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Abstract — Surface mount technology is an ever increasing research field with the advent of wide number of engineering 
applications utilizing this technology. The applications cover a wide range varying from electrical motors, electronic circuit 
technology and chips, and mechanical surface mount devices. The efficiency of the surface mount process is an optimization 
problem and this research paper investigates the application of genetic based simulated annealing algorithm for producing this 
optimization. In the method, the problem of finding the optimal route is converted to that of solving an unconstrained and bounded 
constrained surface mount model for a motor. The well-known simulated annealing model used for a wide range of optimization 
problems is based on heating a device under study and lowering the temperature to reduce the defects in the model which also 
leads to reduction of energy. New factors are also added to the equation of optimality utilizing probability to improve its 
performance, and make it more suitable for solving the route optimization problem in surface mount technology. The simulation 
result of experiments has shown that the method proposed in this paper is well suited to the route optimization problem in surface 
mount technology. 
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I. INTRODUCTION 

 
Surface mount technologies [1] [8] have been a wide 

area of research from early 1950s especially with the need 
for compactness and reduction in computational costs. 
They find a great deal of application in the area of 
electrical engineering where the axial beams in the motor 
are surface mounted resulting in improved performance 
with respect to efficiency while at the same reducing the 
computational cost and space. Research on electrical 
machines have been age old and have continued till date 
to improve the performance of the machines even in the 
worst case scenarios. Frequency conversion techniques 
for providing input to motors [7] have greatly enhanced 
the research in the area of motor modeling and their 
optimization. Research on new materials known as soft 
materials which are composite in nature have increased 
the performance of the machine characteristics in terms of 
current and speed ratings, This is due to the low loss and 
cost effective properties of the soft materials used in the 
machine model. Secondly, the trend of development is to 
build integrated systems in which the electrical machine 
[6] [9] is not necessarily a stand-alone machine typically 
connected via a shaft and gearbox to the controlled unit. 
Several important parameters of great importance in 
designing and modeling an optimized surface mount 
model. A typical voltage vector model listing all the 
essential parameters required is shown in figure 1.  

Simulated annealing is a well-known algorithm in 
optimization theory and used in a wide range of models 
for optimizing varying efficiency influencing parameters. 
It is a very unique and robust technique and is specially 
used for single as well as multiple objective optimization 
equation models resulting in a drastic reduction in 
computational complexity and time. It also can be viewed 
of as the NP complete problem [3] [10] and is based on 
the physical phenomena of heating a surface or model and 
then reducing the temperature in steps and analyzing the 

device to study the defects or flaws in the model which 
reduce the efficiency. 

 

 
Figure 1. Voltage vector model of surface mount system 

 
 It is analogous to the physical theory where the 

cooling of liquid metal causes its atoms to form a pure 
form of solid crystal which equates itself to the state of 
the device at its least energy level. On the other hand, the 
atoms group to cause the device to reach a higher state of 
energy on rapid cooling from a higher temperature. A lot 
of research work has been carried out in the past in the 
area of genetic optimization especially with respect to 
simulated annealing algorithms for different mechanical 
as well as electronic optimization models.  Literature 
findings indicate contributions of Kirkpatrick et al (1983) 
and Cˇerny (1985) which have utilized solid models for 
implementation of simulated annealing algorithms 
including the works of Metropolis et al (1953). The 
objective function in the above papers is a minimization 
problem definition equated to the energy of the state of 
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the solids under study. Contributions in the literature 
indicate the simulated annealing algorithms to be heuristic 
which are quite simple to implement and an important 
advantage of the algorithm is that it could handle both 
continuous as wells as discrete problems. Another 
advantage highlighted in the literature [7] [11] [15] is that 
it requires less space in terms of memory and hence 
results in reduction of computation time. Simulated 
annealing is a variant of genetic optimization models and 
has a comparatively less execution time when compared 
to GA based techniques. This is attributed to the fact that 
GA operates on a whole set of chromosome population 
while the SA based techniques offer a point by point 
iteration process.  
 

   
Figure 2. Switching states of the motor model 

 
Figure 2 depicts typical switching modes of the rotor 

and stator model. Based on the above figure, the cost 
function could be generalized as 
 
         | 1 	 1 |       (1) 

 
The eight states shown in the above figure are takes as 

the eight voltage values in the form of vectors to 
generalize the cost function specified in (1). The objective 
of the cost function is then defined as the minimization 
process of the cost function from the above equation and 
the voltage vector corresponding to the minimal cost is 
chosen for the modeling.  

