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Abstract. For power grid engineering projects, the project consists of a number
of projects to clear a certain amount of engineering, the completion of the project
involves a series of different categories of costs, the existing technology of these
categories are usually defined as labor costs, mechanical equipment costs, ma-
terial costs, management fees, profits and taxes. Therefore, how to efficiently
analyze these huge category of data based on data analysis technology has be-
come an urgent technical problem to be solved. Therefore, in order to solve the
defects in the existing technology that it is difficult to compare and analyze the
cost data of many power grid categories, this paper puts forward the statistical
analysis technology of the cost of power grid project categories based on big data
analysis technology.

Keywords: big data analysis technology, power grid engineering, project cate-
gory cost, statistical analysis technology

1 Introduction

The project cost based on the quota valuation mode is difficult to reflect the actual
consumption of the construction department, cannot accurately deal with the market
price changes, and ultimately affects the results of the project cost analysis, and directly
affects the correctness of the investment decision of the project, and has a significant
impact on the bidding project of the power grid project and the cost management in the
later period. At the same time, the amount of power grid project cost data is large,
involving multiple budget, bidding, settlement and other subsystems. Manual collec-
tion of these data and cost analysis are easy to lead to data inconsistency and low
analysis efficiency.

Literature [1] uses the work breakdown structure (WBS) method to decompose and
classify the intrinsic attributes, physical structure, and technical characteristics of the
distribution network project itself, and gives the basic principles and ideas of coding
and setting for the subdivided project level and data unit. Literature [2] Using mul-
ti-grid technology and VAR model, a set of power grid engineering cost data infor-
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mation analysis methods were established to achieve accurate analysis and prediction
of construction costs. Literature [3] proposes a big data-based investment budgeting,
accounting, analysis and evaluation method for the main distribution network of smart
economic parks, and budgets the main network and distribution network separately
through different strategies. Literature [4] Based on the big data environment, the data
management process and management framework of power grid engineering cost are
proposed, hoping to strengthen the management and control of power grid engineering
cost. On the basis of combing the full cost data system of power grid engineering,
literature [S5] systematically proposes a normalized management framework for power
grid engineering cost analysis under big data storage from three aspects: division of
labor and cooperation, supervision and management, and comprehensive evaluation. In
literature [6], an intelligent cost management and control model based on edge com-
puting was constructed for the confirmation of the whole link unit of power transmis-
sion and transformation engineering, and the immune particle swarm optimization
algorithm based on hybrid strategy was used to optimize the model. In literature [7], a
data processing method based on Particle Swarm and Genetic Hybrid Optimization
Algorithm (PSO-GA) was constructed to improve the timeliness and accuracy of cost
analysis of power transmission and transformation projects. Literature [8] proposes a
method for predicting the cost data of power transmission and transformation projects
based on the MK-TISM method. Literature [9] combined with the problem that there
are a large number of pictures in the cost data source file of power transmission and
transformation projects and the difficulty of data extraction, a picture text recognition
method based on image preprocessing is proposed, and the B+ tree and index tech-
nology are combined to retrieve data. In Ref. [10], the influencing factors of 110kv
substation project cost were qualitatively identified, and the principal component
analysis, multiple linear regression and path analysis methods were used to screen out
the key influencing factors of 110kv substation project cost with the help of the data
analysis function of SPSS software, and their influence degree was ranked. Literature
[11] highlights the impression and effect on decision-making through big data. The
investigation’s rationale is to dig deep insight into the buzzword to enable stakehold-
ers to understand the challenges and opportunities that big data has bought in the cur-
rent business scenarios. It also discusses applications of big data-influenced deci-
sion-making, along with state-of-the-art big data techniques and technologies. Litera-
ture [12] presents an investigation of the linkages between Big Data Analytics (BDA)
capabilities, circular economy (CE) practices, and sustainable supply chain (SSC)
flexibility on the SSC performance.

To sum up, the current research on power grid project cost is more based on the
perspective of project management, with the purpose of serving project budget and
process cost control, while the analysis and comparative analysis of the cost data of
different types of power grid projects is relatively weak.

