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Abstract

With a large number of film capacitors being deployed in critical locations in electrical and
electronic systems, artificial intelligence (Al) technology is also expected to address the
problems encountered in this process. According to our findings, Al applications can
cover the entire lifecycle of film capacitors. However, the Al safety hazards in these
applications have not received the attention they deserve. To meet this, the authors argue,
with specific examples, risks that flawed, erratic, and unethical Al can introduce in the
design, operation, and evaluation of film capacitors. Human-Al common impact and
more multi-dimensional evaluation for Al are proposed to better cope with unknown,
ambiguity, and known risks brought from Al in film capacitors now and in the future.

KEYWORDS

sustainable development

1 | INTRODUCTION

In the fight against energy supply and environmental protec-
tion issues [1, 2], devices [3] that can help more renewable
energy to be consumed [4] by the energy system are too
important to be ignored. With more material potential [5, 6]
and excellent properties [7-9], film capacitors will play more
and more significant roles as energy connection nodes [10].
Hence, novel technologies [11, 12] and helpful strategies [13,
14] are needed to address the problems that may be faced
when expanding the range of applications for film capacitors.

Artificial intelligence-(AI) related approaches have been
proposed to deal with issues in high-stakes fields, such as en-
ergy [15], transportation [16], communication [17], materials

ageing, capacitors, environmental degradation, environmental factors, polymer films, power capacitors,

[18], biology [19], chemistry [20], physics [21], economics [22],
environment [23], and military [24]. On the other hand, the
accidents [25, 26] that occurred during this process also began
to draw attention to the assurance challenges [27, 28]. How-
ever, more research is currently focused on the direct threats
posed by Al [29, 30], and more gaps exist in research on the
impact of Al safety on critical areas of human existence, such
as energy transmissions [31].

Except for the traditional engineering method for film
capacitors [32] and Al methods regardless of capacitor type
[33-37], many ideas based on Al for solving problems of film
capacitors were also proposed. Nevertheless, the possible
safety issues in the application of Al to film capacitors have not
yet received attention. Considering most of the critical
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decisions that determine system safety occur eatly in devel-
opment [30], there is still considerable value in the research on
the Al safety of film capacitors while the entire life cycle of
film capacitors has not been fully Al-enabled.

Therefore, we conduct a comprehensive review to assess
the extensive potential applications of Al in film capacitors.
Subsequently, we address our concerns regarding the potential
risks posed by Al within the context of film capacitors. This is
accomplished by providing detailed examples of Al's impact
on the design, operation, and evaluation phases of film
capacitor development. Furthermore, we assert that there may
exist unidentified safety concerns that have not yet been
acknowledged, let alone addressed. This discrepancy between
the significance of Al safety in energy devices and the level of
attention it currently receives is a focal point of our argument.
The proposed solutions presented herein are intended to assist
individuals in preparing for the imminent challenges and po-
tential catastrophes associated with Al integration in film
capacitors.

2 | THE APPLICATIONS OF AI IN FILM
CAPACITORS

The film capacitor industry is on the cusp of a major trans-
formation, primarily propelled by two significant factors: the
increasing emphasis on reducing carbon emissions [10] and the
surging demand for reliable energy devices [38]. This conver-
gence of environmental consciousness and energy needs is
ushering in a new era of expansion for the film capacitor
sector. As the industry shifts its focus towards sustainability
and efficiency, we can anticipate a substantial rise in both the
production and application of film capacitors. This burgeoning
industry has a vision for the future that revolves around high
levels of automation and intelligence. At the heart of this
transformation lies Al, poised to play a pivotal role. By har-
nessing the power of Al, we foresee the development of
optimised solutions that cover every facet of the film capaci-
tot's life cycle, spanning from design and production to testing,
operation, evaluation, and recycling, These Al-driven solutions
hold immense potential, promising to greatly enhance both
economic viability and environmental sustainability.

Table 1, with its array of references, underscores the idea
that Al can be seamlessly integrated into each stage of the film
capacitot's life cycle, a process that currently telies heavily on
human expertise. This marks a profound shift towards Al
integration, raising a crucial concern - the safety of Al systems.
The integrity of Al systems has far-reaching implications for
every aspect of film capacitor technology. As our dependence
on Al intensifies in the coming years, the issue of Al safety
becomes increasingly prominent. Mistakes or malfunctions in
Al algorithms have the potential for dire consequences,
especially in critical scenarios. Given the frequency at which Al
systems operate, the possibility of such errors cannot be
underestimated.

In essence, while the film capacitor industry is poised for a
revolution driven by Al, promising superior performance,
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energy efficiency, and sustainability, this journey also demands
heightened attention to the safety and reliability of Al systems.
Ensuring these aspects will be vital for a seamless transition
into an Al-powered future.

3 | EXISTING SAFETY PROBLEMS

Al is expected to facilitate the development of film capacitors,
while at the same time, the vulnerabilities introduced during
this period have attracted little attention [31]. Here, we give
three examples to describe the safety problems that may
happen when Al is used in film capacitors.

