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Abstract—This paper presents the results of a newly 
developed hybrid Simulated Annealing (HSA) for the 
optimization of mechanism for function generation problem. A 
hybrid optimization method based on the fusion of the 
Simulated annealing (SA) and Marquardt Search (MS), 
gradient search based method nonlinear regression algorithm, 
in which the SA is embedded the MS to enhance its search 
capability. The paper describes a new hybrid optimization 
method that combines advantages of both global and local 
search. A brief overview of HSA is presented and applied to 
dimensional synthesis of a planer four bar mechanism. The 
optimization is carried out to minimize the objective function 
formulated from the structural error at the accuracy points. It 
is employed to determine the optimal values for the design 
variables that best satisfy the desired objectives of the problem. 
Simulation results demonstrate the remarkable advantages of 
our approach in achieving the diverse optimal solutions and 
improved converge speed. The applicability of HSA algorithm 
is illustrated by solving two nonlinear function generation 
problems. It produces accurate and acceptable solution in all 
cases. 
 

Index Terms—Function generation, Simulated annealing, 
Marquardt search, Hybrid algorithm, and four bar mechanism. 
 

I. INTRODUCTION 
In the past, a number of different techniques have been 

employed for the synthesis of mechanisms [1-2]. In the 
traditional approaches, the solution method is based on the 
graphical, and /or analytical design methods. Later with the 
proliferation of high speed computers and their integration 
into mechanism analysis and synthesis, a wide variety of 
numerical optimization methods have been developed for 
the synthesis of mechanisms. The graphical methods can 
provide a quick and easy method of design. But this 
approach has accuracy limitations. The analytical methods 
in practice today are mostly based on algebraic methods [3], 
displacement matrix method [4] or complex number 
methods [5]. In this approaches, the mechanism synthesis 
problem (MSP) is solved and carried out to satisfy accuracy 
points exactly. A major drawback in using the analytical 
methods is that there could be significant error in the overall 
output between the precision points, branching and incorrect 
sequence of accuracy points and impractical for design and 
optimization of complex mechanism. 

Mechanism involving a finite number of links posses an 
inherent error and it is the task of the designer to reduce this 
error to a sufficiently low value. Many numerical 
optimizations [6, 7] are available at present for design 
optimization of engineering problems to find optimum 
design.  

Solving MSP can be complex and a time consuming 
process when there are large numbers of design variables 
and constraints. Hence there is a need for efficient and 

reliable algorithms that solves such problems. It is known 
that no algorithm can surely find the absolute minimum in a 
polynomial time with number of variables; some very 
successful heuristic algorithms have been developed. 
Amongst these, the SA, method of Kirkpatrick has proven 
to very successful in a broad class of situations. SA is a 
stochastic heuristic algorithm in which the solutions are 
searched in hill climbing process constantly commenced by 
random moves. Because of its ease use,SA is an extremely 
popular method for solving large-sized and practical 
problems.However,for various reasons, like many other 
search algorithms, SA may become trapped by any local 
minima, which doesn’t allows moving up or down ,or take a 
long time to find a reasonable solution, which sometimes 
makes the method unreferrable. For this reason, many SA 
implementations have been done as a part of a hybrid 
method [8-11].  

In this paper, SA has been developed and later on 
hybridizing externally with MS, the local search provides 
the fastest solutions at the end of each generation. The Four 
bar function generator was optimally optimized using SA 
and also using HSA. On getting satisfactory results from SA, 
MS is activated and carried out local search to gain accuracy 
i.e. when SA procedure is in progress, a list of twenty best 
points is maintained and constantly updated, iff a new point 
is randomly created. At the termination of SA algorithm, 
these points are fed to MS algorithm as the starting points 
for the local search and new list of best points is created. 

