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Abstract - The paper presents a novel approach to the data acquisition system with temporal averaging. It can be used for 
flaw detection in ultrasonic non-destructive testing and other applications. Data acquisition system employs high speed 
analog to digital converter (ADC) and Field Programmable Gate Array (FPGA). FPGA implements control and processing 
logic. The digitized data is stored temporarily in on-board memory. Data is then passed onto the host PC/laptop for further 
analysis and display. 
 
Indexterms - Field Programmable Gate Array (FPGA), Data Acquisition device (DAQ device), Data acquisition systems 
(DAS), Analog-to-Digital Converter (ADC), first-in-first-out (FIFO), Non-destructive testing (NDT). 
 
I. INTRODUCTION 
 
With the rapid development in the field of embedded 
technology there is also an increasing thrust for a data 
acquisition system which is fast in processing speed, 
small in size, and monitors the data. Data acquisition 
system, as the name implies, are products used to 
collect information to document or analyze some 
phenomenon. Data acquisition is the sampling the 
real world to generate data that can be manipulated 
by a computer. Data acquisition typically involves 
acquisition of signal waveforms and processing the 
signal to obtain desired information. The components 
of data acquisition system include appropriate sensors 
that convert any measurement parameter to an 
electrical signal, which is acquired by data acquisition 
hardware. Data acquisition begins with the physical 
phenomenon or physical property of an object to be 
measured. The physical property or phenomenon 
could be temperature change of a room, the intensity 
change of a light source, the pressure of a chamber, 
the force applied to an object or many other things. 
An effective data acquisition system can measure all 
of these properties or phenomena’s.  
 
The technology used for designing if Data acquisition 
system is FPGA i.e. Field-programmable gate array. 
FPGA is a semiconductor device. It has large 
resources of logic gates and RAM (random access 
memory) blocks to implement complex digital 
circuits. FPGAs contain programmable logic 
components called “logic blocks” which is connected 
via programmable interconnect. Logic blocks can be 
configured to perform complex combinational 
functions or simple logic gates like AND, XOR.  
 
In most FPGAs, the logic blocks also include 
memory elements, such as flip-flops or more 
complete blocks of memory. FPGA can be 
reprogrammed to desired application or functionality 
requirements after manufacturing. To define the 
behavior of the FPGA, the user provides a hardware 

description language or a schematic design. The most 
common hardware description languages are VHDL 
and Verilog. 
 
Data acquisition systems (DAS) interface between the 
real world of physical parameters, which are analog, 
and the artificial world of digital computation and 
control. With current emphasis on digital systems, the 
interfacing function has become an important one; 
digital systems are used widely because they are low 
cost, accurate, and relatively simple to implement. In 
addition, there is rapid growth in the use of 
microcomputers to perform difficult digital control 
and measurement functions. Computerized feedback 
control systems are used in many different industries 
today in order to achieve greater productivity in our 
modern industrial societies. Data acquisition systems 
have evolved over time from electromechanical 
recorders containing typically from one to four 
channels to all-electronic systems capable of 
measuring hundreds of variables simultaneously. 
They are now used by most engineers and scientists 
for laboratory research, industrial control, test, and 
measurement of input and output data to and from a 
computer. Industries that presently employ such 
automatic systems include steel making, food 
processing, paper production, oil refining, chemical 
manufacturing, textile production, cement 
manufacturing, and others. 
 
II. IMPLEMENTATION OF HIGH SPEED 
DATA ACQUISITION SYSTEM 

 
Ultrasonic NDT equipment comprises of 
piezoelectric sensor, HV pulser, and data acquisition 
hardware and processing/analysis/display software.  
A pulser/receiver is an electronic device that can 
produce high voltage electrical pulses. Driven by the 
pulser, the transducer generates high frequency 
ultrasonic energy. The sound energy is introduced 
and propagates through the materials in the form of 
waves. When there is a discontinuity (such as a crack) 
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in the wave path, part of the energy will be reflected 
back from the flaw surface. The reflected wave signal 
is transformed into an electrical signal by the 
transducer and is displayed on a screen. Signal travel 
time can be directly related to the distance that the 
signal travelled. From the signal, information about 
the reflector location, size, orientation and other 
features can sometimes be gained. 
 

 
Figure1: Ultrasonic NDT Testing 

 
Use of high frequency transducers necessitates high 
sampling rates of data acquisition hardware. In the 
proposed systems the data are acquired from the 
transducers when mechanical scanner carrying the 
transducers is in motion. In PC based systems 
memory segmentation feature on the DAQ board 
shall prevent use of frequent data transfers through 
the interface bus e.g. USB or PCI. Thus with this 
feature small packets of data are accumulated on the 
larger on-board buffer at faster pace and then the 
whole buffer shall be transferred to PC. Also due to 
random noise in the field, temporal averaging is often 
required to improve the SNR. Carrying out temporal 
averaging in software is time consuming. If the 
temporal averaging is done online in the hardware, 
say in FPGA, the data acquisition as well as scanning 
speed of inspection can be increased. 
 

