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Abstract: This study presents the development and experimental 

evaluation of a photovoltaic (PV) monitoring and control system utilizing 

a Siemens S7-1200 Programmable Logic Controller (PLC). The proposed 

system was integrated with a DC-DC boost converter and SCADA 

(Supervisory Control and Data Acquisition) supervision. The system was 

designed to stabilize the fluctuating output of PV panels by employing a 

closed-loop control strategy using a Proportional-Integral-Derivative 

(PID) controller in conjunction with Pulse Width Modulation (PWM) 

techniques, maintaining a stable output voltage despite variations in solar 

input. The PLC, programmed via TIA Portal V17, serves as the central 

processing unit, acquiring analog signals from PV modules and 

facilitating data logging, processing, and visualization. Field testing was 

conducted in Kirkuk City over a 10-hour operational window to monitor 

key PV parameters including terminal voltage, load current, output power, 

temperature, and solar irradiance. Experimental results confirm the 

system's effectiveness in real-time data acquisition, robust voltage 

regulation, and user-centric monitoring. The architecture demonstrates 

high scalability, accuracy, and reliability, with a cost-effective and 

modular design suitable for industrial deployment. Moreover, the 

system’s flexible structure supports adaptation for broader industrial 

monitoring applications following minimal calibration. This approach 

offers a promising solution for enhancing operational efficiency, reducing 

maintenance demands, and maximizing the performance of renewable 

energy systems.  
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1. Introduction  

 

The DC-DC converters are essential components in various electrical systems, enabling 

efficient power transfer and voltage regulation. Therefore, achieving precise voltage 

regulation is crucial in applications ranging from electric vehicles to industrial systems, 

communication devices, and renewable energy systems [1, 2]. Industrial automation 

requires precise control of processes, particularly in maintaining specific parameters like 
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voltage regulation in DC-DC converters, speed control, temperature, pressure, or flow rate. 

PID control was used to achieve this. Siemens' TIA Portal simplifies the implementation of 

PID control by offering a ready-to-use PID function, allowing for efficient setup and 

configuration of PID controllers for various applications [3].  

 

1.1. Literature Review 

There are several studies related to the design, tuning, and implementation of the PID 

controller, especially via PLC, and so on. In [3], the authors presented a fine-tuning 

approach for the PID controller's parameters using a fuzzy-PD controller in a thermal plant. 

The system was built and tested using MATLAB/Simulink on a specific plant, and then the 

design was converted into a structured control language (SCL) code to be used in Siemens 

S7-1200 PLC programs. In [4], the authors present an auto-tuning method for the PID 

controller for the temperature control module based on the Siemens S7-1200 PLC. Thus, the 

system became stable more quickly. The system exhibits excellent suitability, optimal speed 

adjustment, and timely error correction. In [5, 6], the validation of the PID digital controller-

based cascade control system using Micrologix-1200 PLC and RSVIEW-32 SCADA, along 

with RSLinx communication software that controls the flow rate system. It shows real-time 

data analysis, setpoint adjustments, automatic report generation, and data integration with 

MS Excel and MS Access. In [7], propose implementation of Siemens S7-1200 PID control 

on the water level controller for plants (Festo Labvolt 3531) with SCADA using Modbus 

communication protocol. [8] Describes the design, parameter tuning, and experimental 

evaluation of a fractional-order PID temperature control in a pipeline with induced air-flow 

on a laboratory test stand. The controller was implemented on a standard PLC Siemens S7-

1200.  

In [9, 10], stabilizing the motor speed according to a preset value using a PID algorithm 

integrated in Siemens S7–1200 PLC was implemented. A SCADA interface was designed 

for monitoring many parameters on a PC or HMI monitor, such as turning on/off the 

system, selecting the motor direction of rotation, entering the setpoint, PID parameters in 

the system, the actual motor speed, the error ratio, and showing the motor's current direction 

of rotation. In [11], the control of an asynchronous motor was realized experimentally using 

a PLC with a VFD driver using a PID controller algorithm. Different control PID values 

were experimented with constant speed trials to achieve the best results. Monitoring and 

controlling the PV system can be implemented based on various technologies, such as 

Arduino [12, 13], Field Programmable Gate Array (FPGA) [14], and Raspberry Pi [15]. 

Despite being low-cost, open-source, and extendable, these solutions should not be regarded 

as substitutes for PLC technology [16-19]. 

The authors previously published a research article [20], where it was focused solely on 

designing and implementing a SCADA monitoring system for solar panel data (five 

parameters: terminal voltage, load current, consumption power, irradiance, and 

temperature). It functions solely as a monitoring system without any controlling capabilities.  

