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Abstract - In order to solve the problem that traditional mechanical and electrical cable design 
relies heavily on experience and lacks optimization in structure design, aiming at the particularity 
of cable component design, after comparing several intelligent optimization algorithms 
synthetically, commonly used A* algorithm and genetic algorithm, which are suitable for cable 
design, are selected and improved in order to realize the intelligent optimization design of cable 
component. Firstly, the main technologies needed to be considered in actual cabling design are 
analysed; the cabling environment requirements of intelligent optimization algorithm are 
compared, and the automatic generation method of cabling environment is obtained based on 
three-dimensional software; A* algorithm considering cabling technology is designed and improved 
to plan the cabling path. The application of genetic algorithm in the design of cable branching 
structure is analysed, and the partial operation of genetic algorithm is improved to optimize the 
performance of the algorithm; and then A* algorithm is introduced into the fitness function of 
genetic algorithm to realize the global optimization design of branching structure and path in cable 
design. The research results confirm that the hybrid algorithm of A* algorithm and genetic 
algorithm has certain advantages in the design of cable for mechanical and electrical products. It 
improves the traditional design algorithm and greatly improves the efficiency of the design of cable 
for mechanical and electrical products. 
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1. Introduction 
 
With the progress of the times and the development 
of science and technology, the complexity of 
mechanical and electrical products manufactured by 
human beings is also increasing. Especially after 
entering the electrical era, compared with the 
traditional mechanical development speed, the 
speed of energy and signal transmission based on 
electricity is growing faster and faster.  

As a transmission medium, the development and 

design of cables are becoming more and more 

complex. However, for a long time, people have not 

paid too much attention to cable design, which 

makes its development much slower than that of 

mechanical processing, hardware, software and 

other fields. At the same time, it also encounters 

some difficulties in the actual production work.  
Therefore, in order to match the more and more 

complex mechanical structure, electromagnetic 
environment, thermal environment and other 
constraints in the cable design of mechanical and 
electrical products, and make the increasing power 
and signal transmission in modern mechanical and 

electrical products more and more smoothly, it is 
necessary to improve the automation of cable design 
work [1]. 

Cable as an important component of 
electromechanical system, its function is to transmit 
current and signals.  

Aircraft, weapons and equipment, computers, 
automobiles and household appliances and other 
electromechanical products will be applied to cable. 
Generally speaking, cables often take the form of 
single cable, flat strip, cable bundle and so on.  

Among them, cable harness is formed by multiple 
cable bundles. It is widely used because of its clear 
structure and easy assembly.  

In the design of mechanical and electrical 
products, cable components are often composed of 
multiple cable bundles and cables. In fact, the design 
of cable components is the design of branch 
structure and path planning of cable components.  

After the design of electrical components in 
general mechanical and electrical products is 
completed, the wiring table should be determined 
according to the connectivity of each component.  

The wiring personnel should arrange the cables 
for the prototype according to the wiring table.  
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In the process of the wiring arrangement, the 
determination of the topological structure and the 
route of the cables is basically carried out according 
to the previous manual experience.  

The wiring scheme obtained in this way cannot 
be determined as the optimal one. 

 The final wiring schemes often have to undergo 
repeated tests to determine [2]. 

In order to improve the design process of cable 
components, scholars at home and abroad have 
carried out general research on the routing and path 
optimization of electromechanical products.  

Nowadays, the research direction of the papers 
published by various scholars is basically the 
following two aspects: one is to use Pro/E, CATIA, UG 
and other three-dimensional engineering software 
or virtual reality environment for virtual layout and 
simulation of cables; the other is to optimize cable 
components in three-dimensional cabling 
environment by using intelligent optimization 
algorithms such as A* algorithm, genetic algorithm 
and particle swarm optimization. In the above two 
aspects, one is the simulation and modeling of cable 
and the other is the intelligent design of cable 
components. The simulation and modeling of cable 
refers to transferring the wiring design of physical 
prototype to virtual prototype.  

The determination of branch structure of cable 
binding and key nodes of path still depends on 
manual experience, which is not intelligent enough. 
While the intelligent design orientating cable 
components, although they can automatically solve 
the optimal path of cable to make it intelligent 
enough, most of the current algorithms stop at 
solving the abstract mathematical problems of 
routing problems, and are not effectively used in 
practical projects.  

Analysing the current research results from these 
two perspectives, the intelligent design and 
simulation modeling of cable components are not 
integrated to achieve better practical application, 
which is not in line with the ideal situation of cable 
automatic optimization design [3]. 

AI (Artificial Intelligence) technology was born in 
the 1950s, rising and falling. In recent years, it has 
been revived with the rapid development of modern 
computing and data storage technology.  

AI technology covers genetic algorithm and 
artificial neural network and it is a universal 
machine learning technology.  

Where a given scenario involves data statistics, 
inference, fitting, optimization, and clustering,  

AI can find its typical application.  
AI learning algorithm can be roughly divided into 

supervised learning and unsupervised learning 
according to whether the label or the corresponding 
relationship of training data is known.  

Among them, A* algorithm is a commonly used 
artificial intelligence algorithm and used here [4]. 

