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 Abstract – This paper demonstrates communication between a 
digital voltmeter that measures different voltage waveforms (sine, 
triangular, square) from 200 mV to 20 V  and an Arduino Leonardo 
microcontroller which sends information about the measured voltage 
to the computer. The use of a microcontroller enables data processing 
and showing the measuring value on the LCD display. One of the 
main goals of the device is to improve the visual availability of 
measurement data and processing on a computer. The use of an 
external LCD display enables a clear, easy-to-read display of the 
measured voltage, which facilitates the monitoring and analysis of 
electrical parameters. In addition to better visualization with the 
LCD, the microcontroller can communicate with the computer, and 
thus the processing and analysis of the measured data is carried out.   
   Keywords –  Measurements, KiCad, Voltage, Arduino Leonardo, 
Computer communication 

I. INTRODUCTION

    Conventional digital voltmeters are primarily designed for 
local display of measured voltage values through an integrated 
display, where their display capabilities are limited by the 
physical characteristics of the instrument itself. Digital 
voltmeters enable precise voltage measurement with reduced 
influences of noise and errors [1].  Although the primary role of 
the voltmeter is the precise measurement of voltage in define 
range, the integration of the microcontroller module enables the 
implementation of additional functionalities that significantly 
expand its application. Some of those improvements would be 
processing and displaying data. This opens the possibility for 
remote monitoring and control, which is particularly important 
in distributed measurement systems and smart environments.  
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II. IDEA AND MOTIVATION

    By introducing a microcontroller as an intermediary unit 
between a digital voltmeter and an external LCD display and 
computer, it is possible to expand the functionality of the 
measurement system and improve the presentation of 
measurement data. The idea for implementing this system is 
based on the need to use a classic digital voltmeter in terms of 
visualization and digital data processing. By using a 
microcontroller with specific software, the function of the 
digital voltmeter can be improved in several ways. 
    The motivation for the development of this project arose from 
the need to connect the existing measuring device to a 
microcontroller, which enables more advanced visualization of 
measured data on an alphanumeric LCD display as well as 
communication with a computer. One of the basic 
improvements is the ability to process and analyze measurement 
data. Some of the advantage of such an improved system are the 
improvement of the visualization of the measured voltage 
values, the possibility of communication with the computer, the 
processing of the measured values as well as the display of the 
signal shape in real time. This system also has its drawbacks, 
such as the complexity of the system by introducing a 
microcontroller.   

Figure 1: Microcontroller Arduino Leonardo 
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III. PARTS OF THE SYSTEM 
 
    This project presents a digital voltmeter which is based on the 
ICL7107 A/D converter and seven-segment led displays. 
Voltage is measured and then via the microcontroller it is sent  
to the computer for processing the measured data. After that, the 
processed data is sent to the LCD with a microcontroller. 
    This voltmeter measure voltage from 200 mV to 20 V DC or 
AC voltage. The ICL7107 is designed to work in the band up to 
200 mV, the measurement range can be extended to higher 
values by using a suitable voltage divider. This range is 
particularly suitable for laboratory measurements as well as for 
educational applications. By implementing a microcontroller 
module for display and communication, the measured values 
within the defined range can be forwarded to the computer and 
simultaneously  displayed on the LCD display. 
    A signal generator is also part of this system. The LM324 
circuit was used with other electrical components for its  
performance [2]. The basis of this generator is a relaxation 
oscillator which is made of one operational amplifier that works 
as a comparator. This type of signal generator generates sine, 
triangular and square waveform [3].  
    As already mentioned in the introduction, the ICL7107 was 
used as an A/D converter. It is connected to a four seven-
segment displays. 
 

IV. WORKING PRINCIPLE 
 

    In the proposed system, the microcontroller communicates 
with the digital voltmeter and takes the measured voltage 
values, after which it processes them and forwards them to the 
LCD display. In this way, the microcontroller functions as a 
central control unit that enables a flexible and adaptable display 
of measurement results. The LCD display can show the current 
value of the voltage in real time, along with additional 
information such as the label of the measured quantity, unit of 
measure and system status. 
    Since the basic principle of operation of the digital voltmeter 
is based on A/D conversion, in this case the ICL7107 was used 
[4]. This system is designed to work so that the ICL7107, which 
performs the analog-to-digital conversion and directly controls 
the four digit save-segment LED display, the microcontroller 
takes the displayed value  and sends it to the computer. The 
proposed solution represent an innovative upgrade of the 
existing system, whereby digital information is taken from the 
seven-segment display and transferred to the alphanumeric LCD 
display with dimensions of 2x16 characters using a 
microcontroller Arduino Leonardo. In addition to the voltmeter 
measures voltage and displaying it on a seven-segment displays, 
the system can be further improved by implementing 
communication with a computer. This extension enables real-
time data acquisition and subsequent analysis using appropriate 
software.  
    In addition to the visualization on the LCD, the 
microcontroller can also enable the storage of measurement data 

and its sending to the computer via a suitable communication 
interface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Parts of the system 
 
