𝑵 ∑ 𝑿𝒊𝒋𝒌 ≤ 𝑵 − 𝟏

𝑲

𝒌=𝟏

 

∀𝒊,𝒋=(𝟐,…,𝑵)𝒂𝒏𝒅𝒊≠𝒋 (7) 
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∑ ∑ 𝑿𝒊𝒋𝒌

𝑵

𝒋=𝟐

𝑵

𝒊=𝟏

(𝐭𝐢𝐣 + 𝐬𝐢) ≤ ∑(𝒀𝒋𝒌

𝑵

𝒋=𝟐

+ 𝟏)𝑻𝒌 

∀𝒋=(𝟐,…,𝑵),𝒊=(𝟏,…,𝑵),𝒌=(𝟏,…,𝑲)𝒂𝒏𝒅𝒊≠𝒋
 (8) 

(∑ ∑ 𝐗𝐢𝐣𝐤(𝐭𝐢𝐣 + 𝐬𝐢))/𝐓𝐤

𝐍

𝐣=𝟐

𝐍

𝐢=𝟏

≤ 𝐑𝐤 

∀𝒋=(𝟐,…,𝑵),𝒊=(𝟏,…,𝑵),𝒌=(𝟏,…,𝑲)𝒂𝒏𝒅𝒊≠𝒋
 (9) 

𝑿𝒊𝒋𝒌 ≤ (𝟏 − 𝒀𝒋𝒌) ∀𝒋=(𝟐,…,𝑵),𝒊=(𝟏,…,𝑵),𝒌=(𝟏,…,𝑲)𝒂𝒏𝒅𝒊≠𝒋
 (10) 

𝒀𝒊𝒌𝝐{𝟎, 𝟏} ∀𝒊,𝒋=(𝟏,…,𝑵),𝒌=(𝟏,…,𝑲) (11) 

𝑿𝒊𝒋𝒌𝝐{𝟎, 𝟏} ∀𝒊,𝒋=(𝟏,…,𝑵),𝒌=(𝟏,…,𝑲) (12) 

 

Eq. (1) is the objective function. Eq. (2) and (3) are assigned to 

each client who can receive the service from one vehicle or one 

transportation route only. Eq. (4) shows the continuity in each 

location connected to each other in each route. When a vehicle 

enters any point, Eq. (5) and (6) verify the capability of the 

vehicle available as scheduled. Eq. (7) prevents sub-tours. Eq. 

(8) is the maximum time required to travel. Eq. (9) is the 

conditions to stay overnight. Eq. (10) involves if an overnight 

trip to the next town happens. Eq. (11) and (12) are the means 

to make a decision variable, which equals 0 or 1 only. 

DIFFERENTIAL EVOLUTION ALGORITHM FOR 

SOLVING PROBLEM 

When it comes to a simulation, it may take time, and the result 

may not be accurate. The heuristic method gives a faster and 

cheaper result. However, we use the differential evolution 

algorithm method to solve the problem of this study case, and 

the process is as follows. 

Start

Creating chromosome using random method 
Setting Values   F = 0.5 CR = 0.85, F = 2.43 CR = 0.7 and          

F = 0.1 CR = 0.9

                                          Set population NP = 1 
   If medium population equals  1-10 then  F=Fmedium , CR=CR medium

   If upper population equals    11-15 then  F=Fupper , CR=CR upper

   If lower population equals    16-20 then  F=Flower, CR=CR lower

Adjust answer with One 
move and two-opt method

Enter mutation process

    Enter Recombination process
          Test with 4 method
     1) Vector transition process
     2) Vector exchange process
     3) Vector insertion process 
     4) Mix all 3 method

Enter  selection process

If new chromosome is better than initial chromosome, Set new chromosome as 
initial population of next generation chromosome; the number of population = 

population +1 

i = imax

Stop

Yes

No

I = i+1

Adjust answer with One 
move and two-opt method

 

Figure 2: Flow chart of IDE process by recombination of 4 methods and parameters F and CR automatically 
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Initial Population  

Initial Population is the process of selecting initial population 

under conditions that can be set. NP (Number of Population) 

is a factor that influences decision making, and it is used to 

find Cost Value, Fitness Value or Function Value with the 

same meaning. 