3.1 | Flawed Al in the design phase of film
capacitors

We further study the Al model [40] that can output the cor-
responding capacitance based on the input dielectric material
code. This Al model used to produce the data is based on the
Back Propagation algorithm. The 43,684 pieces of data were
used to train this model. After that, this AI model was asked to
predict 10,920 pieces of film capacitor data. Although it should
have more capacitance possibilities (Figure 1a), the output of
the AI model is always 11.5 pF when the input material code is
14 (Figure 1b). This can lead to a lack of design diversity in film
capacitors. Al models that perform well in most cases but
produce unexpected results in some undetected cases are
classified as flawed Al models. The weaknesses of these Al
models are likely to be exploited by adversarial attackers [30] to
induce the models to output incorrect results, thus affecting
the quality of the film capacitors produced. To cope with this
problem, in addition to increasing the probability distribution
of the output and the interpretation of the results, more
auxiliary determination conditions on the results can be
introduced to filter out the outrageous Al model output re-
sults. Moreover, this phenomenon easily reminds us of the
treacherous turn [46], which refers to a model that hides an
ability of some kind until it is advantageous to use this ability.
For example, until security measures are turned off. Or when it
is deployed in the real world. As the capabilities of Al increase
and the film capacitor problems handled by Al become more
and more novel (and humans may not be able to test the
correctness of the results), the situation we will face may
become increasingly dangerous.

3.2 | Erratic Al in the operation phase of
film capacitors

A backpropagation neural network is trained with ageing
capacitance data [7] to predict the future variance of capaci-
tance. Although the same data are used for training, and there
are predictions near the actual capacitances, it cannot be
ignored that there are also two predictions that deviate far from
the actual capacitances: AI2 and AI8 (Figure 1c). Considering
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TABLE 1 The applications of artificial intelligence (AI) in film capacitors.
Location in life
cycle Application scenario  Object items problems Method & main algorithm References
Design and Material production Discover new materials for film capacitors. Bayesian molecular design [18]
production algorithm
Convolutional neural networks [39]

Design and reverse
design

Process improvement
Production monitoting

Testing and Appearance inspection

operation capacitors.

Lifetime test

The personalised customisation of film capacitors.

Improve the production process of the film capacitor.
Analyse devices faults in the film capacitor workshop.

Use machine vision to detect surface defects of film

Obtain the optimisation result of the acceleration life

Backpropagation neural network [40]

Optimisation iteration [12]

Fuzzy support vector machine [41]

Gradient detection [42]

Non-subsampled contoutlet [43]
transform

Genetic algorithm, D-optimal [44]

test parameters of film capacitors.

Lifetime prediction

Evaluation and State evaluation

recycle

Predict the lifespan of the film capacitor.

film capacitors that can be used in secondary industries.

Backpropagation neural network [45]

Propose the idea of using Al-based technology to evaluate Data-physical hybrid-driven [10]

method

the demands for the reliability of film capacitors in critical
equipment [47, 48], we need accurate monitoring of the states
of film capacitors [49, 50]. Therefore, large monitoring de-
viations in the states of the film capacitors are not desired by
the maintenance personnel. In addition, there are some dif-
ferences between the mean absolute error [51] and the max
absolute error [52] of the 10 prediction results (Figure 1d). The
unstable output of AI models can also introduce uncertainty in
the state estimation of film capacitors and interfere with the
judgement or decision-making of device operators, thus posing
a safety hazard. This uncertainty can be dealt with by averaging
the output of the Al model several times. However, in future
research, it is more important to investigate the reasons for the
fluctuation of Al model output and make the output intet-
pretable [53] help the stakeholders to make more relevant
evaluation solutions.

3.3 | Unethical Al in the evaluation phase of
film capacitors

A natural language processing (NLP) model based on bidi-
rectional encoder representations from transformers [54] is
tested to give sentiment analysis on film capacitors. This NLP
model can output the corresponding utility scores based on the
input sentences. This NLP model breaks down the sentences
into tokens through a tokeniser when processing the sentences,
which facilitates the subsequent computation. In this NLP
model, we use the gradient calculation to get the best estimate
of the utility for a given word being inputted. In the analysis
using this NLP model, we use '[]' as a substitution variable in
the same type of sentence describing film capacitors and
observe the model output (utility score) when different objects
are used as substitution variables. Although they all invented a
new-type film capacitor, the utility scores given by the Al were
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different just because of the names of the engineers
(Figure le). Locations, especially those where people have
stereotypes, can also affect utility scores (Figure 1f). The reason
for the above prejudicial results may be that the training data of
Al contains human bias. In the highly automated future of the
film capacitor industry, we want to have machine-ethical Al for
the objective evaluation of film capacitors. An objective eval-
uation will help us phase out unusable film capacitors accu-
rately, apply degraded film capacitors to industries where
device reliability is not so critical, and help the recycling of film
capacitors [55], thus bringing economic and environmental
benefits. Maybe we can try to construct machine ethics by
introducing rules such as "equality" within the Al

4 | MORE THAN FILM CAPACITORS

In the examples above, we see the risks that flawed Al, un-
certain Al, and unethical Al can bring to film capacitors. From
radios to converters, we believe that Al safety affects more
than just film capacitors (Figure 2), considering the increasingly
critical position they occupy [10]. For example, the inefficiency
of Al leads to the wrong evaluation of film capacitor states,
which makes some faults or problems not repaired in time and
will increase the risk of downtime and failure of film capacitors
and their related equipment, thus reducing the reliability of
energy transmission. A typical example is the evaluation of the
capacitance of a film capacitor using Al. Assuming that the
voltage # [10] on the film capacitor is measured correctly, a
wrong evaluation of the capacitance of the film capacitor by Al
can also lead to a wrong evaluation of its stored energy, which
in turn can cause problems in energy dispatch.

