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Abstract

Grocery car servicing (Rod Phum-puang) plays a role in upcountry consumers in Thailand, especially
in the Coronavirus disease (COVID-19) crisis when most Thai population have to stay home. However,
Rod Phum-puang services confront a non-plan of vehicle routing problem, wasting both costs and time.
Additionally, speeding up service time has resulted in driving against the flow of traffic that breaks the traffic
rules, and may cause accidents. This research aimed to manage the vehicle routing of Rod Phum-puang
service using the application of Travelling Salesman Problem (TSP). Rod Phum-puang service routing's solving
methods were determined by the saving algorithm, the nearest neighbor algorithm, and the Microsoft
Excel Solver in Nong Bua Sala Sub-district, using Nakhon Ratchasima Province as a case study. The scope
of this research included: 1) providing service at all service stops, 2) compliance with traffic rules, and
3) less total distance after vehicle routing. The Geo-tracker Application collected the route information
about distance, service stops, and location coordinates revealing 45 nodes with the total distance about
31.24 km starting from Prapa Fresh Market. Then, the Microsoft Excel Solver showed the shortest distance
of the Rod Phum-puang service route, with the decrease at 18.85% compared to the original route. In
contrast, the nearest neighbor algorithm, and the saving algorithm starting from Prapra Fresh Market or
Suranakhon Market showed an increasing distance of about 0.58%, 9.99%, and 8.77%, respectively. These
results can be applied to transportation works running around nodes (milk run) such as school buses or
staff shuttle to increase transportation efficiency.

Keywords: Rod Phum-puang, Geo — Tracker Application, Nearest Neighbor Algorithm, Saving Algorithm,
Microsoft Excel Solver
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1. Introduction

Rod Phum-puang is a grocery service car,
a small business that provides inexpensive raw
materials and food for low- and middle-income
Thailand’s population. Typically, Rod Phum-puang
services are found in suburbs and local communities
of Thailand. Rod Phum-puang have been increasing
because the Thai population stayed at home after
the Coronavirus disease (COVID-19) crisis to prevent
COVID-19 transmission [1]. The service goal of Rod
Phum-puang owners is to provide their services
covering all target areas. Rod Phum-puang runs
along a non-clearly transportation network route
but focuses on serving in communities and villages.
The service provides goods to customers, in several
places resulting in more incomes. The problem of
Rod Phum-puang services is not well-planed of
vehicle route service, which wastes both costs and
time. Moreover, car accidents could be occurred
because of unplanned transportation route and
service times. Transportation planning and vehicles
routing are many long-studied transport and logistics
problems to reduce transportation costs and reduce
energy costs. Though, many factors, conditions, and
limitations, such as pattern transportation, number
of destinations, number of vehicles, transportable
quantity, etc., impact vehicles' transportation
planning and routing. So, vehicle routing problems
are widely studied and have been developed
continuously.

The Traveling Salesman Problem (TSP), one
of the studies of computational intelligence and
operations research problems [2], is applied to
solve transportation planning and vehicle routing.

The TSP, a mathematical problem, can be created

as a mathematical programming problem [3]. The
application of TSP can organize the vehicle routing
at total efficiency as the shortest route, reducing
transportation costs. The TSP inquires a single vehicle,
which visits several customers before returning to
the depot, minimizing total routing time or vehicle
distance [4]. The problem solving of TSP is divided
into three groups as exact algorithm, problem-based
heuristics, and metaheuristic [5], [6]. The heuristics
method is a method for finding answers that are
relying on setting up specific rules. Nevertheless,
answers may be not optimal; it's just the closest
to the most suitable solution [6]. The application
of problem-based heuristics is divided into two
methods: saving heuristics and nearest neighbor
heuristic. These methods are different in conditions
of transport routing with pick-up and delivery. The
concept of saving heuristics is the saving distance for
linking two customers into the same route [7]. The
nearest neighbor heuristic determines two nodes
closest to each other and finds the node nearby the
pair of nodes. This process is repeated until all the
nodes which the last node returns to the starting
node [8]. Additionally, the Microsoft Excel Solver as
the open-source software is one method to prove
the TSP [9]. Microsoft Excel Solver is the most
accessible using for demonstrating these problems
[9], and it is suitable for non-complicated problems.
Generally, the saving algorithm, the nearest neighbor
algorithm, and the Microsoft Excel Solver are widely
applied to solve the TSP. These methods are easy
to understand because of few factors to consider.
For example, [10] used savings algorithm with TSP
to optimize the vehicle route of an electric car tour