In the design of cable routing in reality, the usual 
method is to implement cable branch design and 
virtual path optimization in engineering software, 
and often need to use physical tools such as nail 
board and principle prototype to achieve trial 
routing.  

There are some shortcomings in the above work, 
such as low degree of intelligence and relying on 
manual experience.  

The intelligent optimization algorithm is focused 
on to solve the problem of cable branching and path 
design.  

Therefore, aiming at the particularity of cable 
component design, after synthesizing and comparing 
many kinds of intelligent optimization algorithms, 
the A* algorithm and genetic algorithm suitable for 
cable component design are put forward and 
improved to achieve the purpose of intelligent 
optimization design of cable component.  

The research shows the mainstream technology 
that needs to be considered in the actual wiring 
design.  

The requirement of routing environment for 
intelligent optimization algorithm is analysed and 
compared, and the automatic generation method of 
routing environment is obtained according to three-
dimensional software. A* algorithm considering 
routing process is designed and improved to plan 
cable path.  

The application of genetic algorithm in the design 
of cable branching structure is analysed, and the 
performance of genetic algorithm is optimized by 
improving partial operation.  

Then, A* algorithm is introduced into the fitness 
function of genetic algorithm to realize the global 
optimization of branching structure and path in 
cable design. 

The innovation is that the A* algorithm and 
genetic algorithm suitable for cable design are put 
forward and improved in practice.  

This idea and research method will bring great 
improvement and optimization to the traditional 
design algorithm. 
 

2. Spatial Pre-processing of Wiring 
Environment 

2.1 Meeting the environmental 
requirements of wiring process 
 

When using the algorithm to optimize the cable 

components, the whole wiring environment needs to 

be pre-processed, and the actual wiring environment 

needs to be transformed into a wiring environment 

that can be identified by the algorithm. 

 Optimizing the cable components by using the 

algorithm is to make the final results applied to the 

actual production.  
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Therefore, the wiring environment after pre-

processing should not only meet the requirements of 

the algorithm, but also meet the actual process 

requirements of wiring [5]. 

The cable optimization and design algorithm 

used here is a hybrid optimization algorithm which 

combines A* algorithm with genetic algorithm.  

Therefore, the requirements of wiring 

environment should be able to meet the 

requirements of A* algorithm and genetic algorithm 

simultaneously.  

If the requirements of the two algorithms are 

contradictory, some requirements should be 

sacrificed appropriately to achieve the goal of global 

optimization.  

As for the traditional A* algorithm, a two-

dimensional discrete point cloud is needed as the 

computing space of the algorithm.  

In addition to X and Y coordinates, each point in 

the point cloud needs more dimension space to store 

information such as attributes, heuristic functions 

and parent nodes.  

As a result, besides X and Y coordinates, Z 

coordinates are added to the A* algorithm of cable 

calculation. In addition, in order to consider the 

technological requirements of cable, the storage 

space of technological information of storage points 

needs to be increased. 

Finally, discrete grid points are selected as the 

computational space of the algorithm. Different 

attributes are used to classify grid points into space 

points, obstacle points without process 

characteristics and obstacle points with process 

characteristics, which represent different positions 

of electromechanical product models in continuous 

space.  

For example, the general space point is the space 

position of the model, the barrier-free point is the 

position of the general structure in the model, and 

the process barrier point is the position of the high 

temperature and high electromagnetic components 

such as power supply and electromagnetic source in 

the model.  

Therefore, the hybrid cable optimization 

algorithm based on "A*-heredity" is used.  

The discrete grid points are used to form a three-

dimensional matrix, and the attributes are used to 

distinguish different grid points.  

The global optimization requirements of the 

algorithm are theoretically realized. 

 

2.2 Calculation method of wiring 

environment 

 

Firstly, the three-dimensional model of 

mechanical and electrical products to be wired is 

imported into the three-dimensional software and 

the technological structure of the model is defined.  

Then, the envelope volume 
x y zL L L   of the 

model is calculated, and the number of grid points 

xn  in the x-axis direction is determined according to 

the requirement of the accuracy of the algorithm. 

With a ( / nx xa L ) as the unit distance, a group of 

spheres with a diameter of φ (φ is much less than a) 

are arrayed. 

 The path space must be larger than the 

technological constraints of the cable diameter.  

Therefore, in the selection of the above 

parameters, it is necessary to ensure that the value 

of a is not less than the maximum diameter of the 

cable assembly.  

Then, the model is scaled at the ratio of 1: a, so 

that the unit distance of the scaled array ball is 1. 

 If there is no interference, the spherical center 

coordinates of the sphere will be deleted. 

 If there is interference, the spherical center 

coordinates of the sphere will be exported to .pts file.  

Repeat the process until all the structures in the 

model are detected.  

Then, read the coordinates stored in the .pts file 

and assign the corresponding positions in the three-

dimensional array to the values representing 

different process characteristics (common structure 

3, heat source 4, electromagnetic source 5, sharp 

edge 6).  

