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CONTRIBUŢII PRIVIND ACHIZIȚIILE DE DATE CURENȚI ȘI 
TENSIUNI ȘI PRELUCRAREA ÎNTR-UN SISTEM DE 

MANAGEMENT ENERGETIC 
 
Articolul prezintă un sistem de achiziţie şi de prelucrare pentru tensiuni 

şi curenţi de la o rețea electrică de joasă tensiune, o structură dezvoltată pentru 
a fi integrată într-un sistem complex de gestionare a energiei. 
Pentru a asigura o flexibilitate sporită, sistemul este modular şi este complet 
personalizabil de software. Toate componentele sunt module compatibile, toate 
semnalele de intrare/ieşire sunt standardizate (0 .. 100V AC, 0 .. 5A AC şi 4 .. 
20 mA - semnal unificat). Toate modulele sunt interschimbabile, tipul de 
configuraţie de intrare se introduce uşor prin aplicarea interfaței prietenoase. 
Sistemul constă dintr-un set de semnal, un card de achiziţie de date şi un 
calculator personal. Toate conditionat au ieşire în semnal unificat, şi placa de 
achiziţie de date comunică cu computerul prin intermediul unui port serial 
(RS232 sau în cazul în care există un risc ridicat de interferenţă, RS485). Pe 
PC-ul se execută o aplicaţie cu interfaţă prietenoasă, responsabil de 
configurarea sistemului şi de stocare a datelor. 
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1. Introduction  
 
The conception of a modern energy system, appropriate for the 

21st century could contribute to re-establishing a balance between 
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energy, human wellbeing and environment.  This article presents an 
acquisition and processing system for voltages and currents from a low 
voltage electrical network, a structure developed to be integrated into a 
comprehensive energy management system [1]. The ultimate goal is 
the design of a power system which can efficiently use available energy 
sources (both classical and renewable) in powering the consumers 
without blackouts. 

 
2. Problem description  
 
Any energetic management system must include a component 

for monitoring the electrical parameters, with a high enough precision. 
Also, these parameters must be converted to the digital format, in order 
to be used for making decisions in the process of energy management. 

 
3. Suggested solution 
 
The system is based on acquisition equipment developed around 

a RISC microcontroller (PIC18F8722) [2]. The acquisition equipment 
has the following features: 

• 16 galvanically isolated digital inputs with LED status indicator; 
• 16 digital outputs for relay with LED status indicator; 
•  Alphanumeric LCD display; 
• FRAM type memory for nonvolatile storage of data; 
• 8 differential current analog inputs, with the accepted input 

domain 0 .. 20 mA. 
Analogue inputs are such designed that signals acquired with the 

acquisition equipment can be applied at the same time, through series, 
to other devices with analog current inputs, provided that the total 
resistance of the analog inputs does not exceed 500 Ω. On the 8 
analog inputs can be connected in any configuration the signal 
conditioning modules, that have as main function the transformation of 
current or voltage signal in unified signal, with the variation range of 4 .. 
20 mA.  

The current signals, after adapting through functional blocks of 
the acquisition equipment, are acquired by the microcontroller via the 
analog inputs and send as serial data packets with a fixed format to a 
computer that is responsible for monitoring and storage of data in order 
to generate reports. In other words, the system is built on 3 levels 
(figure 1): 

• level 0 consists of signal conditioning blocks; 
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• level 1 is responsible for data acquisition and primary 
processing, and consists of acquisition equipment and the 
associated firmware; 

• level 2 consists of a computer and the software for monitoring 
data storage and may contain a printer for printing occasional 
or periodic reports. 

 

 
 

Fig. 1  Structure of the acquisition system 
 

4. Signal adapting blocks 
 

Adapting blocks turn standard AC signals (0 .. 100 V AC in 
voltage and 0 .. 5 A AC for current respectively) in unified current 
signals [3] in the domain 4 .. 20 mA. Such a signal conditioning block is 
composed of the following blocks (figure 2): 

• Current or voltage transducer (T); 
• Amplifier Block (A1); 
• RMS value converter block in current value (C1); 

• Amplifier Block (A2); 
• Converter voltage/current (C2). 

