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Abstract: Seaweeds are one of the important sources of raw
material for food or additives in food industries. To minimize the
costs of production as well as increasing life expectancy, a new
spin grind dryer seaweed powder machine is proposed, which
combined the four processes in one machine to replace the
conventional approach called spin grind dryer seaweed machine.
Therefore, this paper presents a selection process that integrates
the Analytical Hierarch Process along with Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS) in the
selection process. This paper focus on determining the most
appropriate decision on the conceptual design of spin grind dryer
seaweed machine using AHP and TOPSIS. There were 4 different
conceptual design of spin grid dryer seaweed machine have been
proposed. 3D modelling designs were produced using CATIA
software. To determine the best concept design there are 5
criteria were considered namely ease of use, ergonomics, size,
cost and ease of maintenance. The AHP was employed to
determine the priority vector for each criteria and TOPSIS was
used to determine the appropriate design concept during the
selection process. The results of the selection process showed that
design concept 1 was selected as the best conceptual design for
the spin grid dryer seaweed powder machine due to it has the
maximum relative closeness to the ideal resolution. AHP and
TOPSIS are capable of helping designers to determine the best
decision at the early stage of the design process.

Keywords: concept selection, AHP, TOPSIS, MCDM, spin grid
dryer, seaweed.

. Introduction

Nowadays, seaweeds are important as a source of raw material
for food or additives which is nutritionally valuable whether in
fresh or dried form [1]. A significant amount of lipids, protein,
vitamins and minerals contain in seaweed which is beneficial
for the human body [2]. According to the Global Market
Insights [3], commercial seaweed market is projected to

exceed USD85 billion by 2026 due to the rising demand for
food applications, cosmetics, medical and pharmaceutical
sector, etc.

Seaweed is much more nutrient-dense than any vegetable on
the ground. It is an excellent source of micronutrients such as
folate, calcium, magnesium, copper, iron and selenium. More
specifically, seaweed is a healthy source of iodine. Seaweed
contains several antioxidants. Seaweed can help guard against
oxidative stress and reduce chronic diseases such as cancer and
intestinal disorders as part of a balanced diet. All plants
produce fibre, but seaweed still has other strange
carbohydrates that we miss digestive enzymes. That includes
carrageenan, fucan, galactan, and more. These carbohydrates
would then become fodder for the bacteria.

Seaweeds also use as a fertilizer to improve the crop yield as
well as reducing cost. The helps of fertilizers by inbuilt strength
in resisting the pests such as red spider mites and aphids. The
development of powder seaweed segment is expected to gain
and develop more than liquid seaweed products in industries
application such as textile, direct food, pharmaceutical and
medical, and food additives depending on the demands. To
minimize the costs of production as well as increasing life
expectancy, seaweed has been extracted in form of dry product
or powder [4-5]. Figure 1 shows the fresh seaweed form to
seaweed powder.
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Figure 1. Fresh seaweed form to seaweed powder
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Seaweed powder has many advantages compared to fresh
seaweeds. Decaying is one of the reason seaweed is being
process to increase the life time instead of removing enough
moisture content. Moreover, seaweed powder is more
compact and less store space needed while shipping the
product [6]. Less cost is needed when compact material is
transported rather than fresh seaweed.

However current seaweed powdering process still using a
conventional process which leads to time consuming and
complex flow sequences. Current process required 6 steps to
complete the cycle which is washing, chopping, drying,
grinding, sieving and packaging (Figure 2). The process takes
time by moving the extract seaweed from one process to
another process to complete each cycle.
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Figure 2. Seaweed powdering process

Conventional process is normally employed to an external
open air drying whereas seaweed is spread on grass or plastic
sheeting to expose the area according to the sun light and heat
exposure. The method is not applicable for a long terms used
due to seaweed structure changes and contamination concern
or unsanitary conditions [7]. Drying is one of the important
process that need to be considered while producing seaweed
powder in terms of moisture content, particle size and
antioxidant activity. The size of particle and antioxidant of
processing seaweed increase when there is an increment in
term of temperature, meanwhile moisture content shows an
opposite result. The nutritional value also will be affected while
drying the seaweeds either through direct losses of the
nutrients or chemical modifications. Apart from moisture
contents, powder or particle size and antioxidant activity while
drying process are also important while protecting and
retaining some of volatile compounds [8].

Open drying is a traditional method that used for large
production seaweed powder due to larger area and required
high labour intensive. However, it has limitation whereas the
probability of product losses or contaminant increase due to
raining seasons causes humidity reabsorption or remoistening
[9]. This method is widely used by small entrepreneurs in the
village and even the medium-small production industry. Figure
3 shows the open drying method practiced by the local
entrepreneurs in Sabah, Malaysia.