Until all .pts format files are converted into three-

dimensional arrays that can be recognized by the 

algorithm, the required computational space is 

obtained (Figure 1). 
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Figure 1.  Flow chart of spatial pre-processing for wiring environment 

 
Then the envelope volume (

x y zL L L  ) of the 

model is calculated to determine the number of grid 

points xn  in the x direction and the unit distance a 

( / nx xa L ) of the sphere array.  

The value of xn  cannot be too large or too small.  

It is necessary to ensure the accuracy of the 
algorithm, and also ensure that the value of a is 
larger than the diameter of the thickest branch in the 
cable assembly.  

In order to satisfy the requirement of arraying 
spheres in the envelope volume of the model, the 

number 
yn ,

zn  ( /y yn L a , /z zn L a ) of spheres 

needed to be arrayed in the remaining two 
directions is calculated. Taking a as the unit distance 
and the number of arrays of 

x y zn n n   and sphere 

with a diameter of φ (φ is much less than a), the 
spheres after arrays are evenly wrapped in the 
wiring model. 

The model is scaled at the ratio of 1: a, so that the 
scaled sphere array distance is 1. The origin of the 
array is regarded as the reference coordinate in the 
model, and the position relation of all the spheres in 
the model with respect to the reference coordinate is 
displayed, then the spherical center coordinates of 
all the spheres in the reference coordinate can be 
obtained. 
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Then, interference detection is carried out for 
different process structures and spheres in the 
model, the number and coordinates of the sphere are 
displayed through the interference detection dialog 
box, and the sphere coordinates are exported to .pts 
format file. Repeat the above work until the 
interference detection of all process structures in the 
model and the derivation of the .pts file are 
completed, all non-process feature obstacle points 
and process feature obstacle points (heat source 
points, electromagnetic source points, sharp edges, 
etc.) coordinates needed in the subsequent 
algorithm can be obtained. 
 

2.3 Results of spatial pre-processing 
 

In the CAD (Computer Aided Design) model of 

mechanical and electrical products to be wired, 

special process structures such as batteries, radars 

and sharp edges are defined beforehand. After 

obtaining the .pts format files of spherical 

coordinates interfering with the different process 

structures mentioned above, it is necessary to assign 

attribute values to the corresponding positions of 

the data in the files in the three-dimensional array. 

Firstly, a three-dimensional array with a value of 0 is 

initialized, and a process structure .pts file is read.  

Each row of X, Y and Z data stored in the file is 

assigned to the corresponding position of the three-

dimensional array (no process feature barrier point 

assignment is 3, heat source assignment is 4, 

electromagnetic source assignment is 5, and sharp 

edge assignment is 6). Read all .pts files and reassign 

three-dimensional arrays in turn until a three-

dimensional array with raster attributes is obtained.  

The attributes of grid points are stored in three-

dimensional arrays separately. Different three-

dimensional arrays generated by different models 

can be stored in the program at the same time. It is 

convenient to read different three-dimensional 

arrays and assign them to the structured array 

according to the need in the algorithm. 

 
3. Cable Three-dimensional Path 

Optimization Based on Improved A* 
Algorithm 

 

3.1 Heuristic search and A* algorithm 
 

A* algorithm is an intelligent optimization 
algorithm which combines Dijkstra algorithm with 
the best priority algorithm, so A* algorithm has their 
respective advantages. Firstly, A* algorithm inherits 
the "greed" of Dijktra algorithm, but unlike Dijkstra 
algorithm, A* algorithm has the heuristic of the best 
priority search algorithm. In A* algorithm, the next 

step is to select the node whose heuristic value is the 
smallest among the neighbors (if there are more 
than two nodes with the smallest heuristic value in 
the neighborhood, the nearest search node is 
selected).  

Therefore, A* algorithm has the different 
advantages of Dijkstra algorithm and best priority 
algorithm: A* algorithm is an optimal solution 
algorithm, that is to say, in the presence of the 
optimal path, A* algorithm can ensure that it can be 
found; second, as a heuristic algorithm, A* algorithm 
has high efficiency. It can be said that A* algorithm is 
a path optimization algorithm which takes into 
account both search time and space. Because A* 
algorithm is a typical heuristic search algorithm, the 
core of A* algorithm is the design of evaluation 
function.  

The correct design of the evaluation function 
plays an important role in the efficiency of the 
algorithm and the optimal solution. It obtains the 
extension cost of each point by the valuation 
function and chooses the minimum cost point to 
extend.  

The overestimation or underestimation of the 
value of the evaluation function on the nodes may 
lead to the overestimation of the number of 
expanded nodes, which may affect the efficiency of 
the algorithm or miss the optimal path nodes and 
affect the results of the algorithm. The node 
evaluation function of traditional A* algorithm is: 

( ) ( ) ( )f n g n h n                                                  (1) 

In the above formula, g(n) is the minimum cost 
estimation from the initial node S to the node n, and 
h(n) is the optimal path estimation cost from the 
node n to the target node T. f(n) is the total 
estimated value of the node. Among them, the design 
of h(n) plays the most important role in solving 
speed and final result of A* algorithm. Generally 
speaking, h(n) needs to satisfy the following 
admissible conditions: 

( ) h*(n)h n                                                               (2) 

In Formula (2): h*(n) is the real minimum cost of 
the current node to the end point. Therefore, the A* 
algorithm can find the optimal solution as long as the 
estimated cost of the node to the destination is not 
larger than the real minimum cost, and the problem 
domain is limited and there are feasible solutions. 
However, because the value of h*(n) cannot be 
determined, in order to ensure the efficiency of the 
algorithm, h(n) cannot be much smaller than h*(n).  

