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Abstract. In this research, the system is designed to
monitor parameters of residential solar power sources
such as voltage, current, power capacity, power factor
and energy consumption. These parameters are mea-
sured by a highly accurate PZEM circuit and the specifi-
cations are suitable for residential solar power sources.
Measurement results will be sent to the main control
circuit (ARM controller) via the UART communica-
tion standard to analyze and filter the necessary data.
The data of that parameter will then be displayed at
the system installation site using the TFT screen. Af-
ter an installation period, the control circuit will send
measurement parameters to the dedicated WiFi mod-
ule (ESP32), the WiFi module will continue to send
parameters to the cloud server for storage and mon-
itoring. The system also builds applications that run
on many operating systems, can access data, and dis-
play data in real time using IoT technology. It should
be noted that the system can still operate in the event
of loss or absence of WiFi signal by using Bluetooth
signal. In addition, the designed system also has the
function of remotely controlling on/off the solar power
supply to the loads when an incident occurs, ensuring
safety for the electrical system.
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1. Introduction

Solar power is one of the types of renewable energy
sources prioritized for investment, development and use
in Vietnam in particular and globally in general. Solar
power systems exist in three main forms: independent
solar power (off-grid system), solar power connected to
the national grid (on-grid system) and combined so-
lar power (hybrid system) [1]. Among them, on-grid
systems are by far the most popular and widely used
by households and companies. These systems do not
require battery storage and use an inverter connected
to the public grid. Any excess solar power generated
is fed into the public grid and is usually paid for in a
tariff (FiT) from the electricity company [2]. In addi-
tion to the basic components of the solar power system,
the function of measuring and monitoring electrical pa-
rameters at the output of the system such as voltage,
current, power, power factor, and electricity consump-
tion statistics is also included, is truly necessary, it is
also an effective tool to ensure timely detection and
handling of incidents. There have been many studies
to create system to control and monitor the quality of
solar power sources via the internet in real time op-
erating on different platforms and operating systems.
Specifically, some systems are designed using Arduino
and ESP8266 [3–10]. However, these systems will not
be able to operate in the absence or loss of wifi sig-
nal. Some other systems are only developed and simu-
lated using Matlab/Simpower Simulation/Labview and
Webbrowser [11–17]. Systems manufactured abroad
are very diverse and are all integrated into inverters,
so each manufacturer will have different functions and
methods of use [18–21]. This makes it difficult to mon-
itor and control the operating solar power source, be-
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cause the cost of replacing the inverter is high, not to
mention compatibility with the remaining devices in
the solar power source. On the other hand, the soft-
ware is always updated by the manufacturer, so it is
not convenient for users because it costs money and
time. For systems manufactured in Vietnam, the us-
age environment is relatively limited. These systems
focus on solar power used in factories and power farms
with large capacity. The commercial price of this sys-
tem often fluctuates in a large range, depending on
the number of installations as well as the sales policy
for each subject. In addition, these products are not
capable of serving educational activities because they
are commercial and copyrighted [22–26]. This research
focuses on designing a system capable of monitoring,
tracking and storing parameters that affect solar power
quality such as voltage, current, power capacity, power
factor, and energy consumption. All these parameters
are continuously updated and displayed in real time.
The system uses IoT technology for remote monitor-
ing, helping to monitor multiple solar power systems at
the same time without being hindered by geographical
location. In order to ensure the safety of the electrical
system, the designed system also has the ability to re-
motely control solar power on/off to supply household
loads when an incident occurs.

Fig. 1: Block diagram of the system.

2. Hardware Design

The block diagram of the system is illustrated in Fig. 1.
The solar power parameter measurement block (PZEM
module) is optically isolated from the remaining blocks
in the system to ensure safety and stability. In addi-
tion, measured values are converted from the RS485
standard to the universal UART standard, making it
easy to communicate with microcontrollers. The main
processing block is assigned to an ARM microcontroller
(STM32F103) with high-speed and stable processing
capabilities, responsible for processing solar power pa-
rameter values received through the UART commu-
nication standard for analysis and display. The solar
power parameter values will be sent to a specialized
WiFi block (ESP32) for storage and monitoring ac-
cording to IoT technology. System parameters need
to be stored and monitored, so it is necessary to build

Fig. 2: Schematic diagram of the power supply block.

a server that meets the functions. The connection be-
tween the main processing block and the server requires
a 2.4G WiFi communication block to ensure full im-
plementation of the system’s storage and monitoring
functions. In addition, the system also needs a capac-
ity block to control on/off the loads at the output of the
solar power system, helping to promptly handle prob-
lems when problems occur. The on/off function can be
performed directly at the device via touch buttons or
through the application.