in Chiangrai that decreased the traveling distance by
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about 9.075% (550 m). [11] designed the traveling
route in Ayutthaya province by comparing three
methods: 1) Sorting and ordering by tourist spots
popularity, 2) Greedy Algorithm, and 3) Travelling
Salesman Problem. So, the minimum traveling cost
and quickest shortest distance were about 45.95 km
in 90 min. [12] compare methods between the
nearest neighbor heuristics and the saving algorithm
with TSP to reduce the petrol cost and determine
the quantity of a car accessory company Surin
province. The result showed that the transportation
cost was 20,647.38 baht using the nearest neighbor
heuristics and 21,099.70 baht using saving algorithm
with TSP. Moreover, [13] used the Microsoft Excel
Solver to solve a vehicle routing problem of drinking
water delivery. The distance decreased by about
59.97%, or 4,138.56 baht of reduction cost. As,
[14] planned the transportation for the Elderly to
the hospital, which was called Home to Hospital
Transport Planning by using ArcGIS program (Network
Analysis function) to measure distance and
HandyGPS application to identify each elderly. The
result indicated that this plan decreased 65.64%
of the distance. Additionally, the nearest neighbor
algorithm and saving algorithm were applied to
improve the transportation route of ready-to-drink
dairy products. The distance decreased about
29.63% using the nearest neighbor algorithm and
increased by approximately 51.65% using the saving
algorithm [15]. In managing routes transportation
using the saving algorithm and the nearest neighbor
algorithm, the total distance decreased about
57.95% and 66.89%, respectively [16]. [3] Compared
the results of the TSP in various methods to obtain

the shortest or least costly circular route of 32 cities

in Slovakia (995 km). The results showed that Excel
(precise method), GAMS software (precise method),
Excel (metaheuristic method), the nearest neighbor
(heuristic method), and the most profitable neighbor
(heuristic method) were about 865, 865, 865, 995,
and 907 km, respectively.

This research was due to the service of Rod
Phum-puang, which drove against the flow of traffic
for rapid convenience in meeting customers. This
occurrence could risk an accident and break the law.
The objective of this research was the management
of Rod Phum-puang service with limitations as 1) to
might service in all service stops 2) not breaking
traffic rules, and 3) total distance after management
should be smaller than before. Rod Phum-puang
service is no other factor to consider, such as
time windows or vehicle capacity. So, the saving
algorithm, the nearest neighbor algorithm, and the
Microsoft Excel Solver are suitable to solve the Rod
Phum-puang service vehicle-routing.

Thus, this research aimed to evaluate the vehicle
route of the Rod Phum-puang in Nong Bua Sala
Sub-district, using Nakhon Ratchasima province as a
case study by applying TSP through saving algorithm,
the nearest neighbor algorithm, and the Microsoft Excel
Solver methods. Finally, the results are compared,

and the best solution method is suggested.

2. Materials and Methods
2.1 Area

The service of a Rod Phum-puang in Nong Bua
Sala Sub-district, Nakhon Ratchasima, was chosen
as shown in Figure 1. Nong Bua Sala covers area
of 32,434 m” with population of 20,457 people
(~10 villages or 11,667 families).
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N The route information of Rod Phum-puang service
/ as distance, parking stop, and location coordinates
Tesco,lOTUSg was collected by Geo Tracker — GPS tracker application

in the latitude and longitude information. The data

5

entry was demonstrated using some partial input
data as shown in Figure 2. This application collects
the real-time physical location of roaming users'
devices to obtain the geographical location of the
managed mobile device. Route tracking of a Rod
Phum-puang was collected for seven days (5-11
August 2020, from 02.00-12.00 am), resulting in

