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The scope of this paper deals with the decision-making process concerning selection of a stern
trawler design from among several available alternative designs. A decision support model
based on the analytical hierarchy process (AHP) was used to assist in the decision. This paper
describes how the stern trawler design selection problem is modeled as a multiple objective
decision making (MODM) problem. A model is built with goal, objectives defining main criteria
involved in the selection process such as economic, technical or safety criteria and sub-
objectives under the defined main criteria for which data are known or subjective judgments
can be made. The goal, objectives, sub-objectives and alternatives are arranged in a hierarchy
Pairwise comparisons are made between the different objectives and between the different sub-
objectives for a case study involving several alternative stern trawler designs, showing the
methodology and its application. The alternatives are evaluated and compared and the results
are discussed.
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1. Introduction "

Selecting from among several alternative
engineering designs, in general, and in
particular between alternative ship designs is
a task that involves evaluating and comparing
the acceptable alternatives in order to reach a
decision on which alternative is considered to
be the “ best” alternative for the desired
service. “ Best” design is largely dependent on
the preferences of the decision-maker who is
the person responsible for making the
selection. The selection or decision making
process involves more than one criterion.
Some of these criteria may be difficult to

quantify and sometimes conflict. Such
multiple criteria problems need methods
classified as Multiple Objective Decision
Making (MODM) methods. Many such

methods were developed over the last thirty
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years or so [1,2], and have been successfully
used in various engineering and non-
engineering fields such as business manage
ment, medicine, etc.

Ship design is a field which covers multi-
disciplines and in which the designer must
balance between these different disciplines to
reach his goal. The main dimensions of a ship
such as length L, breadth B, draught T, depth
D, block coefficient Cgp, freeboard FB, etc
decide many of the ship’s characteristics, e.g.
stability, hold capacity, power requirements,
and even economic efficiency [3]. A ship design
must meet a number of objectives that should
be set at their most desirable level [4]. When
setting these objectives, one should arrange
them in their order of importance. For some
types of ships, weight is a critical objective,
while for other types volume, deck area, linear
dimensions, stability, or tonnage may be the
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critical objectives. Acquisition cost and
operating economy are critical objectives to
which the ship owner attaches a high level of
importance. Designs ' prepared by shipyards
for a competitive tender almost always give
priority to acquisition or first cost.

The main objectives or criteria for fishing
vessels relate to the type of fishing they are
intended for, such as, bottom stern trawling
for demersal fish species, mid-water stern
trawling for pelagic fish species, beam trawling
for flatfish and shellfish, purse seining for
pelagic species, longlining, etc. The different
types of fishing vessels and methods  are
described in [5] and [6]. Other criteria include
the range or time spent away from the port
where the catch is to be unloaded, stability,
fishing equipment, deck arrangement, envi-
ronmental friendliness, economics, etc. In this
study, a complete model is developed defining
the criteria that are to be considered in the
selection of fishing vessels of the stern trawler
type. This model may be used by prospective
ship owners intending to purchase such a
vessel, when faced with the problem of having
to select between alternative designs, e.g.
tender offer. :

The ship owner becomes a decision maker
needing efficient tools to enable him to solve
the decision problem since multiple conflicting
criteria must be considéred. One such tool is
the Analytic Hierarchy Process (AHP),
developed by T.L. Saaty [7]. Reference [8] was
the first to introduce the method to marine
design selection.

2. The analytic hierarchy process

The AHP was developed by Thomas Saaty
[7] to help individuals and groups to
systematically identify the “best” from among
several alternatives. A rational or best choice
is that which achieves some multiple
objectives set by the decision maker(s). AHP
allows decision makers to model a complex
problem in a hierarchical structure having a
goal, then objectives (criteria), then sub-
objectives and finally alternatives, see fig. 1.
AHP enables the inclusion of both objective
and subjective considerations in the decision
process [9].

2.1. Decision formulation

The process starts by the development of
the decision hierarchy. This hierarchy
represents the decomposition of a complex
decision problem from high level objectives or
criteria to lower level criteria. The objectives
on a particular level are not equally important
but should be of the same order of magnitude.
This can be done by grouping criteria having
the same order of magnitude together, e.g.
economic criteria, performance criteria, etc.
Once the hierarchy has been developed, the
different criteria must be weighed relative to
each other.
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Fig. 1. A decision hierarchy.

