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Introduction

In recently, performance measurement is become more an important in several business
companies. Due to the companies are now facing a competitive environment, this has pushed the
companies attempted to enhance the effectiveness and efficiency in their company. Performance
measure is the process of quantifying the effectiveness and efficiency of a past action )Neely et al.,
1995(. Effectiveness is a succeed of met customers’ requirement and efficiency is how economically a
firm’s resource are utilised. Moullin )2002( also defined the definition as a tool that evaluating how well
of organised are managed. As the mention, Efficiency failure and leads to more information decision
making regard to chain design. Performance measurement is a tool to identify opportunities for
progressive improvement in process performance )Wegelius-Lehtonen, 2001(. Therefore, the definition
of the performance measurement can be defined as a process of evaluating of the effectiveness and
efficiency utilise on people, resource and technology and also how well organisations are managed. The
knowledge of the company performance can help improve overall business capacity can enhance
understanding.

Logistics is playing an increasing an important role in business. Therefore, it is important for
organisation to manage their vehicle performance to successfully deliver customer requirement in an
effectiveness. Many organisation are seeking to improve their operations to meet the demand on
transportation which mainly is faster delivery, higher accuracy, greater flexibility, lower cost and not
damage delivery. Company have also to increased profits. Having own private fleet indeed gives
company many advantage but there are also the disadvantage sides that company has to deal with
such as fixed cost in vehicle purchasing cost, maintenance cost, labor cost and so on. This is the reason
why company must be aware of. OVE method aims to develop an operation measure of transport
efficiency and to contribute to the way in which the road freight transport industry is measured and
benchmarked )Simon et al., 2004(. This method can be also considered as one of the primary model for
vehicle performance measurement. Many in the past decade has paid attention on this model and
develop the concept into their own interested idea. However, OVE still has some weakness point due
to different perspective on each industry that lead to the importance of adding weight on each single
elements of the model to eliminate its own weakness.

This paper would like to proposed a model for the company that has cost dimension and round-
trip problem interested which suit the concept of MOVE, a modified of OVE. Adding weighting method
on each MOVE elements would make a model appropriated for the case study in the future work which
is Royal Project Foundation, in Thailand.

Literature review
The Evolution of Overall Vehicle Effectiveness

Overall Vehicle Effectiveness )OVE( was developed by Simon et al. )2004( for holistic
measuring the effectiveness of transport operation from the proportion of value added activities in the
transport operations. OVE derived from the concept of Overall Equipment Effectiveness JOEE(. When
it becomes to OVE, the three aspects are applied to benchmark the total performance of vehicle
effectiveness in the basis of weight-distance )tonne-km(. Simon el al. )2004( converted six losses in
manufacturing from OEE to the five transport losses in OVE which are driver breaks loss, excess load
time, fill loss, speed loss and quality delays. The elements of OVE measure were apparently the same
of OEE. The Availability, Performance efficiency and Quality rate were calculated and multiplied together
to produce OVE rate as equation [1]:

OVE )%( = Vehicle Availability )%( x Vehicle Performance )%( x Quality )%( [1]

However, Guan et al. )2003( mentioned that OVE has faced to the “round-trip problem”, this
occurs when there is a case of multiple destination which OVE gives higher value to the lower efficient
route. Guan el al. )2003( mention that this problem exist because OVE considers the alternative of
carrying good in longer distance as higher value adding to the end customer while it obvious that this
alternative is loess fuel efficient, thus less effective therefore Modified Overall Vehicle Effectiveness
JMOVE( was developed by Guan et al. )2003( in order to solve this problem

MOVE is a method of measuring a single vehicle performance for road transport which
developed to solve the “round-trip problem” as above mention. In order to solve the round-trip problem.
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Guan et al. )2003( added route efficiency as one important aspect of the vehicle performance rate. The
route efficiency is calculated as in equation [2]:
Route efficiency = Minimum route cost / Actual route cost [2]

The route efficiency evaluates the efficiency between the weight-distance )tonne-km( of the
actual route used for the shipments against the least distance of the optimal route which is considered
as the most efficient route. The minimum route cost is the minimized weight-distance along an optimal
route while the actual route cost is the total weight-distance for the selected route. The optimal route is
referred to the most energy efficiency or the lowest weight-distance value to complete trip )Guan et al.,
2003(.