 
II.    SIMULATED ANNEALING (SA) 

A.   Fundamental Concept:  

SA [12, 13] is a generic probabilistic Meta–algorithm for 
the global optimization problem, namely locating a good 
approximation to the global optimum of a given function in 
a large search space. SA is based on an analogy to the 
cooling of heated metals. In any heated metal sample the 
probability of some cluster of atoms at a position, (ri), 
exhibiting a specific energy, E (ri), at some temperature T, is 
defined by the Boltzmann Probability factor:  

 
             P (E (ri)) = e – [E (ri) / kBT ] ……… (1)                  

Where kB is Boltzmann’s constant .As a metal is slowly 
cooled, atoms will fluctuate between relatively higher and 
lower energy levels and allowed to equilibrate at each 
temperature T.  The material will approach a ground state, a 
highly ordered form in which there is a very little 
probability for the existence of a high energy state 
throughout the material. If the energy function of this 
physical system is replaced by an objective function, f (X), 
that is dependent on a vector of design variables, X, then the 
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slow progression towards an ordered ground state is 
representative of a progression to a global optimum. To 
achieve this, a control temperature T, analogues to a 
temperature, and a constant C, analogues to kB, must be 
specified for the optimization problem. 

In standard iterative improvement methods, a series of 
trial points is generated until an improvement in the 
objective function is noted in which case the trial point is 
accepted. However, this process only allows for downhill 
movements to be made over the domain. In order to 
generate the annealing behavior, a secondary criterion is 
added to the process. If a trial point generates a large value 
of objective function then the probability of accepting this 
trial point is determined using the Boltzmann Probability 
distribution:  

P [accept Xt ] = e – [f (xt) – f (xo) / CT]……… (2) 

Where xo is the initial starting point. This probability is 
compared against a randomly generated number over the 
range [0 ….. 1]. If P [accept Xt] ≥ random [0….1] then the 
trial point is accepted. This dependence on random numbers 
makes a SA a stochastic method.  

 
B.   SA Algorithm 

The algorithm proceeds as follows:  
Step1:  Starting from the initial point x0, the algorithm 

generates successively improved points x1, x2…… moving 
towards the global minimum solutions. The initial value of a 
control parameter (T) is suitably high and a methodology for 
decrementing (T) is applied.  

Step2:  A sequence of design vector is then generated 
until equilibrium is reached. 

Step3: During this phase the step vector (S) is adjusted 
periodically to better follow the function behavior. The best 
point is recorded as Xopt. 

Step4: Once thermal equilibrium is reached, the 
temperature (T) is reduced and a new sequence of moves is 
made starting from Xopt.Until thermal equilibrium is 
reached again.  

Step5: This process is continued until a sufficiently low 
temperature is reduced, at which stage no more 
improvement in the objective function value can be 
expected. 

III.     MARQUARDT SEARCH (MS) 

MS [6, 12] is one of the concept of non linear 
optimization. The goal of MS is to search for the minimum 
of a nonlinear object function. In this search, Steepest 
Descent (SD) is initially followed. Thereafter Newton’s 
Search (NS) is adopted.  

SD is the most straightforward method in optimization. 
By computing the gradient direction followed by a 1D 
search, SD iteratively approaches the minimum point of the 
object function in parameter space. Mathematically, SD can 
be expressed as follows:  

    x (k+1) =  x (k)- λ(k)∇f (x(k)) ………………. (3) 

Since only the first order derivative information is used, 
SD suffers from the slow convergence. However, it is 
relatively robust even initial guess is far away from the true 
value.  NS goes one step further than SD: in the Taylor’s 

expansion of the object function at the current point, the 
second order derivative term is now included to compute for 
the update. 

     x (k+1) =  x(k)- λ(k) [H(k)]-1∇ f (x(k)) …  …… (4) 

Where H (k) is the Hessian matrix of function f(x) at x(k) 
denoting the second order derivative. NS converges faster 
than SD. The price to pay is the reduction in robustness, i.e. 
it is much more sensitive to initial guess than SD.Another 
drawback is the requirement of computing H (k) which could 
a big issue in many applications where the analytical form 
of f (x) is not available. It is usually not known whether the 
chosen initial point is away from the minimum or close to 
Xopt, but wherever be Xopt, MS attempts to take advantage 
of both the SD and NS. 

