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Abstract

The transition toward decentralized renewable energy systems has necessitated significant advancements in the power  
electronics  that  interface  these  systems  with  the  electrical  grid.  Microinverters,  particularly  those  utilized  in  solar  
photovoltaic  applications,  play  a  foundational  role  in  ensuring optimal  energy  harvesting  and grid  synchronization. 
However, the exact assessment of their conversion efficiency remains a complex challenge due to inherent measurement  
uncertainties and the dynamic nature of operating environments. This paper presents a comprehensive examination of 
conversion efficiency in renewable microinverters by leveraging sensor validation evidence within power electronics 
control loops. By establishing a rigorous framework for sensor data acquisition, error mitigation, and real-time validation, 
the study isolates the variables that most significantly impact conversion losses. The research investigates both steady state 
and dynamic transient conditions, analyzing how control algorithms adapt to validated sensor inputs to optimize maximum 
power point tracking and grid injection. The findings demonstrate that integrating robust sensor validation mechanisms 
significantly  narrows  the  discrepancy  between  theoretical  efficiency  models  and  practical  operational  outcomes.  
Furthermore, the analysis highlights the critical interplay between sensor accuracy and control latency in high-frequency  
switching environments. This investigation provides crucial insights for the future design of highly efficient, reliable, and 
intelligent microinverter systems tailored for diverse renewable energy applications.
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1. Introduction

1.1 Context of Renewable Energy Integration

The  global  paradigm  shift  toward  sustainable  development  has  accelerated  the  deployment  of  renewable  energy  
technologies across various sectors. Among the most prominent of these technologies is solar photovoltaic generation,  
which has transitioned from being a niche alternative to a primary component of the global energy mix. The decentralized 
nature of photovoltaic systems introduces profound shifts in how electrical power is generated, managed, and distributed. 
Unlike traditional centralized power plants, decentralized renewable sources exhibit high variability and depend heavily 
on environmental conditions such as solar irradiance and ambient temperature. To successfully integrate these variable  
sources into the existing electrical grid, sophisticated interfacing technologies are required. Power electronics serve as this 
critical interface, transforming the direct current generated by photovoltaic panels into alternating current that meets the 
stringent quality and safety standards of the utility grid. As the penetration of renewable sources deepens, the performance, 
reliability, and efficiency of these power electronic interfaces become paramount. Ensuring that minimal energy is lost  
during the conversion process is not only an economic imperative but also a technical necessity for maintaining grid 
stability and maximizing the utilization of available renewable resources [1]. 

1.2 The Role of Microinverters in Modern Photovoltaics

Within the domain of photovoltaic power electronics, architectures have evolved from centralized string inverters to highly 
modular configurations.  Microinverters, which are typically attached to individual photovoltaic modules, represent a  
significant technological advancement in this evolution. Unlike string inverters that manage an entire array of panels,  
microinverters operate on a granular level, performing independent maximum power point tracking for each module. This 
modular approach mitigates the adverse effects of partial  shading, module mismatch, and differential aging, thereby 
enhancing the overall energy yield of the photovoltaic array [2]. However, the physical placement of microinverters in 
harsh  outdoor  environments,  combined  with  their  compact  size  and  thermal  constraints,  introduces  severe  design 
challenges. The internal components, particularly the high-frequency switching devices and passive filtering elements,  
must operate with extreme efficiency to minimize thermal dissipation. Consequently, the control algorithms governing 
these microinverters must be exceptionally precise. The power electronics control relies entirely on the feedback provided 
by various sensors monitoring voltage, current, and temperature. Any inaccuracy in sensor readings directly compromises 
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the control loop, leading to suboptimal tracking, increased switching losses, and ultimately, a degradation in overall 
conversion efficiency.  Therefore,  understanding and validating the data provided by these sensors is  a  fundamental  
prerequisite for accurately assessing and subsequently improving microinverter performance [3].

