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Abstract. With the rapid development of the electric power industry, grid
technology transformation projects have become an important way to enhance
grid operational efficiency and improve the reliability of power supply. How-
ever, due to the wide range of equipment involved and the technical complexity
of these projects, how to reasonably assess and control project investment costs
has become an urgent issue. As the cost components of technological transfor-
mation projects are numerous and the influencing factors are complex, precise
determination becomes challenging. Therefore, this paper proposes a novel ap-
proach based on Kernel Density Estimation. By utilizing KDE, it is possible to
estimate the data distribution more accurately without relying on assumed mod-
els, thus providing a more scientific basis for determining the cost range of power
grid technology transformation projects.
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1 Introduction

With the new stage of China's economic development, the rapid development of the
power industry, the speed of power grid construction shows a rapid expansion trend.
In particular, in the field of grid technology renovation, the emergence of new tech-
nologies, advanced equipment, and innovative materials has led to certain deviations
between the actual costs of renovation projects and the related standard benchmarks,
which hinders the scientific management and control of project budgets. Furthermore,
the growing demand for technological upgrades in the grid has made the need for
precise cost control more urgent. Effectively managing costs and scientifically defining
the reasonable boundaries of project expenses not only affects the input-output effi-
ciency of individual projects but also has a significant impact on the operational de-
velopment of power grid companies [,

Combined with the current development situation, relying on advanced big data sta-
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tistical analysis technology, the precise determination of the cost input range and scope
of power grid technical transformation projects is the basis for ensuring the orderly
development of project construction and the precise control of cost input. Literature [2]
proposes a method utilizing neural networks for optimizing the rapid estimation of
power grid engineering costs and quantities is introduced. This approach enables ac-
curate estimation of both costs and quantities within a short timeframe, offering valu-
able insights for the relevant stakeholders. Literature [3] presents a stacking-based
ensemble model prediction technique. This approach combines the strengths of indi-
vidual classifiers, significantly enhancing the model's generalization ability and pre-
diction accuracy. In Literature [4], the entire process of power grid engineering cost
management is examined, with a focus on selecting an evaluation index system and
constructing a comprehensive cost management model, which serves as a reference for
improving precise investment control. Literature [5] investigates the factors contrib-
uting to cost deviations, explores strategies and methods for optimizing power grid
engineering cost management, and enhances the overall effectiveness of cost man-
agement. Literature [6] presents a method for selecting technology upgrades in energy
systems, focusing on cost estimation and ranking of alternatives. Literature [7] dis-
cusses an integrated approach for evaluating design upgrades, focusing on lifecycle
impact assessment and optimization. Literature [8] proposes a systematic economic
evaluation model for power grid technological upgrades, enhancing investment accu-
racy and sustainability.

These papers emphasize methods for optimizing cost estimation and enhancing cost
control, while this paper stands out by proposing a scientific statistical analysis-based
economic evaluation model for power grid technological transformation projects,
focusing on precise cost control and investment return assessment.

2 Data-driven approach to probability distribution
modeling

Parametric distribution modeling makes statistical inference through the structural
properties of the preset probability model family, while the free distribution inference
framework builds the probability structure directly based on the features of the ob-
served data, typically represented as f(x|0), where 0, are the parameters defining the
distribution. This approach uses a small number of parameters to describe the distri-
bution of the sample. However, the main limitation of this method is that it requires
prior knowledge of the data distribution. If the assumed distribution does not match the
actual data, significant estimation errors may occur. In contrast, the free distribution
inference framework implements probabilistic modeling through the analysis of data
intrinsic features, completely escaping the structural constraints of the preset proba-
bility model. Instead, it directly estimates the probability density function based on the
sample data itself. By analyzing the actual distribution of the data, this method can
more accurately approximate the true probability density function, avoiding the biases
introduced by assumed distributions. Kernel density estimation is one of the commonly
used non-parametric methods. It smooths the data to estimate the density curve,



Research on Reasonable Interval Analysis Method of Power Grid 13

providing a more accurate reflection of the data's distribution. The specific formula is
shown as follows:

1 < x—X;
1) ;ZQ[TJ (1)

In the above formula, n represents the number of calculated samples, h represents

the smoothing parameter, Xi represents a certain sample determined, o) repre-
senting the numerical value of the function. For special functions, the following prin-
ciples must be followed:
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I'represents the bandwidth, when the special function is determined, the variance of
the calculation results is mainly affected by the bandwidth Once the kernel function is
determined, its variance is controlled by the bandwidth /. The smooth characteristics
of the estimated curve of kernel density is mainly affected by the parameter h. The
parameter hhh governs the smoothness of the kernel density estimation curve. A
smaller value of / results in a steeper curve, as the influence of each sample point
decreases. On the other hand, a larger !/ leads to a smoother curve, where the contri-
bution of each sample point is more evenly spread. The choice of ! is crucial as it
directly affects the trade-off between overfitting and underfitting in the density esti-
mation.