The gradient - based methods work on the principle of 
generating new search directions iteratively and performing 
an unidirectional search along each direction. These 
methods make use of the gradient vector in finding the 
search direction .MS modifies the diagonal elements of the 
Hessian matrix, H (k), as   

 
  Ĥ (k) = H(k) +λ(k) I ………             ……. (5) 

Where I is an identity matrix and λ (k)   is a positive 
constant that ensure the positive definiteness of Ĥ (k) when H 

(k) is not positive definite. It can be noted that when  λ(k)  is 
sufficiently large (on the order of 104 ),the term λ(k) I 
dominates   H(k)  and the inverse of the matrix   H(k)  
becomes     

 [Ĥ (k)]-1=[ H(k) +λ(k) I]-1≈[ λ(k) I]-1=1/ λ(k) I …  (6) 

Thus if the search Direction S (k) is computed as  
S (k) = - [Ĥ (k)] -1 ∇f (x (k))………………….. (7) 

S (k) becomes a steepest descent direction for large values 
of λ (k)

.
 
 

In MS, the value of λ(k) is taken to be large at the 
beginning and then reduced to zero gradually as the iterative 
process progress. Thus, as the value of λ(k) decreases from a 
large value to zero, the characteristics of the search method 
change from those of a steepest descent method to those of 
the Newton method. 
 A.   M S Algorithm 

The algorithm proceeds as follows:  
Step1: Select the best point vector from SA, Xopt, as 

starting point, the maximum number of iterations, M, and a 
termination parameter (ε). Set k=0 and λ (0) =104.   

Step2:  Calculate ∇f (x (k)). 
Step3: If   ||∇f (x (k)) ||≤ ε or k≥ M ? Terminate; 
Else go to Step4 
Step4: Calculate S (k) = - [Ĥ (k)] -1 ∇f (x (k)).  

Set x (k+1) = x(k)  +   S (k)  . 

Step5: Is f(x (k+1)) < f(x (k))? If yes, go to step6; 
Else go to step 7 

Step6: Set λ(k+1) = λ(k) /2, k=k+1,  and go to step2 
Step7: Set λ(k) = 2 λ(k), and go to step4. 
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IV.     HYBRID OPTIMIZATION ALGORITHM: 

Any one algorithm may not be sufficient to provide a 
satisfactory solution for the given problem at hand. 

In recent years there has been a great deal of interest in 
the development of optimization algorithms that deal with 
the problem of finding a global minimum of a given 
continuous function. These algorithms were innovated to 
confront the rapid growth of many optimization problems in 
engineering. 

Meta-heuristics methods are considered to be acceptably 
good solvers of this problem. The power of meta-heuristic 
methods come from the fact they are robust and can deal 
successfully with a wide range of problem areas.  

However, these methods, especially when they are 
applied to complex problems, suffer from the high 
computational cost due to their slow convergence. The main 
reason for this slow convergence is that these methods 
explore the global search space by creating random 
movements without using much local information about 
promising search direction. In contrast, local search methods 
have faster convergence due to their using local information 
to determine the most promising search direction by 
creating logical movements. The local search methods can 
easily be entrapped in local minima.  

One approach that recently has drawn much attention is 
to combine meta-heuristic methods with local search 
methods to design more efficient methods with relatively 
faster convergence than the pure meta-heuristic methods. 
Moreover, these hybrid methods are not easily entrapped in 
local minima because they still maintain the merits of the 
meta-heuristic methods. 

The reason for studying and developing a hybrid 
algorithm can be summarized as follows: 

1. To improve the performance of the Non-traditional 
search computation (NTSC). 

(Example: fast convergence speed and robustness) i.e. SA 
method usually suffers from slow convergence due its 
random nature of movements. Moreover, it also suffers from 
the difficulty in obtaining some required accuracy although 
it may quickly approach the neighborhood of the global 
minimum. 

