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Abstract—The green and sustainable nature of photovoltaic
(PV) energy and falling PV module prices make this technology
relevant and economically viable. However, the placement of PV
panels may have numerous challenges. One of the challenges is
managing snow accumulation on the PV panels, which reduces
power generation and causes mechanical stress on the PV panel
structure. Removal of snowfall is a cumbersome and recurring
task. This work experimented with the heating of the PV panel
by utilizing the basic diode nature of PV panels. In this work,
the dc-dc converter is modified at the control level to achieve the
functionality of ingfeed power back to the PV panel for snow
melting. An experimental setup with a 350 W dc-dc converter
connected to an individual PV module is tested to assess the
feasibility of the snow melting process by feeding power back to
a PV module. Furthermore, this approach may be a practical
and affordable alternative for dummy loads, which are
necessary in certain settings, such as islanded DC microgrids.
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I. INTRODUCTION

The climate crisis has developed due to the rapid growth
in population and its associated energy demand, which can be
mitigated by the meticulous deployment of renewable energy
resources. Our sun has a tremendous amount of energy, of
which around 44 quadrillion watts of average power are
received by Earth annually [1]. So, photovoltaic (PV) systems
have become the most prevalent and sustainable technological
means of harvesting solar energy [2]-[4]. The current PV
industry is gradually progressing in terms of PV module
efficiency and cost. However, the most common external
factors affecting solar power generation, such as sand, fog,
clouds, and temperature, are frequently ignored. Snowfall is a
critical factor, reducing PV energy generation by up to 34%
annually, particularly in high-altitude or near-polar areas [5].

The industry has adopted passive and active prevention
methods to remove the snow from PV panels. One common
method is to heat the entire panel using a heater placed
between the back of the panel and the insulation sheet [6].
Some literature reported the usage of hydrophobic coatings
that are repellent to ice and snow. However, these coatings
were unreliable and did not work well in the long term [7]. So,
finding a method that can be practiced reliably in the long term
was necessary. In [8], melting, shedding, and their aspects
were analyzed. It was concluded that using both coatings and
heating panels for melting and shedding snow is necessary to
achieve the optimal solution.

Passive mitigations are considered the default, minimal
solutions to snow accumulation. Active mitigation of snow
solutions can be achieved using self-heating with conduction
losses. This is possible due to the diode nature of PV cells,
which can conduct current in the forward direction with some

voltage drop [9]. Apart from snow removal applications, the
self-heating of PV panels can be considered an alternative to
dummy loads in DC microgrids without battery energy
storage [10], [11].

The consideration of dummy loads for the dissipation of
instantaneous excessive power in a microgrid can help its
stability [12]. However, incorporating dedicated resistive
dummy loads necessitates extra space and increases capital
costs [13], [14]. This work emphasizes the self-heating
phenomenon using a universal power electronic interface
(UPEI) presented in [15]. In earlier reports, the UPEI has been
applied to residential PV module and low-voltage battery
energy storage applications. This work explores the feasibility
of using the UPEI to feed power back to the PV modules,
employing its bidirectional nature. This paper aims to
investigate the feasibility of snow removal utilizing the self-
heating phenomenon of PV modules. The proposed concept is
described in Section II, along with the self-heating
phenomenon, its influencing factors, the use of the UPEI
converter, and modifications to its control diagram for self-
heating. Furthermore, the experimental study and discussion
are presented in Section III. Finally, the results obtained have
been analyzed, and the paper has been concluded.

II. PROPOSED CONCEPT

A. Self-heating phenomenon in PV module

The p-n junction is fundamental to photovoltaic cell
structures [16]. Applying a sufficiently high positive voltage
to a PV module covered with snow generates heat due to the
parasitic resistance and forward voltage drop of the PV cells,
melting the snow at the surface. The melted snow creates a
water layer that facilitates snow sliding, enabling efficient
snow removal. The proposed concept of snow removal is
depicted in Fig. 1. Each UPEI is connected to an individual
PV module, where individual PV cells are connected in series
or series-parallel configuration (half-cut solar cell
technology). The used UPEI is fundamentally a bidirectional
dc-dc converter, which allows us to harness its capability to
feed power back. Its input voltage range of 10-60 V defines
compatibility with PV modules of no more than 66 cells.
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Fig. 1. Concept of self-heating method of snow removal from PV module.
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Fig. 2. The topology of a universal power electronic interface under study.