Therefore, it is not easy to put forward an 
accurate formula for calculating h(n). Usually, it is 
necessary to make a specific analysis of the specific 
problems to be solved by the algorithm [6]. 

There are two basic sets in the calculation of A* 
algorithm: Open table and Los table.  

The Open table is used to store the node 
information to be checked. Close tables are used to 
store node information that has been checked and 



Hybrid Optimization Algorithm for Cable Design of Electromechanical Products Based on A* and Genetic Algorithm 

 

 

International Journal of Mechatronics and Applied Mechanics, 2019, Issue 5 170 

does not need to be checked again. In the state space 
represented by grid points, the A* algorithm 
calculates all neighbor nodes around the current 
node by using the evaluation function, and stores the 
neighbor nodes in the Open table.  

All nodes in the Open table are then heaped 
according to the estimated values.  

Then, the node with the lowest estimated value in 
the current Open table is selected and stored in Close 
table. With this node as the current node, all 
neighbor nodes around the current node are 
searched until the current node coordinates coincide 
with the destination coordinates, and the sequence 
of the shortest integrated path nodes is output. In 
each operation of finding neighbor nodes, the cost 

value needs to be updated to ensure that the parent 
pointer of each node is the optimal path from the 
starting point to the current node. Since the pointer 
of storage node to its parent node is left in the 
structure of the defined node, and the pointer of each 
node to its parent node is updated and stored in real 
time in the process of node expansion, the optimal 
sequence of nodes can be found from the current 
node in turn according to its parent node after 
searching the destination. 

A* algorithm flow chart is shown in Figure 2.  
The process of node expansion is shown in Figure 

3, in which the yellow part is the selected node in the 
process of node expansion. 
 

 

start
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Is the current node the 

destination?

No

Search for the neighbors of the current 

node

Are Neighbor Points Spatial 

Points？

Yes

Calculating the 
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Neighbor Point

Add this neighbor 

point to the open table

All neighbours have been searched
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Delete the current point from 

the open table and add the 

close table

Heap the points in the open 

table according to the 

estimated values

Setting the optimum individual 

of the open table estimation 

function as the current node

Output Final 

Path

End

No

No

Yes

 

Figure 2.  A* algorithm flow chart 
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Figure 3: Node expansion flow chart of A* algorithm 

 

3.2 Three-dimensional path search problem 
with process constraints 
 

In the past, A* algorithm has been widely applied 
to two-dimensional optimization problems such as 
AGV (Automatic Guidance Vehicle) car tracing, but 
most of the cables of complex electromechanical 
products are three-dimensional space paths. Of 
course, A* algorithm under two-dimensional 
conditions cannot meet the requirements of cable 
path calculation, so it is necessary to expand A* 
algorithm from two-dimensional to three-
dimensional. By adding Z coordinates of grid points, 
the searched neighbor nodes can be expanded from 
8 (Figure 4(a)) to 26 (Figure 4(b)) under the current 
node. Among them, the one-dimensional neighbor 
points on the same axis consume 1.0, the plane 
diagonal consume 1.4, and the space diagonal 
consume 1.7. 
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1.0 1.0
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1.01.0

(a) Neighbor nodes and cost in 

two-dimensional environment

(b) Neighbor nodes and cost in 

three-dimensional environment  
Figure 4:  A* algorithms current node and neighbour 

node 
In the actual wiring process, the optimal path of 

cable is not necessarily the shortest path to bypass 
obstacles, but to meet certain technological 
constraints. In some cases, the cable needs to bypass 

or avoid passing through some nodes as far as 
possible. Therefore, in the A* algorithm for wiring, 
process constraints are also introduced into the 
traditional heuristic function of single factor path 
optimization. 

In the expansion of A* algorithm, some attributes 
of grid points are added according to the 
characteristics of wiring problem, and the concept of 
"value" is introduced according to the characteristics 
of wiring process. Weight is to convert the 
qualitative process requirements into quantitative 
numbers to judge the technological advantages and 
disadvantages [7] of each grid point as a cable path 
point in order to achieve the actual routing process 
requirements on the premise of ensuring the 
shortest cable path calculated by A* algorithm. 

The method of calculating the weight is to assign 
the initial value (value=b, b is a set constant) to all 
the spatial points, and then select all the wiring 
process constraints that have an impact on the cable 
path to accumulate the weights of the spatial points. 
If the grid points are within the influence range of 
the technological characteristics of the wiring, then 
add a certain value (

ivalue b b  ) to the weight of 

the grid points on the original basis. 
If the process feature is suitable for the wiring of 

grid points, 
ib  of the grid points of the process 

feature is negative, and if the process feature is not 

suitable for the wiring of grid points,  
ib  of the grid 

points of the process feature is positive. The 
influence of all the process points on the weights is 
calculated in turn, and the final weights of the space 

points are obtained by accumulating 
ib  of all the 

process characteristics affecting the space points. 