Hence we have focused on the importance of creating the 
hybrid approach and importance of accelerating the final 
stage of SA by using the faster convergent method. 

2. To improve the quality of the solutions obtained by the 
NTSC. 

3. It achieves the searching not only globally but also 
locally. 

4. To prevent the premature convergence. 
In order to prevent the premature convergence, the 

coupling of SA and local search methods, to form hybrid 
SA can be advantageous. 

5. It searches larger regions of the solution space 
effectively using both SA-based global search capability 
with traditional search-based local search feature. 

6. The goal of developing a Hybrid simulated Annealing 
approach is to use this algorithm to help in solving the 
problem of optimal synthesis of a mechanism for the 
function generation problem. 

Achieving this goal will help in providing the best set of 

design variables, reducing the structural error and satisfying 
number of design constraints.  

7.Modern meta-heuristics manage to combine exploration 
and exploitation search. 

The exploration search seeks for new regions, and once it 
finds a good region, the exploitation search kicks in. 
However, since the two strategies are usually inter-wound, 
the search may be conducted to other regions before it 
reaches the local optima. As a result, many researchers 
suggest employing a hybrid strategy, which embeds a local 
optimizer in between the iterations of the meta-heuristics. 
The diagram of HSA scheme is shown in Fig.1  

 

 

Fig. 1 : Flow Chart of HSA 

In this section, we developed a hybrid optimization 
algorithm based on the principles of both the 
aforementioned SA and MS. The SA method occasionally 
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chooses those ‘uphill points’ from the current place. That is, 
not only the improved solutions but also the relatively weak 
ones are accepted with a specified probability according to 
different temperatures.  

Thus the SA method has certain advantages, e.g., 
robustness and flexibility, over other local search methods, 
and is suitable for handling nonlinear problems. 
Unfortunately, it always takes a considerably long time to 
acquire the global optimum, because the temperature indeed 
needs to be decreased slowly enough during the iterations. 
A main advantage of creating a hybrid [8-11] of global 
optimization with traditional methods is to improve the 
global search and convergence speeds. 

 
V. PROBLEM FORMULATION 

This section address the problem of minimizing the error 
of function generating linkages under inequality constrains. 
Formulation of an optimal design problem involves 
identification of the design variables, X, objective function, 
f(X), and design constraints. Optimal synthesis procedure 
commonly minimizes the “structural error”, the error at a 
point in domain and is defined as the difference between the 
actual output displacement and the required output 
displacement. The design of mechanism can be formulated 
as a problem in non linear programming (NLP).  
A.   Objective Function: 

Usually, in function generating mechanism design 
problem, a relation exists between the rotation angle of the 
input link, the expected angle of output link(ФEXP) and the 
generated angle of the output link ((ФGEN). The mean root 
value of error between (ФEXP) and (ФGEN) is generally used 
as f(X) to be minimize.  The objective function [4, 14], f(X), 
is taken as the sum of the squares of structural errors (in 
radians) at different precision points. The implicit and the 
explicit constraints are incorporated as the penalty functions 
in the SA and MS Algorithm. The f(X) of the problem for 
minimisation can be expressed mathematically as:  

  f(X) =          [(ФEXP)  –(ФGEN)] 2  ………….. (8) 

The output angle generated by the mechanism is 
considered as a function of input angle (Ө) in the following    
form: 

(Ф–Фs)k2  = f [(Ө–Өs) k1]----------------------(9) 

Where f (Ө) = A1 Ө 3 + A2 Ө 2 + A3 Ө + A4    ] ---- (10) 
Thus the expected value of output angle is calculated 

from the extension of above equations as – 
           ФEXP  = [f [(Ө–Өs) k1] / K2  + Фs ----- (Eq11) 

Table 1 shows values of A1, A2 A3and A4 used in above 
equations. 