 
Figure 2: Proposed Block Diagram 

 
The data acquisition system has an amplified analog 
echo signals received from piezoelectric sensor then 
the high speed digitizer digitizes the analog signal at 
a particular sampling rate, which is user selectable. 
The digitized data is then passed to FPGA which 
generates all the necessary control signals and has 
processing logic. The processed data is stored in the 
memory before feeding it to Computer for further 

processing/ display/ analysis. All the operations on 
the board are controlled by the application software 
running on the host PC. 
Real time temporal averaging 
The real time temporal averaging is the arithmetic 
mean of set of digital data over a time period. It can 
be computed as the sum of the values over a period 
divide by the number of values. Temporal averaging 
method is used to reduce the noise over a signal and 
increase the signal to noise ratio [2]. In simple 
averaging Xavg taken over the n samples (Xi). The 
formula for this average is simply 

Xavg =  
1
n
 xi
୬

୧ୀଵ

 

Where, i refer to any one of the samples, n refers to 
number of averages. 
 
The figure 3 below shows temporal averaging 
schematic. The digitized data which is coming from 
the ADC is feed to the 8 bit adder block this data is 
added with the previous 16 bit data stored in the 
2kx16 FIFO (first-in-first-out) which is the temporary 
storage of data inside FPGA. The output of the FIFO 
is then shifted depending upon the user requirement 
the shifted data is then stored into the external FIFO. 
The data is then passed onto the host PC/Laptop for 
further analysis and display. 
 

 
Figure3: Temporal Averaging 

 
 
III. SIMULATIONS AND EXPERIMENTAL 
RESULTS 
 
The simulation of VHDL code is done using the 
Active HDL software. The ADC present at the start 
of the module will be digitizing the analog input 
signal coming from the receiver amplifier and this 
digital output from ADC would be fed as the 1st input 
to the adder. The FIFO for the 1st trigger signal is 
completely empty i.e. the FIFO stack consists of 
essentially all zeroes for the 1st trigger signal. The 
output from this FIFO would serve as the 2nd input to 
the adder. With the first trigger signal; comes the first 
2k-length of data through the ADC which is fed as 
the first input to the adder. Since for the 1st trigger 
signal, the FIFO is empty hence the adder would 
simply be adding this incoming data (through ADC) 
to all zeroes. The result of this addition would be 
transferred to the FIFO memory. Hence, before the 
arrival of the 2nd trigger pulse and at the end of the 1st 
trigger the FIFO effectively stores the first length of 
data up to 2K. Now with the 2nd trigger signal, the 
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new length data arrives which is fed to the adder. 
Adder adds this new incoming data to the contents of 
the FIFO (i.e. the previous length of data).Output of 
this addition is transferred and stored onto the FIFO 
stack. The number of times the additions   would be 
performed is user selectable. If the number selected 
by the user is say 4, after the 4th addition computation 
would stop and shifting operation would begin. For 
shifting; the final result after four additions is needed 
to be divided by four hence essentially the result is 
just shifted right by two times in the shifter module. 
The simulation results are shown below in figure. 
 
Figure 4 below shows the simulation result for the 
first trigger period. The commondata_in is the data 
coming from ADC, Q shows the output of the 16 bit 
adder, din is input to the 2K FIFO , dout is output of 
the FIFO which is the second input of the adder block 
 

 
Figure 4: Simulation result for first trigger 

 
Figure 5 below show the simulaation result of the 
second trigger ,The dout in this figure is the data from 
the previous (1st) trigger which comes out of the 
FIFO synchronized with the second vector of data 
coming from the ADC. This data is added with the 
current vector coming from ADC (commandata_in). 
The result of addition Q  is stored in internal 2k 
FIFO. 
 

 
Figure 5: Simulation result for second trigger 

Similarly, Figure 6 and 7 below show the 
simulaation result of the third and fourth trigger 
output of third and fourth trigger is also added with 
the previous vector and stored in the internal FIFO 
 

 
Figure 6: Simulation result for third trigger 

 

 
Figure 7: Simulation result for fourth trigger 

 
Figure 8 shows the data after averaging which are 
shifted out of the FPGA. Q is the output of the adder 
block of fourth trigger fifo_out is the latched output 
of the 2K FIFO and shift_data is the shifted output 
further it is stored in the external FIFO. This figure 
also depicts that the frequency at which data is shifted 
out is different from the frequency at which data are 
added during acquisition. This has been implemented 
in case the external memory is slower than the ADC 
data rate. The two frequencies are user selectable. 

 
Figure 8: Simulation result for shifted output 

http://iraj.in


International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-5, Issue-3, Mar.-2017 
http://iraj.in 

High Speed Data Acquisition System with Real Time Temporal Averaging 
 

67 

CONCLUSION 
 
This paper mainly presents the implementation of 
data acquisition systems with real time temporal 
averaging which typically convert analog physical 
condition into digital values for easy processing. It is 
advantageous as we can store a lot of physical 
condition data in digitized form and helps in easy 
processing of data as well as easy comparison can be 
done. Today DAS is used in almost every field, 
industry and companies. 
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