1
Ae = €actual — €Al = Euz(cactual - CAI) (1)
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FIGURE 1 Artificial intelligence (Al) risk example results of film capacitors. (a), The actual capacitances and corresponding dielectric material codes of film

capacitors. (b), When the input material's code is 14, the Al model's output capacitances and actual capacitances. (c), The tested capacitances and the predicted

capacitances AI0 to AI9 (with AIO representing the 10th case) change with the day obtained by the AI model learns the same film capacitor capacitances data and

predicts the future capacitances 10 times. (d), The mean absolute error and the max absolute etror between the predicted capacitance and the actual capacitance

for each time of the Al model in the prediction period. (), The large language model gives different evaluations just because of names. (f), The large language

model gives different evaluations just because of locations.

In this formula, C, . is the actual capacitance of the film
capacitor, Cay is the capacitance of the film capacitor evaluated
by the Al, and Ae is the deviation between the actual storage
energy and the storage energy incorrectly evaluated by the Al

On the other hand, inaccurate Al allows poor-quality film
capacitors to be used, which will make the capacity of energy
transmission to decrease. Specifically, film capacitors with high
dielectric losses are misused by Al, making energy efficiency
lower. In addition, as more capacitors become connected to
the Internet of Things, unconventional scenarios that include
cyber-attacks [30] could unexpectedly affect the safety of Al
which in turn could cause film capacitors to operate outside of
their safe parameters, then affect the safety of energy. Overall,
it is important to carefully consider the potential safety risks
related to Al-based film capacitors and implement appropriate
safeguards to ensure their safe operation. If it is difficult to
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ensure robustness, specification, and ethics when applying Al
in film capacitors, this unresolved but critical issue will be
disastrous.

5 | THE CHALLENGING FUTURE AND
POSSIBLE COPING IDEAS

5.1 | From unknown risks to not risk

We have shown above the possible safety risks of Al applications
in film capacitors. These risks are known to us, while other un-
known scenarios also deserve our attention (Figure 3a). Here is
the formulation [506] that can help us manage how risks we face

when Al gradually covers the whole life cycle of film capacitors
from the cradle to the grave. Different kinds of risks are shown in
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FIGURE 2 Artificial intelligence (Al) safety affects the quality and state of film capacitors, the latter affects the capability and reliability of energy

transmission.

Table 2. For I, not risks means that we are aware of and under-
stand how the risks will work. But they also needed requirements
or regulations to make sure there was no accident will happen.
For 11, ambiguity risks are that some Al safety problems of film
capacitors can be solved by methods in other domains, but we
have not noticed these methods yet. This requires more
communication to allow response options to be shared. For III,
unknown risks refer to threats that we have not yetidentified that
are more untargeted. For example, it could be a problem that
happens when applying a new Al technology to a new film
capacitor. To reduce this risk, more experiments and analyses
may broaden our horizons so that we can change unknown
unknowns into known unknowns. For VI, the known risk can be
the accidents we encounter in applying Al in film capacitors, but
we cannot figure it out now. Researching to reduce the amount of
uncertainty and attempting to capture assumptions and create
emergency measures for others are possible paths to reducing
this risk.

5.2 | Human-Al common impact
We have seen attempts to use Al to monitor film capacitors,
but the AI used to monitor film capacitors itself needs to be
monitored as well.

In addition, the previous section also demonstrates the
potential unfairness or lack of expertise in the application of
large language models to more fine-grained areas of expertise,
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which also highlights the importance of human experts in
aiding the application of Al to film capacitors. Given that the
interpretability of current Al outputs is yet to be sufficiently
improved [57], the human-Al common impact that includes
the assistance of human experts [58] should be the main model
during the transition period in the process of moving from
known knowns to unknown unknowns, especially in the early
days of Al applications on film capacitors (Figure 3b). The
introduction of film capacitor experts' judgement and in-
structions through the interface can, on the one hand, check
the quality of Al operation results, thus reducing the occur-
rence of accidents related to film capacitors caused by the Al's
lack of knowledge or misaligning with human; on the other
hand, converting the experience of film capacitor experts
collected and organised in this interaction mode into training
data is also conducive to building a more reliable and profes-
sional Al It should be noted that even with the help of human
judgement, there is no guarantee of getting the desired result,
and even human "intervention" can make the situation worse
[25]. How to make AI truly understand human goals or
alignment problems [59] is the next topic that needs attention
not only from film capacitor researchers but also from Al
researchers. In detail, a misaligned example might be: one
wants to use Al to design a voltage withstand test circuit for
film capacitors. The goal of training Al is to minimise the
number of safety incidents that occur during the test, and the
actual Al output test circuit solution is to set the power rating
of the power supply to a very small amount (When the


https://ietresearch.onlinelibrary.wiley.com/action/rightsLink?doi=10.1049%2Fnde2.12071&mode=

136 ZHANG ET AL.

a b judge instruct
Understand juce
' N
| | interface
Ambiguity Not
risks risks .
Not i human common impact Al
< > Aware  voort R — — —— —
aware expert | agent
1] v |
Unknown Known
risks risks ¢
,, -
Not observe operate
understand film capacitor

PR True Positive (TP)
o Reality: The film capacitor is unqualified.
e Al: The film capacitor can't be used.
e Outcome: Al brings no safety risks.

False Positive (FP)

e Reality: The film capacitor is qualified.
o Al: The film capacitor can't be used.

e Outcome: Al caused economic losses.

False Negative (FN)

e Reality: The film capacitor is unqualified.
o Al: The film capacitor can be used.

e Outcome: Al brings safety risks.

True Negative (TN)

o Reality: The film capacitor is qualified.

o Al: The film capacitor can be used.

e Outcome: Al caused no economic losses.