TABLE 1: VALUES OF FUNCTION COEFFICIENTS 

Function Type A1 A2 A3 A4 

FunType1 
2.5 x 10-6 9 x 10-4 0.12 20 

FunType2 2 x 10-6 7 x 10-4 0.975 55 
Generated value of the output angle is a function of the 

link ratios X1,X2 and X3 and input angle(Ө).The objective 
function for minimization is taken in (rad2)and in the form 
as given below :– 
f(X) =           [f (Ө–Өs) k1–(ФGEN– Фs) K2  ] 2------ (Eq. 12) 

The values of input angle (Ө) are taken in the range of 180o 
/ N to 180o in steps of 180o / N to produce N precision 
positions. 
B.   Design variables  

In this optimization problem, design variable vector X 
=[X1, X2, ------- X7 ],represents a solution that minimize the 
objective function.Parameters used in the formulation of 
objective function are as follows: 

1. Ratio of Coupler/ Crank length = X1 
2. Ratio of Rocker / Crank length = X2 
3. Ratio of Fixed link/ Crank length = X3 
4. Initial starting angle of Crank link = X4 
5. Initial starting angle of Rocker = X5 
6. Scale for (Ө)  = X6 
7. Scale for (Ф ) = X7 
C. Constraints 

  The constraints considered for the optimum MSP are as 
follows: 

1. 0.0<, X1, X2 ,X3 ≤ 4.0 
2. 0o  ≤ X4,X5 ≤ 15o 
3. 0.0 ≤ X6, X7  ≤  2.0 
 

VI. RESULTS AND DISCUSSION: 

A newly developed HSA has been tried on standard test 
problems for testing their effectiveness both on global 
optimization procedure conversely for faster and closer 
convergence. The results of this simulation are obtained by 
varying the seed values, number of iteration, and number of 
precision points. Many solutions were obtained globally and 
locally.  The number of best solutions, number of iteration, 
and number of precision points selected for the presentation 
are as follows: 

(i)Number of best solutions=20 (ii) Number of 
iteration=50,000      (iii)   Number of precision points=15 

Table2 to Table7 depicts the details of Best design 
variables, Structural error in degrees for the best solution, 
Objective Function (Rad²), Maximum and Minimum error 
(degrees) for 20 best points.  Fig.2to Fig.7 shows the best 
solution obtained by SA, HSA and structural error variation.    
A. Results obtained by Global iteration (SA) 

TABLE 2 BEST DESIGN VARIABLES OUT OF 20 BEST POINTS.. 

Best 
Points 

X1 X2 X3 X4 X5 X6 X7

FunTyp
e1 

2.96
38 

2.10
36 

3.48
39 

13.88
56 

13.95
89 

0.41
76 

0.25
51 

FunTyp
e2 

3.49
17 

2.02
15 

3.99
61 

11.77
42 

4.692
1 

0.26
71 

0.71
19 

 

TABLE 3 STRUCTURAL ERROR (ФEXP –ФGEN) IN DEGREES FOR THE BEST 
SOLUTION OUT OF 20 BEST POINTS. 

FunType1 FunType2 

Ө ФEXP ФGEN (ФEXP  –
ФGEN)  

ФEXP ФGEN
. 

(ФEXP  –
ФGEN)  

12 19.9 23.2 -3.3 55.0 60.4 -5.4 

1800 

Ө =180o / N  

1800 

Ө =180o / N  
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24 20.5 23.3 -2.8 58.1 53.0 5.1 

36 21.1 22.3 -1.2(min.) 61.3 57.7 3.6 

48 23.5 18.8 4.7 64.5 59.7 4.8 

60 23.9 19.6 4.3 67.6 63.5 4.1 

72 23.4 19.8 3.6 70.8 74.7 -3.9 

84 24.3 20.2 4.1 74.0 71.5 2.5 

96 25.2 20.9 4.3 77.3 72.2 4.9 

10
8 

26.2 30.4 -4.2 80.5 86.1 -5.6(max.) 

