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Bird Swarm Algorithm in Kansei Engineering to derive
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Kansei engineering was founded by Mitsuo Nagamachi (1995) as a method to extract

Kansei value into design attributes. Kansei value is a Japanese value which means the

consumer’s psychological feeling and image regarding a new product design. A design attribute

is a convertible product parameter which states a consumer satisfaction. In Japan, the Ministry

of Economy, Trade and Industry (METI) has designated the three years from Fiscal Year 2008

to 2010 as the ‘Kansei Value Creation Year’. Therefore, METI is intensively implementing
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research to create Kansei value and communicate it to people both in Japan and abroad.




Kansei satisfaction is defined as satisfaction of a consumer segment which is stimulated by

Kansei value. It can be categorized as a complex problem because: (1) As a social group,

consumer satisfaction is influenced by their mentality constraints during early stages of design;

(2) It is a multimodal computational problem. This problem is confirmed by Japanese

Ministry of Agriculture, Forestry, and Fisheries (MAFF). MAFF (2006) suggested that

agricultural industry should maximize satisfaction by minimizing discrepancy between Kansei

value and design attribute.

This dissertation utilizes Kansei engineering to formulate problem of Kansei satisfaction.

The inputs represent Kansei values which are initial attributes importance and consumer

mentality constraints. The attributes included those that consumers say are not important to

them, or that consumers do not mention, but that if met, strongly affect satisfaction. The output

is a set of satisfied design attributes. Kansei fitness function is proposed to model satisfaction by

extracting multimodal probability of attributes importance. The objective is to maximize

satisfaction. The function can be categorized as an optimization problem and highly multimodal

computational problem. In this respect, a number of problem solutions for consumer satisfaction

have been reviewed and none of them were related to Kansei value. Bio-computing approach is

required to solve Kansei satisfaction problem due to the limitations of the exact methods. This

approach studies how biological-inspired algorithm can help out with computational problems.



In order to model consumer segment as a social group, a bio-computing theory of social

simulation of organized flight in bird can be used. Craig W. Reynolds (1987) developed a social

simulation of organized animal motion such as bird flocks. The basic simulation consists of

three simple steering behaviors which describe how an individual virtual bird maneuvers based

on the positions and velocities its nearby social group. This simulation was confirmed in the

latest theory of organized flight in natural birds by Iztoc L. Bajec and Frank H. Heppner (2009).

In order to solve multimodal computational problem, a bio-computing theory of Particle

Swarm Optimization (PSO) can be used. James Kennedy and Russel C. Eberhart (1995)

proposed PSO which is inspired from swarming strategy of animals to optimize the specific

objectives.

This dissertation proposed a modified theory of bird swarm optimization from social

simulation of bird and PSO strategy. The aim of this dissertation is to propose a problem

solution for Kansei satisfaction by using Kansei engineering and a modified bio-computing of

bird swarm optimization. Kansei Engineering-inspired Bird Swarm Algorithm (KEBISA) was

developed based on the analogy between Kansei engineering and bird swarm optimization.

In bird swarm optimization, the existence of predator constraints limited the movement of

swarm. The birds behave as a swarm and make various movements to find food in safe sources

against various predators according to theory of Selous (1931). Individual members determined

their velocities by two factors, their own best previous experience and the best experience of all



other members. They change this information with their neighbor in the form of global best

position. This global best will guide their motion to the optimal source which is safe from

constraints.

In Kansei engineering, the existence of mentality constraints limited Kansei satisfaction.

Therefore KEBISA simulated a consumer segment to behave as a bird swarm in determining

whether a design attribute is satisfied or not against their mentality constraints. Consumers

consider their own best past experience and the best experience of other people around them.

The same satisfaction that guided them can be simulated as if they exchange information. In

Kansei fitness function, the probability of attribute importance is used to represent the visibility of

birds in line formation. The formation is typical of large birds such as waterfowl, where birds fly

arranged in single lines and joined together.

The inputs of KEBISA are initial attributes importance and mentality constraints. In this

respect, we offer some initial attributes to two different consumer segment using 5-point Likert

response questionnaires. These attributes could be Kansei values which were generated from

preliminary observation. Attributes are extracted by predicting its importance in Kansei fitness

function. The function is optimized based on mentality constraints. Subsequently, each predicted

and measured attribute importance was quantified into Weighted Average Importance Index

(WAII) and Consistency Index (Cl) to determine whether an attribute is satisfied or not.