Guan et al. )2003( also mentioned that time dimension also needs to be considered. The time
performance needs to consider in all activities such as loading and unloading times, congestion, travel
speeds etc. Time efficiency is one of MOVE metric and can be calculated as in equation [3]:

Time efficiency = Shortest possible time on the best possible route / Actual time taken

(3]

Time efficiency is how much time is take to make the delivery and expressed in minute, the ratio
between the actual time taken for a vehicle to complete the delivery against the shortest possible time
required for that vehicle to complete all value-added activities for that delivery.

The other two metric of MOVE was referred from MOVE, which is Vehicle Utilization formally
known as Availability in OVE and Quality rate unchanged in MOVE. Therefore, MOVE multiplied four
aspects together, which is Vehicle utilization, Route efficiency, Time efficiency and Quality. MOVE has
been proposed as in equation [4]:

MOVE )%( = Vehicle utilization )%( x Route efficiency )%( x Time efficiency x Quality )%(
[4]
Weighting of Overall Equipment Effectiveness

According to the current literature review on the evolution of OVE, it could obviously be seen
that it has been developed from OEE. Even though OEE has been proved in various case studies and
appears to be a complete performance measurement indicator, it still requires proper modification. To
extend, its feasibility, several ideas have been proposed. Since, the weight of each OEE elements is
equivalent, while their losses are totally different. In addition, every production line has its own
characteristic. Therefore, OEE cannot always describe the actual condition of the production line
depending on the case. There are some research related to Overall Equipment Effectiveness
improvement have used weighted overall equipment effectiveness to advance this performance
measurement for production line use such as Production Equipment Effectiveness )PEE( proposed by
Raouf )1994(, Overall Weight Equipment Effectiveness YOWEE( proposed by Wudhikarn )2010( and
OEE weight by Taguchi method with simulation )Yuniawan et al. )2013(. From previous studies that
include the weight proportion determination of Overall Equipment Effectiveness elements, the concept
of Analytical Hierarchy Process with weighted signed graph approach and Rank-Order Centroid method
have been used to identify weight setting and added to Overall Equipment Effectiveness. However, the
improvement of OEE concept using weighted methods, which are PEE and OWEE, still has its
drawbacks )Yuniawan et al., 2013(. Yuniawan et al. )2013( suggested that Raouf )1994( did not
specifically describe the calculation to obtain the weight value for each OEE elements in PEE and the
weight setting in OWEE depends on authorized personnel, this can be very subjective if not
accompanied by accurate data.

The concept of System Reliability calculation

In this research only uses the concept of system reliability which presents the interconnection
of each single element in new modified OVE model and each weight single element to combine into a
newly calculation method. According to Myers )2010( summarized the basic principles and function
relationship used for reliability assessment of systems with simple interconnections by using mathematic
function. The reliability. The system reliability is defined as its ability to react within a specified time
during an operation period )Lisnianski and Levitin, 2003(. The reliability systems consist of the series
systems, the parallel systems and the combination series )Myers, 2010(. The physical connection
among elements represented by a series reliability block diagram, its can differ as well as their allocation
along the system’s functioning process. In this research will concerns two systems which is parallel
systems and combined systems to develop newly calculation method

The parallel systems is a system that composed of element P+ and P2 and it is operational if
either element or both elements are operational as shows in Figure 1.
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Figure 1. Block diagram for elements parallel.

The systems reliability of figure 10 can be determined using the mathematical function defined

as in equation [5]:
Rep=1-)1-P1()1—P2( [5]

Where P+ and P2 represent the reliability of element P+ and P2 respectively, and Rp is the
reliability of the system composed of these two elements. The general relationship for a system of n
components arranged in parallel as in equation [6]:

Rp = 1-[]ni=1 )1 - Pi( [6]

Then, to combine the all element in series and parallel as figure 11. In the figure 11 shows a

system comprising four elements arranged in series and in parallel.

Figure 2. System with element in series and parallel.
If the element Pi in figure 2 also have individual element reliabilities Pi, then the overall system
reliability )Rsys( can be formulate as follow equation [7]:
Rsys = P1)1-)1-P2()1 - P3(( P4 [7]
To combining original MOVE approach and weight in each single element will use these concept
to create newly calculating method of MOVE to make it become more appropriate and the value would
not over change from the original value.