Figure 3. Open drying method [9]

Spinning is used to reduce the time for seaweed powder
production instead of using temperature by rotating the
material continuously. By combining these two processes, the
cycle time will be reduced and energy consumption is lower.
Cutting is the combining process within drying and spinning to
cut the raw seaweed into small pieces in the range of time to
complete the process.

Therefore, a new spin grind dryer seaweed powder machine
(Figure 4) is proposed, which combined the washing, chopping,
drying and grinding process in one machine to replace the
conventional approach. Several conceptual designs of spin
grind dryer machine have been developed and the most
appropriate conceptual design needs to be selected to give high
benefits to the industry especially in seaweed powder
production.

Determining the most appropriate decision in the concept
selection process of the design process is very essential.
Recently, researchers concerned about the design process
especially the concept selection activity which has a direct
consequence to the quality of the final model [10].
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Figure 4. Proposed spin grind dryer seaweed powder
machine

The incorrect selection of concept for a particular product
leads to an increase in design modification, which increases the
functional cost and generating time [11]. Improper selection of
concept also can lead to dissatisfied consumers and
manufacturers. To resolve the issues of the design selection
process, utilization of multiple criteria decision making
(MCDM) method that employs combination of Analytical
Hierarchy Process (AHP) and Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS) techniques have been
proposed and implemented in the literature. Multi-criteria
decision-making (MCDM) refers to the preference of the best
option with a variety of, usually contradictory, criteria from a
finite range of 29 alternatives [12]. The method is useful to
solve problems in several ways. However, classical
standardization methods do not always take into consideration
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conditions where the different existence of the decision matrix
data could make the alternative ranking very unpredictable
[13].

A number of researchers have conducted studies on the
utilization of integrated AHP and TOPSIS in determination of
the appropriate concept design in various field of studies. In
general, AHP and TOPSIS are among the most common
methods used by decision makers to solve decision making
problems. Saaty developed AHP technique to determine the
most suitable clarification to any problems through
optimization of qualitative and quantitative features [14].
Hwang and Yoon [15] developed a TOPSIS method that
defined a multi-criteria evaluation approach to selection. This
approach provides a basis for decision making strategies where
the number of options is limited, but each has a large number of
attributes. Integration of MCDM method gives a higher degree
of confidence to the decision maker where it provides a
systematic and scientific selection process [16].

Hanine et al. [17] engaged AHP and TOPSIS methods to
examine the formation of the ETL software selection issue.
Mansor et al. [18] implemented AHP and TOPSIS methods to
define the exact hybrid natural fiber composites for the design
of parking brake lever parts. Tian et al. [19] proposed a
framework by integrating AHP and TOPSIS for evaluating
automotive style design alternatives’ performance, organized
with automotive style design features. Komlan et al. [20] used
AHP to figure the weighting principles and TOPSIS to
evaluate the self-service technologies ratings through the help
of five experts in the fields. Febriansya et al. [21] applied
integrated AHP and TOPSIS methods to define the importance
of improving the management of the government’s properties.
Panda et al. [22] proposed combination of AHP and TOPSIS
methods for the selection of rapid prototyping structure. Karim
and Karmaker [23] employed an integrated approach of AHP
and TOPSIS in machine evaluation process.

From various integrated methods discussed as mentioned
earlier, there is no research work carried out by previous
researchers on the combination of AHP and TOPSIS has found
in the spin grind dryer design. The motivation of this paper is to
implement combination method of AHP and TOPSIS for
determining the best design of spin grind dryer seaweed
powder machine during the design selection process.

Il. Material and method

Figure 5 depicted the flow of integration process between AHP
and TOPSIS to determining the best design of spin grind dryer
seaweed powder machine during the design selection process.
The selection process started with concept selection,

identification of the important criteria, weighting of the criteria,
performance measuring and ranking of selection. The selection
process was divided into two stages, first was the
determination of the weightage for the identified criteria based
on AHP method and followed by ranking of the selection using
TOPSIS method. The success probability of the product can be
influence by the weighting criteria in the ranking results during
selection process [24].

Avriff et al.
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Figure 5. Integration process of AHP and TOPSIS to
determining the spin grind dryer machine

A. Concept selection

Based on the design strategy, 4 concept designs of the spin
grind dryer machine were developed as shown in Figure 6.