While the current manuscript presents a design for a boost converter that is controlled via 

the PLC based on a PID controller and PWM for stabilizing the output voltage value of the 

PV panel at the desired level (at a setpoint equal to 42 volts or any required voltage level). 

The work also included designing an extended SCADA system interface for real-time data 
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monitoring of the irradiance, temperature, terminal voltage, load current, and consumption 

power at both sides of the designed boost converter. Also, it displayed all the parameters of 

the PID controller and the value of the duty cycle and switching frequency. 

 

 

2. Proposed PV System 

  

As shown in Fig. 1, the proposed PV system was made up of a PV module, a DC-DC boost 

converter, current and voltage sensors for both sides (PV and load), an automation PLC for 

closed loop controller and also for monitoring the proposed PV system via SCADA, and a 

DC load. Fig. 2 shows the circuit diagram of the proposed PV system. 

 

 
Fig. 1: Functional block layout diagram of the proposed PV System based on PLC 

 

 
Fig. 2: Experimental scheme of the proposed PV monitoring system 

 

The hardware for the proposed system will consist of the following components: 

 

2.1. PV Panel 

Table 1 presents the specification (under standard test conditions) of the PV panel that is 

used experimentally for this work [21]. 
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Table 1. Parameter of the employed PV panel 

TYPE M-100W polycrystalline 

Max. Power (Pmax) 100 W 

Open Circuit Voltage (Voc) 22.0 V 

Short Circuit Current (Isc) 6.5 A. 

Max. Power Voltage (Vmp) 18.0 V 

Max. Power Current (Imp) 5.70 A 

Max. System Voltage  1000 V 

Power Tolerance ± 3 % 

Dimension (mm) 1200*540*30 

 

2.2. DC-DC Boost Converter 

A DC-DC converter elevates the input PV voltage to the necessary output voltage without 

employing a transformer. The primary components of a DC-DC boost converter include an 

inductor (L), a high-frequency switch (Q), a diode (D1), and an output capacitor (Co). [22], 

as shown in Fig. 3. Table 2 lists the component specifications of the designed converter. 

These systematically provide power to the load at a voltage above the input voltage 

magnitude.  The control approach involves the modulation of the duty cycle (K) of the 

switch, resulting in voltage variation. The boost converter functions by intermittently 

applying the input voltage to the inductor, thereby storing energy in its magnetic field. This 

stored energy is subsequently released to the output load through the diode and capacitor, 

resulting in an increased output voltage. Fig. 4 illustrates the practical circuit of the 

proposed system's boost converter. 

 

 
Fig. 3: Circuit diagram of the boost converter 

 

Table 2. Component specifications 

Component Value 

inductor (L) 1mH 

Capacitance (C) 2200 µF 

Switching frequency 5 KHz 

Power switch IRFP450 

Optocoupler TLP250 
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Fig. 4: Practical circuit of the proposed system's boost converter 

 

2.3. Voltage Sensor 

A voltage divider was employed with the PLC as a PV voltage sensor. It consists of two 

resistors (R1 equal to 30 kΩ and R2 equal to 7.5 kΩ). It operates between 0 and 50V. 

According to the following equation, its output voltage (Vout) can be defined.   

 

                              (1) 

Where Vin is the input voltage to the sensor (PV terminal voltage). 

 

2.4. Current Sensor 

The ACS712 Current Sensor was utilized due to its excellent precision and ease of use for 

load current measurement [23], [24]. The "Hall Effect" underpins the operational principle 

of this device. This sensor was used to normalize the requisite hall voltage value derived 

from the load current, which is subsequently provided to the PLC. The PLC calibrates the 

Hall voltage to the actual load current (I) according to equation (2). 

 

        (2) 

 

The scale factor is contingent upon the group of the ACS-712 current sensor concerning its 

current load capacity; for the ACS-712 ELCT-5A utilized in this study, it is 185 mV/A. 

 

2.5. Temperature Sensor (LM35) 

This work utilizes the LM35 temperature sensor. This temperature sensor from Texas 

Instruments is well regarded; it produces a voltage that linearly correlates with temperature 

variations at a scale factor of 10.0 mV/°C. It exhibits minimal power consumption (60 µA), 

is economically priced, and provides exceptional accuracy. Due to its robust design, it can 

endure many environmental conditions. Furthermore, it required no further components for 

calibration and consistently demonstrates an accuracy of 0.5°C at ambient temperature and 

1°C across the temperature range of -55°C to +155°C [20]. 
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2.6. Irradiance Sensor 

This study employed a simple and cost-effective method using LDR to quantify solar 

irradiance. It is widely employed as an automatic streetlight, light meter, light sensor, and in 

several applications necessitating light sensitivity. The light-dependent resistor (LDR) is a 

specialized resistor that operates on the principle of photoconductivity, wherein resistance 

varies with light intensity. 