 

Mutation  

Mutation is the process of multiplying the decision making 

factors with multiplying factors called “Weighting Factor : F” 

or “Mutation Factor : F” in order to find different answers. It 

has sub-processes when Xr1,G means Target Vector,Vi,G+1 

means Mutant Vect,  Xr2,G , Xr3,G means Random Vector and F 

means Weighting Factor. 

Vi,G+1 = Xr1,G + F(Xr2,G - Xr3,G)                                    (14) 

 

Recombination  

Recombination is the hybrid process to find both better and 

worse answers by creating Trial Vector (Ui,G+1) shown in 

equation 15 to compare with equation 16 and 17 when Uji,G+1 
means Trial Vector, Vji,G+1 means Mutant Vector, Xji,G+1 means 

Target Vector, randb(j) means selecting a real number that has 

a value of 0 or 1 for the times j, CR means Crossover Constant 

that is a real number with the value of 0 or 1 and rnbr(i) means 

Index from selecting an integer 1,2, … ,D  and j = 1,2, … ,D. 

Uji,G+1= (U1i,G+1, U2i,G+1, … , UDi,G+1)                               (15)      

Vji,G+1     if (randb (j)  ≤CR) or j = rnbr(i)                         (16) 

Xji,G+1     if (randb(j) >CR) or j ≠rnbr(i)                            (17) 

n applying recombination to solve the problem, we applied 

differential evolution (DE) into the process of recombination in 

order to find Trial Vector by changing the process of 

recombination, which will provide both better and worse 

answers. There are four types of applying the process of 

recombination: Vector transition process (DE-T), Vector 

exchange process (DE-E), Vector insertion process (DE-I) and 

Vector Mix process (DE-M). 

 

Vector transition process (DE-T): 

The vector transition process starts from a number lying 

between 1 to D. The positions in the vector will be randomly 

picked. The number of positions that will be picked equals the 

number of transition points. The selected positions have to 

randomly generate new values in each position. Figure 3 shows 

the vector transition process. The position 3, 6 and 8 are 

selected as the transition points (the pre-selected number of the 

transition points is 3). The values in position 3, 6 and 8 will be 

randomly generated while other positions’ value remains 

unchanged. 

 

Original vector 

1 2 3 4 5 6 7 8 

0.92 0.08 0.65 0.05 0.99 0.02 0.68 0.44 
 

Accompany vector 

1 2 3 4 5 6 7 8 

0.45 0.15 0.65 0.05 0.73 0.02 0.68 0.44 

Figure 3: Example of Vector transition process 

 

Vector exchange process (DE-E): 

The vector exchange process will start from composes of two 

steps, which are (1) random selection of two exchange points 

in a trial vector and (2) value exchange in selected positions. 

From figure 4, the selected exchange points are 3 and 7. The 

value in the position 3 (0.63) is exchanged with the value in the 

position 7 (0.98). Thus, the new value in the position 3 is 0.98, 

and the new value in the position 7 is 0.63. 
 

Original vector 

1 2 3 4 5 6 7 8 

0.92 0.08 0.65 0.05 0.99 0.02 0.68 0.44 
 

Accompany vector 

1 2 3 4 5 6 7 8 

0.92 0.02 0.65 0.05 0.99 0.08 0.68 0.44 

Figure 4: Example of Vector exchange process 
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Vector insertion process (DE-I): 

The vector insertion process starts from randomly selecting one 

insertion point and one moving point. Then insert the value 

from the moving point to the insertion point. All values after 

the insertion point will move backward. Figure 5 shows that the 

position 3 is selected to be the insertion point, and the position 

7 is selected to be the moving point. The value in the position 

7 (0.98) will be inserted into the position 3. Thus, the values in 

the position 3, 4, 5, 6 and 7 are changed from 0.63, 0.32, 0.91, 

0.46 and 0.98 to 0.98, 0.63, 0.32, 0.91 and 0.46 respectively. 

 

Original vector 

1 2 3 4 5 6 7 8 

0.92 0.08 0.65 0.05 0.99 0.02 0.68 0.44 

 

Accompany vector 

1 2 3 4 5 6 7 8 

0.92 0.08 0.02 0.65 0.05 0.99 0.68 0.44 

 

Figure 5: Example of Vector insertion process 

 

Vector Mix process (DE-M): 

The vector mix process is the combination of all three methods 

mentioned above. The random selection method is used by the 

most random values T, E, I. Then select the process in the cycle. 