1

n

i

i

value b b


                                                            (3) 

In Formula (3), 
ib  is the weight influence factor of 

the ith process feature, and n is the sum of process 
features affecting the space point [8]. 
 

3.3 Path search based on improved A* 
algorithms 
 

In order to obtain more accurate formulas for 
calculating ( )f n , the calculation method of distance 

between any two points needs to be determined 
first. Now the usual methods for calculating the 
distance are Manhattan distance, diagonal distance, 
Euclidean distance, etc. As mentioned above, A* 
algorithm requires that the estimated value between 
two points must be not greater than and as close as 
possible to the true value, so the calculation method 

of ( )h n  needs to be reasonably selected according 

to the actual situation of the problem. Under the 
premise of not greater than the real value, the 
greater the evaluation value, the greater the 
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influence of heuristic function on the algorithm, the 
smaller the search range and the higher the 
efficiency of the algorithm. But the narrower the 
search range is, the problem of U-trap cannot be 
avoided; the evaluation value decreases with the 
decrease of the influence of heuristic function on the 
algorithm, and the search range of the algorithm is 
large and inefficient, but the relatively wide search 
range can effectively solve the U-shaped trap 
problem. 

The research shows that Euclidean distance is the 

smallest. Taking Euclidean distance as ( )h n  for an 

algorithm can ensure that the value is always less 
than the real value, but too small evaluation function 
will reduce the efficiency of the algorithm. 

When Euclidean distance is used as the 

calculation formula of ( )h n , the search range of A* 

algorithm is obviously larger than that of the other 
two methods. Because of its wide search range, it is 
inefficient and time-consuming [9]. 
 

3.4 Example verification of improved A* 
algorithm 
 

An improved A* algorithm program is written in 
C language to verify the results of the algorithm. 
Firstly, an A* algorithm validation model is designed, 
and the modeling is implemented in three-
dimensional software, and the starting point 
coordinates are defined.  

The initial input conditions of A* algorithm are 
shown in Table 1, and then the method described in 
Section 2 is used to pre-process the validation model.  

Parameter selection and results are shown in 
Table 2. 

 
Table 1. Initial conditions of A* algorithms 

Starting 
coordinates 

Terminal 
coordinates 

Model 
envelope 
volume 

( x y zL L L  ) 

(15, 3, 4.5) (15, 28.5, 7.5) 30*30*15 
 

Table 2.  Spatial preprocessing parameter selection 
and result 

Item  Value  

a 1.5 

φ 0.1 

Maximum diameter of cable 
assembly 

1 

xn  20 

yn  20 

zn  10 

Starting coordinates (10, 2, 3) 

Terminal coordinates (10, 19, 5) 
 

In order to verify the effect of value on the result 
of path optimization, different kinds of wiring 
process constraints are introduced into the 
algorithm. A* algorithm is verified by changing the 
process constraints that affect value. The selection of 
experimental parameters and the calculation results 
are shown in Table 3. 

 
Table 3.  A* algorithm parameter selection 

k  

Initial 
value 

of 
space 
point 

weight 
(b) 

Weight 
paramet

er of 
adherent 
process 
(

1 1/b r ) 

Weight 
parameter 

of heat 
source 

process 
(

2 2/b r ) 

Weight 
parameter 

of heat 
source 

process 
(

3 3/b r ) 

0.5 0 -5/1 3/2 3/2 

 
After analyzing the qualitative description of 

process requirements such as "sticking to the wall as 
far as possible, easy binding", "avoiding heat source 
as far as possible" and "avoiding sharp edges", the 
concept of "value" is put forward in A* algorithm.  

According to the different technological 
characteristics of wiring, different calculation 
methods of process weights are proposed for space 
points of wiring environment, and the total process 
weights of a space point for all process conditions 
are calculated by weighting. By introducing the 
"value" into the estimation function of A* algorithm, 
the wiring process factors can be introduced into the 
final calculation results on the basis of the shortest 
path of A* algorithm.  

The example shows that the improved three-
dimensional A* algorithm can take into account the 
technological factors of routing well on the basis of 
the shortest calculation path. 
 

4. Global Optimization Calculation of 
Genetic-A* Hybrid Cables 

4.1 Overview of genetic algorithms 
 

Genetic algorithm is an adaptive global 
optimization probabilistic search algorithm, which 
uses the evolutionary characteristics of organisms 
for reference and simulates the natural selection and 
genetic mechanism of organisms. According to 
Darwin's "survival of the fittest" theory of evolution, 
genetic algorithm can survive in a challenging nature 
only if the individual adapts to the natural 
environment and passes the individual adapted to 
survive on to the next generation. At the same time, 
in the process of gene transmission, the gene may 
mutate. In most cases, the mutated individuals will 
die because they are not adapted to the 
environment.  