The proposed power grid project category cost statistical analysis technology based
on big data analysis technology solves the defects that it is difficult to compare and
analyze the cost data of many power grid categories compared with the existing tech-
nology. The research ideas of this paper are as shown in Figure 1 below:
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Construct a full-cost list model for power
grid engineering projects

}

Construct a bill of quantities database for the
full cost of power grid engineering

l

Construct a reference library of bills of
quantities for the project to be analyzed

l

Statistical analysis of the cost of power grid
engineering projects

Fig. 1. Technical Roadmap of this Paper.

2 Construction of Full List Model of Power Grid Project

The purpose of constructing the full cost list model of the power grid engineering
project is to determine the apportionment coefficient model 0 through a certain

method, and then determine the full cost list model M , and allocate the cost collec-
tion of the cost document to the bill of quantities collection, so as to realize the labor
cost, material cost, machinery use fee, measure project cost, management fee, profit,
regulation fee and tax are all allocated to the comprehensive unit price of the list. In
this way, the comprehensive unit price of the list after cost allocation reflects all the
costs of the power grid engineering project, and the relationship with the engineering
cost of the project is more direct, and it is convenient to directly analyze or compare
the comprehensive unit price of the project to be analyzed. The specific steps are as
follows:

(1) Import data, import project cost file F; based on bill of quantities; split pro-
ject cost file £, split into bill of quantities set and cost set, wherein bill of quanti-
ties:

M, ={ID. Mo M MU M M MP (1)

ID indicates the fixed number of the list item M PN M l.“ represents the quan-
tity of the inventory item M ,, M I.Norm represents the characteristics of the inven-

tory M,, M I.U”” represents the unit of the inventory item M, M l.P" represents
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the basic cost of the inventory item M,, M l.” represents the apportioned cost of

the inventory item M ,, and MP represents the full cost of the inventory item M.

Here, the properties of the bill of quantities can be added or removed based on the
project file to be analyzed. The formula for fee items is as follows:

0, ={p,0™, 07} 2)

ID indicates the fixed number of the O, of the expense item, O indicates
1 p > i

the name of the O, of the expense item, and O/ indicates the cost of the expense

item.
(2) Share the cost of the bill of quantities, and share the cost set of the project cost
document to the set of the bill of quantities. The allocation method is as follows:

VM, eM,M? =M" +a, (3)

Among them, it represents the share of the cost collection allocated to the project
quantity clearance item:

wizz(eixoip)aMim:a)i 4)

0,€0

Here are three ways to obtain them:

Example 1: Share the cost items according to the weight method:

There are two types of A and B for the project quantity clearance of A cost docu-
ment, among which A has installation requirements, and B has no installation re-
quirements to share the installation cost to A and B. According to the requirements, the
installation cost allocation coefficient of A is 1, and the installation cost allocation
coefficient of B is 0.

Example 2: Share the cost item according to the category method 6’l :

For example, there are two kinds of quantity items A and B in A cost document, and
share the construction cost C to A and B, the allocation amount of A and Bis C/ 2. At
this time, the allocation coefficient of A and B is 1 / C (M), in which C (M) indicates the
number of quantity items. &

Example 3: Share the cost items according to the mean method:

The quantity items of A cost document are A and B, including A and B; now share
the installation cost C (whether there are installation requirements), the installation cost
C of A and B is; then the allocation coefficient of any project quantity is, which rep-

C
resents the total project quantity. —— * g *b 01/ count count

a+b a+b
Thus, record the specific allocation coefficient of the cost set O of each single item
for subsequent comparison analysis:
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M, ={ID,6,,6,,...,6,} 5)

Generate the project BOQ model: and the matching set of allocation coefficients:

3 Construction of the Full-Cost Bill of Quantities Database for
Power Grid Engineering

Build the full cost bill of quantities database, read the historical power grid project
documents, and build the full cost bill of quantities database and the corresponding
allocation coefficient database according to the historical power grid project docu-
ments. In this step, it is the bill of quantities based on the historical project documents.
According to the principle of consistency of fixed number and uniqueness, the quanti-
ties of all historical project documents are combined to form the full cost bill of quan-
tities database and the corresponding allocation coefficient library. The specific steps
are as follows:

(1) According to the full cost list model M and the apportionment coefficient
model & of the historical engineering project documents, the bill of quantities set