B. Snow Melting Process for PV Modules

1) The Equivalent Height (EH): Snow melting on PV
modules is a phase-changing phenomenon. Snow acts as a
porous material, allowing water to move upward through
capillary action. As a result, the snow near the module
became soaked with water, while the top layer remained dry.
The combination of gravity and capillary effect causes snow
slush to reach its maximum height, known as the equivalent
height (EH) [17]. After getting energized, the module begins
to heat up and melts the dry snow that is sticking to it. It is
observed in [10] that if the snow coverage thickness, H,
exceeds the £H, snow slush will form on the lower layer, with
a maximum thickness equal to the EH and an upper layer of
dry snow. If H is smaller than EH, heating the module will
result in a snow slush on the entire PV module. Hence, the
thickness of the snow is the key factor influencing the self-
heating process.

2) Melting Phases of the Snow: For ease of
understanding, this melting process is characterized into two
phases. In the first phase, the snow is about to melt. The
moment when the PV module received input power to the
instance when the snow on the surface began melting. A
thermal equilibrium is established between the PV module,
the snow, and the surrounding environment, resulting in
temperatures equal to those of the ambient air. During this
period, the module's surface temperature increased but
remained below 0°C, keeping the snow layer dry.

The second phase is the melting process. During this
phase, the module's surface temperature reached 0 degrees
Celsius. But the snow melts only at temperatures above 0°C.
During the melting process, the snow absorbs heat, causing
the surface temperature to drop below 0°C and remain there
until the snow is removed. The surface temperature at the end
of the first phase reaches the peak value. During this phase,
the dry snow on the PV module transforms into slush upon
contact with the surface. The thickness of dry snow gradually
decreased until the snow slush reached the £H. The resulting
snow slush acted as a lubricant between the snowpack and the
PV module, causing it to slip off the inclined surface.

C. Factors Influencing Snow Removal Using the Self-

Heating Method

The heating of PV modules serves as a trigger point to melt

the snow, but other factors also influence the melting process,
either directly or indirectly. These factors are described as:

1) Snow Layer Thickness: Since the snow can be treated
as a porous material. Therefore, the layer of snow on
top of the PV module serves as an insulating material.
Hence, the thickness of the insulating layer of snow
directly influences the melting process of snow.

2) Ambient Temperature: The ambient air temperature
has a significant impact on convection heat transfer
between the upper surface of the snow coverage and
the air, as well as between the rear surface of the
module and the surrounding environment. The
ambient air temperature affects the heat exchange of
the PV module, influencing heat transfer during
snowmelt and the effectiveness of snow removal.

3) Input Power: The PV module uses electricity to melt
snow and heat the surrounding area of the module. The
quantity of energy input to the system has a significant
impact on snow removal time. The input power per
square meter (W/m?), therefore, defines the rate of the
snow melting process.

4) Tilt angle of PV mdoule: Self-heating PV modules
remove snow by heating and melting it into water. The
slush worked as a lubricant, allowing the snow to slide
down and be removed from the surface. The larger the
tilt, the easier it is for snow to slide down the surface.
To enhance snow removal efficacy and power
generation efficiency, the tilts should be tuned for
each location based on latitude.

D. Universal Power Electronic Interface Converter

Prior studies in the self-heating process of snow removal
used a distinct auxiliary power supply connected to a PV
module, bypassing the PV converter [9]. However, this work
employs a UPEI converter from [15] for self-heating of the PV
module. This technology provides software-defined
functionalities, including reverse power flow, as shown in Fig.
1. The dc-dc converter is fundamentally a series resonant
based dual active bridge topology, which is shown in Fig. 2
and rated for 350 W. It features a very wide input voltage
range of 10 V to 60 V, which can be interfaced with 35030 V
residential dc microgrids due to its flexible topology morphing
control. It can feed constant current back to a PV module to
realize PV module self-heating with conduction losses. Since
the passive characteristics of the PV module define a threshold
voltage above which the self-heating phenomenon starts
working [9]. In this case, the converter is more likely to
operate in a zone where the voltage and current are higher than
those in typical PV operation. The threshold voltage also
defines the operating mode of the converter. Which could be
decided from the gain curve of the converter in reverse power
flow. Fig. 3 represents the gain versus duty cycle curve for
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Fig. 3. Gain versus duty cycle curve for different modes during normal and
self-heating operation of the UPEI converter.