 

 
 

Fig. 2  The signal conditioning blocks 
 

The transducers used are Hall effect sensors with high 
conversion precision (below 0.2 %). Amplifiers were made with low-
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noise operational amplifiers. Conversion from AC to DC is performed by 
a great accuracy converter (± 0.3 %). 

To ensure greater flexibility of the system, the signal conditioning 
blocks were made modular, so each block is removable and is also 
completely galvanically isolated from the measurement line. 

Signal adapting blocks power is unipolar in a large range: 18-36 
V DC. 

Mounting of signal conditioning blocks is standard on 35 mm DIN 
rail. 

All components used for the entire assembly are designed for 
use in an extended temperature range (-40 ÷ 80 ºC). 

 

 
 

Fig. 3  The current adapting block (0..5V AC - 4..20mA) 
 

5. Data acquisition equipment 
 
The data acquisition and initial processing equipment is done 

around the PIC18F8722 microcontroller (figure 4). The equipment was 
designed to use in maximum of the resources available to the 
microcontroller [4]. 

Considering that all component modules of the system are 
connected to an electrical network, which can be a powerful source of 
electromagnetic disturbances, all the building blocks of the system were 
galvanically isolated to each other. Isolation of signal conditioning block 
was performed at the voltage and current, transducers, respectively. It 
was also performed the galvanic isolation of the computer towards the 
acquisition equipment by using high-speed optocouplers on both serial 
ports of the microcontroller [5]. On one of the ports a driver was used to 
convert TTL signals in RS232 signals (figure 5), and on the second it 
was used a use RS485 driver [6] (figure 6). 
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Fig. 4  The connection of RESET circuit and external  
oscillator to the microcontroller 

 

 
 

Fig. 5  Galvanically isolated RS232 port 
 
 

6. Data monitoring and storage software 
 

To monitor the acquired electrical parameters it was developed a 
wide-range Windows application for monitoring data and their storage, 
which can now handle up to 8 analog admeasurement and 63 logic 
states.  

Number of admeasurements that can be managed is currently 
limited by the format initially required for data package [7]. 

The admeasurements can be viewed in graphical form through 
specific Windows application objects (groups, buttons, scroll bars). 
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Fig. 6  Galvanically isolated RS485 port 
 

 
 

Fig. 7  Data acquisition equipment 
 

The connection with acquisition equipment is serial via a COM 
port of the computer. If the computer is not equipped with this type of 
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port, virtual ports specific to converters are supported (eg USB - RS232 
converter, or Ethernet - RS232). Each data packet has a specific format 
that begins with 2 bytes that signify the beginning of the packet, 
followed by 7 data bits (most significant bit of each byte of data is zero) 
and finally the checksum (CRC) [8]. 

At the first execution of the application a  configuration file is 
created which contains the serial port settings to use, but also contains 
the application's main labels, that can be edited at any time. 

Besides monitoring by virtual instruments, the data can be also 
tracked through diagrams. Thus, the system can track simultaneously 
up to 16 channels (8 analog, with up to 6 digital channels). 

The graphic object used to implement virtual oscilloscope has all 
the functionality of such an instrument and some additional features [9] 
(figure 8): 

 
• acquisition can be started/stopped at any time by the operator; 
• signal capture can be moved in any direction on any of the 

axes X and Y; 
• all features of the “ZOOM” function (zoom in, zoom out, zoom 

all, zoom box); 
• cursors can be used that show the values for any of the signals 

acquired; 
• the graphic image can be copied to the clipboard; 
• the picture (current screen) can be saved as a graphics file; 
• the image (current screen) can be printed to a printer. 

 
The data viewed through virtual oscilloscope can also be stored 

in text files in CSV format, which allows both viewing in a normal text 
editor (figure 9) as well as importing the data into specialized 
spreadsheet programs that supports such a format - for example 
Microsoft Excel (figure 10).  

Using such software, data can be processed very easily, both 
statistically and graphically. 
 

7. Conclusion 
 

The system successfully acquired electrical data from the sources 
during the tests, with a high level of precision. Due to  user friendly 
computer interface, the system can be used both in industrial and 
household applications, and can be used by persons without special 
training. 
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Fig. 8  The virtual oscilloscope used in the monitoring application 
 
 

 

Fig. 9  Visualisation of the stored data in NOTEPAD 
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Fig. 10  Visualisation and processing of the data in Microsoft Excel 
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