12
0 

27.3 30.9 -3.6 83.8 89.1 -5.3 

13
2 

28.4 32.7 -4.3 87.0 82.3 4.7 

14
4 

29.5 24.7 4.8(max.) 90.3 88.0 2.3(min.) 

15
6 

30.8 26.7 4.1 93.7 97.0 -3.3 

16
8 

32.1 35.8 -3.7 97.0 92.4 4.6 

18
0 

33.4 31.8 1.6 100.
4 

96.7 3.6 

 

TABLE4 OBJECTIVE FUNCTION (RAD²), MAXIMUM AND MINIMUM ERROR 
(DEGREES) FOR 20 BEST POINTS. 

FunType1 FunType2 

Best 
Poin
ts 

Object
ive 
Functi
on 

Maxim
um 
error  

Minim
um 
error  

Object
ive 
Functi
on 

Maximu
m error 

Minim
um 
error  

1 0.0036
4 

4.8 -1.2 0.0177 -5.6 2.3 

2 0.0039
6 

4.8 1.6 0.0397 6.1 2.8 

3 0.0039
8 

4.5 1.6 0.0460 6.3 2.3 

4 0.0046
3 

-5.3 -1.3 0.0471 6.3 -2.6 

5 0.0048
9 

5.0 -1.8 0.0487 5.9 2.6 

6 0.0051
5 

5.6 1.6 0.0491 -5.2 -2.5 

7 0.0054
1 

4.6 1.7 0.0496 5.2 -2.6 

8 0.0054
3 

4.6 -1.8 0.0533 6.7 2.6 

9 0.0054
9 

-4.8 1.8 0.0541 -5.9 3.3 

10 0.0055
6 

5.2 1.8 0.0554 -5.9 3.3 

11 0.0055
9 

5.4 -1.4 0.0570 5.9 -3.6 

12 0.0056
3 

5.4 -1.8 0.0588 -5.6 -3.2 

13 0.0057
7 

5.3 1.6 0.0593 5.6 -3.1 

14 0.0059
2 

5.4 1.6 0.0598 5.3 -3.1 

15 0.0063
0 

4.8 1.6 0.0615 5.8 -3.1 

16 0.0064
2 

4.6 -2.1 0.0621 5.8 3.5 

17 0.0064
7 

4.1 1.9 0.0649 -5.8 3.5 

18 0.0065
5 

-4.6 1.8 0.0651 5.7 3.5 

19 0.0065
8 

4.8 1.8 0.0666 -5.5 -2.6 

20 0.0067
9 

4.8 1.8 0.0675 5.8 2.8 

B. Results obtained by Hybrid iteration (HSA) 

TABLE 6 STRUCTURAL ERROR (ФEXP –ФGEN) IN DEGREES FOR THE BEST 
SOLUTION OUT OF 20 BEST POINTS. 

FunType1 FunType2 

Ө ФEXP ФGEN (ФEXP  –
ФGEN)  

ФEXP ФGEN
. 

(ФEXP  –
ФGEN)  

12 20.2 22.7 -2.59(max.) 58.1 61.2 -3.1 

24 20.7 21.9 -1.2 61.2 57.9 3.3(max.) 

36 21.3 21.6 -0.3(min.) 64.4 62.7 1.7 

48 21.9 21.6 0.3 67.6 65.3 2.3 

60 22.6 21.9 0.7 70.7 68.6 2.1 

72 23.3 22.4 0.9 74.0 75.8 -1.8 

84 24.0 23.2 0.8 77.2 76.7 0.5(min.) 