2.2. Relative weighing

Related same level criteria in the hierarchy
are compared and evaluated using a series of
pairwise comparisons that take the form of
matrices. The values assigned are from a
numerical ratio scale defined in [7]. This ratio
scale consists of predetermined numbers
measuring the pairwise relative importance
between same level criteria from the viewpoint
of their contribution to the higher level
criterion under which they are classified.
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Table 1 presents the numerical ratio scale
proposed in [7] for indicating the relative
importance between criteria. This is a
subjective procedure which depends largely on
the decision maker’s preferences and previous
experience.

Table 1
Relative importance scale for pairwise comparisons
Value Definition
1 Equal importance of criteria
3 Moderate importance of one cnterlon
over the other
5 Essential or strong importance of one
criterion over the other
7 Very strong importance of one
criterion over the other
9 Extreme importance of one criterion
over the other
2,4,6,8 Intermediate values

If data are available for some or all of the
lowest level objectives, which are designated
as the covering objectives, ratings or utility
functions may be introduced to give them
scores against each objective, for the different
alternatives. The strength of AHP lies in its
ability to handle simultaneously subjective
judgments and data.

2.3. Problem solving

Several matrices are formed from the
pairwise comparisons. To establish weights
assigned to the criteria at one level with
respect to the higher level criterion ( say wi ,
w2, W3, ..., Wn ), mathematical techniques are
applied. If the pairwise comparison matrix is
expressed as follows:

B R .. |
w; W3 W3 Wn
Wy Wy Wy e
w; W3 W3 Wn
Wi Wo W3 Wn
{&;n Wn Wn Wp
| Wi < Wo. W3 Wk o}

Finding the vector of weights w , involves
solving the following eigenvalue problem:
A w=\A.w

Matrix A has one non-zero eigenvalue Amax,
which is of magnitude n. The corresponding
eigenvector is w . The above is based on a
consistent set of weights.

2.4. Measuring consistency

The decision maker’s matrix of relative
weights A is said to be consistent if:
ajk . aij = a; for alli, j.

This is difficult to realize since the decision
maker may not always be consistent in his
judgments of the relative importance of the

criteria. Saaty [7] defined a Consistency Index
(CI) provided by:

CI=}\L“_£.
n-1

The ratio of the consistency index (CI) to an
average consistency index for random
comparisons for a matrix of the same size,
also known as the Random Index (RI) is
defined as the Consistency Ratio (CR):

CR—-9

RI

A consistency ratio of 1 indicates that the
judgments are made at random and is actually
an indicator of inconsistency.

3. Stern trawler selection: development of a
hierarchical decision model

A prospective ship owner planning to buy a
fishing vessel is faced with a complex decision
problem. The fishing vessel in question will be
required to fish in specific fishing grounds and
will target some specified fish species. The
first decision he will have to make concerns
the type of fishing vessel and the required
fishing method. The decision maker (ship
owner) must decide whether he wants a
custom designed vessel, a stock hull or a used
vessel [10]. He may call out a tender and
receive several offers in response. Each
alternative offer includes a set of drawings,
detailed technical specifications and pricing.
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The next decision becomes complex since it
involves several criteria or measures of merit.
In this study, a decision support model is
developed with the assumption that the
required type of vessel has already been
decided upon: a stern trawler. The decision
maker’s goal is to select between alternative

stern trawler designs. Main objectives
governing the decision are identified in their
order of importance: economic criteria;

technical criteria; safety criteria; operational
criteria; RMA- reliability, maintainability, and
availability; human factors; and environ-
mental criteria.

Fig. 2 shows the proposed model as a
hierarchy with nodes shown as circles. Refs.
[10-13] cover the design and economics of
fishing vessels.