Methodology
In the light of the above, OVE and MOVE is easy to use, not too complicated and cover most of

interested are for the company and case study. This research divided in two parts which is the improving
the equation of MOVE and the weighting of MOVE.

For improve the equation of MOVE. Since, MOVE seems not to be quite ambiguous on
calculation and definition. The aim of this research is to extend the capability of MOVE, therefore,
MOVE'’s equation is examined, justified limitations and adapted to be more suitable and clearly in this
chapter. So, the four components in the original MOVE will assessed to improve their limitations. For
the second part is weighting of MOVE. Due to the previous research from the literature review, MOVE
was developed from OEE where there are several weaknesses including weighting method. In the
original OEE the weakness especially weighting of each element is equivalent whereas losses are totally
different. Therefore, this research propose a simple weight setting method by using AHP to identify
dissimilar weight for each MOVE elements because weighting from AHP method is easy and accurate
to identify weight while a weight must be identified by authorized person. Then, the research proposes
newly calculating method following the improving MOVE’s equation and weighted approach which
integrated by using the concept of system reliability calculation.

Then, MOVE’s equations will adapted to be more integrated for evaluation for evaluation of the
overall vehicle effectiveness on each company’s perspective and proposed as a refining model named
Weighted Overall Vehicle Effectiveness or WOVE. Note that WOVE intends to measure the overall
vehicle effectiveness in the same four components as the original MOVE since these four components
could consider to be sufficient enough for evaluate in overall performance for vehicle.

After, the application of WOVE model is applied through a case study. Moreover, OVE and
MOVE will be calculate for comparing with WOVE. Then, the result from three different methods.

1. Modification of the original Modified Overall Vehicle Effectiveness equation.

Previously, OVE and MOVE has a limitation to access especially in the calculation details. The
concern MOVE are consist of four elements which are Vehicle Utilization )VU(, Route Efficiency )RE(,
Time Efficiency )TE( and Quality )Q( and MOVE has been proposed as the following equation;

MOVE = Vehicle Utilization x Route Efficiency x Time Efficiency x Quality

MOVE is used for measuring an individual vehicle’ effectiveness. Nevertheless, MOVE seems

not to be quite compatible when each car has multiple delivered per day and also consisted of more
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than one vehicle, is taken into consideration. Therefore, the equation of MOVE is assessed here to find
its limitations and investigate the possibilities to adapt the equation to be more suitable performance.
MOVE metric measures an individual vehicle’ performance in four aspects which are;

Vehicle Utilization is the ratio between the available capacity of a vehicle in a period of time
against the minimum required capacity which is need for completing the shipment. For the available
capacity, it can be the actual travelling time or the allowable driving time in a day depending on propose
of the user. Both capacities are measured in weight-distance in order to assess in the context of how
full the vehicle is loaded, along the delivery distance, against its maximum loaded capacity. It also
assesses a vehicle’s travelling distance for completing the shipment against the maximum distance that
vehicle can be travel with that given period of time. MOVE defined Vehicle Utilization’s equation as;

Vehicle Utilization = Required Capacity / Available Capacity
Or
Vehicle Utilization = Minimum Route Cost / Available Capacity
In which;
Available Capacity = Maximum Load x Distance
Maximum distance in 1 day = Total available travelling time x Maximum speed
Total available travelling time = Total allowable hours on the road in 1 day - Statutory breaks

For the limitation, MOVE assesses only the utilization of a single round shipment of vehicle for
certain route. In the real situation, the vehicle has multiple delivered per day and also multiple vehicle,
the utilization measurement should be integrated to as in available capacity of all round shipment
vehicle. Furthermore, the adaptation of MOVE in the available capacity is obtained by the following
equation;

Available Capacity = Maximum loaded capacity x Maximum distance available

To modify the equation, the maximum loaded capacity should be the sum of maximum loaded
capacity of every round shipment in the vehicle. Moreover, the both capacities that are measured in
weight-distance in order to assess in the context of how full the vehicle is loaded, along the delivery
distance, against its maximum loaded capacity. To be more accurate, weight and volume constraints
should exist in such model. However, due to the lack of data collected, only volume requirements are
considered )a practice also done by the company( since the practitioners stated that their perishable
goods are light weighted with large space consumed and also the air flowing space within the stacks
have to be concerned hence the weight record of goods is not needed nor being a problem. Furthermore,
McKinnon and Ge )2004( mentioned that food is relatively low-density product so tend to be volume
constrained rather than weight-constrained therefore in food sector expressed energy intensity in terms
of pallet-kilometers rather than tonne-kilometers. Consequently, the Maximum capacity’s equation can
be adapted for measuring vehicle