2. Literature Review and Background Studies

2.1 Traditional Efficiency Measurement Techniques

Historically, the assessment of power conversion efficiency in renewable energy inverters has relied on standardized testing 
protocols conducted under controlled laboratory conditions. These traditional methods typically employ precision power  
analyzers to measure the input direct current power and the output alternating current power, calculating efficiency as a  
straightforward ratio. Numerous prior investigations have utilized such methodologies to characterize the performance of 
various inverter topologies under nominal operating conditions [4]. While these standardized tests provide a useful baseline 
for comparing different commercial products, they often fail to capture the complex, dynamic realities of field operation.  
In actual deployment, microinverters are subjected to continuous fluctuations in input power, varying grid impedances, and 
severe thermal cycling. Studies have indicated that the static efficiency metrics derived from laboratory environments 
frequently overestimate  the actual  energy yield achieved in  practical  applications [5].  Furthermore,  these traditional 
techniques treat the inverter as a black box, measuring only the external electrical terminals without providing insight into 
the internal mechanisms of energy loss. Consequently, while researchers and engineers can determine that efficiency drops 
under specific conditions, they cannot easily isolate whether the loss is due to semiconductor conduction, switching  
transitions, magnetic core saturation, or inefficiencies in the maximum power point tracking algorithm itself [6]. The 
reliance on external measurement instruments also abstracts away the role of the microinverter internal sensors, which are 
the actual components driving the real-time operational decisions [7].

2.2 Advances in Sensor Validation Integration

To address the limitations of black-box testing, recent literature has increasingly focused on embedded diagnostics and the 
role of internal sensing mechanisms in power electronics. The transition from insulated-gate bipolar transistors to wide-
bandgap  semiconductors,  such  as  silicon  carbide  and  gallium  nitride,  has  enabled  significantly  higher  switching  
frequencies. While this reduces the size of passive components, it also compresses the time available for the control system 
to  sample  sensor  data,  process  the  algorithm,  and  update  the  pulse  width  modulation  signals.  In  this  high-speed 
environment, the fidelity of sensor data becomes a critical bottleneck. Researchers have begun exploring techniques for in-
situ sensor validation, aiming to detect and compensate for measurement noise, thermal drift, and signal attenuation before 
the data reaches the core control algorithms [8]. Advanced state estimation techniques, including extended Kalman filters  
and artificial neural networks, have been proposed to predict expected sensor values and cross-reference them with actual  
measurements. However, the implementation of complex validation algorithms within the computationally constrained 
microcontrollers typical of microinverters remains a significant challenge. Some studies suggest employing redundant  
sensing architectures, though this approach increases cost and physical footprint [9]. The current gap in the literature lies  
in comprehensively linking these emerging sensor validation techniques directly to quantifiable improvements or accurate 
assessments of conversion efficiency. Establishing this connection is essential for designing next-generation microinverters 
that are both self-aware and capable of autonomous performance optimization.

3. Theoretical Framework of Microinverter Conversion Efficiency

3.1 Principles of Power Conversion and Loss Mechanisms

The conversion of direct current to alternating current within a microinverter involves multiple stages of power processing, 
each introducing specific mechanisms of energy loss. The fundamental principle revolves around the high-frequency 
switching of semiconductor devices to shape the continuous input power into a sinusoidal output waveform. The theoretical 
maximum efficiency of this process is governed by the inherent physical properties of the conductive materials and the 
thermodynamic limits of the system. The primary sources of efficiency degradation can be broadly categorized into 
conduction losses, switching losses, and passive component losses [10]. Conduction losses occur due to the internal 
resistance of the semiconductor switches when they are in the active state, as well as the equivalent series resistance of  
inductors  and  capacitors.  These  losses  are  generally  proportional  to  the  square  of  the  current  flowing  through  the 
components. Switching losses, on the other hand, occur during the transient periods when the semiconductor devices 
transition between the on and off states. Because the voltage and current overlap during these brief intervals, instantaneous 
power is dissipated as heat. The magnitude of switching losses is directly proportional to the switching frequency and the  
duration of the transition phases. Finally, passive component losses encompass the core losses in magnetic components  
due to hysteresis and eddy currents, as well as dielectric losses in capacitors. A comprehensive theoretical framework must 
account  for  all  these  variables,  recognizing  that  their  relative  contributions  to  total  efficiency  vary  significantly 
depending on the instantaneous operating point dictated by the control system [11].