3.1. Economic criteria

The following economic sub-objectives are
identified: acquisition cost, profitability,
economic life of vessel and estimated yearly
fuel consumption. The first, acquisition cost is
known in a selection problem. Profitability is
measured by the Internal Rate of Return (IRR)
obtained from an economic analysis in which
yearly operating costs and revenues must be
estimated to obtain a net cash flow. IRR is the
interest rate for which the Net Present Value
(NPV) of the cash flows over the economic life
of the vessel is zero. Taxes, inflation and effect
of obtaining part of the acquisition cost
through a bank loan must be included in the
analysis. The economic life of fishing vessels is
considered to be 25 years for new builds and
can be calculated for used vessels according to
their age. Ref. [14] contains a complete
overview of ship design economics. The last
economic sub-objective is the yearly all-
purpose fuel consumption.

3.2. Technical criteria

These include size measured by the length
overall (LOA), the construction material,
whether the trawler is a single decker or has a
shelter deck which is the modern trend. The
fish hold volume must be equal to or larger

than that required by the owner. Brake
horsepower, free-running speed and towing
speed must satisfy owner requirements. Two
types of main engines are usually used on
board stern trawlers: medium speed diesel
engines (MSDE) or high speed diesel Engines
(HSDE). The MSDE is usually preferred since
it uses heavy fuel oil (HFO) and consumes less
fuel than the HSDE, which uses the more
expensive Diesel Oil (DO). Finally, the type of
propeller is  considered: fixed  pitch,
controllable pitch in fixed nozzle or
controllable pitch in steering nozzle.

3.3. Safety criteria

The safety of a fishing vessel must comply
with the requirements of reference [15]. The
metacentric height (GM), FreeBoard (FB) and
Bow Height (HB) must be larger than minima
specified in [15]. Fire safety, life-saving
appliances, navigation and communications
equipment, and crew safety must also be in
accordance with [15].

3.4. Operational criteria

The sub-objectives include the range, catch
rate, arrangement of the deck with respect to
winches, equipment, nets, and working space;
whether there are one or two rigs, availability
of fishing equipment such as nets and ropes,
availability of fish detection equipment such
as sonars and echo sounders or satellite
connection. The sub-objectives also include:
handling and stowage of catch, whether
whole or scaled and gutted, stowed in boxes,
on shelves or in tanks; and finally the method
of fish preservation: in ice, chilled or frozen.

3.5. Reliability, maintainability and availability

Reliability is the probability of non-failure
of the ship, propulsion plant and all systems
on board. Maintainability includes frequency
of preventive maintenance, cost of mainte-
nance, spare parts requirements, downtime
for maintenance, etc. Availability of the fishing
vessel and systems is also included.
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@© Goal: Selecting between alternative stern trawler designs
@ Economic criteria
@ Acquisition cost
L@ Profitability (IRR)
—® Duration of economiic life of vessel
@ Fuel consumption
--® Technical criteria
--® Size (LOA)
—® Construction material (Steel, wood, aluminium, GRP, or Ferrocement)
—@ General arrangement (single decker or shelter decker)
—@ Volume of fish hold (FHV)
—@® Brake Horsepower (BHP)
& Free-running speed
—& Towing speed
—@ Type of main engine (MSDE or HSDE)
L@ Type of propeller
—@® Safety criteria
@ Initial stability (GM)
@ Freeboard (FB)
@ Bow Height (HB)
@ Fire safety
@ Life-saving appliances
@ Navigation and communications equipment
L@ Crew safety
—® Operational criteria
& Range (nm or days)
—@ Catch rate
@ Functional deck arrangement
—@ Fishing gear (single rig or twin rig)
—® Fishing equipment (nets, ropes, etc.)
—® Fish detection equipment
—@ Handling and stowage of catch
L@ Method of fish preservation
Reliability, maintainability and availability
Reliability '
Maintainability
Availability
-® Human factors
—@® Crew size
@ Crew comfort (motions)
- ® Crew comfort ( noise minimization)
L@ Ease of operation and amount of required work
L ® Environmental criteria
@ Preservation of fishing resources ( reducing by-catch)
@ Sewage treatment
L@ Handling of oily bilge water

Fig. 2. Hierarchical decision model for stern trawler selection.

Alexandria Engineering Journal Vol. 41, No. 4, July 2002 627



H.W. Leheta / Model for selecting fishing vessel designs

3.6. Human factors

This involves making life and work of the
crew onboard as comfortable and easy as
possible. This is determined by the number of
crew needed, the location of their
accommodations and hence the motions and
noise they experience and the ease of
operating the vessel and amount of work
required by them.