normal operation for PV harvesting, as well as distinguishing
between modes during snow melting operation, since the
converter will operate in reverse power flow with different
gain settings. The minimum value of V;y in self-heating mode
is determined by the passive characteristics of the PV module,
as shown in Fig. 7. It is based on the threshold voltage, which
is approximately 41 V for 60-cell Si PV modules. This value
dictates the required converter gain and operating mode of the
converter. It also ensures that the converter operates in the
FBI-HBR configuration, with either buck or boost mode,
depending on the required gain. The operating gain range is
around (0.45-0.75), which is calculated using the following
relation of gain G with bus voltage Vxy and PV voltage Viy
and turn ratio » of the transformer.

G = VHV/(‘H,. VLV) (1)

A basic PI controller has been used to regulate the duty
cycle that defines the converter gain. A simplified version of
the control is shown in Fig. 4, where normal operation mode
(PV harvesting) is not described in detail, as it is outside the
scope of this work. Therefore, only current-based control is
described for the understanding of the self-heating mode. It
employs a self-heating control block, which serves as either
an input or a sensor-based input, determining whether to
switch from PV harvesting to self-heating operation.

Furthermore, the simulation results shown in Fig. 5 were
obtained for the reverse power flow in the converter, as
depicted in the circuit of Fig. 2, under the conditions listed in
Table 1. Both boost (Fig. 5(a)) and buck (Fig. 5(b)) modes are
tested for the 7 A constant current (/.y), which is fed back to
PV module. Here, V; and V>, represent the output voltages of
the H bridges, Vs is the voltage across the resonant capacitor
C3, and the resonant inductor current is /.

III. EXPERIMENTAL VERIFICATION AND DISCUSSION

As the UPEI converter can control bidirectional current
flow, it is essential to verify that it can accommodate snow-
melting applications within its input voltage range. Snow
accumulation on the PV module surface requires a special
detection algorithm that triggers the snow-melting routine,
which is outside the scope of this paper.

As this study considers droop-controlled dc microgrids,
different droop control curves can be defined. Based on the
Current/OS set of rules, three curves were synthesized and
plotted in Fig. 7. In the normal (PV harvesting) mode, the
power must be curtailed gradually if the dc bus voltage
exceeds a certain threshold (370 V in this case). In contrast,
snow-melting mode can be engaged when the dc bus voltage
exceeds a minimum allowed operating voltage (for example,
325 V). Moreover, the dummy load mode can complement the
power curtailment in the normal mode. In such a case, power
is fed back to a PV module gradually after the power
generation is curtailed to zero. This enables the stabilization
of dc microgrid operation during abnormal conditions.

TABLE 1. KEY PARAMETERS OF THE DC-DC CONVERTER
Parameter Label Value
Input voltage range Viv 10-60 V
Maximum PV current Iy +12 A
Maximum DC link current Iy +1.1 A
DC link voltage Vay 320-380V
Switching frequency f 100 kHz
Turn ratio n 12.8
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Fig. 4. Simplified control for self-heating of PV panel.
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A. Case Study for Snow Melting Process

This study considers typical residential 60-cell
monocrystalline Si PV modules RIS-400MHC-FB with a
nameplate power of 400 W. Under the test conditions, PV
modules were covered with a 2-4 cm snow layer at an ambient
temperature of around -5 to -3°C. The direct solar irradiance
ranged from 170 to 290 W/m?.

First, the volt-ampere characteristics of the PV module
was measured experimentally before melting the snow. The
experimental passive characteristics plotted in Fig. 7,
distinguished the effective and dormant (insignificant heating)
areas. After turning on the converter, the snow started melting
within 10 minutes of applying the reverse power. It took
around two and a half hours to completely remove the snow.
Still, the total removal of snow depends on several factors,
including the inclination angle of the panel, ambient
temperature, and snow thickness. In this case, approximately
a 2 cm layer of snow was fully removed from the panel within
the first 90 minutes, as shown in Fig. 8(a). The effective panel
area appears to be cleared in the first 55 minutes, as shown in
Fig. 8(b), and remains so for the next half hour, as shown in
Fig. 8(c). The melting time generally depends on the external
temperature and the width of the snow layer to be shed.