(b)DC-2
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(c)DC-3

(d)DC-4

Figure 6. Concept designs of the spin grind dryer machine

Figure 5a shows the design concept 1 (DC-1) for
development of spin grind dryer seaweed powder processing
machine. The size follows the product design specification
given by the industry. In this conceptual design, a blower is
used simultaneously with a heating element at the main body
area while the blade is used as a concept of spinning for
grinding purpose. The orientation is in horizontal.

Figure 5b shows the design concept 2 (DC-2) for
development of spin grind dryer seaweed powder processing
machine. The orientation of the machine is vertical. In this
conceptual design, a heating element is used in the main body
area while the blade is used as a concept of spinning for
grinding purpose. Design specifications followed by industry
guideline.

Figure 5c shows the design concept 3 (DC-3) for
development of spin grind dryer seaweed powder processing
machine. The vertical orientation is used. The design is the
nearly same with the design concept 2. However, the used
blade is different for grinding purpose. Design is within the
industrial specifications.

Figure 5d shows the design concept 4 (DC-4) for
development of spin grind dryer seaweed powder processing
machine. The size follows the product design specification
given by the industry. In this conceptual design, a blower is fit
at the sides of the body. The orientation of the body is in
vertical with the blade attached inside the body. While rotating,

the raw seaweed will be cut automatically. The blade is fixed at
the machine’s body.

B. AHP and TOPSIS selection process

The criteria of the final product such as ease of use,
ergonomics, size, cost and ease of maintenance are considered
while determining the best possible result for the conceptual
design. Table 1 shows the criteria that taken into account for
designing and developing a spin grind dryer design. Criteria
involved in the selection of the conceptual design for spin grind
dryer seaweed powder machine are as follows:

a) Ease of use:
This criteria describes on how easily the users can use or
handle the spin grind dryer seaweed powder machine.

b) Ergonomic:

Ergonomic element is important in this conceptual design since
the machine is used for mass production of the seaweed
powder, therefore, the ergonomic criteria is very important to
reduce injuries due to the repetitive human motions.

c) Size:

Size in this design describes the overall size of the spin grind
dryer seaweed powder machine. Since this machine will be
used by the medium-small production industry, therefore the
space required by the industry is essential to minimize the
production space

d) Cost:
Cost in this selection process involved the overall cost needed
in manufacturing the spin grind dryer seaweed powder machine

e) Ease of maintenance:

Ease of maintenance in this selection process elaborate on the
simple or easy way to maintain the spin grind dryer seaweed
powder machine which will increase the reliability, efficiency,
system performance and life span of the spin grind dryer
seaweed powder machine

Regular Criteria
1 Ease of use
2 Ergonomic
3 Size
4 Cost
5 Ease of maintenance

Table 1. Criteria’s of Spin Grind Dryer design

Weighing scale is used to estimate the relatives’ importance
of criteria for each design. Each attribute is given certain points
on 0-10 rating scale by a team of experts or decision makers.
Table 2 shows the rating scale that had been used for managing
and evaluating the design decision.
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No. Regular Criteria
1  Easeofuse 10 Very good — 1 None
2 Ergonomic 10 Very good — 1 None
3  Size 10 Very good — 1 None
4  Cost 10 Low — 1 High
5  Ease of maintenance 10 Easy — 1 Complicated

Table 2. Rating Scale

There are seven steps have been conducted to determine and
rank the best conceptual design of spin grind dryer using
integrated AHP and TOPSIS. The process of determining and
ranking the best design is described as follows: -

1) Step 1: Determine attribute weights for each design
Table 3 to Table 6 show the method of determining the
attribute weight. Six decision makers (DM) rate each criteria
of each design concept. Decision maker should be an expert or
at least be very familiar with the intended field since evaluation
by the decision maker is very important in establishing the right
decisions [25]. In this selection process of the conceptual
design for spin grind dryer seaweed powder machine, the
decision makers consist of seaweed manufacturer, seaweed
researcher and professional engineer.

Determining the attribute weight play a very significant role
in the ranking result of the conceptual design selection process
where every criteria of the design concept will be evaluate to
ensure the reliability and accuracy of the decision [26]. The
attribute weight obtained are then used in TOPSIS and AHP
for the selection process.