M (M= {ID,Ml.'”,MITN""'”,Mi'U"i',Mi'E’,Ml.'w,Ml.'p,...}) and the apportion-
ment coefficient set 6" (M| ={ID,8,,6,,...,6.}) are constructed. The bill of quanti-
ties model library F (/' : F|, F,,..., F,, F, ) is constructed in the following steps:

y

——
M 6

1)According to the full cost list model M and the apportionment coefficient
model 6 of all engineering project documents, all attributes and apportionment factor
attributes of the bill of quantities items in all engineering project documents are merged
and the number of times is set for each numerical attribute;

2)Merge all bill of quantities items into bill of quantities set M and allocation
factor set @' according to the full cost bill model M and apportionment factor
model 6 of all project documents;

3)M" contains all kinds of bill of quantities items that appear in all historical en-
gineering project documents. For any bill of quantities item A , when merging to
M',if M, doesnot contain the attributes of M ,, the attribute value of the attribute

is left blank;

4)@'" contains the set of allocation factors for all bill of quantities items that appear
in all historical project documents;

5)For any bill of quantities item, when merging to @', ifthe M, does not contain

the attribute of M ', the attribute value of the attribute is left blank.

(2) To build the full cost quantity bill library, according to the quantity clear single
fixed number consistency principle and quantity clear single character attribute
matching principle, the bill of quantities set and allocation coefficient set clustering, to
be scattered in the multiple historical project files of similar clear single aggregation
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statistics, to make the whole cost bill of quantities in the same kind of clear single item
only, easy to treat the analysis of project file clear single comparative analysis, the steps
are as follows:

According to the collection structure of the bill of quantities, the establishment of the
full cost bill of quantities library, structure, its field is composed of all the attributes in
the bill of quantities collection, the main field includes the fixed number of the quantity
item, the quantity item, the specification description of the quantity item.

!
M in the bill of quantities set M ;1s filtered out from the bill of quantities set
M according to the fixed number ID of the bill of quantities item in turn; all the filter

!
information of the bill of quantities item M, is classified, mainly according to the

fixed number ID and character attribute of the list item: all the same attribute values of

the number ID and character type attribute are the bill of quantities items in the same

class case; the reference information of the numerical attribute of the bill of quantities

item in the same class is calculated, so that the record of the bill of quantities item with

the same attribute value of the number ID and character type attribute in the full-cost

bill of quantities library M" is unique, wherein the calculation formula for calculat-
!

!
ing the full-cost M/ of a certain class of the bill of quantities item M, is as fol-

lows:
’

Calculated average values M :

>mr

MM 6)
c(M,)
Calculated variance M :
D (MP-M!Y
S*(M! == ; (7
(M)

’

Reference information counted M l.p :

n

M! =M} £§*(M]) ®)

The statistics of the quantity of single reference information into the full cost of the
bill of quantities library, establish the allocation coefficient of the quantity of single
item library structure, the field of allocation coefficient set, all the allocation attributes,
the main field including quantity clear item fixed number and a series of allocation
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attributes. The reference information of the single allocation coefficient in the statis-
tical allocation coefficient collection and stored in the apportionment coefficient da-
tabase, the set of the quantity clearance'selects all the information from the allocation
coefficient collection according to the fixed number; the reference information of each
allocation coefficient of the statistical quantity clearance item, so that the records of the
fixed number in the allocation coefficient database are unique.

Calculate the mean value of each allocation coefficient:

>6

!

Vo ,g =", ©)
()
Calculate apportionment variance:
>0, -0,y
vej ’SZ(gi ):9'7' (10)
)
Reference information for statistical allocation coefficient:
6, =6, £5°(6,) (11)

It represents the number of times that the apportionment coefficient of the item
appears in the set of apportionment coefficient.

Store the apportionment coefficient information of the statistical project quantity
clearance item into the apportionment coefficient database:

Bill of quantities library:

" 4

" " " l
N Uni F
M. :{]D’M[a 9Mi orm aM,' nit ’Mio

l

NYEYE: } (12)

Sharing coefficient library:

M, = {/D, eee} (13)

4 Construction of Reference Library of Engineering Bill to be
Analyzed

(1) Construct the full cost list model of power grid engineering projects to be analyzed.

Read the power grid project documents to be analyzed, split the power grid project
documents to be analyzed, and divide them into bill of quantities collection and cost
collection.
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”

” ” " " " n
t t,a t,Norm t,Unit t,F, t,® t,p
M _{]D,Ml, M MY AR M M } (14)

l

It represents the list, the fixed number, represents the quantity of the list, represents
the characteristics of the list, represents the list, the unit, represents the basic cost of the
list, represents the list, the apportionment cost, represents the full cost of the list.