45 services stops on average (Figure 3).

o Prapa Fresh Market @ Suranakhon Market

2.3 Data Analysis process

Figure 1 Nong Bua Sala Sub-district area. 2.3.1 Saving Algorithm method
A A Al AK AL AM AN AO AP AQ AR AS AT AU AV AW
Node 32 33 34 35 36 37 38 39 40 41 42 43 44 45
1 14.40 12.40 14.10 14.20 13.10 11.70 11.70 11.90 11.50 11.30 13.10 11.40 11.20 11.10}

13.55

LIRSS

28 ; g o & y d 2 8 %

29 .5 2.80. 1.10 1.10! 1.10 1.30 2.30 2.80 2.80 2.80}
30 2.60| 3.00. 1.50 1.50 1.50 1.60 1.80 3.80 4.20 4.30 4.20}
31 1.26] 0.99 1.50 1.60 1.60 1.70 1.90 3.70 4.10 4.10 4.10}
32 1.43 18IS 1.30 1.40 1.30 1.40 1.70 2.70 3.20 4.50 3.20}
33 0.17| 0.19. 2.30 2.40 2.20 2.40 2.60 4.10 4.60 4.60 4.60}
34 0.24] 0.45 2.40 2.40 2.30 2.40 2.60 Bi52 4.60 4.70 4.60}
35 0.16] 0.40. 2.30 2.40. 2.20 2.40 2.60 4.10 4.60 4.60 4.60}
36 0.25 0.50. 2.40 2.40 2.30 2.40 2.60 3.51 4.60 4.60 4.60}
37 0.14] 0.50. 2.10 2.10 1.90 2.10 2.30 3.80 4.30 4.30 4.30]
38 0.00| 0.35 2.20. 2.20 2.00 2.20 2.40 3.90 4.40 4.40 4.40}
39 0.35 0.00. 2.50. 2.50. 2.40 2.50 2.70 3.42 4.70 4.80 4.70}
40 X ) 3 2.20] 2.50. 0.00 0.22 0.60 0.30 0.36 3.10 3.60 3.60 3.60}
41 2.20] 2.50. 0.22 0.00. 0.35 0.12 0.35 3.10 3.60 3.60 3.60}
42 .00 2.40. 0.55 0.35 0.00 0.40 0.65 3.40 3.80 3.90 3.80}
43 .20 2.50. 0.30. 0.12 0.40 0.00 0.22 3.00 3.40 3.50 3.40
44 2.40| 2.70. 0.36. 0.35 0.65 0.22 0.00 2.70 3.20 3.20 3.20
45 5.50] 4.42 2.90. 2.90. 3.20 2.80 2.60 0.00 1.00 1.20 1.20]
46 4.80| 5.10. 2.10 2.00. 2.50 1.90 1.70 0.90 0.00 0.22 0.28]
47 4.40] 5.60 1.80 1.80! 2.10 1.70 1.50 1.20 0.22 0.00 0.0EI
48 | 4.30] 5.60. 1.80 1.80! 2.10 1.70 1.40 1.20 0.28 0.06 0.00]

51

SA1 node [IMMIN—3of 10] 5[ 37] 38] 0] 1] 24] 25] 42] 43] 44] 45] B | 1]
52 | distance (kn)|[[[l[1[[[lll=@~DExX(sDs4:5aVS48.A151.AT51) | 0.12] 0.22] 1.30] 0.16] 3.80] 1.00] 0.22] 0.06] 170] 1220 4656)
53

54 SA2 node [T 39 10] s[ 37 38 40] 41] 24] 25] 42] 43] 44] 45] B | 2|
55 distance (kn)|[[II11[l]=@~DEX(sDs4:5AVS48.A154.A154) [ 0.12] 0.22 1.30] 0.16] 3.80] 1.00 0.22 0.06] 1.70]  13.000  469s]
56