B. DC-DC Converter Waveforms

The waveforms of the converter during the self-heating of
the PV panels with the specified parameters are presented in
Fig. 10 for an operation of 7 A. While the voltage was in the
range of 43 V to 46 V, it is evident that the UPEI can perform
snow melting with 60-cell Si PV modules within this range.
Additionally, it can be assumed that it is also compatible with
snow melting on 72-cell PV modules based on the same PV

Fig. 8. Snow melting instances and time taken by the PV module after
applying the self-heating method at an ambient temperature of -5 °C: (a)
initial conditions, (b) after 55 min, and (c) after 90 min.
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Fig. 10. Converter waveforms during reverse power flow with 7 A: (a) in the
boost mode and (b) in the buck mode.

technology, which operates at 20% higher voltage and power
levels. The thermal images shown in Fig. 9 and UPEI
waveforms in Fig. 10 validate that the operation of UPEI
during self-heating is feasible and safe to practice. It can be
stated that the thermal modes during the self-heating of the PV
module are also within the allowed range.

C. Possible Scalability of the Analyzed Concept

The operating voltage of PV modules is higher in snow-
melting mode than in PV energy generation mode. Therefore,
the converter, which is rated for the PV module's nameplate
power, cannot operate at the rated current of the PV module.
Current derating is needed to limit the operating power of the
dc-dc converter. The proposed concept eliminates the need for
manual labor and associated travel expenses, as well as
auxiliary power supplies for heating and mechanical or robotic
methods for snow removal. Hence, it reduces the maintenance
costs and efforts associated with a PV system. The following
points can be additional aspects of this concept:

1) Some liquid water content (LWC) sensors [8] and
embedded temperature sensors, as well as weather
forecasting, can provide additional advantages to automating
self-heating for PV modules. The heating system can operate
optimally based on the upcoming weather. Hence, the energy



can be optimally invested in heating the PV panels to remove
snow only before prolonged clear sky conditions. Using an
energy management system (EMS) to automate the process
based on sensor feedback and forecasts can be a viable
solution. EMS can predict upcoming sunny days when
snowmelt can be justifiable in terms of predicted energy
generation.

2) PV modules, designed to handle their rated current,
can tolerate reverse power flow at lower magnitudes without
damage. The self-heating effect enables PV modules to serve
as dynamic braking or dummy loads in dc microgrids,
particularly during transient or abnormal conditions. In
systems using droop control, overvoltage scenarios may
require dissipating surplus energy. Leveraging the PV
converter for this purpose eliminates the need for dedicated
dumping resistors and associated converter(s), simplifying
system design.

IV. CONCLUSION

This study demonstrated the feasibility of utilizing the
inherent diode nature of PV cells for self-heating by reversing
the power flow, thereby enabling snow melting directly on the
module surface. In addition to electrical heating, snow
shedding is aided by the panel's tilt and the weight of the snow
itself. Experimental results showed that feeding up to 350 W
into the PV module at a 15° tilt effectively melted a 2 cm snow
layer within 55 minutes. This was achieved with minimal
modification to the converter, allowing it to operate in reverse
power mode within the rated power range. The proposed
approach offers a cost-effective alternative to manual snow
removal or dedicated heating systems, reducing maintenance
requirements. Furthermore, the self-heating capability can
serve a dual purpose by acting as a dump load during transient
overvoltage conditions in dc microgrids, enhancing system
resilience beyond snow removal.

ACKNOWLEDGMENT

This research was supported in part by the European
Union's Horizon Europe research and innovation programme
under grant agreement no. 101136131, in part by the Estonian
Centre of Excellence in Energy Efficiency, ENER, funded by
the Estonian Ministry of Education and Research under Grant
TK230, and in part by the Estonian Research Council through
the funding of the international multilateral partnership
IMPRESS-U project "EAGER: Adaptive Infrastructure
Recovery from Repeated Shocks through Resilience Stress
Testing in Ukraine." Views and opinions expressed in this
document are those of the authors only and do not necessarily
reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency (CINEA).
Neither the European Union nor the granting authority can be
held responsible for them.

[12]

[16]

[17]

REFERENCES

"The Balance of Power in the Earth-Sun System" National Aeronautics
and Space Administration, [Online]. Available: www.nasa.gov.
[Accessed: Dec 15, 2025].

