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Abstract. With the rapid development of China's economy, the electricity load continues to increase, the 
national demand for power engineering projects is also increasing.In the context of the gradual improvement 
of national requirements for substation projects, decision makers no longer only consider the optimal 
standards of project duration, cost and quality, but also the resources consumed in the construction and the 
degree of impact on the environment are important criteria for judging projects.However, in order to be 
environment-friendly and based on resource constraints, the project management of substation projects is 
becoming more and more complicated.In this paper, resource factors are added on the basis of the three 
classical indexes, and the optimal resource allocation of the project is realized under the condition of 
minimizing the adverse impact on the environment. The feasibility scheme of multi-objective optimization is 
obtained through particle swarm optimization algorithm. 

1 Introduction  

Since the 20th century, the electric power industry, as an 
important energy industry in China, has developed rapidly. 
With the increasing proportion of national investment in 
electric power projects, the number and scale of various 
electric power projects have been improved. Substation 
project is one of them, based on this, in recent years, the 
national requirements of substation project gradually 
improve. Many managers began to consider that the level 
of project management and the use of multi-objective 
technology can effectively improve the indicators of the 
project. 

For multi-objective optimization problems, early 
scholars began to study from two quantities: time limit 
and cost. Siemens[1] established the optimization model 
of construction period and cost based on network diagram. 
Ei-Rayes and Kandil[2] introduced quality objectives into 
the traditional duration-cost optimization model and 
proposed the discrete optimization model of duration-
cost-quality of engineering projects. Bruce and 
Matthew[3] incorporated quality management objectives 
into project objective optimization, extended the standard 
discrete duration-cost optimization model, developed a 
mixed integer linear programming model, and illustrated 
the comprehensive optimization among duration, cost and 
quality through examples. Liu Yuding [4] proposed a 
duration-cost optimization model with cost present value 
and a duration-quality optimization model based on 
system reliability. Based on the project duration, Zhang 
Xiao[5] established the substation model of duration, cost, 
quality and environment, but the sub-environment model 
is too simple.Qiu Xinyun [6]added system reliability and 

safety factors into the quality model to build a multi-
objective optimization model.  

This paper takes the construction period as the 
independent variable, quantifies the cost and quality 
model, combines various uncertainties in the engineering 
practice, quantifies the environmental impact, and 
constructs the environmental model related to the 
construction period with deterioration factors. At the same 
time, considering the resource constraints of the project, 
the optimal resource allocation of the project on the 
critical path of network graph is realized on the basis of 
limited human resources. It provides a new idea for multi-
objective optimization of substation project management. 

2 Assumptions of the model  

2.1. Quantification of duration model 

The duration of the project construction depends on the 
path in the network planning diagram. In all the paths in 
the network planning diagram, the sum of each procedure 
is compared with each other. The path with the maximum 
value is the critical path of the project construction, and 
the duration calculated on the critical path is the total 
construction period of the project. Based on this, this 
paper establishes the following project duration model: 
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2.2. Quantification of cost model  

Engineering cost is divided into direct cost and indirect 
cost. This paper quotes Zhang Xiao's multi-objective 
optimization model of substation project[5]: 
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2.3. Quantification of quality model  

The total quality of an engineering project is determined 
jointly by the quality of various work activities. This 
paper quotes Zhang Xiao's multi-objective optimization 
model of substation project[5]: 
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3 Model building 

In recent years, resource conservation and environmental 
protection have been the themes of national advocacy. In 
the construction of a project, considering the impact on 
environmental protection, enterprises and investors will 
adjust the allocation of resources according to the nature 
of the project in a planned way. After reviewing the 
relevant literature, this paper finds that the environment 
and other factors in the project have significant influence, 
and the influence amplitude is different. In this paper, 
after obtaining the network diagram of the project 
according to the critical path method, aiming at the 
duration of the sub-project on the critical path, the 
mathematical model of environmental impact is 
established: 
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Where, E represents the proportion coefficient of the 
impact of the total project on the environment; d
represents the distance level between the construction 
scope and the residential gathering area; s represents the 

noise pollution standard of construction; je represents the 

pollution index generated by the sub-project to the 
surrounding environment; R represents optimal resource 
allocation. 
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ju represents the energy and resource consumption 

levels of sub-projects on the critical path; jk represents 

the assigned position on the path of the subproject; jH
represents the allocated human resources of the sub-
project;  is a deterioration factor. 

In general engineering, in order to improve the 
efficiency of the project, the maximum human resource 
factor of the project will be selected in advance in the 
stage of drawing up the plan.Therefore: 
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Where, G represents the maximum human resource 
ratio coefficient, and B represents the set of sub-projects 
on the critical path. 