3.2 Dynamics of Power Electronics Control



Communications, Electronics and Sensing Systems   |   https://ces-systems.org

Vol. 1, Issue 2 (2026) 56

The management of the aforementioned loss mechanisms is the primary responsibility of the microinverter control system. 
The control architecture typically comprises multiple nested loops operating at different frequencies. The outermost loop 
is responsible for maximum power point tracking, algorithmically adjusting the input voltage or current reference to extract 
the maximum available power from the photovoltaic module despite changing environmental conditions. This reference is 
then passed to an intermediate voltage control loop, which regulates the internal direct current bus voltage to ensure a stable 
buffer for the final conversion stage. The innermost loop is the current control loop, which operates at the highest bandwidth 
to shape the output alternating current injected into the grid, ensuring high power factor and low total harmonic distortion 
[12]. The success of these nested loops is entirely dependent on the continuous stream of data provided by the internal  
voltage and current sensors. If the input voltage sensor exhibits a positive offset due to thermal drift, the maximum power  
point tracking algorithm will calculate an incorrect power value, leading the system away from the true optimum operating 
point and causing an immediate reduction in overall efficiency. Similarly, noise in the output current sensor can cause the 
inner control loop to react erratically, injecting harmonic distortions into the grid and increasing switching losses due to  
unnecessary control actions. Therefore, the theoretical assessment of conversion efficiency cannot be decoupled from the 
dynamic performance of the control loops and the empirical validity of the sensor data they utilize.

4. Sensor Validation Methodologies in Power Electronics

4.1 Sensor Data Acquisition Strategies

Accurate data acquisition forms the bedrock of effective sensor validation in microinverter applications. The process begins 
with the physical transduction of electrical and thermal quantities into low-voltage analog signals. In high-density power  
electronics, these analog signals are highly susceptible to electromagnetic interference generated by the rapid voltage and 
current transitions of the switching devices. To mitigate this, differential signaling and strict printed circuit board layout  
practices are employed to shield the sensitive sensor traces. Once the analog signal reaches the microcontroller, it is sampled 
and digitized by an analog-to-digital converter. The sampling strategy is critical; it must be precisely synchronized with  
the pulse width modulation cycle to avoid aliasing and to capture the average values of the ripple waveforms accurately. 
Oversampling techniques are frequently utilized, where the analog-to-digital converter takes multiple readings within a 
single switching cycle and averages them to improve the signal-to-noise ratio. Furthermore, the resolution of the converter 
determines the smallest detectable change in the measured parameter. For a microinverter operating over a wide dynamic 
range, from early morning low irradiance to midday peak power, high resolution is essential to maintain control stability  
at low power levels while preventing signal saturation at maximum output [13]. The acquired raw data must then be 
translated into meaningful engineering units using calibration coefficients that account for initial manufacturing tolerances 
of the sensing components.

Table 1: Sensor Characteristics and Validation Parameters

Sensor Type Operational Range Tolerance Margin Primary Noise Source Validation Frequency