FIGURE 3 (a), Different risks we face. (b), The framework of the application of artificial intelligence (Al) on film capacitors with the introduction of human
expertinfluence. (¢), The unqualified film capacitor. (d), The qualified film capacitor. (¢), The blocks of the metrics thatevaluate the Al model for film capacitors' states.

TABLE 2 Different kinds of risks 5.3 | More multi-dimensional evaluation
Quadrant Aware Understand Type
I v N Known knowns In addition to hun'lan helpasa gatekeeper, the establishment of a
better Al evaluation system will also allow us to have a more
1 x v Unknown knowns comptehensive understanding of the range of capabilities of Al
111 X X Unknown unknowns models or agents serving the film capacitors industry, to identify
VI v o Known unknowns as many potential problems as possible before application, and to

reduce the occurrence of unanticipated events. In an example of
using machine vision [60] to judge the quality of film capacitors,

breakdown voltage of the film capacitors is high, this circuit
does not serve the purpose of withstand voltage testing,)
instead of designing a scheme with a protection module.
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blocks of the metrics (Figure 3¢) can be introduced to describe
the possible output results from Al and then evaluate the
different aspects of Al. For the reality that the film capacitor is
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unqualified (Figure 3c¢), if Al thinks the film capacitor needs to be
replaced, then there will be no safety risks (TP). On this issue, if
the output of Al is: this film capacitor can be used, then the safety
hazard is buried (FN). For the reality that the film capacitor is
qualified (Figure 3d), if the adjudgment results from Al is: the
film capacitor is not competent, we will use a new film capacitor
to substitute for it (FP). Although no risks are introduced, eco-
nomic losses are incurred. On the same premise, if the Al con-
siders this film capacitor to be useable (TN), that would be the
best-case scenatio: no risk and no financial loss. In fact, the AT
judgement (classification) performance evaluation indicators
Recall and Precision [61] ate further constructed based on blocks
that reflect different perspectives. To be more comprehensive,
various demands can be balanced by constructing comprehen-
sive indicators. Considering the importance of film capacitors,
this paper still suggests paying more attention to safety. At least,
give more weight to safety. That is, in Equation (2), let the value
of a be larger.

TP
Recall = ———
TP + FN
TP
Precision = ——— (2)
TP + FP
) TP TP
Comprehensive=a ————+ (1 —a) =———
TP + FN TP + FP

where a is a weight coefficient and 0 < a < 1.

6 | DISCUSSIONS AND CONCLUSIONS
Advances in computational methods [62] and computational
devices [63], as well as the accumulation of data [64], have
made Al ever more powerful, which can easily fill people with
longing and neglect the higher and more comprehensive re-
quirements that should be put on Al For example, in addition
to accuracy, we should also pay attention to the economy and
environmental friendliness of Al [65, 66], and another example
is that AI should have better robustness [67-69] to keep it
accurate in different tasks. Of course, in addition to all of the
above, it should also include requirements related to Al safety,
considering that this issue still requires a lot of investment
from us [70].

While the demand for film capacitors is increasing day by
day, the application of Al in film capacitors is also on the rise.
In the future, when we leave the tasks related to film capacitors
entirely to Al it will be difficult (at least for now) to know
whether Al is flawed in responding to questions to which even
we may not know the answers. In addition, the unethical and
erratic behaviour of Al caused by human bias and noise in the
training data still makes people lack sufficient confidence in the
large-scale application of Al in energy devices, including film
capacitors. More importantly, some Al safety problems of film
capacitors are not yet apparent, but they are likely to arise when
Al is applied to the entire life cycle of film capacitors. With
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film capacitors in an increasingly critical position in the energy
system, it is not only the film capacitors themselves that are
affected by Al safety but also the energy transmission.
Therefore, we need to prepare in advance, as well as invest
more effort to deal with the above dilemmas. These attempts
include assistance from human film capacitor experts, as is a
more comprehensive evaluation system for Al models. In
addition, there are other ideas to consider, such as delineating
safe sets and prohibiting Al operations in unsafe areas that may
put film capacitors at risk.

Ultimately, it is hoped that this paper will not only draw the
film capacitor community's attention to Al safety but also
allow more energy device practitioners to include Al safety as a
design consideration in specifications, standards, and so on as
they further expand the scope of Al applications in energy
devices as well as other critical areas.

AUTHOR CONTRIBUTIONS

Yong-Xin Zhang: Conceptualization; data curation; visuali-
zation; writing—original draft; writing—review and editing.
Fang-Yi Chen: Software; visualization; writing—original draft.
Di-Fan Liu: Software; visualization. Jian-Xiao Wang:
Conceptualization; writing—original draft; writing—review
and editing. Qi-Kun Feng: Methodology; writing—review
and editing. Hai-Yang Jiang: Conceptualization; writing—
review and editing. Xin-Jie Wang: Investigation; writing—
review and editing. Hong-Bo Zhao: Writing—original draft;
writing—review and editing. Shao-Long Zhong: Investiga-
tion; methodology. Faisal Mehmood Shah: Resources. Zhi-
Min Dang: Funding acquisition; resoutces; Supervision;
writing—original draft; writing—review and editing.