 

2.7. S7-1200 PLC 

The Siemens S7-1200 is a programmable logic controller employed in industrial automation 

applications.  It is a small, modular PLC capable of managing diverse automation tasks and 

processing data from several inputs and outputs.  In this work, it is employed for controlling 

the duty cycle of the Boost converter based on the feedback voltage signal of the output 

terminal voltage, and thereby, the voltage is regulated. It is also used for processing and 

monitoring the PV terminal voltage, the boost converter's current, the output terminal 

voltage, and the load current via the proposed SCADA system. 

 

3. Software Implementation 

 

TIA Portal V17 is a software environment utilized for programming Siemens SIMATIC S7-

1200 PLCs. Initially, for the assessment of the terminal output voltage of the PV panel and 

the boost converter, the lowest and max. Values of the voltage sensor signal (%IW64) were 

designated from 0 to 13824, and the value was defined in "NORM_X." The real voltage 

value (0–50 volts) was subsequently scaled using "SCALE_X" function blocks. The error 

rate during the calibration of the voltage sensor was determined to be 5%. To rectify this 

issue, a "CALCULATE" block was employed to adjust for the error % and ascertain the 

accurate voltage (see to Fig. 5).  

 

 
Fig. 5: PV Voltage measurement network 
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The load current was measured by normalizing the min. and max. Values of the load current 

sensor signal (IW66%) from a range of 0 to 27468 using the "NORM_X" block function. 

The scaling was established with min. and max. Values of 0-10 A, as defined by the 

"SCALE_X" block. A "CALCULATE" block function is employed to execute the necessary 

calibration equation for this sensor, as delineated in eq. (2) and illustrated in Fig. 6.   

 

 
Fig. 6: Load current calculation network 

 

The consumption power (in Watts) was calculated by multiplying the terminal voltage by 

the load current using the multiplication function block "MUL", as illustrated in Fig. 7. 

 

 
Fig. 7: Consumption power calculation network 

 

3.1. PID Compact Controller 

PID control is a widely used algorithm in industrial automation for regulating process 

variables. The S7-1200 PLC provides support for PID control via the "PID Compact" 

function block. In this work, this block performs the necessary calculations for PID control 

and generates an "output" signal that represents the duty cycle percentage ratio of a boost 
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converter based on the deviation between the desired "setpoint" which represents the 

required output voltage of the boost converter (42 volts), and the actual process variable 

"input" value, which represents the feedback signal of the terminal voltage of the boost 

converter (see Fig. 8). Fig. 9 displays a block diagram illustrating the PID compact function 

block. 

 
Fig. 8: Operation of PID Compact Block 

 

 
Fig. 9: Block diagram of PID compact 

 

The PID compact function block is composed of three components, which are combined using tuning 

parameters to achieve the desired control response (i.e., It continuously adjusts the output signal to 

minimize the error and maintain the process variable at the setpoint). These components are: 
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Proportional control (P): Generates an output signal proportional to the error between the Set-Point 

(Spoint) and the Process Variable (Pvar). The proportional gain (Kp) determines the error amplification:  

 

Integral control (I): Integrates the error over time and adds it to the output signal. This 

reduces steady-state errors and improves system response. The integral gain (Ki) determines 

the amplification of the integrated error:  

 

Derivative control (D): Calculates the error's rate of change and adjusts the output signal 

accordingly. This dampens the response and minimizes overshoot or undershoot. The 

derivative gain (Kd) determines the amplification of the rate of change:  

 

Fig. 10 shows the relationship between the setpoint and the output voltage of the boost 

converter and the value of the duty cycle. The black line represents the setpoint value, the 

green line represents the output voltage value, and the red line represents the duty cycle 

value. 

 
Fig. 10: Measurement view of the PID compact controller block 

 

Siemens S7-1200 provides an auto-tuning feature built into the PID_Compact block (in TIA 

Portal). This feature automatically calculates the optimal values of the PID coefficients [3, 

4]. 

  

3.2. Pulse Width Modulation 

The "CTRL_PWM" instruction facilitates the activation and deactivation of a pulse output 

through software, utilizing the CPU. The input "PWM" instructions are responsible for 

inputting the device identifier of the controlled pulse generator. When the "ENABLE" bit in 

the instruction's input is set, the pulse output is activated. If the ENABLE bit is TRUE, the 
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pulse generator generates a pulse according to the specified properties in the device 

configuration. Conversely, when the ENABLE bit is reset or the CPU transitions to the 

STOP state, the pulse output is deactivated, and pulse generation ceases. In the S7-1200 

system, "BUSY" is always FALSE, as the execution of the "CTRL_PWM" instruction 

triggers the activation of the pulse generator. The enable output ENO is set when the EN 

enable input signal state is "1" and no errors have occurred during instruction execution. 