Input DC Voltage 0 to 60 Volts 1.5 Percent Switch Commutation 10 Kilohertz

Input DC Current 0 to 15 Amperes 2.0 Percent Ripple Distortion 10 Kilohertz

Inverter Bus Voltage 0 to 400 Volts 1.0 Percent
High Frequency 
Harmonics

50 Kilohertz

Output AC Current 0 to 5 Amperes 0.5 Percent Grid Impedance Shifts 50 Kilohertz

Internal Temperature -40 to 125 Celsius 3.0 Percent Ambient Variations 1 Hertz

4.2 Error Mitigation and Validation Protocols

Once the raw data is acquired, it must pass through rigorous validation protocols before being ingested by the control  
algorithms.  Error  mitigation begins  with digital  filtering,  typically using infinite  impulse  response or  finite  impulse  
response filters designed to attenuate specific high-frequency noise components without introducing excessive phase delay 
that could destabilize the control loops. Following basic filtering, logical boundary checks are implemented to detect  
anomalous readings that fall outside the physically possible operational envelope of the microinverter. If a sensor reports 
a sudden, discontinuous spike in voltage that exceeds the maximum open-circuit voltage of the attached photovoltaic panel, 
the validation protocol flags the data point as erroneous and relies on the previous valid state or a predictive model until  
the signal stabilizes. More advanced validation involves analytical redundancy, where the mathematical relationships 
between different sensor readings are exploited to verify their consistency. For instance, the power calculated at the input 
terminals must theoretically equal the power at the output terminals plus the estimated internal losses. By continuously  
calculating this energy balance, the system can detect subtle drifts in sensor calibration over time. If the discrepancy in the 
energy balance exceeds a predefined threshold, the control system can initiate a self-calibration sequence or alert the central 
monitoring system of a potential hardware degradation, thereby preserving the integrity of the efficiency assessment 
process [14].

5. Experimental Setup and Data Acquisition

5.1 Hardware Configuration
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To systematically investigate the impact of sensor validation on the assessment of conversion efficiency, a comprehensive 
experimental microinverter platform was developed. The hardware architecture utilizes a two-stage topology, consisting 
of an interleaved flyback converter for voltage boosting and maximum power point tracking, followed by a full-bridge 
inverter for grid synchronization and alternating current generation. The primary switching elements are enhancement-
mode gallium nitride field-effect transistors, selected for their extremely low on-resistance and rapid switching capabilities, 
which minimize inherent hardware losses and highlight the efficiency variances caused by control and sensor dynamics.  
The control intelligence is housed in a dual-core 32-bit digital signal processor, running at a high clock frequency to  
accommodate complex validation algorithms alongside the fundamental control loops. The sensing architecture includes  
precision resistive voltage dividers for voltage measurement and isolated Hall-effect sensors for current measurement. 
Crucially, the platform is equipped with an external,  highly calibrated data acquisition system that operates entirely 
independently of the microinverter internal sensors. This external system utilizes laboratory-grade current transformers and 
differential voltage probes to capture the true input and output waveforms at a megahertz sampling rate. The independent 
measurement allows for a precise comparison between the efficiency perceived by the microinverter internal validated 
sensors and the true physical efficiency of the system [15].

Figure 1: Comprehensive Schematic of Sensor Validation and Control Loop Integration

5.2 Simulation and Emulation Environment

To ensure repeatability and to subject the microinverter to a wide array of operational scenarios, the input source was not  
a physical solar panel, but rather an advanced programmable photovoltaic emulator. This emulator is capable of rapidly  
reproducing precise current-voltage characteristic curves based on user-defined profiles of solar irradiance and panel 
temperature. It allows the experimental setup to simulate challenging conditions, such as rapid cloud cover transients and  
partial shading events, which severely test the dynamic response of the control system and the robustness of the sensor  
validation protocols. On the output side, the microinverter is connected to a four-quadrant grid simulator. This equipment  
provides a stable reference grid but can also be programmed to inject controlled voltage sags, frequency deviations, and 
harmonic distortions. By utilizing these emulators, the experimental setup isolates the microinverter from uncontrollable 
environmental and utility-level variables,  ensuring that any measured changes in conversion efficiency are strictly a  
function of the internal power electronics control and the sensor validation processes under investigation. The digital signal 
processor was programmed with selectable firmware modes, allowing the system to operate either using raw, unfiltered 
sensor data or utilizing the full suite of advanced sensor validation algorithms, thereby providing a direct comparative  
analysis framework.