ACKNOWLEDGEMENTS

This work is supported by the National Key Research and
Development Program of China (No. 2021YFB2401504). The
authors would like to express their thanks to Beijing CEBY
Electronic Technology Co., Ltd. for their hardware support.
The authors also thank Abra Ganz, Daniel Hendrycks, James
Aung, Oliver Zhang, and Madhav Malhotra from the Center
for AI Safety and Zhong-Hao He from the University of
Cambridge for their guidance and information sharing,

CONFLICT OF INTEREST STATEMENT
The authors declare no potential conflict of interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

ORCID
Jian-Xiao Wang
Shao-Long Zhong
Zhi-Min Dang

https:/ /orcid.org/0000-0001-9871-5263
https:/ /otcid.org/0000-0001-7859-6316
https://orcid.org/0000-0001-5961-9033

REFERENCES

1. Freese, L.M.,, et al.: Nuclear power generation phase-outs redistribute US
air quality and climate-related mortality risk. Nat. Energy 8, 1-12 (2023)


https://orcid.org/0000-0001-9871-5263
https://orcid.org/0000-0001-9871-5263
https://orcid.org/0000-0001-7859-6316
https://orcid.org/0000-0001-7859-6316
https://orcid.org/0000-0001-5961-9033
https://orcid.org/0000-0001-5961-9033
https://orcid.org/0000-0001-9871-5263
https://orcid.org/0000-0001-7859-6316
https://orcid.org/0000-0001-5961-9033
https://ietresearch.onlinelibrary.wiley.com/action/rightsLink?doi=10.1049%2Fnde2.12071&mode=

138

ZHANG ET AL.

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Zhong, Z., et al.: Optimal planning of distributed photovoltaic genera-
tion for the traction power supply system of high-speed railway. J. Clean.
Prod. 263, 121394 (2020). https://doi.org/10.1016/j.jclepro.2020.
121394

Ghadrdan, M., et al.: Dissipation factor as a degradation indicator for
electrolytic capacitors. IEEE J. Emerg. Sel. Top. Power Electron. 11(1),
1035-1044 (2023). https://doi.org/10.1109/jestpe.2022.3183837
Gunnar, L., et al.: Impact of declining renewable energy costs on elec-
trification in low-emission scenarios. Nat. Energy 7, 32—42 (2022)
Zhang, Y., et al.: Data visualization of film capacitors. In: Proceedings of
the Tsinghua-IET Electrical Engineering Academic Forum, pp. 37—43.
Institution of Engineering and Technology Inc. (2022)

Cheng, R., et al.: High-energy-density polymer dielectrics via composi-
tional and structural tailoring for electrical energy storage. iScience 25(8),
104837 (2022). https://doi.org/10.1016/j.isci.2022.104837

Zhang, Y., et al: Long-term capacitance variation characteristics, law
extraction, single and collaborative prediction of film capacitors at room
temperature and humidity. Microelectron. Reliab. 139, 114845 (2022).
https://doi.org/10.1016/j.microrel.2022.114845

Li, H., et al.: High-performing polysulfate dielectrics for electrostatic
energy storage under harsh conditions. Joule 7(1), 95-111 (2023).
https://doi.org/10.1016/j.joule.2022.12.010

Jian, X, Xin, C., Zhang, Q.M.: Relaxor ferroelectric capacitors embrace
polymorphic nanodomains. Joule 3(10), 2296-2298 (2019). https://doi.
0rg/10.1016/j.joule.2019.09.008

Zhang, Y., et al.: Carbon emission and its reduction: from the perspective
of film capacitors in the energy system. In: Proceedings of the Annual
Meeting of CSEE Study Committee of HVDC and Power Electronics,
pp. 406-411. Institution of Engineering and Technology (2021)
Makdessi, M., et al: Accelerated ageing of metallized film capacitors
under high ripple currents combined with a DC voltage. IEEE Trans.
Power Electron. 30(5), 2435-2444 (2014). https://doi.org/10.1109/tpel.
2014.2351274

Zhang, Y., et al.: Digital twin accelerating development of metallized film
capacitor: Key issues, framework design and prospects. Energy Rep. 7,
7704-7715 (2021). https://doi.org/10.1016/j.egyr.2021.10.116

Pan, H., et al.: Giant energy density and high efficiency achieved in
bismuth ferrite-based film capacitors via domain engineering. Nat.
Commun. 9(1), 1813 (2018). https://doi.org/10.1038/s41467-018-
04189-6

Chen, J., et al.: Ladderphane copolymers for high-temperature capacitive
energy storage. Nature 615(7950), 62—66 (2023). https://doi.org/10.
1038/541586-022-05671-4

Feng, Q., et al.: Recent progress and future prospects on all-organic
polymer dielectrics for energy storage capacitors. Chem. Rev. 122(3),
3820-3878 (2021). https://doi.org/10.1021/acs.chemrev.1c00793

Ma, X.: Traffic Performance Evaluation Using Statistical and Machine
Learning Methods. PhD Thesis. University of Arizona (2022)

Alessio, Z., Marco, D.R., Mérouane, D.: Wireless networks design in the
era of deep learning: model-based, Al-based, or both? IEEE Trans.
Commun. 67(10), 73317376 (2019). https://doi.org/10.1109/tcomm.
2019.2924010

Liu, D,, et al.: Prediction of high-temperature polymer dielectrics using a
Bayesian molecular design model. J. Appl. Phys. 132(1), 014901 (2022).
https://doi.org/10.1063/5.0094746

Lutz, 1D, et al: Top-down design of protein architectures with rein-
forcement learning, Science 380(6642), 266—273 (2023). https://doi.org/
10.1126/science.adf6591

Zhao, H., et al: A robotic platform for the synthesis of colloidal
nanocrystals. Nat. Synthesis 2(6), 1-10 (2023). https://doi.org/10.1038/
s44160-023-00250-5

Desali, S., Alejandro, St: Parsimonious neural networks learn interpretable
physical laws. Sci. Rep. 11(1), 12761 (2021). https://doi.org/10.1038/
$41598-021-92278-w