Maximum capacity = Number of shipment round per one day x Maximum capacity of a vehicle

In addition, the maximum speed of each route is depended on each route speed planning by
law that the urban area has low speed than the rural area. Route Efficiency is the ratio between the
weight-distance of the actual route used for the shipment against the least weight-distance of the optimal
route which is considered as the most efficient route. According Guan et al. )2003(, Route Efficiency
measure the proportion of value-adding along the delivery process in the context of energy usage. For
this reason, the less weight-distance which energy used in a route, the more efficiency that route is.
Furthermore, the Route Efficiency in the optimal route is 100% since it is the most efficient rout which
give the least weight-distance, that means this routes uses the least energy to make the shipment.
MOVE defined Route Efficiency’s equation as;

Route Efficiency = Minimum Route Cost / Actual Route Cost

For limitation examining, in MOVE equation, the cost of a route for a vehicle to make the delivery
is measured in context of weight-distance in order to evaluate the efficiency of a certain route compare
to the optimal route. However, as mention above in section 3.2.1 that for some business used volume-
distance instead weight-distance for calculated vehicle carrying capacity. Therefore, there is no
improvement needed for the equation of Route Efficiency except for the changing of measures unit of
utilization.
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Time Efficiency is the ratio between the actual time taken for a vehicle to complete the shipment
against the shortest possible time for that vehicle to complete all value-added activities for that shipment
)Guan et al., 2003(. In generally, activities such travelling time, loading time, unloading time, statutory
break time, queue time etc. are considered in the calculation. However, the shortest possible time in this
ration can be determined by the user which activity’s duration will be counted as value-adding or non
value-adding. Therefore, Time Efficiency ratio can be different depending on the purpose of the user.
Note that, the equation of Time Efficiency is no improvement needed. Here, MOVE defined Time
Efficiency’s equation as;

Time Efficiency = Shortest Possible Time / Actual Time Taken

In which;
Shortest Possible Time for delivery = Time taken for the optimal speed + statutory break
Actual Time Taken = Travel time + Loading time + Unloading time + Queue time + Break time — Breaks
taken while load and queuing

Quality is the ratio of the goods which are delivered to customers within promised condition,
without any damage or loss against the total goods delivers. This ratio can be measured in terms of
weight or the number of items. MOVE defined Quality’s equation as;

Quality = Good Successfully Delivered / Total Goods to be delivered

The evaluation in the context of quality of the shipment is also able to measure and no needed
to adapt. Therefore, the quality’s equation is still same since there is no improvement need for the
assessment of Quality ratio. In the above section, the four component in MOVE are assessed to improve
their limitations. MOVE’s equation are, them, adapted to be more integrated for evaluation of the overall
vehicle effectiveness. Note that the modify equation intends to be measure in the same four components
since these components could consider to be sufficient enough for evaluate in the “overall” performance.
Therefore, the modify equation can be calculated as follows;

MOVE = Vehicle Utilization x Route Efficiency x Time Efficiency x Quality

2. Weighting of MOVE

Since, the traditional concept of MOVE specific the weight of each element equivalently. This
design, still, is inappropriate because these elementary losses and important are totally different in each
business. The idea of weight setting in model came from the previous research of OEE that has been
mention above. However, the paper of PEE did not shows how to setting the weight in each element.
For OWEE, Wudhikarn )2010( applied Rank-Order Centroid to identify weight in each element of OEE
but Rank-Order Centroid cannot reflect the actual relative weight setting when compared to the Analytic
Hierarchy Process and also cannot determine the relative importance of the factors that has the same
rank. So, this research will be using the Analytic Hierarchy Process to identify dissimilarity in weighting
each element which is Vehicle Utilization )VU(, Route Efficiency )RE(, Time Efficiency )TE( and Quality
)Q(.

