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Abstract—Today, it is important to monitor the data first of 
all in order to increase the efficiency of solar panels. In this 
study, parameters affecting the efficiency of photovoltaic panels 
, such as ambient temperature, panel temperature, humidity, 
light ratio, panel current, panel voltage were measured at 
certain time intervals. The data was then transferred to the 
computer via the PV panel (Power Line Communication, PLC) 
using the existing photovoltaic panel DC power line with the 
FSK modulator-demodulator, which was converted into a serial 
information package and designed, and the data was recorded. 
Here the panel data is collected entirely via its own energy cable 
without the use of any lines or wireless units.  With Python-
based software, graphs of panel parameters were created, the 
data obtained were analyzed and the factors affecting energy 
production were examined.  

Keywords—Powerline Communication; Photovoltaic Solar 
Panel; FSK Modulation and Demodulation; Frequency-shift 
keying (FSK) 

1. INTRODUCTION  
The development of technology and the continuous 

increase of the world's population means the need for energy. 
In today’s world, the reduction of fossil fuels, which are the 
source of conventional energy makes clean and reliable 
energy more important [1]. Developed countries have aimed 
to develop energy policies in order to meet the emerging 
energy needs and to increase the share of clean energy in total 
energy production. Among renewable energies, especially 
solar and wind power plants have become the most popular 
and developed systems [2]. 

Nowadays, solar and wind energy, which is identified with 
the concept of nature-friendly green energy, is abundant and 
unlimited, and production facilities are continuously 
improving in efficiency [3]. Solar energy system technologies 
have made great progress especially in the last 20 years and 
production facilities have increased gradually [4-5].  

The production of energy derived from factors such as 
solar and wind varies according to time. Solar panels need to 
be continuously monitored and managed for stable power 
generation. Communication over the Power Line (PLC) 
method is preferred in intelligent production systems due to 
the use of the existing power line and the low cost of hardware. 

When the recent studies are examined; 

Dubey et al. [6] investigated the effect of working 
temperature and photovoltaic modulus on the electrical 
performance of crystalline photovoltaic modules. In the 
system created by Napoli et al. [7], an innovative topology is 
provided which performs a power line communication (PLC) 
on the DC bus with serial connected photovoltaic modules. 

Han et al. [8] proposes a user-friendly PV monitoring 
system based on low-cost power line communication (PLC). 
For cost reduction, the PLC module was developed without a 
communication modem. a transmitter is added to each panel. 
Measured current voltage and temperature values were 
transferred to receiver PLC system by ASK digital 
modulation. It was transferred from the main system to the 
mobile phone with the help of wireless. Duc Ma et al. [9] 
Digital Filter and Line Filter are designed as Detection filter 
using ASK based PLC system. It has created DC-PLC based 
monitoring system which shows voltage, current and 
temperature values. Eke et al [10] In this study, the effects of 
light spectrum on outdoor performance of photovoltaic 
modules were investigated. Soyer G. [11] In this study, the 
current, voltage, power and simultaneous radiation-
temperature values produced by photovoltaic panels were 
recorded into SD Memory Card depending on time and their 
efficiency was examined according to these values. 

When the studies have been examined, heat, current, 
voltage and light intensity of solar panels have been measured 
in general. In addition, in several studies that made 
measurements via the panel line, PLC modules were used as 
products and ASK modulation was used in communication. 

In this study, ambient temperature, panel temperature, 
light intensity, panel current and voltage and ambient 
humidity value were measured and these values were sent 
over the existing panel energy cable. The system that 
communicates over the line has been realized with FSK 
modulator and demodulator design, and the communication 
circuit structure has been designed to be cheaper and more 
quality communication with FSK modulation. Then, graphs 
were plotted and interpreted to examine the effects of the 
obtained data on panel yield. 

 

 

 

10th IEEE International Conference on Smart Grid June 27-29, 2022, Istanbul, TURKEY

icSmartGrid 2022



2. POWER LINE COMMUNICATION (PLC) 
Recently, the need for communication systems has 

increased the interest of research communities in so-called 
power line communication (PLC) systems. Power line 
communication (PLC) technologies use an existing 
infrastructure (power cables) as a communication medium and 
can also be an interesting low-cost solution for the M2M 
communications scenario. [11-13]. PLC systems 
communicate by transmitting the information signal over the 
power lines by means of a carrier signal through the 
modulation process [14]. Different modulation techniques 
have been designed to prevent noise and signal distortion. 
Modulation and demulation is performed by devices 
connected to the electricity grid [15].  In solar panels, 

receiving panel data over the existing power line will also 
prevent the use of extra communication cables or RF modules.   

3. Structure of The Designed System 

The structure of the designed and implemented system is 
shown in Figure 1. The current and voltage values of PV 
Panel, air temperature, panel temperature, humidity, light 
value are measured at certain time intervals and given to 
microcontroller inputs. The microcontroller receives the data 
from the serial communication (UART) module RX output to 
the FSK modulator circuit. The FSK Modulator sends the 
modulated information from the panel's existing DC power 
line through the coupling capacitor. 

 

 
   Figure 1. Measurement of PV data and transmission over the existing power line 

 

The FSK Demodulator circuit located at the end of the DC 
line converts the signal received from the coupling capacitor 
into a baseband signal and sends it to the RX input of the serial 
communication (UART) of the microcontroller. The 
microcontroller transfers the recieved data to the computer via 
USB. The program, written in Python language on the 
computer, creates instant graphics by saving the received data. 
Figure 1 shows the block diagram of the study. 