3 Construction of a Model for Reasonable Interval
Determination in Technology Transformation Projects

This study using the spatial interpolation principle of bell-shaped feature functions,
based on the unconstrained probability field modeling, the statistical density distribu-
tion is determined by an adaptive smoothing process of the observed data.

TV N S N PE P ¢
f(x)—ﬁanexp[ e )2}
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If the bandwidth / is set too small, the density estimate becomes overly localized
around the observed data points, causes a lot of unpredictable mistakes. Conversely, if
I is set too large, important features are ignored, resulting in biased estimates.
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In this case, the value of the base function is strongly correlated with the value of the
parameter /. In this paper, the bandwidth is chosen using the optimal bandwidth de-
termination technique offered by MATLAB.

The project cost control domain should match the preset reliability threshold. After
establishing the engineering cost statistical distribution surface based on the freely
distributed probability field reconstruction technology, the economic evaluation in-
terval corresponding to the confidence parameter can be derived through the cumula-
tive field construction algorithm, which can be implemented specifically:

R
F(R)= | f()dt “)

Finally, the confidence interval is defined by | _ ., depending on the chosen con-

fidence level.

4 Example analysis

The equipment upgrade project data of a provincial power grid in the past three years
(2020-2022) was selected as the research object, and its reliability in the engineering
economic evaluation was verified through the non-preset distribution modeling tech-
nology.

The study sample covers 180 cases of transformer iteration engineering, and the
dynamic data shows that: In 2020,50 cases will be implemented, involving 450 groups
of equipment updates, with a total investment of 102 million yuan; In 2021,75 cases of
technology upgrading were completed, covering 720 sets of equipment, with an in-
vestment scale of 165 million yuan; In 2022,55 cases of renovation will be promoted,
and 480 sets of key equipment will be updated, with 123 million yuan invested.

Figure 1 shows the thermal map of the cost distribution of a single equipment gen-
erated based on the probability field reconstruction algorithm. whose statistical char-
acteristics are highly consistent with the economic law of engineering, which confirms
the practical value of this method in the quantification of cost interval.

Figure 1 shows the statistical distribution of unit costs for disconnector re-
placement projects. The blue bars represent individual unit costs, while the red
line indicates the average cost. The cost distribution is highly varied, with some
projects having significantly higher costs, while others are closer to the aver-
age.

Based on the probability field modeling method, the single cost statistical
characteristics of the equipment iterative engineering are extracted, and the
cumulative probability integral curve is constructed by using the three-times
Hermite interpolation algorithm. Figure 2 shows a single cost distribution sur-
face generated by feature-preserving density analysis technology, which accu-
rately reflects the statistical law of engineering economic parameters.
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Fig. 1. Statistics of unit cost of disconnector replacement projects.
Unit cost probability density curve
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Fig. 2. Results of density curves

The val coverage efficiency (ICP) is used as the confidence verification index,
and its Bayesian verification formula is defined as:

ow=-"p (5)
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Where, v representing the sum of the number of samples> Zi is a Boolean
value, taking the value of 1 if the sample is within the interval, and 0 other-
wise. If ICP=1, it implies that all samples lie within the cost interval,
providing the highest reliability. However, this makes the cost interval lose its
practical relevance. Typically, the interval coverage efficacy index should be
statistical consistent with the preset reliability threshold. The empirical data
show that when the confidence domain coverage efficiency and the target
confidence degree show convergence characteristics, the constructed engi-
neering economic decision interval has the optimal statistical efficiency.
Figure 3 verifies the theoretical completeness of the confidence domain
construction method by analyzing the coverage characteristics under mul-
ti-level reliability parameters.

ICP Values at D Ttrn—' nt Confidence LH\ els

fidence Level

Fig. 3. Confidence Level vs. ICP Distribution

5 Conclusion

This study applies the kernel density estimation KDE) method to determine a reason-
able cost interval for power grid technological transformation projects. By analyzing
transformer replacement cost data, KDE proves to be a flexible and accurate alternative
to traditional parametric models. The introduction of interval coverage probability ICP
further ensures cost interval reliability at various confidence levels. Results highlight
the importance of selecting an appropriate bandwidth to balance estimation accuracy.
Overall, this research enhances cost control and investment decisions. Future work may
integrate KDE with machine learning for improved prediction accuracy.
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