Fig. 11 depicts the configuration of a PWM block. 

 

 
Fig. 11: PWM configuration network 

 

The PWM block was configured with a frequency of 5 kHz, and the system was subjected 

to testing across various duty cycles. And it was evident that the signal maintained ideal 

characteristics without any distortions.  

 

3.3. SCADA Interface 

A SCADA system provides a scheme for remote control and monitoring of many systems, it 

widely used in various industrial applications, and they have helped improve the efficiency 

of such systems. A new working of PV systems is proposed in this paper that aims to design 

solar monitoring and control through SCADA. The TIA Portal program facilitated the 

creation of a display screen within the SCADA system, enabling the monitoring of the 

system's performance and its capacity to regulate the output voltage of the solar panel. This 

was achieved through data analysis and the generation of curves for the setpoint, duty cycle, 

and output voltage, as well as input and output values for each parameter, as shown in Fig. 

12. 

As shown in the figure, the system was subjected to a 9-hour test and operation phase, 

during which it was continuously observed via the SCADA display screen, which also 

provides a comprehensive overview of the PID control and PWM operations, illustrating 

their functionality and highlighting their regulation by the system. In the chart shown in the 

SCADA system, the black line represents the setpoint value, the green line represents the 

output voltage value, and the red line represents the duty cycle value. 
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Fig. 12: Proposed SCADA System 

 

4. Experimental Results 

 

The left side of the SCADA screen in Fig. 13 shows instantaneous values and the curves of 

the PV terminal voltage (blue colored), source current (brown colored), and PV power 

(green colored), while the right side of this Fig. also shows the instantaneous values and the 

curves of regulated output voltage of the boost converter, load current, and the output 

consumption power with the same mentioned colors. 

 
Fig. 13: SCADA screen presenting the input and output values of voltage, current, and power 

 

Furthermore, Fig. 14 presents an additional SCADA screen that shows the instantaneous 

values and the curves of the PV terminal voltage (blue colored), source current (brown 

colored), and PV power (green colored), as well as the percentage ratio of the duty cycle 

(red colored) while the right side of this figure also shows the instantaneous values and the 

curves of the regulated output voltage of the boost converter, load current, and the output 



JES, Vol. 53, No.6, PP. 196-210, Nov 2025            DOI: 10.21608/JESAUN.2025.392688.1553 Part B: Electrical Engineering 

 

207 

consumption power with the same mentioned colors. Each parameter is depicted in an 

individual graph, facilitating clear visualization, analysis, and demonstration of system 

stability during operation. 

 

 
Fig. 14: A SCADA screen that presents the input and output values for voltage, current, power, and 

duty cycle 

 

The system successfully demonstrated its proficiency and accuracy in controlling the output 

voltage of the solar panel, effectively adapting to variations in the input voltage. It 

effectively stabilized the output voltage at the desired level (at a setpoint equal to 42 volts), 

ensuring consistency despite fluctuations in the input voltage and preventing any instances 

of overshooting or undershooting that could arise during operation. Furthermore, it has been 

determined that both transient and steady-state performance are enhanced with the 

utilization of a PID controller. Fig. 15 shows the waveform of the terminal voltage of the 

PV panel and Duty cycle, and Fig. 16 shows the waveform of the load current of the boost 

converter and Duty cycle. 

 

 
Fig. 15: Waveform of the of the terminal voltage of the PV panel & Duty cycle 
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Fig. 16: Waveform of the of the load current of the PV panel & Duty cycle 

 

 

5. Conclusions 

 

The main conclusions of the present study could be summarized as follows: 

- The proposed design based on PLC S71200 can be considered as a good choice for a 

DC-DC power converter for PV applications. It is a modular, flexible, and it has 

reliability features. 

- The implementation of the PID-PWM control scheme leads to the converter's output 

voltage can be effectively regulated, ensuring stability and compensating with input 

voltage variations. 

- The study concludes that the SCADA-based data acquisition system for PV panel 

parameters is a valuable and efficient key for monitoring electrical and meteorological 

data from PV power plants. In addition, it facilitates in supervisory management, and 

communicate system faults to minimize downtime. 

- Future work has multiple opportunities for enhancement that can be executed, such as 

implementing the MPPT algorithms techniques for controlling the DC-DC power 

converter., Also, the machine learning algorithms can be integrated in this work for 

analyzing the collected data and providing predictive analytics to optimize the 

performance of the PV system. 

- The results validate the system's effectiveness in real-time data acquisition, centralized 

monitoring and control, and closed-loop control of the boost converter's duty cycle. The 

system's scalability, flexibility, and user-friendly interfaces make it suitable for various 

solar panel installations, ranging from small residential systems to large-scale 

commercial arrays. 
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