57 NN ‘node | 18] 17] 34] 35] 32] 33 31] 30] 36] 22] 43] 44] 45] 3] 1]
58 | distance (kn)|[[IIT1Il]l ~@m~DEX(sDs4:5AV$48,A157,4157) [ 0.13] 0.16] 0.29] 0.19] 3.42] 1.00[ 0.22] 0.06 170]  1220]  43.62)
59

60 MSE node [N 40| 41] 37] 5 1] o] ] 4] 22] 23] 42 43] 44] as| 2|

Remark: SA 1: Saving algorithm (starting from Prapa fresh market), SA 2: Saving algorithm (starting from Suranakhon market),
NN: Nearest neighbor, and MSE: Microsoft Excel Solver

: Distance of each node D Target cell (Result)

Figure 2 Data entry of route information and formula in an Excel spreadsheet for data analysis.

61 distance (ka) [l 11| -@rvmEx(sps:savsas.a160.4760) | 0.07] 00| 0.10] 0.09] 0.1] 1.96] 100 022 00s] 1130 3ses]
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T

Sliranakhion Marke
& -

Q Prapa Fresh Market @ Suranakhon Market @) Stop service

Figure 3 Location coordinates of services stops.

2.3.1.1 The depot of Rod Phum-puang service,
Prapa fresh market (node 1), or Surana-khon market
(node 2) as shown in Figure 3.

The application of the saving algorithm to
calculate the distance had to be the depot as the
market for buying the goods. Then, it showed the
two markets (node 1 and node 2) that the saving
algorithm compared the total distance from
different depots.

2.3.1.2 Calculating the economical transportation
distance (S;), which is the economy between i and

Jj as Equation (1) [17].
Sy =dy+dy—d, (1)
where S the saving value from node i (staring node)

to node j (next node), d,;: the distance between the

depot (market) to node i (stop service no. i), d,: the

distance of the depot (market) to node j (stop service
no. j), and d;: the distance between the node i
(service stop no. i) to node j (service stop no. j).

2.3.1.3 Sorting the S, values from the smallest
to the largest value and connecting the stop service
between i and j nodes, which the highest S, values
to create a vehicle route, the distance was created
the route until the vehicle route of Rod Phum-puang
service ultimately.

2.3.1.4 The analysis of the shortest distance
was specific in cell D52 (starting from Prapa fresh
market) as Equation (2) and cell D55 (starting from
Prapa fresh market) as Equation (3) in Figure 2.

D52 =INDEX($D$4:$4V848,4151,4J51)  (2)
D55 = INDEX($D$4:8A4V$48,A154,4J54)  (3)

2.3.2 Nearest neighbor algorithm method

2.3.2.1 Prapa fresh market was chosen as the
depot because it was the nearest selling nodes
(service stops).

2.3.2.2 Matching node i and node j by first
considering the distance between the shortest
nodes as a pair of nodes.

2.3.2.3 Repeating the matching process by
finding the nearest node until the last node.

2.3.2.4 Calculating the total distance as an
Equation (4).

d=>"d (@)

where d: the total distance, N: the number of nodes,
and d;: the nearest neighbor algorithm distance for

node i.
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Against the flow of traffic

Rod Phum-puang service route

Remark: Sequential number routing

Figure 4 The original route.

2.3.2.3 The analysis of the shortest distance

was specific in cell D58 as Equation (5) in Figure 2.

D58 = INDEX(SD$4:8AV$48,4157,4757)  (5)

2.3.3 Microsoft Excel Solver method

2.3.3.1 Preparing route information by creating
a sheet of Microsoft Excel (Microsoft Excel 2016,
Windows 10). Row i and column j consisted of the
distance between each service stop as node 1: Prapa
fresh market, node 2: Suranakhon market, node 3:
service stop no. 1, ..., node 45: final service stop
(end node) (Figure 3).

2.3.3.2 The depot and end node were set as the
same because the Microsoft Excel Solver method
applied the TSP. Then, TSP concept is run all nodes
with the shortest distance. In Rod Phum-puang, the
seller did not return to the depot (market) after the
sale ended. The depot and end node were Prapa
fresh market (node 45).

j) Suranakhen market

Frapa fresh market

Rod Phum-puang service route

Remark: Sequential number routing e

Figure 5 Routing of the nearest neighbor algorithm.