 

3.1. Measurement of sensor data via solar panel power line 

The data on the Panel was measured with a 
microcontroller and applied to the designed FSK modulator 
circuit. The FSK modulator circuit produces 110kHZ for the 
value of logic 1, while the signal produces 90kHZ for the  

value of logic 0. The FSK signals produced were applied 
to the panel DC line through coupling.  

3.2 Measurement and transmitter system structure 

In the installed system, BH1750 (light sensor) and STH3X 
(temperature and humidity sensor) are connected to I2C 
communication protocol pins (SCL, SDA). The DTH11 
(humidity and temperature sensor) is connected to pin Digital-
7 of the microcontroller, ACS712 (current sensor) Analog-0 
and MAX471 (voltage sensor) are connected to pin Analog-1. 
As shown in Figure 2, the sensor information from the TX port 
which is the output of the microcontroller UART module is 
superimposed on the DC line by the coupling capacitor by the 
FSK transmitter circuit. 

 

 
Figure 2. System Sensor Circuit. 
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 A coil is placed on the line to prevent the high frequency 
signal from entering the source and microcontroller system . 
In addition, a 12V 7Ah battery is included in the system so 
that the power consumed by the microcontroller does not 
affect the characteristics to be measured. The connections of 
the sensor circuit are shown in Figure 3. 

 

 
Figure 3. Internal and External View of the Transmitter Unit. 

4. Receiver System Structure 

In the designed system, the FSK signal received from the 
coupling capacitor before the load added to the end of the DC 
line was converted to digital information by the FSK 
Demodulator and given to the RX port of the UART module 
of the microcontroller. The data obtained were transferred to 
the computer via USB cable by serial communication port [9]. 
An SD-Card module has been added to record sensor and time 
information between 7-20 hours. 100w polycrystalline panel 
is connected to 5Ω rheostat as a load.  Python coding language 
is selected for the software designed for the system. 6 different 
sensor information coming from the serial port is transferred 
to the computer as a single text. Figure 9 shows the block 
diagram of the software. 

In addition, the Oled display has been added to the receiver 
circuit to see the information. A switch is included to shut 
down the system at any time. Figure 4 shows the internal 
structure and external appearance of the receiving system. 

 

 

 

 
Figure 4. Internal Structure and Exterior View of the Receiver Circuit. 

 

5. Graphs of Measured Sensor Data 

Date of the day, time, light information (lux), panel 
temperature (°C), ambient temperature (°C), panel output 
voltage, output current value, ambient humudity are recorded 
respectively. 
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                 Figure 5. Graphs generated with sensor data 

As shown in Figure 5 with the data obtained, the sensor 
value-time graphs are plotted and the process is continued as 
long as new information is received.   

 

 

 

Figure 6 shows the panel power values of 3 different days 
according to time 

If the statistical connection between the chart variables is 
examined, the effects of the variables on the yield can be 
examined. For this, the correlation (R) between P (Probability; 
Probability) and variables should be examined. Correlation 
analysis is a statistical method used to test the linear 
relationship between two variables or the relationship of a 
variable with two or more variables, and to measure the degree 
of this relationship, if any. 

Purpose in correlation analysis; when the argument 
changes, it is to see in which direction the dependent variable 
will change [16]. As a result of the correlation analysis, 
whether there is a linear relationship and the degree of this 
relationship, if any, is calculated by the correlation coefficient. 
The correlation coefficient is denoted by "R" and takes values 
between -1 and +1. 

P value is a value used to determine the presence of 
statistical significance and the level of evidence of the 
difference, if any [17]. 

When the statistical analysis of the chart values is done, 
the R and P values of the variables are shown in Table 1. 
According to Table 1, the R correlation coefficient varies 
between -1 and 1. Considering the correlation coefficient 
values, the most effective parameters are panel voltage and 
light intensity since the P value between the output variable is 
0. When the table is analyzed in general, it is concluded that 
all variables are important since the probability values of all 
variables are less than 0.05. 

 

Figure 6. Designed monitoring system and 3-day power graph 

 

 

Table 1. Probability and correlation values of variables. 

• Variable • P Value • R value 

• PV Voltage • 0 • 0,987241 

• Light • 0 • 0,969281 

• Humudity • 6,69E-44 • -0,51258 

• Temperrature • 7,83E-17 • 0,322237 

• PV Temperature • 2,28E-86 • 0,676727 
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6. Conclusion 

In this study, a simple and inexpensive FSK transmitter-
receiver system was proposed as a communication method 
over power line. Because the line is DC, the FSK signal is 
superimposed on the DC supply using capacitive coupling 
without exposure to noise. The coil is used to protect the 
supply voltage of the microcontroller and FSK circuit from the 
generated FSK frequency. Although there is 1 transmitter and 
1 receiver in the current system, more PV panels can be 
monitored by increasing the number of transmitters. Thanks 
to the developed system, instead of using an extra line or RF 
wireless communication for monitoring of PV panel data, 
communication was realized over the DC power line of the 
panel. Figure 13 shows the monitoring system designed and 
the 3-day energy production graph. 

When the panel temperature-power graph is analyzed, it is 
observed that although the light ratio remains the same, the 
panel temperature causes a decrease in the power ratio 
after 50 degrees. It is determined that the power generation 
between 09-17 hours is at the desired level under constant 
load. It was observed that the ambient moisture value 
decreased depending on the light intensity. 

Thanks to the study, the efficiency of the panels in outdoor 
conditions was monitored over the existing DC power line and 
the power generation was examined. Monitoring of panel 
efficiency will increase performance in electricity generation.  

In future studies, communication will be realized with 
different modulation types and measurements will be made 
over panel cable from further distances and will be compared 
with the current study. Using long term recorded data and 
ANN modeling, the effect of variables on yield will be 
examined with higher accuracy. 
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