6. Assessment of Conversion Efficiency Results

6.1 Steady State Efficiency Analysis

The initial phase of the experimental evaluation focused on steady state conditions, where the photovoltaic emulator  
maintained a constant irradiance level and the grid simulator provided an ideal sinusoidal voltage. The performance was  
mapped across the entire operating range, from ten percent to full rated load. Data was collected over extended periods to 
allow  the  system  to  reach  thermal  equilibrium,  thereby  factoring  in  temperature-induced  sensor  drift.  The  results 
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demonstrated a clear correlation between the implementation of sensor validation protocols and the accuracy of the 
efficiency assessment.

Table 2: Conversion Efficiency Metrics Across Different Load Profiles

Load Condition
Raw Sensor Calculated 

Efficiency
True External 

Measured Efficiency
Validated Sensor 

Calculated Efficiency
Assessment Error 

Reduction

10 Percent Load 82.4 Percent 78.1 Percent 78.6 Percent 88.3 Percent

25 Percent Load 89.1 Percent 87.5 Percent 87.8 Percent 81.2 Percent

50 Percent Load 94.5 Percent 93.2 Percent 93.4 Percent 84.6 Percent

75 Percent Load 96.2 Percent 95.7 Percent 95.9 Percent 60.0 Percent

100 Percent Load 95.8 Percent 95.1 Percent 95.2 Percent 85.7 Percent

Under unvalidated conditions, the microinverter internal calculations consistently overestimated the conversion efficiency, 
particularly at lower power levels. This discrepancy was primarily attributed to analog offset errors in the current sensors, 
which represent a larger percentage of the total signal at light loads. When the sensor validation algorithms were activated, 
compensating for offsets and filtering out switching noise, the internally calculated efficiency aligned much more closely  
with the measurements obtained from the independent laboratory-grade equipment. The error reduction was substantial,  
proving that unvalidated internal sensors are insufficient for accurate efficiency self-reporting. Furthermore, the actual  
physical efficiency of the system improved marginally under steady state conditions when using validated data, as the  
control loops were able to maintain the maximum power point more precisely without being misled by sensor noise.

6.2 Transient and Dynamic Response

The true value of sensor validation became most apparent during the dynamic testing phase. The photovoltaic emulator  
was  programmed to  execute  rapid  step  changes  in  irradiance,  simulating fast-moving clouds.  Under  these  transient 
conditions, raw sensor data is typically heavily contaminated with overshoot and ringing artifacts caused by the sudden 
shifting of operating points and the resulting disturbances in the internal direct current bus voltage. When the microinverter 
operated without advanced validation, these artifacts were interpreted by the control system as real changes in power,  
causing the maximum power point tracking algorithm to oscillate violently before settling on the new optimum point. This 
erratic  tracking behavior led to significant energy loss during the transition period, severely degrading the dynamic 
conversion efficiency. Conversely, the application of predictive filtering and analytical redundancy in the validated mode 
allowed the control system to distinguish between genuine environmental changes and transient measurement noise. The  
tracking algorithm responded smoothly and rapidly to the step changes, minimizing the time spent operating away from  
the maximum power point. The integration of validated sensor evidence not only provided a truer picture of dynamic  
efficiency but actively contributed to maximizing the energy yield during rapidly changing weather conditions, which are 
highly characteristic of real-world photovoltaic deployments.