The objectives of this dissertation were: (1) To develop KEBISA based on the analogy

between Kansei engineering and bird swarm optimization; (2) To demonstrate the applicability

of KEBISA for Kansei satisfaction; (3) To extract Kansei value into a set of satisfied design

attributes. The expected advantage is to support decision in various designs for Kansei

value-added product.

The dissertation is organized as follows:

In Chapter 1, the introduction of the dissertation is described. Sunagoke greening product

(Rhacomitrium japonicum) is used as a case study to demonstrate the applicability of KEBISA.

Kansei value of Sunagoke can be identified based on its water content. Questionnaires result by

Ushada and Murase (2009) have summarized that 82.3% of Japanese consumers are satisfied

with wet Sunagoke and 66.7% of Indonesian are satisfied with semi-dry Sunagoke.

In Chapter 2, three basic theories are described to be applied in the remaining chapters. The

first theory is artificial life. It became a new research branch of applied life science from the

later 1980’s. It is being developed by applied life scientist, computer scientists, biologist, social

psychologist, mathematicians, and evolutionary theorists. Artificial life includes two research

topics: (1) Computational techniques for biological system; (2) Bio-computing. Bio-computing

includes social simulation of bird and PSO. The second theory is Kansei engineering procedure

to formulate problem of Kansei satisfaction. It consists of reference samples, design attributes,

attribute importance and mentality constraint. The third theory is related to algorithm. A



modified theory of bird swarm optimization was described in detail and how it was modified

from social simulation of bird and PSO theories.

In Chapter 3, KEBISA is proposed based on the modified theory in Chapter 2. KEBISA is

initialized with a swarm of random candidate solutions. A virtual bird is defined as a candidate

solution for probability of an attribute importance. Probability of attribute importance is

formulated as randomly generated within a pre-specified upper and lower boundary of mentality

constraint. Boundary of mentality constraint limited movement of a virtual bird in searching

space to maximize satisfaction in Kansei fitness function. This boundary is adapted from theory

of predator which influences the organized flight in birds (Selous, 1931). It compares its current

objective function with the best that it has ever attained so far. The best position associated with

the best objective function is called the individual best. The global best is referred to as the best

position among all the individual best positions achieved so far. After obtaining velocity updating

formula, each virtual bird moves its corresponding position. Each predicted and measured

attribute importance was quantified using WAII and CI. WAII is an abstractive parameter of

consumer on how maximum the offered product is meeting their satisfaction. Cl is a parameter of

accuracy indicated the consistency between a consumer segment’s measured satisfaction in

questionnaire and their maximum WAII performance predicted from KEBISA. A design attribute

is satisfied if the CI value equal or more than 1. Subsequently, KEBISA is verified with some

numerical functions. Numerical verification indicated that KEBISA is ready as a solution for

optimization problem.



In Chapter 4, the proposed algorithm in Chapter 3 was demonstrated using questionnaires

data of Sunagoke. A total of 130 new consumer candidates were selected as respondents. These

respondents were clustered into two segments based on different limited mentality constraints.

Each importance of 24 initial attributes was predicted based on 15 mentality constraints. Thirty

virtual birds and 1000 iterations were used by sensitivity analysis. Three satisfied design

attributes were extracted for wet and semi-dry Sunagoke as ‘Easy Maintenance’,

‘Waterproofing’, and ‘Comfortable’. Validation concluded that these attributes were applicable

for different segment with minimum error. In addition, benchmarking results concluded that

KEBISA performs better than Bayesian belief network for predicted WAII.

In Chapter 5, Kansei satisfaction was analyzed using abstractive parameter of design

attributes in Chapter 4 and verified. The analysis indicated consistency patterns for maximum

WAII and CI values of each attribute in different initial virtual bird population and consumer

segments. It can be concluded that WAII is possible as an abstractive parameter of a design

attribute for maximizing satisfaction while CI for minimizing discrepancy. Finally, these

attributes were successfully verified using noisy and clustered data. These attributes confirmed

obvious patterns that Japanese are satisfied with wet Sunagoke and Indonesians with semi-dry

Sunagoke.

In Chapter 6, the results in this dissertation are generally discussed and concluded. Some

perspectives for future works are given. KEBISA is applicable as a problem solution for Kansei



satisfaction. A consumer segment can be simulated as a bird swarm to maximize Kansei

satisfaction against their mentality constraints
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