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ABSTRAK 

Perancangan jujukan pemasangan (Assembly Sequence Planning - ASP) memainkan 

peranan penting dalam reka bentuk dan pembuatan produk. Jujukan pemasangan 

mempengaruhi keseluruhan produktiviti kerana ia menentukan kepantasan dan ketepatan 

produk itu dipasang. Objektif utama ASP adalah untuk menentukan jujukan pemasangan 

komponen untuk memendekkan masa pemasangan atau menjimatkan kos pemasangan. 

Walau bagaimanapun, ASP juga dikenali sebagai masalah pengoptimuman gabungan 

klasik yang sukar. Dengan peningkatan bilangan komponen bagi sesuatu produk, ASP 

menjadi lebih sukar dan algoritma berasaskan grafik tradisional tidak dapat 

menyelesaikannya dengan berkesan. Terdapat pelbagai metaheuristik yang wujud pada 

masa kini. Walau bagaimanapun, tidak semua metaheuristik dibangunkan untuk 

beroperasi di ruang carian diskret. Salah satu contoh algoritma metaheuristik ialah 

Kalman. Maka, bagi tujuan menyelesaikan masalah pengoptimuman gabungan 

(Combinatorial Optimization Problem - COP) yang diskret menggunakan metaheuristik 

serta menilai prestasi algoritma yang dicadangkan, satu kajian kes ASP telah dijalankan. 

Prestasi algoritma penapis Kalman diselakukan (Simulated Kalman Filter - SKF) lanjutan 

yang dinamakan penapis Kalman diselakukan binari (Binary Simulated Kalman Filter – 

BSKF), penapis Kalman diselakukan dimodulasi sudut (Angle Modulated Simulated 

Kalman Filter – AMSKF), dan penapis Kalman diselakukan dinilai jarak (Distance-

Evaluated Simulated Kalman Filter - DESKF) dibandingkan dengan hasil kajian lalu 

yang menggunakan algoritma carian graviti binari (Binary Gravitational Search 

Algorithm - BGSA), algoritma pengoptimuman kerumunan zarah binari (Binary Particle 

Swarm Optimization - BPSO), algoritma carian graviti berbilang keadaan (Multi-State 

Gravitational Search Algorithm - MSGSA), algoritma carian graviti berbilang keadaan 

dengan peraturan tertanam (Multi-State Gravitational Search Algorithm  with an 

Embedded Rule - MSGSAER), algoritma pengoptimuman kerumunan zarah berbilang 

keadaan  (Multi-State Particle Swarm Optimization - MSPSO), dan algoritma 

pengoptimuman sekawan zarah berbilang keadaan dengan peraturan tertanam (Multi-

State Particle Swarm Optimization with an Embedded Rule - MSPSOER) dalam 

menyelesaikan masalah ASP. Dengan menggunakan satu kajian kes ASP, hasil 

eksperimen menunjukkan AMSKF mengatasi BSKF, DESKF dan enam algoritma lain 

daripada kajian lalu dengan kelebihan sehingga 0.95% dalam mencari penyelesaian yang 

optimum. 
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ABSTRACT 

Assembly sequence planning (ASP) plays an important role in the product design and 

manufacturing. Assembly sequence influences overall productivity because it determines 
how fast and accurate the product is assembled. One of the main objective of ASP is to 

determine the sequence of component installation to shorten assembly time or save the 
assembly costs. However, ASP is also known as a classical hard combinatorial 

optimization problem. With the increasing of the quantity of product components, the 
ASP becomes more difficult and the traditional graph-based algorithm cannot solve it 

effectively. There are various metaheuristics exist in literature nowadays. However, not 

all metaheuristics were originally developed to operate in discrete search space. Example 
of metaheuristics algorithm is Kalman. In order to solve discrete combinatorial 

optimization problems (COPs) using metaheuristics, and evaluate the performances of 
the proposed algorithms, a case study of ASP is conducted. The performance of the 

extended Simulated Kalman Filter (SKF) named Binary Simulated Kalman Filter 
(BSKF), Angle Modulated Simulated Kalman Filter (AMSKF), and Distance Evaluated 

Simulated Kalman Filter (DESKF) are compared against previous studies which applied 
the Binary Gravitational Search Algorithm (BGSA), the Binary Particle Swarm 

Optimization (BPSO), the Multi-State Gravitational Search Algorithm (MSGSA), the 
Multi-State Gravitational Search Algorithm with an Embedded Rule (MSGSAER), the 

Multi-State Particle Swarm Optimization (MSPSO), and the Multi-State Particle Swarm 

Optimization with an Embedded Rule (MSPSOER) in solving ASP problem. Using a case 
study of ASP, the experimental results showed the AMSKF outperformed the BSKF, the 

DESKF and the six other approaches from previous studies by up to 0.95% in finding the 
optimal solutions. 
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