96 24.8 24.0 0.8 80.4 77.9 2.5 

108 25.6 25.0 0.6 83.7 86.3 -2.6 

120 26.4 26.0 0.4 87.0 90.4 -3.4 

132 27.3 27.0 0.3 90.0 87.1 2.9 

144 28.3 27.9 0.4 93.0 92.3 0.7 

156 29.3 28.9 0.4 96.0 97.3 -1.3 

168 30.3 29.7 0.6 101.
3 

98.5 2.8 

180 31.4 30.1 1.3 103.
6 

102.
1 

1.5 

 

TABLE7 OBJECTIVE FUNCTION (RAD²), MAXIMUM AND MINIMUM ERROR 
(DEGREES) FOR 20 BEST SOLUTIONS 

FunType1 FunType2 

Best 
Poi

t

Objecti
ve 
F ti

Maxim
um 

Minimu
m error  

Objecti
ve 
F ti

Maximu
m error 

Minimu
m error 

1 0.0021
3 

2.3 -0.3 0.0172 3.3 0.5 

2 0.0038
6 

2.3 0.5 0.0396 3.8 -0.8 

3 0.0026
3 

2.8 0.5 0.0393 -3.6 0.8 

4 0.0033
2 

-3.3 -0.7 0.0305 3.6 -0.8 
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5 0.0048
9 

-3.1 -0.7 0.0339 3.8 -0.5 

6 0.0023
2 

3.3 0.7 0.0215 -3.8 -0.6 

7 0.0033
6 

-2.5 0.3 0.0434 -3.8 -0.8 

8 0.0025
8 

2.3 -0.8 0.0399 3.4 0.8 

9 0.0044
8 

-2.8 0.7 0.0326 3.3 0.6 

10 0.0028
3 

3.5 0.7 0.0347 4.1 -1.3 

11 0.0030
1 

3.4 -0.6 0.0332 3.8 -1.9 

12 0.0055
3 

3.4 -0.5 0.0588 3.6 -0.9 

13 0.0054
9 

3.2 0.5 0.0506 3.7 -1.6 

14 0.0059
2 

3.3 0.3 0.0448 3.5 -1.6 

15 0.0038
2 

-2.7 0.3 0.0297 3.5 -2.1 

16 0.0059
8 

2.3 0.8 0.0361 -3.8 1.7 

17 0.0038
3 

-2.1 0.6 0.0536 3.8 0.8 

18 0.0056
0 

-2.6 0.6 0.0348 3.8 0.8 

19 0.0051
8 

2.6 0.6 0.0666 3.5 -1.6 

 0.0033
2 

2.8 0.5 0.0622 3.5 20 

 

 

Fig. 2 : Best solution obtained by SA for FunType1 

 
Fig. 3 : Best solution obtained by HSA for FunType1 

 

Fig. 4 : Best solution obtained by SA for FunType2 

 

Fig.5  : Best solution obtained by HSA for FunType2 

 

Fig. 6 : Structural Error Variation for FunType1 

 

Fig. 7 : Structural Error Variation for FunType2 

 



IACSIT International Journal of Engineering and Technology, Vol.2, No.4, August 2010 
ISSN: 1793-8236 

 

 373

VII.   CONCLUDING REMARKS: 
The paper may be concluded with the following 

observations: 
1. A hybrid optimization method based on the fusion of 

the SA and MS is developed and applied on MSP. A newly 
developed HSA is effective and fast in the solution of MSP. 
It also shows closer convergence properties. 

2. The results are encouraging and suggest that HSA can 
be used effectively and efficiently in other complex and 
realistic design often encountered in engineering 
applications. 

3. It can conclude from computer simulation results 
(Fig.3 and Fig5.) that Minimum and Maximum error is 
greatly reduced by Hybrid iteration (HSA). Therefore HSA 
is an effective tool for MSP.  
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TABLE 5 BEST DESIGN VARIABLES OUT OF 20 BEST POINTS. 

Best Points X1 X2 X3 X4 X5 X6 X7 

FunType1 3.9890 3.3502 3.5578 6.7595 4.5895 0.3569 0.2600 

FunType2 3.6442 2.5728 3.5581 11.7742 4.6921 0.2682 0.7101 

 

 

 

 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


