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Generation of Robotic Assembly Sequences with
Consideration of Line Balancing Using a Simulated Annealing
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(Dae Sun Hong and Hyung Suck Cho)

Abstract : In designing assembly lines, it is required that the lines should not only meet the demand of the
product, but also minimize the assembly cost associated with the line. For such a purpose, numerous rescarch
efforts have been made on either the assembly sequence generation or the assembly line balancing. However, the
works dealing with both the research problems have been seldom reported in literature. When assembly
sequences are generated without consideration of line balancing, additional cost may be incurred, because the
sequences may not guarantee the minimum number of workstations. Therefore, it is essential to consider line
balancing in the generation of cost-effective assembly sequences. To incorporate the two research problems into
one, this paper treats a single-model and deterministic (SMD) assembly line balancing (ALB) problem, and
proposes a new method for generating line balanced robotic assembly sequences by using a simulated anncaling.
In this method, an energy [unction is derived in consideration of the satisfaction of assembly constraints, and the
minimization of both the assembly cost and the idle time. Then, the energy function is iteratively minimized and
occasionally perturbed by the simulated annealing. When no further change in energy occurs, an assembly
sequence with consideration of line balancing is finally found. To show the effectiveness of the proposed scheme,
a casc study for an electrical relay is presented.

Keywords : assembly sequence. assembly line balancing. simulated anncaling
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Generate an arbitrary solution with the energy(£s )
& set the initial annealing temperature

Make two modified solutions SEQ,
& evaluate each energy E; (j=1.2)

Y

A solution E;, SEQ; ) is selected from the three
solutions E; (j=0,1,2) by a random number,
based upon the Boltzman probability distribution

Y

EM—E,- .SEQ, « SEQ, l

One annealing
is completed

Xcle

Lower the annealing
temperature

Fig. 3. Flow chart of the simulated annealing me
thod for generating a line balanced assem
hly sequence.
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“ The energy given is chosen as the minimum one
evaluated for the sequences in that are obtained
from the expert system{4].

The number of workstations is larger than that of

the solution found.

“ The rate represents the number of sequences that
vield the number of workstations given in its left
column among 12 optimal seguences[d] Unless spe
cified, all 12 sequences have the identical number of
workstations.
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Fig. 4. The rate of converging to the minimum
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energy and the average number of iteration
steps for various  initial  temperature. The
other constants are the same as those in
Table 2. The results are obtained from 20
simulation runs at each temperature.
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