And since E  is only dependent on R  and jH , 

and 
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  is independent of jH , under the 

constraints of 
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 , you can view jP  it as a 

constant quantity, so if you minimize E , you're 
minimizing R .So based on this constraint, the objective 
function is: 

 

min ( )
m m

j
j j

j B j B j

k
R u P

H


 

  
 (10) 

Obviously, the target function R  is minimized 

under
m

j
j B
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 .Therefore, the problem becomes a 

conditional extremum problem when the constraint 
conditions are satisfied.To solve this problem, we adopt 
the Lagrange Multiplier Method,whose function is 
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Since the objective function is convex, take the partial 

derivatives of [ ]jH  and  , respectively, in Formula 

(11), and set the derivative function as 0, so we can get: 

 

[ ]
[ ] 1

[ ] [ ]

( , )
0j

j
j j

kL H
P

H H





   


  


 (12) 

 [ ]
1

( , )
0

m

j
j

L H
H G


 


  

   (13) 

According to Formula (12), we can get: 
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And according to Formula(13) and Formula(14),we 
can get : 
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Substituting Equation (15) into Equation (14) can be 
obtained : 
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Based on the above conditions, update the energy and 
resource consumption level: 
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So in this case, the final amount of resources is 
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Based on the hypothesis of the model, it can be seen 
that cost, duration and quality are the main influencing 
factors of the project. Combined with the above 
theoretical derivation and adding the environmental 
objective function, the following four-objective 
optimization model of project duration, cost, quality and 
environment can be established: 
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4 The empirical research 

The construction period of A substation electric power 
engineering project is 195~245 days, and the construction 
period required by the contract is 225 days, and the 
indirect cost is 3000 yuan/day. The quality level is 
excellent, equal to the quality level of not less than 0.9. If 
the construction is completed one day ahead of schedule, 
4,000 yuan will be awarded, and each day delayed, 5,000 
yuan will be fined. After all kinds of data analysis, data 
collection, induction and summary of the project as well 
as preliminary data processing. Draw the network 
diagram of the project and the relevant parameter table as 
follows:  

 

Fig. 1. Project network diagram. 

 

Fig. 2. Engineering data. 

After expert evaluation and inspection, the 
construction site of the project is about 7.6km away from 
the residential gathering area. Therefore 

27.6
1 (1 ) 1.0576

10
d      

The average noise Pt in a day is 60dB, so 
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The critical path of solving network graph using 
network planning technology is as follows: 
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In Matlab2020A, the program of multi-objective 
particle swarm optimization algorithm can obtain 50 
Pareto optimal solutions after one run, and 50 Pareto 
optimal solution sets can be obtained after about 500 
iterations of the calculation process. The convergence 
process is shown in the figure: 

 

Fig. 3. Convergent line chart. 

Due to the real implementation of the project, the 
actual design is often expected to be different, in the actual 
project, the construction period, cost, quality and 
environment for the final level of construction focus is 
also different. Managers may prefer the optimal cost, 
while construction workers prefer the shortest 
construction period. Based on the different emphasis of 
each optimization quantity, we select four groups of 
optimal result points relative to each index from the 50 
solution sets (as shown in the table below): 

Table 1. 4 optimal solutions of Paroto. 

Pareto 
optimal 

solutions 
T C Q E 

1 198 
907040
9.0775 

0.9475 77.1973 

2 196 
912346
7.7599 

0.9472 77.3752 

3 200 
909720
8.8569 

0.9431 75.7002 

4 199 
905221
0.8497 

0.9403 76.9947 

 
It can be seen from the table that the combination of 

Pareto optimal solutions obtained by this method can 
make the decision maker's plan not simple, and can be 
used to solve the requirements of substation project in 
various objectives. Scheme 1 is more suitable for high 
quality projects, Scheme 2 is suitable for short 
construction period and fast construction, Scheme 3 is 
suitable for projects with minimum environmental 
damage and higher environmental requirements, and 
Scheme 4 is suitable for the pursuit of the lowest cost. The 
decision maker can choose the appropriate project plan 

according to the actual project and the requirements of the 
project. 

5 Conclusion 

In this paper, on the premise of the traditional substation 
project to consider the optimization of the three factors, 
added and quantified the standard of resources and 
environment, the application of the model established in 
this paper and the solution method, can effectively solve 
the actual project for the project duration, cost, quality and 
resources of the comprehensive optimization problems. 
Because the project is a huge and complex system 
engineering, there are many kinds and different specific 
requirements, so the optimization of the four control 
objectives needs to be further in-depth. This paper 
explores the optimal environmental proportion of the sub-
projects on the critical path and optimizes resource 
allocation. For the sub-projects on the non-critical path, 
resource allocation and environmental proportion need to 
be further studied. 
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