    The program was made in the C programming language and 
Arduino IDE was used. On the computer, the data can be 
viewed within the Serial Monitor in the Arduino IDE 
environment. Arduino serial plotter, while the Arduino serial 
plotter offers the ability to display graphs [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: KiCad Scheme of ICL7107 and seven-segment 
displays 
 
In Figure 3 there is ICL7107 connected to four seven-segment 
led display which send data to the microcontroller via shift 
registers. All circuit are designed in program KiCAD [6].   
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V. ROLE OF THE MICROCONTROLLER

    For the purpose of projecting this device Arduino Leonardo 
was used for microcontroller. Arduino Leonardo is 
microcontroller board based on Atmega32u4. There are 20 
digital input/output pins, a 16 MHz crystal oscillator, a micro 
USB connection, a port for power and reset button. Arduino 
IDE is used for programming this microcontroller [7]. 
     On the a microcontroller in Figure 4, there are also three shift 
registers. With such register, the memorized information is 
moved by the clock with an impulse to one place 
    These shift registers are 74HC165 . They are parallel load and 
serial output shift registers [8]. Because they are 8-bit registers it 
means that they can load 8 bits at once. Their task is to transfer 
the signal from ICL7107 to the LCD display, where the 
measured voltage value is displayed. This register has a serial 
output, which means that it shifts bits on the output side one bit 
at a time during one clock cycle. 

Data transmission is the transmission of coded information 
through a transmission medium. According to the method of 
data transfer between two systems there are two types of 
transmission: 

 Parallel: transfer n bits simultaneously 
 Serial: data transfer is done over a single line 

Parallel transmission is faster than serial, but it is more 
expensive because it requires more connections. Serial 
transmission is more reliable because an interruption or error in 
transmission can always be easily detected. Likewise, with 
serial transmission, the protocols are much better defined. In 
parallel transmission, due to different parallel data formats, this 
is not the case. With all this, parallel transmission data is used 
far more when transferring data over shorter distances: 
internally, within a microprocessor system and etxernally up to 
several meters. As mentioned earlier, the 74HC165 shift 
registers have a parallel input and serial output of 8 bits. 

Figure 4: KiCad Scheme of microcontroller connected with shift registers 

    Also, for the purpose of this project an LCD Keypad Shield is 
used to visualize the measured value. This is an Arduino LCD 
shield. It includes a 2x16 LCD display and 6 momentary push 
buttons for menu selection purposes. 

Figure 5: LCD Keypad Shield 

    For the simulation of the device it is necessary to run the code 
for the microcontroller. The code was made in program Arduino 
IDE and the programming language is C . 
    Shift registers are an ideal solution in this project because 
they enable parallel reading of all segments at once, and then 
serial forwarding to the Arduino. Since the Arduino cannot 
directly read the values from the ICL7107 shift registers 
represent a bridge between the seven-segment display and the 
Arduino. 
After the data about the measured voltage is sent to the 
microcontroller, it further forwards it to the computer for 
processing and monitoring the voltage value. The computer 
collects voltage values in certain time intervals and calculates 
the RMS, min and max value of the voltage and shows which 
waveform is being measured. 
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The operation of the circuit is thought to work like this: 
 

1. A pulse is sent to the CP pins of all shift register and 
this causes a shift in all registers by one bit. 

2. Next is sending a pulse on the PL pin to all registers 
and that causes all bits to be loaded in parallel with 
ICL7107. 

3. Parallel loading of 24 bits at a time and serially load bit 
by bit from the Q7 pin of the last 74HC165 register in 
Figure 4. 

4. Loads of bits are printed in decimal format. It is in the 
last place bit from the AB4 pin of ICL7107. 

 
After ICL7107 performs A/D conversion and  displays it on the 
seven-segment displays, the value is sent to the microcontroller. 
After that, the microcontroller sends the information to the 
computer. The computer processes and display the collected 
data of the measured voltage and provides information of the 
current value of the voltage, the minimum and maximum value 
in a certain interval, true RMS and signal detection. The 
microcontroller preforms data processing, during operation a 
series of samples is formed which is used to calculate the 
previously mentioned values. The true RMS (True Root Mean 
Square) option of the digital voltmeter allows accurate 
measurement of RMS voltage or current for sinusoidal and non-
sinusoidal waveforms [9]. This option is particularly useful in 
measurements of AC signals that have variable or non-standard 
waveforms, such as harmonics, square waves, triangle waves, 
and impulse signals. They work by sampling the signal over 
time, squaring the samples, calculating the mean of the squared 
samples, and then taking the root of that mean. 