Simulated annealing as described in previous sections 
is used as an effective tool after analyzing the literature 
[4] [8]. Simulated annealing is found in minimization of 
span, longevity which are usually modelled as NP hard 
problems. The works of Parthasarathy and Rajendran 
(1997) presented a study that has been carried out in a 
flow shop which manufactures drill-bits. A new 
exponential acceptance function and a new scheme for 
generating the neighborhood, called the random insertion 
perturbation scheme (RIPS), are proposed. Tan and 
Narasimhan (1997) considered the problem of minimizing 
the tardiness in sequence-dependent setup environment. 
Here, the performance of SA is compared with random 
search. The algorithm proposed can find a good solution 
fairly quickly. But the algorithm is invaluable for ‘on line’ 
production scheduling and ‘last minute’ changes to 
production schedule. The research works of Younes et al. 
(1998) investigated the usefulness of simulated annealing 
(SA) and analyzed the implementation of the algorithm in 

two stages. In the first case as the initial seed is generated 
from the input vector and optimization of this seed in 
implemented in the second stage of the optimization 
algorithm. Findings in the literature also justify the 
emperical statistics which prove the effectiveness of the 
annealing algorithm for multiple objective optimization 
problems. Hybrid approaches [2][12] have also been 
found in the literature like those of the works of Nearchou 
(2004) which utilizes the joint principles of simulated 
annealing and genetic algorithms. The results have been 
proved to be very effective with an efficient tolerance 
levels very much less than 1%.  

Robust techniques have also been reported int eh 
works of Low et al. (2004) where the robustness has been 
introduced in the search procedure of the optimization 
process. Other hybrid optimization models are found in 
the works of Gholami et al. (2009) for flow shop 
applications. Literature also report a novel mechanism 
known as migration mechanism found in the works of 
Naderi et al. (2009) with a new optimization parameter 
known as giant leap which greatly improves the 
performance the algorithm by maintaining a good trade-
off between the areas of the searches in the neighborhood. 
As mentioned before, literature [13] [17] presents findings 
of Bandyopadhyay et al. (2008) which describes a 
simulated annealing based multi objective optimization 
(MOO) algorithm using archival technique to address the 
multiple objectives. Minimization algorithms using 
simulated annealing could be found in the works of 
Manjeshwar Kumar et al. (2009) for a flow shop 
application. They find great utilization in flow shops since 
batch machinery processing take away a great deal of 
computation time thus reducing the efficiency. Heuristic 
approaches have also been discussed in the works of 
Chandrasekar et al. simulated annealing has also been 
utilized in multi task scheduling approaches which could 
be understood from the works of Cheng et al. (1999). 
Hybrid approaches have also been reported in the works 
of Laha and Chakraborty Kumar (2008) which is heuristic 
followed by works of Nawaz et al. Naderi et al. (2009) 
applied a metaheuristic based on simulated annealing 
(SA) which makes a compromise between intensification 
and diversification to augment the competitive 
performance of our proposed SA. Multi-objective based 
optimization problems have also been found in the 
contributions of Mansouri Afshin (2006) which is 
basically viewed of as a sequencing problem to coordinate 
required set-ups between two successive stages of a 
supply chain in a flow shop pattern. The MOSA approach 
starts with an initial set of locally non-dominated 
solutions generated by an initializing heuristic. The set is 
then iteratively updated through the annealing process in 
search for true Pareto optimal frontier until a stopping 
criterion is met. Simulated annealing algorithms have also 
been effectively used in hybrid combinations with the 
well-known support vector machines whose 
implementation could be analyzed in the works of Jia et 
al. (2011). A hydraulic valve has been used as the device 
under study and simulated annealing is effectively used to 
optimize the inputs given to the SVM before acquiring the 
prediction outputs. SVM is a highly effective mean of 
system modeling for predicting. Jamili et al. (2011) 
reports a joint algorithm of simulated annealing along 
with electromagnetism algorithm in scheduling 
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applications. Genetic algorithms have been productively 
used in combination with simulated annealing models as 
found in the works of Czapinski (2010) where a 
parallelizable Simulated Annealing [18] [19] is applied to 
permutation flow shop scheduling problem (PFSSP) with 
total flowtime criterion. Lin et al. (2011) has justified the 
use of the MSA heuristic algorithm which takes advantage 
of the main properties of the SAs (e.g. effective 
convergence, small population, efficient use of memory, 
and easy implementation) and those of multi-start hill 
climbing strategies (e.g. sufficient diversification, 
excellent capability to escape from local optimality, and 
efficient sampling of the neighborhood solution space). 

 

II. PROPOSED WORK 

 
The proposed work utilizes the simulated annealing 

algorithm to effectively optimize the performance of the 
experimental motor model which is designed based on 
surface mount technology. Simulated annealing is a 
powerful and well known optimization technique widely 
used in flow shop scheduling and a number of research 
papers are presented which uses these techniques which 
have been elaborately studied and findings presented in 
the previous section. The simulated annealing process has 
been applied to an experimental surface mounted DC 
motor model whose rated characteristics and parameters 
have been listed in table 1.  