Only a small number of mutated individuals may 
survive because of the new characteristics of 
adapting to the environment, and they can pass the 
mutated genes to the next generation, and gradually 
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form new characteristics with advantages in the 
population. Therefore, in the process of evolution, 
the biological population will gradually produce 
excellent individuals, so that the population can form 
advantages in the competitive environment.  

Therefore, the genetic algorithm simulating the 
evolution of nature is an iterative algorithm. Starting 
from the initial population generated randomly, the 
fitness of the population is gradually improved 
through the process of replication, hybridization and 
mutation. After many iterations, relatively excellent 
individuals will appear in the last generation of 
population [10]. 

Genetic algorithm is to simulate the process of 
species evolution in nature, generate a random 
population of n in the computer, and calculate the 

fitness of each individual. The next generation 
population is obtained by selecting individuals with 
a certain probability according to the fitness 
criterion. Then, the next generation population is 
selected as the parent population to cycle the above 
operations until the termination condition of the 
algorithm is satisfied (iteration is fixed, convergence 
rate is reached or the algorithm is no longer 
convergent in a certain algebra).  

The flow chart of the algorithm is shown in 
Figure 5. Especially, the terminology of genetic 
algorithm has not been completely unified, so the 
concepts mentioned in different literatures also 
differ in expression [11]. 
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Figure 5.  Flow chart of genetic algorithm 
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4.2 Cable structure optimization based on 
genetic algorithm 
 

Traditional genetic algorithm encoding genes is 
one-dimensional array. For the specific situation of 
cable structure calculation, the encoding method of 
one-dimensional array is difficult to meet the needs.  

Therefore, the gene of genetic algorithm is coded 
into two-dimensional tables, and a new method of 
compiling cable structure into two-dimensional 
tables is proposed. After the pre-processing of the 
path planning environment is completed, the 
number n and position coordinates of branch 
structure endpoints are determined according to the 
wiring table, and all coordinates of the endpoints in 
the x, y and z directions are sorted separately.  

The maximum and minimum values are obtained. 
Random values between the maximum and 
minimum values are assigned to the coordinates of 

branch points, and t( 2t n  ) branch points are 

randomly generated in the environment of 
mechanical and electrical products to be wired. The 
cable structure can correspond to a t*4 (t rows, 4 
columns) table one by one. In the genetic algorithm 
shown in this example, firstly, the branching points 
are assigned to the first column, and all the 
branching points except for 

1T  are assigned to the 

fourth column from the second row.  
Then, all the topological points and endpoints 

( 1t n  ) except 
1T  are arranged in disorder and 

assigned to column 2, column 3 and column 4 in row 
1, the first individual of G0 generation population is 
initialized, and the operation is repeated to assign all 
individuals of G0 generation population. The genetic 
algorithm is initialized, and the initialization of G0 
generation population is completed. 

In the first two sections, the possibility of using 
genetic algorithm to solve the optimization problem 
of cable branching structure is introduced, and a 
scheme to initialize the population of the generation 
algorithm is proposed. However, separate 
calculation of cable path and structure does not 
necessarily achieve the goal of global cable 
optimization. The results of local path optimization 
cannot meet the requirements of cable binding. In 
some cases, the results of local and branch structure 
optimization of a single path cannot achieve global 
optimization.  

Therefore, it is necessary to combine A* 
algorithm and genetic algorithm to form a hybrid 
optimization algorithm, so that the single path 
optimization result of A* algorithm is included in the 
evaluation index of individual by genetic algorithm. 

 

4.3 Design of fitness function 
 

In the process of generating each generation of 
population, the optimal objective function for 
evaluating the advantages and disadvantages of each 
individual in this generation of population becomes 
fitness function.  

The criterion for individual selection is the 
evaluation value of the fitness function. The whole 
process of genetic algorithm is to use this evaluation 
index to search. Therefore, the selection of fitness 
function of genetic algorithm is very important. The 
fitness function directly affects the efficiency and 
convergence rate of the algorithm, and determines 
the gap between the optimal individual and the 
actual optimal solution in the final generation of the 
algorithm population.  Genetic algorithm uses fitness 
to ensure that the better individuals in the 
population have a higher probability to transfer 
genes to the next generation population. Therefore, 
in genetic algorithm, it is necessary to select the 
most suitable fitness function [12] according to the 
actual situation of the problem to be solved. 
Generally speaking, fitness functions can be divided 
into three main types: 
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Fit(f(x)) is the fitness function of the genetic 

algorithm, f(x) is the objective function of the 
problem to be solved, 

maxC  is the maximum 

estimated value of f(x), and C is a conservative 
estimate of the value of the objective function. 

The branch cable problem is a typical NP 
problem, there is not a certain formula, therefore, in 
the study of genetic algorithm on cable branch 
structure, some scholars defined the fitness value 
(fitness) as the total length (Euclidean distance 

tL ) 

of cable structure. First, the total Euclidean distance 

tL  of each individual is calculated, and the fitness of 

the whole population is accumulated.  
Then, the total fitness and average fitness of the 

population are obtained by dividing the number of 
individuals. In the process of transmission from 
parent to child, fitness is the criterion for selecting 
parents. 