Fig. 3: PZEM and CT electrical parameter measurement mod-
ule.

The circuit diagram of the power supply block for
the entire system is shown in Fig. 2. After rectification
from 220VAC to 24VDC, it will go through the DC-DC
isolation module to the voltage level of 5V and 3.3V to
supply to other parts in the system.

Fig. 3 shows an image of the electrical parame-
ter measurement module (PZEM-004T) with technical
specifications presented in Table 1. The circuit dia-
gram of solar power parameter measurement block is
described in Fig. 4. This is a measurement diagram

© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING 185



POWER ENGINEERING AND ELECTRICAL ENGINEERING VOLUME: 22 | NUMBER: 2 | 2024 | JUNE

using a specialized module that can fully measure the
necessary parameters for monitoring as well as in ac-
cordance with household electricity consumption.

Tab. 1: The data sheet of PZEM-004T.

S/N Function Description
1 Voltage Measuring range:802̃60V

Resolution: 0.1V Mea-
surement accuracy: 0.5%

2 Current Measuring range: 01̃00A
Starting measure current:
0.02A Resolution: 0.001A
Measurement accuracy:
0.5%

3 Active power Measuring range: 02̃3kW
Starting measure power:
0.4W Resolution: 0.1W
Measurement accuracy:
0.5%

4 Power factor Measuring range: 0.001̃.00
Resolution: 0.01 Measure-
ment accuracy: 1%

5 Frequency Measuring range:
45Hz6̃5Hz Resolution:
0.1Hz Measurement accu-
racy: 0.5%

6 Active energy Measuring range:
09̃999.99kWh Resolu-
tion: 1Wh Measurement
accuracy: 0.5%

Fig. 5 shows the circuit diagram of the main process-
ing block. 32-bit microcontroller (STM32F103) with
strong and fast processing capabilities with a process-
ing speed of 72MHz, integrating RTC and common
communication standards was applied to receive sig-
nals from the parameter measurement block. ESP32
not only has a 2.4GHz frequency suitable for common
home and industrial WiFi standards, but also has a
Bluetooth standard suitable for easy direct communi-
cation with smartphones. This feature is essential to
serve the active function (providing SSID and PASS of
WiFi at the installation location) for the system when
first used. ESP32 is responsible for connecting to the
WiFi network and communicating and receiving data
with the SERVER via SOCKET and API.

The technical specifications of STM32F103 and
ESP32 presented in Tables 2 and 3, respectively.

The circuit diagram of the capacity block is shown in
Figure 6. It is responsible for controlling on/off high-
capacity loads such as water pumps, ventilation fans,
sun protection grids... through solid state relay (SSR).

The touch button block with the central element is
IC TTP223 uses SMD components based on capaci-
tance changes designed to replace the traditional direct

Fig. 4: Schematic diagram of solar power parameter measure-
ment block.

Fig. 5: Schematic diagram of the processing block, WiFi com-
munication and TFT display.

Fig. 6: Schematic diagram of the capacity block.

push button shown in Fig. 7. Their advantages are low
power consumption and wide operating voltage range.

3. Firmware Setup

The algorithm flow chart for programming two impor-
tant circuits in the system, the WiFi circuit and the
main control circuit, is illustrated in Fig. 8 and Fig.
9, respectively. From these flow charts, programming
the system is easily done using specialized program-
ming languages. Fig. 8 shows the operation of the
main control circuit, which uses the STM32F103 mi-
crocontroller to receive and process data from the solar
power parameter measurement circuit. First, the mi-
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Tab. 2: The data sheet of STM32F103.