2.3.3.3 The Microsoft Excel Solver (evolutionary
algorithm) analyzed the shortest distance in cell
D61 as Equation (6) (Figure 2).

D61 = INDEX($D$4:$4V848,4160,4J60)  (6)

3. Results

The Rod Phum-puang service in Nong Bua
Sala Subdistrict managed the vehicle route by TSP
through different solving methods. The original,
nearest neighbor algorithm, saving algorithm
(starting from Prapa fresh market), Microsoft Excel
Solver, and saving algorithm (starting from Suranakhon
market) methods showed their distances in
Figures 4-8, respectively. The distance of Rod
Phum-puang service between the original and
different methods was exhibited in Table 1.

The TSP condition requires the same node of
starting and ending nodes. As a result, the distance

between the starting node to the end node in diifferent
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(2) Sursnakhon market

1 Prapa fresh market

Rod Phum-puang service route

Remark: Sequential number routing

Figure 6 Routing of the Saving algorithm (starting

from Prapa fresh market).

(1) Suranakhon market

Prapa fresh markst

&

Figure 7 Routing of Microsoft Excel Solver.

Rod Phum-puang service route

Remark: Seguential number routing

methods as the saving algorithm (starting from Prapa
fresh market or Suranakhon market), the nearest
neighbor algorithm, and Microsoft Excel Solver was
about 12.20, 13.00, 12.20, and 11.30 km, resulting

(1) Suranakhon market

(% Prapa fresh market

Rod Phum-puang service route

Remark: Sequential number routing

Figure 8 Routing of the Saving algorithm (starting

from Suranakhon market).

in the total distance as 34.36, 33.98, 31.42, and
23.35 km, respectively.

In comparison, the original route of the
Rod Phum-puang service was about 31.24 km
(Table 1).

The application of TSP through the Microsoft
Excel Solver indicated the shortest distance of
the Rod Phum-puang service route, decreasing by
18.85% compared to the original route. In contrast,
the other methods as the saving algorithm (starting
from Prapra fresh market or Suranakhon market)
and the nearest neighbor algorithm, showed an
increase of about 9.99%, 8.77%, and 0.58% of the
original route, respectively. Then, this study showed
that implementing TSP through the Microsoft Excel
Solver to organize the Rod Phum-puang service
route was a suitable routing method. In other words,
it is the most appropriate method compared to

other methods.
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Table 1 The comparison of the distance of Rod Phum-puang service in different solving methods

Method

Connecting the Stop Service
Number

Original route (Starting
from Prapra fresh market)

1,2,3,4,56,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25,26,27, 28,29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42,43, 44,45

Saving algorithm (Starting
from Prapra fresh market)

1, 2, 34, 35, 32, 33, 31, 30, 36, 18, 17,
15,16, 14, 13, 6, 19, 21, 22, 23, 26, 29,
27,28, 20,4,5,7,9, 11, 12, 39, 10, 8,
37,38,40,41,24,25,42,43,44,45,3, 1

Saving algorithm (Starting
from Suranakhon market)

2, 1,34, 35,32, 33, 31, 30, 36, 18, 17,
15,16, 14, 13, 6, 19, 21, 22, 23, 26, 29,
27,28, 20, 4,5,7,9, 11, 12, 39, 10, 8,
37,38,40,41,24,25,42,43,44,45,3, 2

Nearest neighbor algorithm
(Starting from Prapra fresh
market)

1, 2, 20, 21, 19, 12, 11, 10, 39, 9, 8, 7,
6,5,4,13, 14,15, 16, 39, 38, 37, 40, 41,
22,23,24,25,27, 28,29, 26, 18, 17, 34,
35,32,33,31,30,36,42,43,44,45,3, 1

Microsoft Excel Solver
(Starting from Suranakhon
market)