According to papers of Assavavichai and Chao in 2017, the calculating result of three weight
adding methods namely: Raouf's method, Wudhikarn’s method and system reliability concept, the first
and second method have more than double the result from the original which does not reflect the result
that it should be since the power numbers in the calculation will always yield high percentages on result.
Furthermore, the calculated value of Raouf’'s method and Wudhikarn’s method which is similar to each
other are much different from the original MOVE due to the nature of power weight with less than one
that will result in a higher number in case of Raouf’'s method and the summation of value that give more
and more value in case of Wudhikarn’s method. Then, this research will adapt the concept of system
reliability calculation to combine the modify formulation of MOVE with weight setting and also proposed
as a refining model named a Weighted Overall Vehicle Effectiveness )WOVE(. The concept of system
reliability is applied to this research by using the parallel system to combine the four elements and weight
in each element.Therefore, WOVE can be calculated as follows;

WOVE = VUw % REw x TEw X Quw
In which;
VUw = 1-)1-VU( x )1-Wvu(
REw = 1- )1- RE( x )1-WRreg(
TEw = 1-)1-TE( % )1-Wrg(
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Qw =1-)1-Q( x )1-Wq(
Where;
VU, RE, TE and Q is the percentage of Vehicle Utilization, Route Efficiency, Time Efficiency and
Quality
Wwu, Wre, Wte and Wa is weight of Vehicle Utilization rate element, Route Efficiency rate element,
Time Efficiency rate element and Quality rate element

In addition, this methodology assigns weights to all elements by using the analytical hierarchy
process. In this part, opinions from decision makers are required in order to identify the relative weight
importance. To achieve this, the researcher must interview five Royal Project Foundation’s decision
makers on transportation field and check the reliability of the data as in Analytic Hierarchy Process
YAHP(. . The interviewing will interview a top manager who has been in charged in the related filed
such as vehicle performance, logistics performance or distribution center management. The interview
will also use the self-administered interview technique.

Discussion

In this part, the application of OWVE model previously presented is exemplified through a case
study. In this newly improved calculation method, the transport operations data as in table 2. must be
collected. Moreover, a weight setting is required. In the case study, transport managing director was
interviewed or prioritizing VU, RE, TE and Q.

Type of data The Royal Project Foundation vehicle usage data
Period covered 13 December 2018 — 13 January 2019
Month in period with records 1 month
Vehicle included 6
Field included Date and time of car used, registration plate, customer named, mileage

used )distance(, idle time )pre-unloading(, unloading time, idle time )pre-
loading(, loading time, break time, amount of goods delivered and empty
basket, delay of delivery time, goods delivered with damage and mistake,
fuel cost

Table 2. Description the data collection of the Royal Project Foundation freight vehicle usage data
used in the analysis.

From table 3, the results from three different which is OVE, MOVE and OWVE methods have
been calculated and all outcomes are presented in percentage unit. Note that this research selected
three complex routes. It can be seen that OVE has the highest score among three method that does not
represent the actual situation of the case study where the performances are too high which led to the
higher overall score that MOVE has solved the problem yield a better realistic result while OWVE that
has the concept of MOVE is bended the method to be more suitable for the particular industry gives a
result according to the authorized priorities shows a weighted result that the industry can be used to
inspect the overall score to adjust according to their plan.

Table 3. Numerical Results from Three Methods.

D/M/Y )car OVE MOVE OWVE

no.( A P|] Q |OVE| VU | RE | TE Q [ MOV | WU RE TE Q | OVWE
E |)0.13( | )0.05( | )0.23( | )0.59(

13/12/18 )5( | 57.13 | 33 | 100 | 18.7 | 13.6 | 89.1 | 979 | 999 | 13.3 | 1940 | 89.68 | 33.08 66 3.82

2 3 3 6 4

19/12/18 )2( | 55.03 | 24 | 100 | 134 | 746 | 923 | 583 | 100 | 4.02 | 19.63 | 92.73 | 67.82 | 60.64 7.49
1 5 3

28/12/18 )3( | 49.10 | 32 | 100 | 1565 | 7.20 | 799 | 484 | 100 | 2.79 | 2499 |80.99 |60.18 | 60.13 7.33
8 8 4

Conclusion

The performance measurement for operating transport is crucial and key for sustaining business
organization. Therefor, a method to measure according to the company’s interested can be used to
clarify their overall transport performance through their needs which make OWVE a new concept that
can be applied to this particular reason. An improvement of the original MOVE makes it suit for each
industry on its interested perspective with a weigh added concept from System Reliability that needs an
opinion on the related topic from the authorized person. Therefore, this paper proposed a newly
calculating method with weight setting added on each calculation elements.
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