 

1 2 3 4 5 6 7 8 T E I 

0.92 0.08 0.65 0.05 0.99 0.02 0.68 0.44 0.02 0.68 0.44 

Figure 6: Example of Vector Mix process 

 

COMPUTATIONAL FRAMEWORK AND RESULT 

Algorithm Testing 

This testing part is to show the increased effectiveness of DE 

by changing the process of recombination. There are four 

applying ways: Vector transition process (DE-T), Vector 

exchange process (DE-E), Vector insertion process (DE-I) and 

Vector Mix process (DE-M). This part is also to show the 

development of an irregular VRP in terms of staying overnight 

on the way, which can save a lot of money. After regression 

analysis, we have the parameter values F = 0.1 and CR = 0.9 by 

testing with three different size problems that are 10, 50 and 

100 cities. We have set our hypothesis stating that the 

improving differential evolution (IDE) must be better than the 

regular differential evolution (DE) and designing a new VRP 

can save more money. 

Table 2:  List of the proposed heuristics 

DE Differential evolution 

DE-T Differential evolution  Vector transition process 

DE-E Differential evolution  Vector exchange process 

DE-I Differential evolution  Vector insertion process 

DE-M Differential evolution  Vector Mix process 

 

 

Showing testing five ten-city-problem cases 

Table 3: Test instances 

 
VRP without Staying Overnight VRP with Staying Overnight 

DE DE-T DE-E DE-I DE-M DE DE-T DE-E DE-I DE-M 

Case 1 9,382 9,282 9,279 9,227 9,350 7,547 6,757 7,554 7,905 7,310 

Case 2 9,482 9,567 9,532 9,551 9,372 7,499 7,462 7,415 7,669 7,211 

Case 3 9,360 9,130 9,065 9,258 9,351 7,576 7,307 7,455 7,263 7,379 

Case 4 9,721 9,296 9,034 9,376 9,337 7,939 8,279 7,142 7,258 7,402 

Case 5 9,808 9,386 9,513 9,725 9,663 9,730 7,260 7,486 8,190 8,444 
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Table 4: Testing hypothesis of ten-city problem without staying overnight using T-Test 

VRP without Staying Overnight 

 DE-T DE-E DE-I DE-M 

DE > > > > 

DE-T - < > > 

DE-E - - < > 

DE-I - - - > 

DE-M - - - - 

VRP with Staying Overnight 

 DE-T DE-E DE-I DE-M 

DE > > > > 

DE-T - > < < 

DE-E - - < < 

DE-I - - - > 

DE-M - - - - 

From this 10-city test, we can conclude that the improve 

differential evolution (IDE) in the process of recombination 

with four applying ways Vector transition process (DE-T), 
Vector exchange process (DE-E), Vector insertion process 

(DE-I) and Vector Mix process (DE-M) is able to come up with 

a better answer than the regular DE and Vector Mix process 

(DE-M) can access the best answer. 

 

Showing testing 50-city problems : 

Table 5: Test instances 

 
VRP without Staying Overnight VRP with Staying Overnight 

DE DE-T DE-E DE-I DE-M DE DE-T DE-E DE-I DE-M 

Case 1 54,180 51,821 50,800 51,389 50,418 50,101 49,389 49,312 47,999 48,585 

Case 2 51,010 50,750 49,924 50,527 50,973 50,718 50,648 48,620 49,928 49,325 

Case 3 49,867 48,820 49,847 49,466 47,105 49,224 48,531 47,997 48,661 46,949 

Case 4 49,214 48,630 47,032 47,228 45,367 45,554 46,984 44,276 44,503 45,104 

Case 5 48,961 49,270 47,411 47,616 48,524 47,749 48,627 47,478 47,604 46,560 
 

Table 6: Testing hypothesis of 50-city problem without staying overnight using T-Test 

VRP without Staying Overnight 

 DE-T DE-E DE-I DE-M 

DE > > > > 

DE-T - > > > 

DE-E - - < > 

DE-I - - - > 

DE-M - - - - 

VRP with Staying Overnight 

 DE-T DE-E DE-I DE-M 

DE < > > > 

DE-T - > > > 

DE-E - - < > 

DE-I - - - > 

DE-M - - - - 
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From this 50-city test, we can conclude that the improve 

differential evolution (IDE) in the process of recombination 

with four applying ways Vector transition process (DE-T), 
Vector exchange process (DE-E), Vector insertion process 

(DE-I) and Vector Mix process (DE-M) is able to come up 

with a better answer than the regular DE and Vector Mix 

process (DE-M) can access the best answer. 