 
TABLE 1. RATED MODEL VALUES USED IN DESIGN 

Parameters Design value 

Magnetic Flux 1.54 Wb 

Stator resistance 1.90 

Stator inductance 44mH 

Speed 50rpm 

Torque 1100Nm 

Voltage 370V 

Current 13.6A 

 
The objective of the optimization problem is to 

minimize the cost associated with one of the eight voltage 
vectors of the surface mount model. The relationship 
could be established as  

 

 	 | | 	 | | 2| || |  (2) 

 
The algorithm could be summarized as below 
 
Input : Graph G = (P E) 

n x n cost matrix w.  
Cost function f(c) = , for any partition c= (P1, 
P2). Starting temperature : t0 , Final temperature 
: tfinal The number of iterations : k. β= (t0-tfinal) 
Start 

Generate a random feasible solution c = (P1, P2) 
such that |P1| = |P2| 
Let t = t0, cost = f(c), 
       best_c= c.  
       for all v ϵ P1,  
         enqueue (R1, v) for all v ϵ P2,  
        enqueue (R2, v)  
      while t > tm  
   do  
    Let n1 = dequeue (R1),, n2 = dequeue (Q2) 
    Let s = (P1 - {n1} U {n2}, P2 - {n2} U {n1})  

Let Δ = f(c’) - f(c)  
Let r be a random number uniformly 
distributed on [0, 1] if Δ≤ 0 or > r  

  then  
    enqueue (R1, n2),  
        enqueue (Q2, n1).  
 if f(best_c) > cost  
    then  
    best_c = c .  
     Let cost = f (c ), c = c .  
end  
while Output best_c 

 

 
Figure 3. Fourier analysis of the predicted output from annealing 

algorithm 

 
Figure 3 illustrate the Fourier spectrum of the 

simulated annealed optimized output signal to analyze the 
total harmonic distortion which is found to be very well 
below 2% at peak load and speed condition of the motor. 

  

III. RESULTS AND DISCUSSION 

 
The experimentation has been done in MATLAB for a 

SISO system modelling a DC motor to optimize the cost 
function corresponding to the voltage vectors listed in 
figure 2 to improve the performance of the motor. The 
processor is an Intel 3 2.5 GHz processor with a 4GB 
RAM capacity. Figure 4 illustrates stator phase current 
plot against time measure in milliseconds. It could be seen 
that the output closely tracks the current with least 
distortion and clipping.   
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Figure 4. Plot of Stator Phase Current 

 
The three dimensional optimized box plot is illustrated 

in figure 5.  
 

 
Figure 5. Optimization plot for proposed model 

 
Mean absolute error is given as: 
 

 	 ∑    (3) 
 
The MSE on the other hand specifies the difference 

between the estimator and what is estimated. MSE is 
a risk function, corresponding to the expected value of the 
squared error loss or quadratic loss. Figure 5 depicts the 
observed mean absolute error values against the epoch 
number. 500 epochs have been used for convergence of 
the error. The difference occurs because of randomness or 
because the estimator doesn't account for information that 
could produce a more accurate estimate. 

And MSE is given as: 
 

 	 ∑     (4) 

 

 
Figure 6 Plot of annealing temperature against winding 

 
Figure 6 illustrates the plot obtained for varying 

annealing temperature against the windings of the stator 
and rotor. It could be seen from the plot that the 
temperature coefficient achieves saturation thus providing 
stability to the motor thus enhancing the performance of 
the motor to a great extent.  

 

IV. CONCLUSION 

 
A multiple objective optimization model using 

simulated annealing algorithm has been proposed in this 
paper for the optimized performance of a surface mount 
motor model. The motor is a dc experimental motor 
running at 50rpm and convergence of error at minimum 
number iterations or at minimum cooling temperature 
where crystal structure is formed could be justified from 
the results and tabulations depicted above. The proposed 
work selects dominated solutions with a probability that is 
dependent on the amount of domination measured in 
terms of the hyper volume between the two solutions in 
the objective space. Simulated annealing is in NP class of 
problems. It gives the meta-heuristic solution. By 
introducing the multi-objective SA algorithm, more than 
one objective can be considered at a single time. Since the 
VLSI problem usually has several objective functions, 
improving the SA for a multi-objective algorithm with 
low communication over head is a challenging issue for 
further investigation. The popularity of simulated 
annealing has inspired several new annealing algorithms 
such as the demon algorithm. Compressed annealing is 
another alternative for simulated annealing. Here the 
pressure and volume are also considered, in addition to 
temperature to address discrete optimization problems 
with the relaxed constraints. Meta heuristic solution is 
basically achieved by simultaneously adjusting 
temperature and pressure in the algorithm. This is a new 
area of research which is emerging. Comparing the 
performance of simulated annealing algorithms to other 
local search strategies and implementing it in the field of 
VLSI is a major challenge for the researchers. Simulated 
annealing placement algorithm for standard cells has 
shown that the cost function does not map closely to the 
final area. Hence better cost functions can be devised. 
Hardware assisted simulated-annealing is very new area 
and requires substantial theoretical and experimental work 
before being practically used for various applications. 
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