4
2 2 2
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1 1

(P . . ) ( . . ) (P .Z P . )
t

t i j i j i j i j i

i j

fitness L X P X P Y P Y Z  

 

                     (7) 



Hybrid Optimization Algorithm for Cable Design of Electromechanical Products Based on A* and Genetic Algorithm 

 

 

International Journal of Mechatronics and Applied Mechanics, 2019, Issue 5 175 

In Formula (7), t represents the number of 
branch points; i and j respectively represent, in the 
storage of each individual table, a point where the 

number of rows and columns; similarly, 
( . )i jP .X 

( . )i jP .Y and 
( . )i jP .Z respectively represent, in an 

individual table, X, Y, Z point coordinates located on 
the ith row and the jth column. 

It is found that the current fitness formula cannot 
meet the overall optimization design requirements 
of cables, so the method of calculating fitness with 
fixed formula is abandoned. A* algorithm is used to 
find the actual path of each branch in the cable 
branching structure, and a new calculation method is 
proposed to return to the actual path and take the 
length of the actual path as the fitness value [13]. 

In nature, genetic recombination plays a key role 
in biological evolution. Similarly, the hybrid 
operation of genetic algorithm plays a key role in 
genetic algorithm. The so-called hybridization refers 
to the operation of exchanging and reorganizing 
parts of the individual structure of two parents to 
produce new individuals in their offspring. After 
initialization, the next generation of individuals is 
selected according to the fitness and the selection 
method in the previous paper, and the individuals 
are selected for hybridization in the next generation.  

The traditional selection method is to set a 
crossing probability PXOVER, and also generate a 
random number P in the interval (0,1) (Figure 6). If 
it falls in the interval (0, PXOVER), individuals are 
selected for crossing, and if it falls in the interval 
(PXOVER, 1), individuals are retained. Such a selection 
method is random and does not make full use of the 
excellent individuals in the current population as a 
heuristic condition.  

Therefore, on the basis of the above-mentioned 
selection, a new parameter PE-XOVER is set up. The 
individuals whose p falls in the (PE-XOVER, PXOVER) 
interval are crossed with the next individuals who 
fall in the interval. The individuals who fall in the (0, 
PE-XOVER) interval are crossed with the best 
individuals in the population. Through the 
establishment of PE-XOVER, the best individuals in the 
current population can obtain more crossover 
opportunities. It also enables the algorithm to make 
use of the optimal individuals, which has certain 
enlightenment in the hybrid operation. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0 PE-XOVER PXOVER 1

 
Figure 6:  Two individual branching structure 

diagrams satisfying the topological structure obtained 
after crossover 

 

Of course, there will also be variations. Two 

methods of mutation operation are proposed: one is 

to reduce the fatality rate of the mutated offspring by 

constrained interchange of nodes in the coding 

region of the individual, called coding mutation; the 

other is to improve the wiring technicality of the 

mutated offspring by changing the location of the 

grid points guided by wiring technicality, called 

location mutation. 
 
 

4.4 Operation of improved genetic algorithm  
 

There are many ways to implement different 

operations of genetic algorithm. According to the 

actual situation of cable branch structure, the most 

suitable operation method is chosen and the test 

verification is carried out. Aiming at the problems in 

the test, the operation is improved pertinently. The 

improved operations include selection, 

hybridization, mutation and termination. 

In the traditional genetic algorithm, no matter 

what kind of hybrid operation, it is an open-loop 

process, and the offspring of the hybrid have the 

possibility of having lethal genes. Therefore, in this 

case, the genetic algorithm changes the process of 

hybridization to a closed loop, that is, adding the 

judgment link of lethal genes after hybridization. If 

there are still lethal genes, the genetic algorithm will 

continue to hybridize until there is no lethal gene in 

the offspring [14]. 

In this genetic algorithm, hybridization is 

accomplished by replacing two individuals with 

rows. That is to say, after choosing the individuals 

that need to be hybridized, a number is randomly 

selected from 2 to t, and then the genes are replaced 

in the row and below. For example, select m (2≤m≤t) 

to replace two individual from row m to row t. 

A gene that does not satisfy the cable structure is 

a lethal gene. After hybridization, individuals need to 

traverse to find lethal genes, and then continue to 

hybridize, known as secondary hybridization. For 

example, traversing to find all the repetitive points in 

the hybridized individuals, and continuing to 

randomly select the repetitive points in the two 

individuals to continue to displace positions, that is 

to say, two new individuals satisfying the 

requirements of cable structure are obtained. 
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Figure 7.  Two individual branching structure diagrams satisfying the topological structure obtained after crossover 

 
In the process of population reproduction, genes 

in newly generated chromosomes will make 
mistakes with a certain probability, which is called 
mutation. Generally speaking, the basic steps of 
mutation operation are: randomly selected gene 
locations within the coding range of all individuals in 
the population; random change of gene values at 
gene locations with the mutation probability 

mP  set 

in the algorithm. 
 
 

5. Algorithm Verification and Analysis 
 
The algorithm validation experiment is carried out to 
analyze the convergence of genetic algorithm. The 
experimental results are shown in Figure 8. 
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Figure 8:  Convergence analysis of genetic algorithms 

 
Because of the randomness of genetic algorithm, 

single experiment is not enough to fully represent 
the actual performance of the algorithm. Therefore, 
in the same situation, the experiment is carried out 
to verify the stability of the algorithm.  