R. Ramakumar, H. J. Allison and W. L. Hughes, "Solar energy
conversion and storage systems for the future", I[EEE Trans. Power
Apparatus Syst., vol. PAS-94, no. 6, pp. 1926-1934, Nov./Dec. 1975.

E. C. Boes, "Fundamentals of solar radiation" in Solar Energy
Handbook, New York: McGraw-Hill, 1981.

R. Ramakumar and J. E. Bigger, "Photovoltaic systems," Proceedings
of the IEEE, vol. 81, no. 3, pp. 365-377, March 1993.

R. E. Pawluk, Y. Chen and Y. She, "Photovoltaic electricity generation
loss due to snow — A literature review on influence factors, estimation,
and mitigation," Renewable and Sustainable Energy Reviews, vol. 107,
pp. 171-182, 2019.

A. Rahmatmand, S. J. Harrison, and P. H. Oosthuizen, "An
experimental investigation of snow removal from photovoltaic solar
panels by electrical heating," Solar Energy, vol. 171, 2018, pp. 811—
826,

R. Menini, Z. Ghalmi, and M. Farzaneh, "Highly resistant icephobic
coatings on aluminum alloys,” Cold Regions Science and Technology
65(1), 65-69,2011.

A. H. A. Yassine, N. Namdari, B. Mohammadian, H. Sojoudi,
"Understanding mechanisms of snow removal from photovoltaic
modules," Solar Energy, vol 231, pp. 175-184,2022.

A. Weiss and H. Weiss, "Photovoltaic cell electrical heating system for
removing snow on panel including verification," 2016 I[EEE
International Conference on Renewable Energy Research and
Applications (ICRERA), Birmingham, UK, 2016, pp. 995-1000

C.Yan, M. Qu, Y. Chen, and M. Feng, "Snow removal method for self-
heating of photovoltaic panels and its feasibility study," Solar Energy,
vol 206, 374-380, 2020.

1. A. Galkin, A. Blinov, M. Vorobyov, A. Bubovich, R. Saltanovs, and
D. Peftitsis, "Interface Converters for Residential Battery Energy
Storage Systems: Practices, Difficulties and Prospects," Energies,
vol. 14, no. 12, paper no. 3365, Jun. 2021.

G. V. Somanath Reddy, V. P. Mini, N. Mayadevi and R. Hari Kumar,
"Optimal Energy Sharing in Smart DC Microgrid Cluster," 2020 /EEE
International Conference on Power Electronics, Smart Grid and
Renewable Energy (PESGRE2020), Cochin, India, 2020, pp. 1-6.

F. S. Al-Ismail, "DC Microgrid Planning, Operation, and Control: A
Comprehensive Review," in IEEE Access, vol. 9, pp. 36154-36172,
2021.

S. Yadav, P. Kumar, A. Kumar, "Excess energy management and
techno-economic analysis of optimal designed isolated microgrid with
reliability and environmental aspects," in Energy Conversion and
Management, vol. 333,2025.

V. Sidorov, A. Chub, D. Vinnikov, and A. Lindvest, "Novel Universal
Power Electronic Interface for Integration of PV Modules and Battery
Energy Storages in Residential DC Microgrids," I[EEE Access, vol. 11,
pp- 30845-30858, 2023.

D. Wang, G. Yang, F. Liu, "Principle and application of photovoltaic
cells," Chemical Industry Press, Beijing, 2014.

R. E. Jordan, J. P. Hardy, J. Fep, and D. J. Fist, "Air permeability and
capillary rise as measures of the pore structure of snow: an

experimental and theoretical study," Hydrol. Process, 1999, 13 (12—
13):12-13, 1733-1753.