 

Showing testing 100-city problems : 

Table 7: Test instances 

 
VRP without Staying Overnight VRP with Staying Overnight 

DE DE-T DE-E DE-I DE-M DE DE-T DE-E DE-I DE-M 

Case 1 104,511 103,580 101,846 104,536 104,595 97,236 97,459 98,598 98,526 943,657 

Case 2 108,276 106,045 108,214 109,418 106,950 104,633 97,836 103,904 100,571 101,708 

Case 3 139,735 138,710 134,575 139,409 137,300 117,196 118,129 115,049 115,357 116,513 

Case 4 118,164 118,164 115,498 116,001 116,889 107,564 106,459 107,691 105,932 106,742 

Case 5 109,022 108,555 106,027 105,347 104,944 105,309 102,957 105,171 105,930 103,361 

 

Table 8: Testing hypothesis of 100-city problem without staying overnight using T-Test 

VRP without Staying Overnight 

 DE-T DE-E DE-I DE-M 

DE > > > > 

DE-T - > > > 

DE-E - - < < 

DE-I - - - > 

DE-M - - - - 

VRP with Staying Overnight 

 DE-T DE-E DE-I DE-M 

DE > > > > 

DE-T - < < > 

DE-E - - > > 

DE-I - - - > 

DE-M - - - - 

 

From this 50-city test, we can conclude that the improve 

differential evolution (IDE) in the process of recombination 

with four applying ways Vector transition process (DE-T), 
Vector exchange process (DE-E), Vector insertion process 

(DE-I) and Vector Mix process (DE-M) is able to come up with 

a better answer than the regular DE and Vector Mix process 

(DE-M) can access the best answer. 
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Showing algorithm testing graphs in comparison : 

 

Graph 1: Showing the average lowest costs in testing 10-city problems 

 

 

Graph 2: Showing the average lowest costs in testing 50-city problems 
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Graph 3: Showing the average lowest costs in testing 100-city problems 

 

Table 9: Comparing algorithm 

Case 

 

     Method 

Best Practice 

Total Cost (F = 0.1, CR = 0.9) 

DE DE-T DE-E DE-I DE-M 

1 

475,150 

222,260 224,199 227,710 227,274 222,448 

2 225,892 226,697 224,821 226,997 224,085 

3 228,573 223,217 227,141 224,748 226,265 

4 223,274 226,143 225,674 225,569 224,813 

5 226,677 226,659 225,259 228,858 223,388 

Average - 225,335 225,383 226,121 226,689 224,200 

 

Conclusion of testing adapted DE : 

Using heuristics, the improved differential evolution (IDE) is 

more effective in terms of accessing the best answer than the 

regular differential evolution (DE). The most effective method 

is Vector Mix process (DE-M) in adapting the process of 

recombination. Moreover, VRP – CTST with staying overnight 

can save a lot more money than the normal VRP-T. All of the 

answers from these tests will be used in making a decision on 

reducing the total transportation costs of maintaining medical 

equipment in the health promoting hospitals in 

UbonRatchathani, Thailand. 

 

DE of VRP- CTST 

In this part, we present the test result using heuristics improved 

differential evolution (IDE) in order to reduce the total 

transportation costs of maintaining medical equipment in the 

health promoting hospitals in UbonRatchathani, Thailand, 

which the costs per year is 475,150 Baht. 

Using the parameters F = 0.1 and CR = 0.9 from Table 9, we 

found that the DE-M method has the lowest cost at 222,448 

Baht. The average cost is 224,200 Baht. We can arrange 39 

routes in total with the distance of 8,041 kilometers. There are 

83 working days and 44 nights to stay over, and we can 

decrease the cost by 52.24%. 

 

CONCLUSION 

In this research, we present the best practice, classical 

differential evolution algorithm (DE) and improved differential 

evolution algorithm (IDE) to solve continuous routing 

problems, which allow continuous transportation without 

limitation of truck operation hours and returning locations. In 

this system, drivers are allowed to take routine breaks at 
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designated rest areas without having to return to the hub. We 

compared between the best practice, DE and IDE. We found 

that the DE-I has the lowest cost of 222,448 Baht. 
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