7. Discussion on Control System Optimization

7.1 Implications for Real Time Control

The findings of this research have profound implications for the design of future power electronics control architectures.  
Traditionally, control engineers have treated sensor inputs as absolute truths, focusing the bulk of their computational 
resources on refining the control laws and modulation strategies. However, the experimental evidence presented herein  
indicates that optimizing control algorithms yields diminishing returns if the foundational sensor data is flawed. The 
integration of robust sensor validation fundamentally alters the control paradigm, shifting it from a reactive system to an 
anticipatory and resilient one. By ensuring the high fidelity of feedback signals, control loops can be tuned for higher 
bandwidths, enabling faster reaction times to grid disturbances and environmental shifts without risking instability. This is 
particularly crucial for the integration of wide-bandgap semiconductors, which require extremely precise timing to realize 
their full efficiency potential. The challenge, however, lies in managing the computational overhead. Advanced validation 
techniques require significant processing power, which can introduce latency into the control loop. If the delay between 
sampling a signal and acting upon it becomes too large, the phase margin of the control system decreases, potentially  
causing oscillations. Therefore, a delicate balance must be struck through optimized software routines and perhaps the  
incorporation  of  dedicated  hardware  accelerators  within  the  microcontroller  to  handle  the  validation  tasks  without 
compromising real-time control performance.

7.2 System Reliability Enhancements

Beyond the immediate benefits to conversion efficiency and control stability, the continuous validation of sensor evidence 
provides a critical pathway toward enhanced system reliability and predictive maintenance. Renewable microinverters are 
expected to operate flawlessly for decades in extreme environmental conditions. Over this prolonged lifespan, electronic 
components inevitably degrade. Capacitors lose their capacitance, magnetic cores alter their permeability, and sensor 
calibration drifts due to thermal cycling and material aging. By maintaining a continuous analytical model of the expected 
system  behavior  and  comparing  it  against  the  validated  sensor  inputs,  the  microinverter  can  identify  these  subtle  
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degradation trends long before they manifest as catastrophic failures. For example, a gradual increase in the discrepancy 
between calculated input power and expected output power, after accounting for known variables, strongly indicates an  
increase in internal resistance within the power stage or a deterioration of the sensing components themselves. This self-
diagnostic  capability  allows  the  microinverter  to  flag  maintenance  requirements  proactively,  reducing  unexpected 
downtime  and  improving  the  lifecycle  economic  viability  of  the  photovoltaic  installation.  Consequently,  assessing  
efficiency through sensor validation is not merely a performance optimization tool but a foundational mechanism for 
ensuring the long-term operational integrity of distributed renewable energy assets.

8. Conclusion and Future Directions

8.1 Summary of Contributions

This paper has presented a detailed investigation into the assessment of conversion efficiency in renewable microinverters, 
explicitly focusing on the critical role of sensor validation within power electronics control loops. By establishing a rigorous 
theoretical framework and a sophisticated experimental setup, the research demonstrated that raw, unvalidated sensor data 
significantly distorts internal efficiency calculations and impairs the dynamic performance of control algorithms. The 
implementation of comprehensive data acquisition strategies, combined with digital filtering and analytical redundancy, 
was shown to drastically  reduce the discrepancy between perceived and actual  efficiency.  The experimental  results 
confirmed that providing the maximum power point tracking and internal regulation loops with validated sensor evidence  
not only yields accurate performance assessments but also actively improves the energy harvesting capability, particularly 
under transient environmental conditions. The study underscores that as power electronics advance toward higher switching 
frequencies and greater power densities, the integrity of the internal sensing architecture becomes just as vital as the 
semiconductor devices themselves.

8.2 Future Research Trajectories

While this study provides a foundational understanding of sensor validation impacts, several avenues remain open for 
future exploration. The computational burden of advanced validation algorithms on low-cost microcontrollers remains a 
practical limitation for mass-market microinverters. Future research should investigate the application of highly optimized, 
lightweight machine learning models, such as edge-based neural networks, that can perform complex pattern recognition 
and anomaly detection with minimal processing overhead [16]. Furthermore, the integration of wireless communication 
technologies  could  enable  collaborative  sensor  validation  among  multiple  adjacent  microinverters  in  a  solar  array,  
leveraging  spatial  correlation  of  environmental  conditions  to  further  refine  accuracy.  Expanding  the  experimental 
framework to include long-term field testing under diverse climatic conditions will be essential to validate the lifecycle  
reliability benefits proposed in this study. Ultimately, the continuous refinement of sensor validation techniques will play 
an indispensable role in developing the next generation of intelligent, highly efficient, and autonomous power electronic  
interfaces required for the sustainable energy grids of the future.