Calvano, E., et al.: Artificial intelligence, algorithmic pricing, and collu-
sion. Am. Econ. Rev. 110(10), 3267-3297 (2020). https://doi.org/10.
1257 /2120190623

RIGHTSE LI MN iy

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Cortes, U, et al.: Artificial intelligence and environmental decision sup-
port systems. Appl. Intell. 13(1), 77-91 (2000). https://doi.org/10.1023/
2:1008331413864

Rasch, R., Kott, A., Forbus, K.D.: Incorporating Al into military decision
making: an expetiment. IEEE Intell. Syst. 18(4), 18-26 (2003). https://
doi.org/10.1109/mis.2003.1217624

Air Force Colonel Now Says Drone that Turned on its Operator Was a
Thought Experiment. The Drive. https://www.thedrive.com/the-war-
zone/artificial-intelligence-enabled-drone-went-full-terminatot-in-air-
force-test (2023)

Falco, G., et al.: Governing Al safety through independent audits. Nat.
Mach. Intell. 3(7), 566=571 (2021). https://doi.org/10.1038/s42256-021-
00370-7

Bajgar, O., Horenovsky, J.: Negative human rights as a basis for long-
term Al safety and regulation. J. Artif. Intell. Res. 76, 1043-1075
(2023). https://doi.org/10.1613/jair.1.14020

Statement on Al Risk. Center for Al Safety. https://www.safe.ai/
statement-on-ai-risk (2023)

Leike, J., et al.: Al Safety Gridworlds (2017). arXiv, 1711.09883
Hendrycks, D., et al.: Unsolved Problems in ML Safety, vol. 2109. arXiv
(2021).13916

Dobbe, R., et al: Learning to control in power systems: design and
analysis guidelines for concrete safety problems. Elec. Power Syst. Res.
189, 106615 (2020). https://doi.org/10.1016/j.epst.2020.106615

Wang, H., et al.: Lifetime estimation of DC-link capacitors in adjustable
speed drives under grid voltage unbalances. IEEE Trans. Power Electron.
34(5), 4064-4078 (2018). https://doi.org/10.1109/tpel.2018.2863701
Al-Mohammed, H.H., Elamin, I.: Capacitor placement in distribution
systems using artificial intelligent techniques. In: Proceedings of the
Bologna Power Tech Conference Proceedings 7. Institute of Electrical
and Electronics Engineers (2003)

Dash, PK,, Saha, S., Nanda, PK.: Artificial neural net approach for
capacitor placement in power system. In: Proceedings of the First In-
ternational Forum on Applications of Neural Networks to Power Sys-
tems, pp. 247-250. Institute of Electrical and Electronics Engineers
(1991)

Prakash, K., Sydulu, M.: Particle swarm optimization based capacitor
placement on radial distribution systems. In: Proceedings of the Power
Engineering Society General Meeting, pp. 1-5. Institute of Electrical and
Electronics Engineers (2007)

Abdelsalam, A.A., Gabbar, H.A.: Shunt capacitors optimal placement in
distribution networks using artificial electric field algorithm. In: Pro-
ceedings of the 7th International Conference on Smart Energy Grid
Engineering, pp. 77-85. Institute of Electrical and Electronics Engineers
(2019)

Sundararajan, P, et al.: Condition monitoring of DC-link capacitors using
Goertzel algorithm for failure precursor parameter and temperature
estimation. IEEE Trans. Power Electron. 35(6), 6386—6396 (2019).
https://doi.org/10.1109/tpel.2019.2951859

Zhang, Y., et al.: Study on fitting and prediction of metallized film ca-
pacitor's voltage drop. In: Proceedings of the 22nd International Sym-
posium on High Voltage Engineering, pp. 1796-1801. Institution of
Engineering and Technology (2021)

Zhong, S., et al.: Prediction on the relative permittivity of energy storage
composite dielectrics using convolutional neural networks: a fast and
accurate alternative to finite-element method. iEnergy 1(4), 463-470
(2022). https://doi.otg/10.23919/ien.2022.0049

Zhang, Y., et al.: Artificial intelligence aided design for film capacitors. In:
Proc. International Conference on High Voltage Engineering and Ap-
plications, pp. 1-4. Institute of Electrical and Electronics Engineers
(2022)

Huang, Z., et al.: The design and research of film capacitor production
monitoring system. In: Proc. International Conference on Mechatronics
and Automation, pp. 1870-1875. Institute of Electrical and Electronics
Engineers (2016)

Liu, X, et al: A machine vision system for film capacitor defect in-
spection. In: Proc. 10th Conference on Industrial Electronics and