3.7. Environmental criteria

Fishing vessels are desirably
environmentally friendly. The way in which
they are operated and their equipment must
be such that by-catch is reduced and the
fishing resources are preserved. Sewage
should preferably be treated on board as well
as oily bilge water.

4. Case study

A prospective buyer intending to acquire a
new fishing vessel is faced with a“" complex
task. He wants to make sure that the fishing
vessel fits his objectives. The fisheries being
already determined, he has opted for a newly
built steel, twin rig, stern trawler in the size
range of 20m to 30m in length; with a shelter
deck and a minimum fish hold volume of
100m3. Different offers have been received
from several shipyards, four of which meet his
requirements. A simplified model to select the
“best” of the four offers is developed, see fig. 3.
Based on the ship owner’s knowledge and
experience with stern trawlers, pairwise
comparisons are made between pairs of
objectives at one level of the model with
respect to the immediately preceding level.

Using AHP based software [16], local
priorities are derived from each set of pairwise
comparisons by solving the eigenvalue

problem described in sec. 2.3 for each set. The-

results are shown in fig. 3 where L denotes
local priority. The pairwise comparisons were
made based on the scale shown in table 1. The
diagonal elements will always be 1 and the
lower triangle elements are the reciprocals of
the upper triangle elements. The ratios should
be as consistent as possible. Ideally, if A is
twice as important as B and B is three times

as important as C ; then A should be six
times as important as C . However, real-life
problems are full of inconsistencies and Saaty
[7] has specified a maximum of 0.1 for the
inconsistency ratio. Table 2 shows the relative
importance of the objectives with respect to
the goal. Fig. 4 shows the calculated local
priorities with respect to the goal.

B Goal: Selecting between aiternative stern trawler designs
-8 Economic criteria (L:.474)

—8 Acquisition cost (L: .582)

-—® Profitability (IRR) (L: .348)

8 Fuel consumption (L: .069)

~8 Technical criteria (L: .265)

@ Size (LOA) (L: .387)

-8 Volume of fish hold (FHV) (L: .232)

—8 Brake Horsepower (BHP) (L: .156)

—@ Type of main engine (MSDE or HSDE) (L: .097)
—8 Free-running speed (L: .064)

-8 Towing speed (L:.040)

-8 Type of propeller (L:.024)

8 Safety criteria (L: .147)

—8 Initial stability (GM) (L: .627)

(-8 Freeboard (FB) (L: .280)

L8 Crew safety (L:.094)

-8 Operational criteria (L: .076)

8 Range (nm or days) (L: .800)

L8 Method of Fish Preservation (1,2 or 3) (L:.200)
L8 Human factors (L: .039)

8 Crew size (L:.649)

—® Crew comfort (motions) (L:.279)

L& Crew comfort ( noise minimization) (L:.072)

Fig. 3. Simplified decision model with objectives and sub-
objectives.

Table 3 gives the relative importance of the
economic criteria and fig. 5 the calculated
local priorities. Table 4 and fig. 6 correspond
to technical criteria. the judgments and
resulting priorities for safety criteria are
shown in table 5 and fig. 7, respectively; for
operational criteria in table 6 and fig. 8 and
finally for human factors in table 7 and fig. 9.

Having decomposed the complex problem
and having derived priorities, the available
data and information on the alternative
trawler designs are examined. The alternatives
are trawler A, trawler B, trawler C and trawler
D. For some of the covering criteria, numerical
data are known. Table 8 shows the lower and
upper bounds used for the covering criteria for
which data are available for the different
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alternatives. The minimum GM is specified as
0.35m and the minimum freeboard is
determined from a minimum of 12.5 degrees
inclination for deck immersion [15]. Table 9

shows ~ the actual data for the four
alternatives.
To compare between alternatives with

known data, linear decreasing or increasing

Table 2

utility functions are used to translate data
into values between zero and one, in order to
give the alternatives scores. Fig. 10 shows the
used utility function for profitability (IRR).
This is an increasing function since for IRR,
the larger the better.