	I. Introduction
	II. Proposed Concept
	A. Self-heating phenomenon in PV module

	_Ref187417544
	B. Snow Melting Process for PV Modules
	1) The Equivalent Height (EH): Snow melting on PV modules is a phase-changing phenomenon. Snow acts as a porous material, allowing water to move upward through capillary action. As a result, the snow near the module became soaked with water, while the top layer remained dry. The combination of gravity and capillary effect causes snow slush to reach its maximum height, known as the equivalent height (EH) [17]. After getting energized, the module begins to heat up and melts the dry snow that is sticking to it. It is observed in [10] that if the snow coverage thickness, H, exceeds the EH, snow slush will form on the lower layer, with a maximum thickness equal to the EH and an upper layer of dry snow. If H is smaller than EH, heating the module will result in a snow slush on the entire PV module. Hence, the thickness of the snow is the key factor influencing the self-heating process.
	2) Melting Phases of the Snow: For ease of understanding, this melting process is characterized into two phases. In the first phase, the snow is about to melt. The moment when the PV module received input power to the instance when the snow on the surface began melting. A thermal equilibrium is established between the PV module, the snow, and the surrounding environment, resulting in temperatures equal to those of the ambient air. During this period, the module's surface temperature increased but remained below 0°C, keeping the snow layer dry.
	The second phase is the melting process. During this phase, the module's surface temperature reached 0 degrees Celsius. But the snow melts only at temperatures above 0°C. During the melting process, the snow absorbs heat, causing the surface temperature to drop below 0°C and remain there until the snow is removed. The surface temperature at the end of the first phase reaches the peak value. During this phase, the dry snow on the PV module transforms into slush upon contact with the surface. The thickness of dry snow gradually decreased until the snow slush reached the EH. The resulting snow slush acted as a lubricant between the snowpack and the PV module, causing it to slip off the inclined surface.

	C. Factors Influencing Snow Removal Using the Self-Heating Method
	1) Snow Layer Thickness: Since the snow can be treated as a porous material. Therefore, the layer of snow on top of the PV module serves as an insulating material. Hence, the thickness of the insulating layer of snow directly influences the melting process of snow.
	2) Ambient Temperature: The ambient air temperature has a significant impact on convection heat transfer between the upper surface of the snow coverage and the air, as well as between the rear surface of the module and the surrounding environment. The ambient air temperature affects the heat exchange of the PV module, influencing heat transfer during snowmelt and the effectiveness of snow removal.
	3) Input Power: The PV module uses electricity to melt snow and heat the surrounding area of the module. The quantity of energy input to the system has a significant impact on snow removal time. The input power per square meter (W/m2), therefore, defines the rate of the snow melting process.
	4) Tilt angle of PV mdoule: Self-heating PV modules remove snow by heating and melting it into water. The slush worked as a lubricant, allowing the snow to slide down and be removed from the surface. The larger the tilt, the easier it is for snow to slide down the surface. To enhance snow removal efficacy and power generation efficiency, the tilts should be tuned for each location based on latitude.

	D. Universal Power Electronic Interface Converter

	_Ref187417562
	_Ref196342925
	III. Experimental Verification and Discussion
	_Ref196342801
	_Ref196342865
	_Ref196342890
	A. Case Study for Snow Melting Process
	B. DC-DC Converter Waveforms
	C. Possible Scalability of the Analyzed Concept
	1) Some liquid water content (LWC) sensors [8] and embedded temperature sensors, as well as weather forecasting, can provide additional advantages to automating self-heating for PV modules. The heating system can operate optimally based on the upcoming weather. Hence, the energy can be optimally invested in heating the PV panels to remove snow only before prolonged clear sky conditions. Using an energy management system (EMS) to automate the process based on sensor feedback and forecasts can be a viable solution. EMS can predict upcoming sunny days when snowmelt can be justifiable in terms of predicted energy generation.


	_Ref187849062
	_Ref187868599
	_Ref187868635
	_Ref196318699
	_Ref196342754
	 
	2) PV modules, designed to handle their rated current, can tolerate reverse power flow at lower magnitudes without damage. The self-heating effect enables PV modules to serve as dynamic braking or dummy loads in dc microgrids, particularly during transient or abnormal conditions. In systems using droop control, overvoltage scenarios may require dissipating surplus energy. Leveraging the PV converter for this purpose eliminates the need for dedicated dumping resistors and associated converter(s), simplifying system design.


	IV. Conclusion
	 
	 
	 
	Acknowledgment
	References




	_Ref187417318
	_Ref187417349
	_Ref187417354
	_Ref187417356
	_Ref187417382
	_Ref187417401
	_Ref187417415
	_Ref187417424
	_Ref196341454
	_Ref196341505
	_Ref196341566
	_Ref196341635
	_Ref196341641
	_Ref196341777
	_Ref196341976
	_Ref196342072
	_Ref198117754