S/N Function Description
1 Arm®32-bit

Cortex®-M3
CPU core

72 MHz maximum fre-
quency, 1.25 DMIPS/MHz
(Dhrystone 2.1) perfor-
mance at 0 wait state
memory access Single-
cycle multiplication and
hardware division

2 Memories 64 or 128 Kbytes of Flash
memory 20 Kbytes of
SRAM

3 Communication
interfaces

Up to two I2C inter-
faces Up to three USARTs
(ISO 7816 interface, LIN,
IrDA capability, modem
control) Up to two SPIs
(18 Mbit/s) CAN inter-
face (2.0B Active) USB
2.0 full-speed interface

4 Clock, reset
and supply
management

2.0 to 3.6 V application
supply and I/Os POR,
PDR, and programmable
voltage detector (PVD) 4
to 16 MHz crystal os-
cillator Internal 8 MHz
factory-trimmed RC In-
ternal 40 kHz RC PLL for
CPU clock 32 kHz oscilla-
tor for RTC with calibra-
tion

5 Timer Three 16-bit timers,
each with up to 4
IC/OC/PWM or pulse
counter and quadrature
(incremental) encoder
input 16-bit, motor con-
trol PWM timer with
dead-time generation
and emergency stop Two
watchdog timers (inde-
pendent and window)
SysTick timer 24-bit
down-counter

6 Up to 80 fast
I/O ports

26/37/51/80 I/Os

7 Debug mode Serial wire debug (SWD)
and JTAG interfaces

crocontroller initializes functions, ready for displaying
and transmitting data through the necessary communi-
cation standards. Then, the microcontroller will send
a data request from the measurement circuit via the
UART standard and wait until it receives the necessary
data. The data will then be displayed at the device us-

Tab. 3: The data sheet of ESP32.

S/N Function Description
1 Wi-Fi certifi-

cation
Wi-Fi Alliance

2 Bluetooth cer-
tification

BQB

3 Wi-Fi 2.4G 802.11 b/g/n (802.11n up
to 150 Mbps)

4 Bluetooth Bluetooth v4.2 BR/EDR
and Bluetooth LE specifi-
cation

5 Module inter-
faces

SD card, UART, SPI,
SDIO, I2C, LED PWM,
Motor PWM, I2S, IR,
pulse counter, GPIO,
capacitive touch sensor,
ADC, DAC

6 Integrated
crystal

40 MHz crystal

7 Integrated SPI
flash

4 MB

8 Operating
voltage/Power
supply

3.0 V 3.6 V

9 Operating cur-
rent

Average: 80 mA

Fig. 7: Schematic diagram of touch button block.

ing the TFT screen. The microcontroller also checks
the setting time to save data. If the setting time is
enough, it will send data via WiFi circuit to transfer
to the server. In addition to checking data reception
from the parameter measurement circuit, the control
circuit also checks data reception from the WiFi cir-
cuit when the user uses the application to control SSRs
on/off. This can also be done through touch buttons
on the device, these buttons can select the output to
be controlled and change the SSR’s on/off status.

© 2024 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING 187



POWER ENGINEERING AND ELECTRICAL ENGINEERING VOLUME: 22 | NUMBER: 2 | 2024 | JUNE

Fig. 8: Flowchart for processing data from the measuring cir-
cuit of the main control circuit.

Fig. 9: Flowchart processes data and sends it to the server of
the WiFi module.

The operation of the WiFi circuit using the ESP32
chip is based on the flow chart of Fig. 9. After ap-
plying power supply, the WiFi circuit will initialize the
appropriate operating mode (station mode) and con-
nection method to the Internet (combined socket and
http). Then, the WiFi circuit will connect to the WiFi
Access Points in the household, thereby connecting to
the system’s server. When ready, the WiFi circuit will
check whether there is data coming from the main cir-
cuit or not. If so, it will receive and send data to the
system server. This data will be saved and provided to
applications to display in real time and wait for a suc-
cessful response from the server. In addition, the WiFi

Fig. 10: (a) installed system model. (b) display and control
side of the system model.

Fig. 11: Measured parameters of the solar power source during
the day with the lowest generating capacity.

Fig. 12: Measured parameters of the solar power source during
the day with the highest generating capacity.

circuit also has the function of receiving data from the
server to send to the main control circuit to turn on/off
the corresponding SSR controlled on the application.