Relative importance of objectives with respect to goal

Economic Technical Safety Operational Human factor
Economic 1 3 4 S 7
Technical 1/3 1 3 4 6
Safety 1/4 1/3 1 3 5
Operational 1/5 1/4 1/3 1 3
Human factor 1/7 1/4 1/5 1/3 1
Priorities with respect to goal Table 3
Relative importance of economic criteria
© 005 01 015 02 025 03 035 04 045 05
Economic criteria . : g Acq. cost IRR Fuel
S A . consumption
hnical
Technical criteria Acq. Cost 1 B} 6
Safety criteria IRR 1 /2 1 5
Operational criteria Fuel 1/6 1/5 1
Fhuas ictors consumption
Tneonsistency0.07
Fig. 4. Priorities with respect to goal.
Table 4
Relative importance of technical criteria
Size FHV B.HP. Type of ME Free-running speed Towing Type of
(LOA) speed prop.
Size (LOA) 3 4 5 5 6 '
FHV 3 4 4 5 74
B.HP. 3 4 4 6
Type of ME 3 4 5
Free-running 3 5
speed
Towing speed 4
Type of prop.
Economic criteria priorities Techalcalcritexinprivritis
] 0.0 0.1 0.13 032 0.23 03 033 0.4
0 01 02 03 04 05 06 07
! ) A : Size (LOA)
Acquisition cost olsT7 FHV
B.HP.
L 034 Type of main engine
Profitability (IRR) i
Fuel consumption 1081 e
istonoy=0.03 Blikebir

Fig. 5. Priorities with respect to economic criteria.
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Safety criteria priorities
1] 0.1 02 03 04 0.5 0.6 0.7
Initial stability (GM) 0.627
Frecboard (FB) 280
Crew safety .094
Inconsistency=0.08

Fig. 7. Priorities with respect to safety criteria .

Table 5
Relative importance of safety criteria

Initial Freeboard Crew safety
stability
Initial 3 )
stability
Freeboard 4
Crew safety
Operational criteria priorities
0 01 <02 <03 04 08 060708
Range (days) 0.750
Method of fish A
preservation £

Fig. 8. Priorities with respect to operational criteria.

Table 6
Relative importance of operational criteria

Range Method of fish
preservation
Range 3
Method of fish preservation
Human factors priorities

0 01 02 03 04 05 06 07 |

+ 3 n I ¥ t

Crew size 0. k49

Crew comfort (motions) 279

Crew comfort (noise min.) .072
Inconsistency= 0.06

Fig. 9. Priorities with respect to human factors.

The following ratings are used:
a) Main engine type: MSDE is preferred and
given a rating of 0.7, with 0.3 for HSDE.
b) Type of propeller: type 1 denotes controlla-
ble pitch propeller (CPP) with steering nozzle,

with a rating of 0.65; and type 2 denotes CPP
with fixed nozzle, with a rating of 0.35.

c) Crew safety: acceptable with a rating of
0.15, high level with a rating of 0.35 and very
high level with a rating of 0.5.

d) Method of fish preservation: frozen (1) with
a rating of 0.36, chilled (2) also with a rating
of 0.36 and in ice (3) with a rating of 0.28.

e) Crew comfort (motions and noise minimiza-
tion): bad with a rating of 0.1, acceptable with
a rating of 0.3 and good with a rating of 0.6.

10 2 24 2 2 38 K

Profitability (IRR) (L: .342)
Fig. 10. Utility function for profitability (IRR).

Crit% A%

80
e 440
o .~ <
” \\v
. % 8
/\ S b = 130
/% T
.
> ‘>//\\ % ‘_._A._.q
b 1 ~pP ‘;‘, s b
e e 420
\ 4 : 7 . y o) ol
.}
410
[l 0 o0
Yechnical cr Operational OVERALL
Economic cr Safety cr Human factor

Fig. 11. Performance sensitivity graph for nodes below
goal.