 
 
 
 
 

The experimental results are shown in Figure 9. 
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Figure 9.  Experimental results of stability of genetic 

algorithm 
 
 

It can be seen that the algorithm converges to the 
interval of (350, 390) in 10 experiments. Therefore, 
although the results of each experiment are not 
exactly the same, it has been proved that the 
algorithm has good stability in many experiments. 

The improvement of A* algorithm for cable path 
planning mainly includes adding dimension 
calculation and adding process calculation. These 
two improvements obviously increase the 
computational load of A* algorithm. Therefore, the 
computing performance of the improved A* 
algorithm is tested and compared with that of the 
improved A* algorithm. The model in Section 3 is 
used as the wiring environment and starting point.  

The experimental parameters and results are 
shown in Table 4. 
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Table 4.  Calculating parameters and planning results of A* algorithms 

No. 

The number of 
grid points in 
algorithmic 

space 

Whether to 
introduce 

wiring 
technology or 

not 

Path 
length 

The 
number of 
actual path 

nodes 

The number 
of neighbor 

points 
running 

The 
number of 

search 
nodes 

01 20*20*10 No 18.6 18 2201 2440 
02 20*20*10 Yes 20.9 18 1959 2674 
03 40*40*20 No 18 34 15120 15904 
04 40*40*20 Yes 20.3 38 14852 16541 

 
The analysis and comparison show that the 

algorithm proposed has good convergence and can 
realize the automatic optimal design calculation of 
cable. 
 

6. Conclusion 
 
There are many kinds of cable components in 
mechanical and electrical products. The binding 
structure and branching path of cable components 
are complex.  

The automation level of cable components in 
production process is low, and they rely on manual 
experience. With the development and renewal of 
mechanical and electrical products, the complexity of 
cable components is getting higher and higher.  

The design of cable components not only needs to 
consider the structure of their own products, but 
also needs to consider more technological 
requirements.  

Complex cable components have more and more 
influence on the quality and performance of 
mechanical and electrical products.  

The cost, quality, performance and other 
indicators of cable components have become an 
important consideration in product design process.  

Although the degree of automation and 
intellectualization in industrial production is getting 
higher and higher, the research on cable component 
design is developing slowly. In order to effectively 
solve the above cable design problems and improve 
the automation and intellectualization of cable 
component design and production, the A* algorithm 
and genetic algorithm in solving the routing problem 
are studied. The main work is as follows: 

The spatial preprocessing of the algorithm is 
completed. Firstly, discrete grid points are proposed 
as the solution space of the algorithm. The 
technological problems in cable path planning are 
studied. By analyzing the technological requirements 
of cable binding and fixing, keeping away from heat 
sources and electromagnetic interference, avoiding 
sharp edges and ensuring that cable diameter can 
pass through slits, a grid point classification method 
with different technological structures is proposed. 

The cable path planning of A* algorithm is 
completed. Firstly, based on the traditional A* 
algorithm, the solution environment of the algorithm 

is extended from two-dimensional to three-
dimensional by adding Z coordinates.  

Then, according to the process problems in cable 
path planning, the process weight information is 
added to the original three-dimensional grid points. 
By judging the distance of a space point relative to 
the smooth wall, sharp edge, heat source or 
electromagnetic source, the space point is added or 
subtracted on the basis of the initial process weight, 
and the calculated weight is used to evaluate the 
advantages and disadvantages of the point as the 
route point. Finally, the process weights of this point 
are introduced into the evaluation function of A* 
algorithm, which realizes the path search of A* 
algorithm in three-dimensional environment and the 
solution of two-factor cable planning problem from 
the single goal of "shortest path" to "path + process". 

The genetic algorithm research of improved 
fitness and operator is completed. Firstly, a 
chromosome coding method is designed for solving 
the branch structure of cables by genetic algorithm, 
and a completely new initialization method is 
proposed, which completes the generation of 
individuals and initial population.  

Then, the path planning results of A* algorithm 
and the process weights of branch points are 
introduced into the fitness function of genetic 
algorithm to realize the global optimization of cable 
path planning and branch structure in line with 
branch point process.  

An improved selection, crossover and mutation 
operation is proposed by introducing selection 
influence factors, traversing repetitive nodes and 
improving the crossover probability of excellent 
individuals. The test results show that the improved 
algorithm reduces the fatality rate and has a high 
convergence rate. It can realize the global 
optimization calculation of "path-structure" of 
cables. 

With the development of computer technology 
and AI technology, intelligent optimization algorithm 
should be applied and popularized in cable 
automatic optimization design to a greater extent.  

Future research can strengthen the consideration 
of wiring technology in A* algorithm, the minimum 
bending radius requirement of wire harness, and the 
consideration of cable cost. At the same time, the 
final algorithm shows that it can be combined with 
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mainstream engineering software. Finally, an 
integrated system is generated to facilitate the 
systematization of the design system and improve 
the efficiency of designers. 
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