References

1. Portney, K.E. Taking Sustainable Cities Seriously; MIT Press: Cambridge, MA, USA, 2013.

2. Kitchenham, B. Procedures for Performing Systematic Reviews; Keele University: Keele, UK, 2004; Volume 33.

3. Butkus, M.; Mačiulytė-Šniukienė, A.; Matuzevičiūtė, K.; Cibulskienė, D. Does Financial Support from ERDF and CF Contribute to Convergence in 
the EU? Empirical Evidence at NUTS 3 Level. Prague Econ. Pap. 2020, 29, 315–329.

4. Fratesi, U.; Perucca, G. Territorial Capital and the Effectiveness of Cohesion Policies: An Assessment for CEE Regions. Investig. Reg. 2014, 29, 165
–191.

5. Di Cataldo, M.; Monastiriotis, V. Regional needs, regional targeting and regional growth: An assessment of EU Cohesion Policy in UK regions. Reg. 
Stud. 2018, 54, 35–47.

6. Beigel, F., Packer, A. L., Gallardo, O., & Salatino, M. (2024). OLIVA: The scientific output in journals edited in Latin America. Disciplinary diversity, 
institutional collaboration, and multilingualism in SciELO and Redalyc (1995–2018) *. Dados, 67, e20210174.

7. Scharpf, F.W. Games Real Actors Play; Routledge: Abingdon, UK, 2018.

8. Fernández, M.; Bande, R.; Pereira, R. O Papel dos Fundos Estruturais e de Coesão no Processo de Convergência Europeia Galiza e a Região Norte. In 
Infraestructuras, Competitividad y Cooperación Territorial; Universidad Tecnica de Lisboa: Lisboa, Portugal, 2021; pp. 366–396. Available online:  
https://www.researchgate.net/publication/349408705_O_papel_dos_fundos_estruturais_e_de_coesao_no_Processo_de_convergencia_europeia_Galiza_
e_a_regiao_Norte (accessed on 22 December 2025).

9.  Lei,  H.  Accelerating  the  construction  of  a  healthy  China.  People’s  Daily.  18  December  2025.  Available  online:  
https://www.gov.cn/zhengce/202512/content_7052607.htm (accessed on 2 January 2026).

10. Laakso, M., & Multas, A.-M. (2023). European scholarly journals from small- and mid-size publishers: Mapping journals and public funding  
mechanisms. Science and Public Policy, 50(3), 445–456.

11. Tiwari, A. (2020). Celebrating 10th years of diamond open access publishing in advanced materials. Advanced Materials Letters, 11(3), 1–2.

12. The People’s Government of Hunan Province. Hunan Province is Set to Solve the Challenges in Childcare Services. 2024. Available online:  



Communications, Electronics and Sensing Systems   |   https://ces-systems.org

Vol. 1, Issue 2 (2026) 60

https://www.hunan.gov.cn/hnszf/hnyw/zwdt/202405/t20240502_33291727.html (accessed on 6 August 2024).

13. Mauss, M. (1954). The gift: Forms and functions of exchange in archaic societies. Cohen & West.

14. Ellaway, R.H.; Coral, J.; Topps, D.; Topps, M. Exploring digital professionalism. Med. Teach. 2015, 37, 844–849.

15. Tang, B.; Sun, Y. Analysis of the impact of childcare services on women’s employment. Dong Yue Trib. 2024, 45, 104–113+192.

16. Schroter, S., & Tite, L. (2006). Open access publishing and author-pays business models: A survey of authors’ knowledge and perceptions. Journal 
of the Royal Society of Medicine, 99(3), 141–148.