Table 7
Relative importance of human factors
Crew Crew Crew  comfort
size comfort (noise min.)
(motions)
Crew size 3 .
Crew comfort )

(motions)
Crew comfort
(noise min.)
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Table 8
Lower and upper bounds for covering criteria
Low High
Economic criteria
Acquisition cost $1,000,000 $3,000,000
Profitability (IRR) 0.15 0.4
Fuel consumption 900 tonnes/yr 1500 tonnes/yr
Technical criteria
Size (LOA) 20m 30m
FHV/ Req. FHV 1 1.7
B.HP. 700 1500
Free-running speed 8 knts 11 knts
Towing speed 3 knts 4.5 knts
Safety criteria
GM/min. GM 1 4
FB/min. FB 1 3
Operational criteria
Range S days 15 days
Human factors
Crew size 4 10
Table 9
Given data for alternatives
DECR INCR DECR
Alternative | E ic criteria Economic criteria Economic criteria
Acquisition cost Profitability (IRR ) Fuel pi
(0.577) (0.342) (0.081)
Trawler A $1,600,000 .00 0.24 1200 tonnes /yr
Trawler B $1,800,000.00 0.27 950 tonnes /yr
‘Trawler C $3,000,000.00 0.20 1400 tonnes /yr
Trawler D $2,000,000 .00 0.25 1500 tonnes /yr
DECR INCR INCR RATINGS INCR INCR RATINGS
Aliernative | Technical criteria Technical criteria Technical criteria Technical criteria Technical criteria Technical criteria Technical criteria |
Size (LOA) FHV /Req. FHV B.HP. M.E. Type Free -running speed Towing speed Type of propeller
(0.378) (0.238) (0.153) (0.099) (0.066) (0.042) (0.023)
Trawler A 2395 m 1.3 985 HSDE 10.5 knts 4 knts 1
Trawler B 27.00 m 1.7, 976 MSDE 9.5 knts 3.5 knts |
Trawler C 29.00 m (] 1349 MSDE 10 knts 3.5 knts 1
Trawler D 27.40 m 1.2 1340 HSDE 10.5 knts 3.5 knts 2
INCR INCR RATINGS
Alternative Safety criteria Safety criteria Safety criteria
GM/ MIN . GM FB/MIN. FB Crew safety
(0.627) (0.280) (0.094)
Trawler A 2.28 25 V.H. Level
Trawler B 237 2.6 H. Level
Trawler C 3.66 3.66 H. Level
Trawler D 3.29 3.29 H. Level
INCR Ratings
Alternative | Operational criteria Operational criteria
Range Method of fish preservation
(0.750) (0.250)
Trawler A 7 days 2
Trawler B 10 days 2
Trawler C 15 days 1
Trawler D 8 days 3
INCR RATINGS RATINGS
Alternative Human factors Human factors Human factors
Crew size Crew comfort  (motions ) Crew comfort  (noise min .)
(0.649) (0.279) (0.072)
Trawler A 9 Acceptable Bad
Trawler B 6 Good Acceptable
Trawler C 10 Acceptable Bad
Trawler D 4 Good Good
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The obtained global priorities, relative to the
goal for the four alternatives are:

Trawler A 0.288
Trawler B | 0.297
TrawlerC| |0.169 |
Trawler D 0.246

A performance sensitivity graph fig. 11
shows how well each alternative performs with
respect to each of the major objectives. The
importance of the objectives is depicted by
vertical bars. The performance of each
alternative with respect to each of the
objectives is depicted by the intersection of
their line segments with the vertical line at
each of the objectives. The overall performance
of an alternative is depicted by the
intersection of the alternative’s line segment
with the “overall” vertical line at the right of
the graph.

5. Conclusions

From this study, the following conclusions
can be drawn:
1) The use of Multicriteria Decision Making
(MCDM) methods is spreading and rapidly
becoming the preferred technique for engi-
neering design selection problems.
2) Ship design selection is a process involving
many criteria, some of which are conflicting. A
systematic decision making approach must be
adopted to take all the different aspects of the
design into consideration.
3) Decision support models in the same
context as the one
developed for different ship types taking into
account the objectives and requirements
pertaining to each type.
4) The analytic hierarchy process (AHP) is a
very efficient method for use in the ship design
selection problem, in general, and in the
fishing vessel selection problem, in particular,
as shown.
5) The decision making process must include
both data and subjective judgments.
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