https://doi.org/10.1016/j.jclepro.2020.121394
https://doi.org/10.1016/j.jclepro.2020.121394
https://doi.org/10.1109/jestpe.2022.3183837
https://doi.org/10.1016/j.isci.2022.104837
https://doi.org/10.1016/j.microrel.2022.114845
https://doi.org/10.1016/j.joule.2022.12.010
https://doi.org/10.1016/j.joule.2019.09.008
https://doi.org/10.1016/j.joule.2019.09.008
https://doi.org/10.1109/tpel.2014.2351274
https://doi.org/10.1109/tpel.2014.2351274
https://doi.org/10.1016/j.egyr.2021.10.116
https://doi.org/10.1038/s41467-018-04189-6
https://doi.org/10.1038/s41467-018-04189-6
https://doi.org/10.1038/s41586-022-05671-4
https://doi.org/10.1038/s41586-022-05671-4
https://doi.org/10.1021/acs.chemrev.1c00793
https://doi.org/10.1109/tcomm.2019.2924010
https://doi.org/10.1109/tcomm.2019.2924010
https://doi.org/10.1063/5.0094746
https://doi.org/10.1126/science.adf6591
https://doi.org/10.1126/science.adf6591
https://doi.org/10.1038/s44160-023-00250-5
https://doi.org/10.1038/s44160-023-00250-5
https://doi.org/10.1038/s41598-021-92278-w
https://doi.org/10.1038/s41598-021-92278-w
https://doi.org/10.1257/aer.20190623
https://doi.org/10.1257/aer.20190623
https://doi.org/10.1023/a:1008331413864
https://doi.org/10.1023/a:1008331413864
https://doi.org/10.1109/mis.2003.1217624
https://doi.org/10.1109/mis.2003.1217624
https://www.thedrive.com/the-war-zone/artificial-intelligence-enabled-drone-went-full-terminator-in-air-force-test
https://www.thedrive.com/the-war-zone/artificial-intelligence-enabled-drone-went-full-terminator-in-air-force-test
https://www.thedrive.com/the-war-zone/artificial-intelligence-enabled-drone-went-full-terminator-in-air-force-test
https://doi.org/10.1038/s42256-021-00370-7
https://doi.org/10.1038/s42256-021-00370-7
https://doi.org/10.1613/jair.1.14020
https://www.safe.ai/statement-on-ai-risk
https://www.safe.ai/statement-on-ai-risk
https://doi.org/10.1016/j.epsr.2020.106615
https://doi.org/10.1109/tpel.2018.2863701
https://doi.org/10.1109/tpel.2019.2951859
https://doi.org/10.23919/ien.2022.0049
https://ietresearch.onlinelibrary.wiley.com/action/rightsLink?doi=10.1049%2Fnde2.12071&mode=

ZHANG ET AL.

| 139

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Applications, pp. 1414-1419. Institute of Electrical and FElectronics
Engineers (2015)

Yang, Y., et al.: A robust vision inspection system for detecting surface
defects of film capacitors. Signal Process. 124, 54-62 (2016). https://doi.
org/10.1016/j.sigpro.2015.10.028

Dong, D, et al: A life evaluation method of film capacitor using
accelerated life testing. In: Proc. 11th International Conference on
Reliability, Maintainability and Safety, pp. 1-5. Institute of Electrical and
Electronics Engineers (2016)

Wang, X., Zhang, X., Zhu, B.: Life prediction of pulse capacitor based on
BP neural network method. In: Proc.4th International Electrical and
Energy Conference, pp. 1-6. Institute of Electrical and Electronics
Engineers (2021)

Danaher, J.: Why Al doomsayers are like sceptical theists and why it
matters. Minds Mach. 25(3), 231-246 (2015). https://doi.org/10.1007/
§11023-015-9365-y

Yao, R., et al.: Lifetime analysis of metallized polypropylene capacitors in
modular multilevel converter based on finite element method. IEEE J.
Emerg, Sel. Top. Power Electron. 9(4), 4248-4259 (2020). https://doi.
org/10.1109/jestpe.2020.2981806

Zhang, Y., et al.: Theoretical connection from the dielectric constant of
films to the capacitance of capacitors under high temperature. High Volt.
8(4), 707716 (2023). https://doi.org/10.1049 /hve2.12308

Soliman, H., Wang, H., Blaabjerg, F: A review of the condition moni-
toring of capacitors in power electronic converters. IEEE Trans. Ind.
Appl. 52(6), 4976-4989 (2016). https://doi.org/10.1109/tia.2016.
2591906

Yu, W, Du, X.: A VEN condition monitoring method of DC-link ca-
pacitors for power converters. IEEE Trans. Ind. Electron. 66, 12961306
(2018)

Luo, X,, et al.: A multisoutrce data approach for estimating vehicle queue
length at metered on-ramps. J. Transp. Eng, Pt A-Syst. 148(2), 04021117
(2022). https://doi.org/10.1061/jtepbs.0000622

Kosheleva, O.M., Cabrera, S.D., Vidal, E.: Optimal bit allocation for
maximum absolute error distortion in the application of JPEG2000 Part
2. In: Proc. 11th Digital Signal Processing and 2nd Signal Processing
Education Workshop, pp. 134-138. Institute of Electrical and Elec-
tronics Engineers (2004)

Carvalho, D.V,, Pereira, E.M., Cardoso, J.S.: Machine learning interpret-
ability: a survey on methods and metrics. Electronics 8, 832 (2019).
https://doi.org/10.3390/electronics8080832

Devlin, J., et al.: Bert: Pre-training of Deep Bidirectional Transformers
for Language Understanding (2018). arXiv, 1810.04805

Garvin, A.H., et al.: Research and development priorities for silicon
photovoltaic module recycling to support a circular economy. Nat. En-
ergy 5(7), 502-510 (2020). https://doi.org/10.1038/s41560-020-0645-2
Collins, R.A., Robert, H.C.: Known knowns, known unknowns, un-
known unknowns and unknown knowns in DNA barcoding: a comment
on Dowton et al. Syst. Biol. 63(6), 1005-1009 (2014). https://doi.org/10.
1093/ sysbio/syu060

RIGHTSE LI MN iy

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Machlev, R., et al.: Explainable Artificial Intelligence (XAI) techniques
for energy and power systems: review, challenges and opportunities.
Energy and Al 9, 100169 (2022). https://doi.org/10.1016/j.egyai.2022.
100169