Attribute
L Decision Makers Weighting
Criteria NN
W=—
n
1 2 3 4 5 6
Easeofuse 9 9 9 8 10 9 9
Ergonomic 9 8 8 8 9 8.5 8.41
Size 8 8 8 8 8 8 8
Cost 5 5 4 4 4 433 4.38
Maintenance 8 8 8 9 9 8.33 8.38

Table 3. Attribute weights for DC- 1

Attribute
o Decision Makers Weighting
Criteria EN
W=
n
1 2 3 4 5 6
Easeofuse 7 7 7 6 6 7 6.67
Ergonomic 7 6 6 6 7 6 6.33
Size 8 7 78 7 7 7.33
Cost 5 5 4 4 5 5 4.67
Maintenance 7 7 7 6 6 6 6.5

Table 4. Attribute weights for DC- 2

Avriff et al.
Attribute
L Decision Makers Weighting
Criteria N
W=—
n
1 23 4 5 6
Easeofuse 8 7 7 8 7 7 7.33
Ergonomic 7 6 6 6 7 6 6.33
Size 8 8 7 7 7 7 7.33
Cost 4 4 55 5 5 4.67
Maintenance 6 6 6 7 7 7 6.5
Table 5. Attribute weights for DC- 3
Attribute
. Decision Makers Weighting
Criteria NN
W=—
n
1 23 4 5 6
Easeofuse 7 7 7 8 8 8 7.5
Ergonomic 6 6 6 7 6 7 6.33
Size 7 7 7 8 7 8 7.33
Cost 5 4 4 4 5 5 45
Maintenance 7 6 7 6 6 6 6.33

Table 6. Attribute weights for DC- 4

2) Step 2: Establish the decision matrix
Table 7 shows the 5 main criteria and 4 different design
concepts have been considered. The elements of the matrix are
related to the values of criteria with respect to design concepts.
Attribute weighting for all criteria was defined using equation

().

Attribute Weighting = ¥ @>+ b° + ¢+ d’ (1)

I Decision Makers Attribute
Criteria L

DC1 DC2 DC3 DC4 Weighting
Ease of use 9 6.67 7.33 7.5 15.34
Ergonomic 8.5 6.33 633 6.33 13.87
Size 8 733 733 7.33 15.01
Cost 433 467 4.67 4.5 9.09
Maintenance  8.33 6.5 6.5 6.33 13.93

Table 7. Decision matrix

3) Step 3: Normalize decision matrix
Each column of the decision matrix are then normalized as
depicted in Table 8.

L Decision Makers Attribute
Criteria s L.

DC1 DC2 DC3 DC4 Weighting
Ease of use 0.59 0.44 0.48 0.49 15.34
Ergonomic 061 046 046 046 13.87
Size 0.53 0.49 0.49 0.49 15.01
Cost 0.48 0.51 0.51 0.50 9.09
Maintenance  0.60 0.47 0.47 0.45 13.93

Table 8. Normalize decision matrix
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4) Step 4: Weighted normalized decision matrix
Table 9 to Table 10 show the method to determine the
weighted of each criteria using AHP. All the values assigned
for each cell is determined by design experts. Since the value of
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L Ideal Solution Si*
Criteria

DC1 DC2 DC3  DC4
Ease of use 0 00062 00033 00028
Ergonomic 0 0.0011 0.0011 0.0011
Size 0 0 0 0

Cost 0 0 0 0

Eﬂa:; tz;ance 0 00003 00003 0.0004
Si* 0 00872 00686  0.0656

reliability proportion for the primary criteria is less than 0.1,
the judgements are acceptable.
AHP Attributes
Criteria Ease of Ergf)no Size  Cost Mainte
use mic nance
Ease of use 1 7 5 3 4
Ergonomic 1/7 1 1/3 1/5 1/4
Size 1/5 3 1 1/5 1/3
Cost 1/3 5 5 1 5
Maintenance 1/4 4 3 5 1

Table 9. Attribute Weight (AHP)

Criteria Priority vector (W)
Ease of use 0.461
Ergonomic 0.302
Size 0.125
Cost 0.071
Ease of Maintenance 0.041

Table 10. Priority vector of each criterion

Weighted normalized decision matrix using equation (2) via
multiplying the normalized decision matrix with its correlated
weights. Table 11 shows the results of the weighted
normalized decision matrix.

V =W, =W,Ry )

Weighted DC1 DC2 DC3 DC4

Easeofuse 0461 0272 0203 0221 0226

Ergonomic 0.302 0.184 0.139 0.139 0.139

Size 0125 0066 0061 0061 0.061

Cost 0071 0034 0036 0036 0.036
Ease of

ase 0 0041 0025 0019 0019 0018

Maintenance

Table 11. Weighted normalized decision matrix

5) Step 5: Positive ideal resolution
Determine the positive ideal resolution (A+) value using
equation (3).

PIS = A* = (V5,55 ..., V) (3)
where: Vi = {(max(V;;)if j € J); (min V;; if j € J1)}
While measurement of the separation distance for the

positive ideal solution of each competitive alternative by using
equation (4). Table 12 shows the positive ideal solution value.

2
st= T, (vt - vy;) @)

where i=1....m

Table 12. Positive Ideal Solution Si*
6) Step 6: Positive ideal resolution
Determine the negative ideal resolution (A-) value using
equation (5).
NIS =A== {V V5 ...V} (5)
where: V- = {(min(V,,)if j € J): (max V,; if j € J*)}
While the measurement of the separation distance for the

non-ideal solution of each competitive alternative by using
equation (6). Table 13 shows the negative ideal solution value.

_ 2
(= V) (6)
where i=1....m

5=

Ideal Solution Si-

Criteria

DC1 DC2 DC3 DC 4
Ease of use 0.0062 0 0.0004 0.0007
Ergonomic 0.001 0 0 0
Size 0 0 0 0
Cost 0 0 0 0
Ease of 0.0004 0 0 0
Maintenance
Si- 0.0872 0 0.02 0.0265

Table 13. Negative Ideal Solution Si’

7) Step 7: Relative closeness to ideal resolution
Quantify the relative closeness of respective design to the ideal
resolution using equation (7). For every competitive
alternative, the relative closeness of the possible design with
respect to the ideal resolution is figured. The relative closeness
to the ideal resolution are then ordered from higher to a lower
value. The first rank for the higher value has relative closeness
resolution. Table 14 shows the relative closeness to the ideal
resolution.

C, =

where i=1,2....m

®)
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DC1 DC 2 DC3 DC4
Si* 0 0.0872 0.0686 0.0656
Si- 0.0872 0 0.02 0.265
Si* + Si- 0.0872 0.0872 0.0886 0.0921
Ci 1 0 0.2257 0.2877
Rank 1 4 3 2

Table 14. Relative closeness to the ideal resolution

I11. Result and discussion

Based on the combination of AHP and TOPSIS methods, DC-
1 (Figure 7) has been selected as a suitable model to develop a
spin grind dryer machine based on industrial guidelines to
produce seaweed powder with highest value of the relative
closeness to the ideal resolution with 1 score, where the DC-2
the lowest value of the relative closeness to the ideal resolution
value which is 0. DC-4 was in second ranking with 0.2877
scores, followed by DC-3 with 0.2257 scores.

By identifying the problems of surrounding creation, the
design of the spin grind dryer machine is achieved and idea is
generated to select the best design of product specification.
Decision makers involved in this project have agreed that this
design concept can fulfil all the criteria needed; ease of use,
ergonomic, size, cost and ease of maintenance.

This innovative spin grind dryer seaweed powder machine
that combined the washing, chopping, drying and grinding
process in one machine can replace the conventional approach
and can contribute to the seaweed industries, especially the
local entrepreneurs. Besides that, the quality of the seaweed
powder produced by this machine is better than the
conventional process since the involved processes are lesser
and can be controlled according to the needed specifications.

Figure 7. Selected concept designs of the spin grind dryer
seaweed powder machine

IVV. Conclusions

Concept selection is one of the essential task in the design
process and it is a complex decision making problem due to
involving many influencing factors. A systematic approach by
combining AHP and TOPSIS is employed to evaluate the best
decision of spin grind dryer seaweed powder machine. There
are five criteria; ease of use, ergonomic, size, cost and ease of

Avriff et al.

maintenance, evaluated by six decision makers consist of
seaweed manufacturer, seaweed researcher and professional
engineer involved in discussing and evaluating four designs;
DC-1, DC-2, DC-3 and DC-4 of the spin grind dryer seaweed
powder machine. Based on the descending order of the
combination of AHP and TOPSIS methods, the result shows
that the DC-1 was the most appropriate design for the
development of the spin grind dryer seaweed powder machine
as it has the highest value rather than other design concepts.
Determining the attribute weight in the combination of AHP
and TOPSIS methods play a very significant role in the ranking
result of the conceptual design selection process where every
criteria of the design concept will be evaluated to ensure the
reliability and accuracy of the decision making. This innovative
spin grind dryer seaweed powder machine that combined the
four main process; washing, chopping, drying and grinding
process in one machine can replace the conventional approach
and can contribute to the seaweed industries, especially the
local entrepreneurs. The quality of the seaweed powder
produced by this machine is also better than the conventional
process since the involved processes are lesser and can be
controlled according to the needed specifications besides
maintaining the amount of lipids, protein, vitamins and
minerals contain in seaweed which could benefit the users.
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