    Using the true RMS option is important in the following 
situations: 

1. Measurement of non-sinusoidal AC signals: If you 
work with electronic devices, components or circuits 
that generate or use non-sinusoidal signals, the true 
RMS voltmeter will provide accurate RMS 
measurements. 

2. Diagnostics and Maintenance: Electricians and 
technicians often encounter non-sinusoidal signals in 
electrical installations, motors and electronic devices.A 
true RMS voltmeter enable accurate measurement and 
problem diagnosis. 

3. Energy efficiency and harmonics: In power systems 
and industrial plants, non-sinusoidal signals and 
harmonics can affect energy efficiency and power 
quality. Using the true RMS voltmeter helps in 
evaluating and analyzing these problems. 

    In short, the true RMS option allows accurate measurement of 
RMS voltage or current values for a wide range of waveforms, 
which is important for the diagnosis, maintenance and 
development of electronic devices, components and systems. 

 

This formula is for RMS calculating, on the other hand, true 
RMS measure both the peak value and a series of samples 
through the entire waveform. True RMS measures and squares 
each data point in the signal and take the square root of the 
average of these sugared values [10]. The main difference 
between RMS and TRUE RMS measurements is that standard 
RMS instruments determine the effective value assuming a 
sinusoidal signal, while true RMS instruments perform the 
actual calculation of the effective value based on the mean 
square value of the current amplitudes, thus providing accurate 
measurements even for non-sinusoidal and deformed 
waveforms. 

    By monitoring the minimum and maximum voltage values, a 
safety system can be provided. The advantage of monitoring the 
min and max values is that the system can also register short-
term voltage peaks. Such peaks may not be visible when 
observing only the current value, so an alarm can be activated, 
the power supply can be turned off, or a warning can be sent to 
the computer. This approach increases safety, reliability and 
enables preventive response before serious system damage 
occurs.  

    The graphic display enables visual identification of the signal 
waveform. Based on the received numerical values, the 
computer can perform additional analysis of the signal. The key 
parameter for waveform classification is the peak-to-rms ratio, 
known as a crest factor. Different types of periodic signals have 
a characteristic value of the ratio:  

 Square signal – crest factor approximately 1 
 Sine signal - crest factor approximately 1.41 
 Triangular signal - crest factor approximately 1.73 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: PCB (printed circuit board) 3D model design  
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Figure 7: System operation block diagram 

    Metrology, as a science of measurement, is an important 
factor in domains of science, tehnological development and 
industry production. In this case, the communication of the 
microcontroller with the computer makes the digital voltmeter a 
part of the digital measuring system, which is in accordance 
with the principles of Industry 4.0 [11]. This involves 
connecting devices and collecting data in real time. By 
integrating the microcontroller and communication with the 
computer, the realized digital voltmeter acquires the character of 
an intelligent measuring system that enables the collection, 
processing and monitoring of data in real time. 

Some of the advantages of such a system are: 

1. Low-cost – All additional components are widely
available and affordable. Making the system accessible
for educational and hobbyist use.

2. Enhanced visualization – The 2x16 LCD provides a
clear, alphanumeric readout of measured values, while
the computer interface enables graphical display and
long-term data logging.

3. Advanced data processing- true RMS calculation,
min/max tracking and waveform characterization are
implemented on the PC side, allowing flexible analysis
without overloading the microcontroller.

4. Educational value – The system demonstrates key
concept in instrumentation: A/D conversion, parallel-
to-serial conversion, microcontroller communication
and PC-based data processing.

Despite its advantages, the system has its limitations and 
drawbacks. These are sampling rate limitation, dependence on 
seven-segment  display readings, no direct digital access to the 
ICL7107 , not suitable for industrial environments. These 
limitations do not reduce the main goal of the work, but indicate 
directions for further development of the system. 

VI. CONCLUSION

    This paper presents a successful implementation of a data 
acquisition and processing system based on a  ICL7107 digital 
voltmeter, enhanced with an Arduino Leonardo microcontroller, 
shift registers and PC-based analysis. The proposed system is 
particularly suitable for environments like educational 
laboratories, low cost monitoring systems, remote teaching and 
demonstrations, development and testing and legacy equipment 
upgrade. The system thus combines measurement analysis and 
communication functions, thereby representing an advances and 
functionally expanded digital voltmeter. The proposed solution 
represents a cost-effective way of modernizing existing 
measuring instruments without the need to purchase more 
expensive equipment such as an oscilloscope. The 
communication line between the digital voltmeter and the 
computer is important because it allows the measuring 
instrument to go from being an isolated device to being part of a 
wider digital system for monitoring, analyzing and managing 
data. In future work, the system can be improved through the 
implementation of automatic switching of measurement bands 
or perhaps the integration of wireless communication.  
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