Similarly, this Bill of Quantities attribute is added as required.

Where, the cost estimate set O:

0! = {ID, 0", 0! ’P} (15)
Generate the project BOQ model:

0! ={Ip,0"" 0"} (16)

5 Statistical Analysis of Power Grid Project Category Cost

By the method of project category conversion, the full cost of the bill of quantities is
converted into specific category cost, and the comparative analysis is made based on
the category cost. The principle of comparison is the existing traditional idea. After the
data processing in the above chapter, the comparison is automatically analyzed by
computer. The specific steps are described as follows:

(1) Conversion of the project cost category. Convert the full cost of the bill of
quantities into labor cost R, mechanical equipment cost J, material cost C, management
fee G, profit L and tax S for category analysis.

The conversion of the project cost category described consists of the following steps:

Generate the reference model of category cost. For analysis project documents, the
bill of quantities reference library and bill of quantities allocation coefficient reference
library, for any quantities clear the reference cost allocation, according to the bill of
quantities allocation coefficient of the corresponding quantities clear single allocation
coefficient allocation to category cost reference model, generate category cost refer-
ence model, the expression is as follows: A"

A”:M;”(ID,ARJAJ’AC’AG,AL,AS) (17)

ID M" A, A, A A, A, Ay Among them, it is the number of the project

quantity clearance item, which corresponds to the specific value of the labor cost R,
mechanical equipment cost J, material cost C, management fee G, profit L and tax S

respectively. M,

Ap =04 *M™ (18)



22 H. Chen et al.

A, =0 M (19)
Ao =6 M (20)
A, =60 * M @1
A, =00 M (22)
Ag =00 *M™ (23)

The apportionment coefficients of labor cost (R), machinery and equipment cost (J),
material cost (C), management fee (G), profit (L), and tax (S) correspond to their
respective cost categories in the allocation framework.

Generate the reference model of the category to be analyzed. According to the ref-
erence database of the bill of quantities of the project documents to be analyzed, use the
generation method of generating the category cost reference model to generate the
reference model of the project to be analyzed. The expressions are as follows:

A” : Ml't" (ID’ AR’AJ’AC’AG’AL’AS) (24)
A MDA A, A AG, AL Ag) (25)

Compare and analyze the project category and cost of the project. Analyze the total
category cost of the engineering project, which is expressed as follows:

R =DM *Ap R =) M*A, (26)
M" M{”

J' =D MI*A, =) M *A, 27)
M| M/”

C'=> M!*A.,C" =D M!*A, (28)
M er”

G' =D M/*A;,G" => M*A, (29)
Mf M;H

L= M{*A L= M*A, (30)
M| M’”

ST =Y M *AG,S" =D M/ *A G1)
v .

M|
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t t t t t t
DI=R+J+C'+G'+8 (32)
t t" t" t" t t"
D I=R'+J +C"+G"+S (33)

R , J! , C' , G’ , S" are the costs of all items of the project to be analyzed R",J" ,
Gt” ) v s Z ! s Z v are the reference costs for the completion of all items of the bill

of quantities; the total reference costs of the project and the total reference costs of the
project.

Analysis of the project total category cost and reference total category cost differ-
ence and analyze the causes of the difference, determine whether the project total

category cost within the range of the total category cost fluctuation R’ , J*, C*, G", S"

and R",C",J",G",S", the difference between the corresponding category of
cost, judgment to analyze all kinds of cost in the range of cost of reference.

Project category cost category analysis of a single project quantity clearance item,
analyze the difference between the cost category of a project quantity clearance item
and the reference cost category:

M (ID,A,A,,Aq AL A, LAY

(34
Mf(]D,AR,AJ,AC,AG,AL,AS)
Compare the cost of the same project, analyze the differences between the corre-
sponding cost categories, and judge whether the cost of the project to be analyzed is
within the fluctuation range of the cost of the reference project quantity.

6 Conclusion

Reasonable control of power grid project cost, improvement of project quality and
investment benefit have an important meaning for strengthening the project cost
management of power grid enterprises. Therefore, this paper puts forward the statistical
analysis technology of power grid project category cost based on big data analysis
technology, so as to realize the efficient analysis of the huge category data of power
grid engineering and improve the efficiency of data analysis.
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