4. Results and Discussions

After design and construction are completed, the sys-
tem is installed and operated at a specific address in Ho
Chi Minh city – Viet Nam with a rooftop solar power
system connected to the national grid (on-grid) sys-
tem with a nominal capacity of 4,680.00 Wp as shown
in Fig. 10. The system measures solar power parame-
ters and displays the measured values in real time on
the TFT screen, those values are updated every 1 sec-
ond. In addition, the device also has touch keys that
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Fig. 13: Energy is generated from solar power during the day.

Fig. 14: Energy is generated from solar power for one week.

can control on/off loads using solar power. Measured
parameters can be monitored at the TFT screen or via
smartphone. The system will send measured parame-
ters to the server every 5 minutes, and the time saved
on the server is unlimited. Smartphone applications
can easily review the day’s parameters in the form of
graphs or data storage files.

Fig. 11 and Fig. 12 show the results of displaying
the parameters of the solar power source according to
the day with the lowest and highest power generation
capacity, respectively, during a period of 1 month of
system test operation.

These charts show that solar power begins to pro-
vide energy at about 6:00 a.m. when the new daylight
begins and ends at about 4:00 p.m. when the sun grad-
ually fades. For the day with the lowest solar radiation
intensity, the highest recorded output power was about
1.5kW at 13:00, while for the day with the highest solar
radiation intensity, the highest recorded output power
was recorded is about 3.3kW at 12:00. Current and
power parameters also reach high values between 11:00
and 13:00.

The output voltage parameters of the solar power
source recorded in two cases are relatively stable, with

Fig. 15: Energy is generated from solar power for one month.

Fig. 16: App interface on smartphones (iOS & Android).

little change during a day. This result is completely
consistent and reliable because the system is installed
in a place where solar power is connected to the na-
tional grid. The results shown in Fig. 11 and Fig. 12
are used to evaluate the stability of solar power sources.

Fig. 13 shows the energy output generated on a ran-
dom day. Based on these values, it is easy to see the
truly effective energy value during the period from 7:00
a.m. to 3:00 p.m.

Fig. 14 shows the solar power output generated in
one week. With the nominal capacity of the solar power
source being 4.68kW, the average energy generated in
a day ranges from 18-19 kWh, the maximum and mini-
mum values are approximately 21kWh and 13kWh, re-
spectively. Based on this result, users can evaluate the
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Fig. 17: The function to view measurement parameters and
graphs on the application.

effectiveness of solar power installation with high ac-
curacy.

Fig. 15 shows the energy of solar power generated in
one month. From these data, it can be seen that the
energy generated from solar power is relatively stable.
Although there are special days of low and high energy
generation, the overall number of stable days is the
majority and the difference in value is not too much.
From the result, users can evaluate the quality of solar
power sources.

Fig. 16 shows the interface of the smartphone ap-
plication. Based on the system’s requirements, the
application is designed with the following functions:
Main function (Home) - management of monitoring
measured solar power parameters (Parameter Tab and
Controller Tab); Device management (My Devices) -
will control how many devices are connected to the
system, the device’s operating status as well as the
device’s technical parameters; Device user information
(Profile) - to be able to record and communicate, it
also contains a number of utilities for users.

By clicking the Home button, then selecting the Pa-
rameter Tab, the interface will display the measure-
ment parameters as shown in the Fig. 17. Users just
need to click on the parameter to view, the data will
be displayed in graph form, this is very convenient for
monitoring.

5. Conclusions

In this research, the system for controlling and moni-
toring the parameters of solar power sources has been
completely built. The system has been deployed in
households with solar power installed. System param-
eters are updated in real time and stored safely, se-
curely and unlimitedly on the server, making daily
and monthly monitoring extremely simple and easy.
From that result, users can easily evaluate the perfor-
mance and stability of solar power sources, detect and

promptly handle problems that occur, and then plan
the maintenance to ensure solar power operates opti-
mally. The system operates stably for a long time, re-
sults are reliable and meets user expectations. The re-
sults of the system research meet the purpose of access-
ing technology, and especially can be used as a teach-
ing and training model for students in engineering and
technology fields.
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