2, 1,3, 24, 25, 26, 29, 27, 28, 36, 30,
31,33,32,35,34,17, 18, 14, 15, 16, 13,
20, 21, 19, 12, 11, 10, 39, 9, 38, 40, 41,
37,8,7,6,5,4,22,23,42,43,44,45,2

Distance (km)
End to TSP Absolute | Percentage
Depot | Application | Value
- - 31.24 -

12.20 46.56 34.36 Increased
(Node 3 9.99%

to 1)

13.00 46.98 33.98 Increased
(Node 3 8.77%

to 2)

12.20 43.62 31.42 Increased
(Node 3 0.58%

to 1)

11.30 36.65 25.35 Decreased
(Node 18.85%
45 to 2)

Remark: Rod Phum-puang service was simulated the situation that it had to run back to fill goods at the market on the
same day. As a matter of fact, Rod Phum-puang finished its service at the last stop each day, and it returned to the depot
(market) the next day. So, the actual distance of Rod Phum-puang service (depot to end node) calculated from the total
distance minus the distance at the end node ran back to the depot.

4. Discussion and Conclusions

The TSP states that the salesman must visit
several cities starting from the office center, travel
through each town exactly once, and return to the
center [18]. TSP solving can be managed in different
ways as the nearest neighbor algorithm, the saving
algorithm, or Microsoft Excel Solver. Then, the
application of solving methods in this research
could summarize as follows: the saving algorithm
was suitable for routing with multiple parameters,
such as time windows, vehicle capacity, etc. On the

other hand, it was more complicated for calculating

the saving value, and recommended route might
not be viable in practice. This method showed
longer distances than other methods. The nearest
neighbor algorithm was more manageable, practical,
and suitable for Rod Phum-puang service routing.
However, it was confused with routing, especially
nodes with similar distances. Moreover, it required
longer calculation times for processing with a lot of
nodes. The Microsoft Excel Solver showed the most
reliability than other methods and orderly routing.
It spent a lot of time processing with many nodes

as well as the nearest neighbor algorithm. From the

W. Arree et al., “Comparison of Vehicle-Routing for Grocery Car Service (Rod Phum-punag) by Applying the
Travelling Salesman Problem with the Saving Algorithm, the Nearest Neighbor Algorithm, and the Microsoft
Excel Solver: A Case Study of Service Area in Nong Bua Sala Subdistrict, Nakhon Ratchasima Province.”



10

MFATIVINTNILADUNAMNSTUATIU T TN 33 aUUR 3 n.A.-N.8. 2566
The Journal of KMUTNB., Vol. 33, No. 3, Jul.-Sep. 2023

relevant results (routing and distance) and primary
applicability analyses, the Microsoft Excel Solver to
organize the Rod Phum-puang service route was an
appropriate method for vehicle routing in this study.
Hence, the open-source software, the Microsoft
Excel Solver, is one of the most accessible solver
tools for the TSP suitable for non-complicated
problems [9].

Though the shortest distance may be the best
quantitative results, this may not be economically the
best method because the service in long distances
may increase the chances of selling more products.
The price of grocery products is relatively low,
affecting transportation as transportation is an
essential factor [19]. Thus, increasing the likelihood
of meeting customers creates an opportunity to
sell products, but one should be aware of the
transportation price considering this business. It is
a good thing to choose a service stop where Rod
Phum-puang can sell many products. Because the
average logistics cost per item reduces when the
increasing of delivery size [19].

This research showed that the factor affected
the vehicle routing of the Rod Phum-puang service
in Nong Bua Sala Subdistrict, Nakhon Ratchasima
Province, were service stops and the distance
between service stops. This result can be applied
to transportation works running around nodes (Milk
run) such as minibus, school bus, staff shuttle, etc.
Nevertheless, other factors such as the number of
customers, sales volume, and sales possible at each
service stop should be considered in the vehicle
routing of the Rod Phum-puang services. With these
conditions, this research should continuously study

the optimal route of Rod Phum-puang service for

complete analysis using the Goal programming
in the future. Goal programming is a model for
analyzing problems with multiple, incompatible
objectives [20].
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