Saisubramanian, S., Zilberstein, S., Kamar, E.: Avoiding negative side
effects due to incomplete knowledge of Al systems. Al Mag. 42(4), 62-71
(2022). https://doi.org/10.1609/aimag.v42i4.7390

Gabriel, L: Artificial intelligence, values, and alignment. Minds Mach.
30(3), 411-437 (2020). https://doi.org/10.1007/s11023-020-09539-2
Chen, F, et al.: Unitail: detecting, reading, and matching in retail scene.
In: Computer Vision—-ECCV 2022: 17th European Conference, pp.
705-722. Springer Science+Business Media (2022)

Davis, J., Matk, G.: The relationship between Precision-Recall and ROC
curves. In: Proceedings of the 23rd International Conference on Machine
Learning, pp. 233-240. Association for Computing Machinery (2006)
Choi, Y., Kim, H.: Convex hull obstacle-aware pedestrian tracking and
target detection in theme park applications. Drones 7(4), 279 (2023).
https://doi.org/10.3390/drones7040279

Choquette, J., et al.: NVIDIA A100 tensor core GPU: performance and
innovation. IEEE Micro 41(2), 29-35 (2021). https://doi.org/10.1109/
mm.2021.3061394

Zhang, Y., Shen, H., Xu, S.: Cluster sampling for the demand side
management of power big data. Int. J. N. Comput. Archit. their Appl.
6(4), 114-121 (2016). https://doi.org/10.17781/p002208

Kim, H., Ben-Othman, J.: Eco-friendly low resource security surveillance
framework toward green Al digital twin. IEEE Commun. Lett. 27(1),
377-380 (2022). https://doi.org/10.1109/lcomm.2022.3218050

Kim, H., Ben-Othman, J., Mokdad, L.: Intelligent terrestrial and non-
terrestrial vehicular networks with green Al and red Al perspectives.
Sensors 23(2), 806 (2023). https://doi.org/10.3390/523020806

Chen, PY,, Das, P: Al maintenance: a robustness perspective. Computer
56(2), 48-56 (2023). https://doi.org/10.1109/mc.2022.3218005

Ma, X., Karimpour, A., Wu, Y.J.: Statistical evaluation of data requirement
for ramp metering performance assessment. Transp. Res. Pt. A-Policy
Pract. 141, 248-261 (2020). https://doi.org/10.1016/j.tra.2020.09.011
Namiot, D., Ilyushin, E.: On the robustness and security of Artificial
Intelligence systems. International Journal of Open Information Tech-
nologies 10, 126-134 (2022)

Kim, H., Ben-Othman, J.: Towatd integrated virtual emotion system with
Al applicability for secure CPS-enabled smart cities: Al-based research
challenges and security issues. IEEE Netw 34(3), 30-36 (2020). https://
doi.org/10.1109/mnet.011.1900299

How to cite this article: Zhang, Y.-X,, et al.: Al safety
of film capacitors. IET Nanodielectr. 7(3), 131-139
(2024). https://doi.org/10.1049/nde2.12071



https://doi.org/10.1016/j.sigpro.2015.10.028
https://doi.org/10.1016/j.sigpro.2015.10.028
https://doi.org/10.1007/s11023-015-9365-y
https://doi.org/10.1007/s11023-015-9365-y
https://doi.org/10.1109/jestpe.2020.2981806
https://doi.org/10.1109/jestpe.2020.2981806
https://doi.org/10.1049/hve2.12308
https://doi.org/10.1109/tia.2016.2591906
https://doi.org/10.1109/tia.2016.2591906
https://doi.org/10.1061/jtepbs.0000622
https://doi.org/10.3390/electronics8080832
https://doi.org/10.1038/s41560-020-0645-2
https://doi.org/10.1093/sysbio/syu060
https://doi.org/10.1093/sysbio/syu060
https://doi.org/10.1016/j.egyai.2022.100169
https://doi.org/10.1016/j.egyai.2022.100169
https://doi.org/10.1609/aimag.v42i4.7390
https://doi.org/10.1007/s11023-020-09539-2
https://doi.org/10.3390/drones7040279
https://doi.org/10.1109/mm.2021.3061394
https://doi.org/10.1109/mm.2021.3061394
https://doi.org/10.17781/p002208
https://doi.org/10.1109/lcomm.2022.3218050
https://doi.org/10.3390/s23020806
https://doi.org/10.1109/mc.2022.3218005
https://doi.org/10.1016/j.tra.2020.09.011
https://doi.org/10.1109/mnet.011.1900299
https://doi.org/10.1109/mnet.011.1900299
https://doi.org/10.1049/nde2.12071
https://ietresearch.onlinelibrary.wiley.com/action/rightsLink?doi=10.1049%2Fnde2.12071&mode=

	coversheet_template
	ZHANG 2024 AI safety of film capacitors
	AI safety of film capacitors
	1 | INTRODUCTION
	2 | THE APPLICATIONS OF AI IN FILM CAPACITORS
	3 | EXISTING SAFETY PROBLEMS
	3.1 | Flawed AI in the design phase of film capacitors
	3.2 | Erratic AI in the operation phase of film capacitors
	3.3 | Unethical AI in the evaluation phase of film capacitors

	4 | MORE THAN FILM CAPACITORS
	5 | THE CHALLENGING FUTURE AND POSSIBLE COPING IDEAS
	5.1 | From unknown risks to not risk
	5.2 | Human‐AI common impact
	5.3 | More multi‐dimensional evaluation

	6 | DISCUSSIONS AND CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT



