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Design of Data Acquisition System Using Fpga 

               

Abstract - An exact and quick Data Acquisitions framework is the need of the cutting edge Autonomous Navigation System. An 

information procurement framework on a minimal effort Field-programmable Gate Arrays (FPGA) was structured, which 

will do the separating in the equipment while the more unpredictable task like route and control can be performed on the 

delicate center of the processor sitting on the FPGA. This will give adaptability in the plan to execute new sifting strategies, 

which is basic amid the testing and the reproduction stage.  An adaptable committed readout framework is one of the vital 

pieces of any sort of devoted discovery framework, particularly for its testing stage just as when the last framework is 

prepared for usage. An undeniable decision is to utilize a FPGA (aside from devoted front-end gadgets) as the main phase of 

information stockpiling and a preparing component. Moreover, the FPGA needs to get ready and exchange the approaching or 

prepared information to the host PC. The execution of the information switchover can be an issue, particularly for little 

gatherings of designers, who have an alternative to purchase a general arrangement with its limits and esteem or to do tedious 

advancement of their own framework for all intents and purposes without any preparation. This venture shows a FPGA based 

universally useful readout arrangement.  Thinking about a case of biomedical imaging, where countless focuses are taken and 

are handled in a framework having FPGA so as to make a picture with the best quality. Here, if the yield of the FPGA is 

appeared and put away in the PC, at that point that information can be utilized for the improvement of the procedure.  Thus 

correspondence among PC and FPGA is vital. Required program is scorched in FPGA utilizing PC however obtaining 

information from FPGA and putting away in PC is troublesome. In the event that information from FPGA can be put away in 

PC, at that point the information can be broke down for different applications. Thus it is trying to take a shot at this issue. 

 

Keywords- DAS, FPGA, VHDL, ASIC, XILINX. 

                      I. INTRODUCTION 
The venture is fundamentally structuring a DAQ card 

utilizing FPGA for information exchange. The primary 

target of the undertaking is to get information from 

FPGA and store it in a PC [11]. Information 

procurement is the way toward testing signals that 

measure true physical conditions and changing over the 

subsequent examples into computerized numeric 

qualities that can be controlled by a PC. Starting from 

the information simple flags as the majority of the 

genuine signs are simple, changing over the simple 

signs into advanced flags and afterward handling these 
computerized flags in the FPGA and after that putting 

away the yield information in the PC for further 

investigation is the blueprint of the undertaking.  

 

Henceforth correspondence among PC and FPGA is 

critical. Required program is singed in FPGA utilizing 

PC yet getting information from FPGA and putting 

away in PC is troublesome. In the event that information 

from FPGA can be put away in PC, at that point the 

information can be broke down for different 

applications [12]. Henceforth it is trying to take a shot at 

this issue. The undertaking incorporates VHDL 

programming and equipment execution. The 

transmission of information from FPGA to PC is 

finished utilizing nonconcurring sequential 
correspondence.  

 
Fig. 1 Block Diagram of the entire System [13]. 

 
This is the essential square graph of the framework. The 

simple signs are given as contribution to the ADC, the 

computerized yield from ADC is given to FPGA and 

there is bidirectional information exchange among 

FPGA and PC.  

Ventures of Data Transfer [14]  
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1. ADC change- The genuine signs being generally 

simple and the FPGA being a computerized flag 

processor, the simple signs ought to be changed over 

into advanced flags before providing for FPGA.  

2. Interface ADC and FPGA- The ADC and FPGA 

ought to be associated with the end goal that the 

computerized yield from ADC is given as 

contribution to FPGA.  

3. Output of ADC put away in RAM of FPGA- The 

advanced information given to the FPGA is put away 

in the memory of FPGA.  
4. UART association among FPGA and PC- A 

nonconcurring sequential association is set up 

between the FPGA and PC for transmitting 

information from FPGA to PC.  

5.  Data put away in RAM of FPGA is transmitted to 

the PC- Data put away in FPGA is transmitted to PC 

through the UART association.  

6. View the outcomes on terminal programming in 

the PC- The information transmitted to PC through 

UART can be found in the PC utilizing any terminal 

programming.  
7. Capture information from terminal to a document. 

 

II. LECTURE REVIEW 
In Sep-Oct 2012, Anju P.Raju [1] contemplated a rapid 

information securing framework dependent on a field 

programmable entryway cluster (FPGA). His point is to 

build up a "disseminated" information obtaining 

interface. The improvement of instruments, for example, 

PCs and building workstations dependent on "standard" 

stages is the inspiration driving this exertion. Utilizing 

standard stages as the controlling unit permits autonomy 

in equipment from a specific merchant and equipment 

stage. The disseminated methodology likewise has 

favorable circumstances from a practical perspective: 
securing assets end up accessible to different 

instruments; the procurement front-end can be 

physically remote from whatever remains of the 

instrument. Rapid information securing framework 

transmits information quicker to a remote PC 

framework through Ethernet interface. This paper 

presents the execution of the disseminated information 

procurement utilizing FPGA by VHDL. The principle 

points of interest of this framework are high exactness, 

fast, constant observing.  

 
In 2016, Pawan Kumar, Daniel Raju .[2] executed DAS 

framework. Correspondence between gadgets assumes a 

critical job in information obtaining. Appropriate 

determination of specialized strategy or conventions is a 

vital assignment. For any procedure, equipment and 

programming segments are utilized to perform 

numerous errands like controlling the procedure and 

actuators, information change, information procurement 

and so forth. A lot of equipment or programming 

segments can't be utilized for information securing. An 

appropriate and productive methodology is planned to 

be made to such an extent that they are utilized in least 

conceivable numbers, additionally remembering that the 

distinctive existing gadgets are good with no real 

adjustments. This paper shows a way to deal with obtain 

information through I2C convention in a productive 

way. The AD7746 which is capacitance to computerized 

convertor utilizes I2C convention for giving the 

advanced information. The digitized data is obtained 

from the AD7746 by a FPGA which is planned utilizing 
secluded stream strategy.  

 

In 2015, Hemant Shrivastava. [3] Survey and Analysis 

of Data Acquisition Systems, they see that the stream 

starts from the physical world parameters which is 

caught by the sensors or transducers to be changed over 

as a simple signs which are gotten by the Data 

Acquisition card or board by means of flag molding 

unit. The information procurement board or card can be 

brought together on FPGA, Microcontrollers, DSP 

processors or Microprocessors. The obtained and 
prepared information is then sent to the Data 

Acquisition and control PC for checking and control 

through the interface unit. Here, RS232, CAN, Ethernet 

or USB any of these convention based interfacing unit 

can be utilized. They Progressing with programming for 

FPGA on Xilinx IDE stage and including the Micro 

Blaze delicate IP center in it-Interfacing the W5300 with 

the FPGA by means of Micro-Controller System of 

MicroBlaze and Developing a TCP Client program 

utilizing graphical programming on LabVIEW  

 

In 2011, Cristian Sisterna et.al.[4] actualized FPGA 
utilizing A ULTRA-HIGH SPEED ADC INTERFACE. 

The ultra-high testing rate of the ADCs requests the 

utilization of cutting edge procurement procedures just 

as the most recent innovation accessible. The use of 

devoted Application Specific Integrated Circuit (ASIC) 

is a costly answer for manage the extremely high 

throughput from the ADC and its absence of 

adaptability is a colossal downside His motivation is to 

display a pragmatic way to deal with interface a ultra-

rapid 8-bit ADC, MAX104, from Maxim Integrated 

Circuit, which performs digitalization of the information 
motion with an examining rate of 1Gsps and a business 

and prevalent FPGA, the Virtex2 Pro, from Xilinx 

Corporation. When the ADC computerized information 

have been obtained, at that point they can be handled by 

either the devoted FPGA Digital Signal Processing 

(DSP) squares, or the FPGA inserted processors or 

simply send the information out to a PC for later 

preparing. Consequently, the proposed strategy for 

usage can be utilized as frontend of a wide scope of 

utilizations.  
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In 2011, Bartosz Mindur, Lukasz Jachymczyk[5] 

considered A General Purpose Ethernet Based Readout 

Data Acquisition System. Conceptual An adaptable 

devoted readout framework is a standout amongst the 

most imperative piece of any sort of committed 

identification framework, particularly for its testing 

stage just as when the last framework is prepared for 

execution. A conspicuous decision is to utilize a FPGA 

(aside from devoted front-end gadgets) as a first phase 

of information stockpiling and handling component. The 

FPGA FIFO based readout of an advanced information 
stream is stuffed specifically into the custom 

methodology picked for FPGA execution makes a need 

plan devoted programming suite to process every 

approaching datum in the PC side. The created 

programming bundle is called EPPRO (Ethernet Packet 

PROxy) since it misuses uncommon Ethernet outlines 

for information trade. The center piece of EPPRO is a 

Linux bit module, in charge of information 

gathering/transmission and dispatching, considering 

their sorts to channel and organize the approaching 

parcels.  
 

In 2012, Garima et. Al. [6] depicts the widespread 

offbeat recipient/transmitter for example UART which 

is the sort of sequential correspondence convention 

which permits the full duplex correspondence in 

sequential connection. This paper shows the equipment 

usage of a rapid and proficient UART utilizing FPGA. 

The UART comprises of three principle parts to be 

specific transmitter, collector and baud rate generator 

which is only the recurrence divider. This has been 

mimicked on ModelSim SE 10.0a and has been 

executed by utilizing Verilog portrayal language which 
has been orchestrated on FPGA units, for example, 

Virtex4 and Spartan3. 

 

In walk 2010,S. Thanee et.al. [7] Studied 

Implementation of Multi-Protocol, Data Acquisition 

With High Speed USB Interface, Using FPGA. He 

depicted the execution of the FPGA as an information 

securing framework with fast USB interface. This can 

rearrange the information interfacing to the PC by 

introducing most information move conventions into 

one framework. The FPGA has the preferred standpoint 
that it enables singular modules on a chip to work freely 

from one another. Subsequently, we can use the FPGA 

as an exhibition answer for a framework which is multi-

directed, with associations with four ADC signals, with 

the four distinct conventions of: Parallel, SPI, I2C and 

One-Wire. Furthermore, the visual C++ programming 

for the UI and information stockpiling application, on a 

PC, encourages this plan to react better to high rates of 

information procurement.  

 

In August 2013, Shibi Fathima.A[8] explored 

Implementation of Data Acquisition System for flame 

Detection in Mines Area Using FPGA. This paper 

introduced a novel way to deal with the plan and 

execution of FPGA (Field Programmable Gate Array) 

based DAS (Data Acquisition System) for mines 

wellbeing application. This system plays out the 

procurement of physical flag, transformation of simple 

flag to advanced flag and putting away of the data. The 

center heart of the proposed framework is FPGA, which 

enables singular modules on a chip to work freely from 
one another which is designed and customized to 

procure ongoing information. The information for the 

procedure is obtained utilizing appropriate temperature 

and gas sensors. Flag conditioners are intended for 

every sensor and are tried progressively. The ADC0804 

(simple to computerized converter) is received for this 

framework, which is a rapid solid CMOS gadget with a 

8-bit simple to-advanced converter utilizing progressive 

guess as the transformation technique.Spartan3 FPGA 

by Xilinx is utilized as the fundamental controller from 

which all modules are actualized in VHDL utilizing 
Xilinx ISE Design Suite13.3 and recreated utilizing 

Isim.  

 

In 2012,Jan Henning Mueller et.al. [9] displayed a 

simple to-utilize UART (all inclusive nonconcurrent 

recipient transmitter) based correspondence convention 

named SERIAS which can arrange a test or model IC 

(coordinated circuit) straightforwardly with a PC 

utilizing the sequential interface (EIA-232, previous RS-

232/V.10). For PCs without a sequential interface, USB 

can be utilized, joined with an appropiate connect IC. It 

is likewise conceivable to peruse information from the 
IC. The widespread convention is actualized in an 

equipment portrayal language (HDL) on the IC side and 

in MATLAB on the PC side and can be effectively 

adjusted to the necessities and the structure of the 

specific IC. The execution can likewise be utilized to 

communicate with a model plan on a field-

programmable door exhibit (FPGA)  

 

In March - April 2013, Swamy TN, Rashmi KM[10] 

researched Data Acquisition framework dependent on 

FPGA. The goal of this paper is to plan and actualize an 
information procurement framework (DAQ) by utilizing 

sequential RS-232 and SPI correspondence conventions 

on FPGA stage. The created DAQ framework ought to 

almost certainly get both simple flags just as 

computerized signs. The framework changes over the 

simple signs into computerized information and sends 

the information into the PC utilizing RS-232 sequential 

correspondence for further handling. The improvement 

of the framework has been isolated into two stages. The 

principal stage is to the plan of SPI interface, while the 

second stage is to the structure of RS-232 interface. The 
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SPI interface manages the ADC and intensifier 

correspondence with FPGA and the RS-232 interface 

manages the correspondence among PC and FPGA. 

 

III. PROPOSED WORK 
In this section we explain our experimental approach. 

The successive approximation analog-to-digital 

converter working circuit typically consists of four 

principal sub circuits: 

 A sample and hold circuit which is acquire the 

input voltage (Vin). 

 An analog voltage comparator that compare input 

voltage (Vin) to the output of the internal DAC and 
outputs the result of the comparison to the successive 

approximation register (SAR). 

 A successive approximation register sub circuit 

designed to supply an approximate digital code of input 

voltage Vin to the internal DAC. 

 An internal reference of DAC that is for comparison 

with VREF, supplies the comparator with an analog 

voltage equal to the digital code output of the successive 

approximation register  SAR. 

 

The successive approximation register is initializing, so 
that the most significant bit (MSB) is equal to 

a digital 1. This code is feed into the DAC, and then 

supplies the analog equivalent of this digital code 

(Vref/2) into the comparator circuit for comparison with 

the sampled input voltage. If analog voltage exceeds 

input voltage Vin the comparator causes the SAR to reset 

this bit, otherwise, the bit is left a 1. And then the next 

bit is set to 1 and the same test is done, continuing 

this binary search until every bit in the SAR has been 

tested. The resulting code is digital approximation of the 

sampled input voltage and is final output by the SAR at 
the end of the conversion (EOC). 

Mathematically,  

Let Vin = xVref,  

So xin [-1, 1] is the normalized input voltage.  

The objective is approximately digitize x to an accuracy 

of 1/2n. The algorithm proceeds as follows: 

 Initial approximation x0 = 0. 

 Ith approximation is xi = xi-1 - s (xi-1 - x)/2i. 

Where, s(x) is the signum-function of expression 

(sgn(x)) (+1 for x ≥ 0, -1 for x < 0). It follows using 

mathematical generation that is |xn - x| ≤ 1/2n.As shown 

in the above algorithm, a successive approximation 
register ADC requires: 

 An input voltage source Vin. 

 A reference voltage source Vref (normalize the input). 

 A DAC to convert the Ith approximation xi to the 

voltage. 

 A Comparator to achieve the function s(xi - x) by 

comparing the DAC's voltage with the input voltage. 

 A Register to store the output of the comparator and 

apply the function (xi-1 - s(xi-1 - x)/2i). 

 

IV. STATE DIAGRAM OF OUR 

EXPERIMENTAL WORK 
The transmitter starts in the zero state, IDLE. This is 

done by configuring your initial state register value to 

zero. 

1. State diagram 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 State diagram 1 

The first box figure 4.1 describes what happens when 

the program first starts running. Because no other boxes 

below reference back to it, this will only happen when 

the program starts. Load, shift and clear are set to zero. 

This is because shifting the shift register when the 

program is idling (not transmitting) is not desired as this 

sends wrong information over the serial line. The bit 

counter is not set to zero as it will not let it increase 

when data is transmitting, and there is no data to load 
from just yet [15]. 

 

In UART communications, the line TxD is held high to 

show that nothing is being transmitted. When the line is 

low, both receiver and transmitter recognize that 

transmission is about to begin. This is why the start 

bit is always equal to zero. When communication is 

ready to end, the line goes high again and the 

transmission stops. This is why the end bit is always 

equivalent to one [16]. 

 
The state diagram tells the following: Firstly, the 

program is in idle state and then a check if inputs 

transmit is 1. This input can be as simple as a 

physical switch which when pressed tells the program 

that transmission is about to begin. If the transmit is 

zero, it goes back to the IDLE state and keeps waiting 

until that switch is pressed. If it is pressed, and then 

transmit is one and the program moves to the next state, 

TRANSMIT [17]. 

http://en.wikipedia.org/wiki/Analog_to_digital_converter
http://en.wikipedia.org/wiki/Analog_to_digital_converter
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Digital-to-analog_converter
http://en.wikipedia.org/wiki/Processor_register
http://en.wikipedia.org/wiki/Comparator
http://en.wikipedia.org/wiki/Processor_register
http://en.wikipedia.org/wiki/Most_significant_bit
http://en.wikipedia.org/wiki/Digital_data
http://en.wikipedia.org/wiki/Binary_search_algorithm
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Transmit just makes sure that the bit counter is not over 

10 (There are total of 10 bits, the start bit, 8 data bits, 

and a stop bit). When the bit counter reaches 10, it 

means that it has completed its task of transmitting. 

Shift is left high until then.  When the goal of a 10 bit 

transmission is reached, the clear must go high; so to 

clear the bit counter back to zero and get ready for the 

next transmission. Also the next state must go back to 

IDLE so that it can wait for the next time the button is 

pushed to transmit data again [18] 

2. State Diagram 2 
Everything must run from the FPGA clock, therefore 

another "state diagram" must be created that includes 

the clock. First the system is reset. This is a physical 

switch that sets everything to factory settings. This is in 

the case the program deadlocks there can be an option to 

reset the system without reprogramming the FPGA [19].  

After this, counter starts counting at each positive edge 

of the FPGA clock. When the counter reaches 10416, 

the state is set to next State. 10416 is the number 

calculated to get a 9600 baud rate depending on the 

FPGA clock speed. In other words, the counter is used 
to slow down the 100MHZ FPGA clock for the program 

to work at 9600 baud. Also, above says 10415 plus zero 

state = 10416 [20]. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

              

 

 

 

 

 

        Fig.3 State diagram 2. 

Next State is always changed in the above state diagram, 

Fig.4.2. The motive for doing this is to make the 

program synchronous to the clock (or counter) [21]. 

Therefore the transition from IDLE to TRANSMIT and 

vice versa only happens at each 10416 count of the 

counter. Counter is also reset each time it reaches 10416 

so that it can start to count up to 10416 again and do the 

same thing over and over again [22]. 

            

            V. RESULT 
This section gives the results of the entire project.  

Beginning with the result of testing ADC, the simulated 

results of the programs and the final data shown on the 
terminal software. Also the synthesis reports of the 

programs are discussed, highlighting the delay 

parameter. The FPGA RAM programming code is tested 

by including the std. text on. All packages. Here this 

program is simulated using ISim and the inputs given 

are stored in the RAM array designed. The data stored 

in RAM is generated as text file i.e. array.txt at the 

location given in the program. The text file ensures that 

the inputs are properly stored in the RAM array. 
 

This program has an array of 16 elements where each 
element is of 8-bits. The text file simultaneously gets 

generated when the program is being simulated. When a 

program is refreshed or simulated again, then the values 

in the same text file get changed accordingly. To store a 

particular array, then the file should be copied and saved 

at another location. 

 

 
 

Fig. 4 Simulation of FPGA RAM program. 
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Fig .5The text file generated in the PC showing the 

memory array. 

 

The array is same in both the simulation result and the 

corresponding text file generated. Clearly shows that the 

memory array design works fine. 
 

Table 1 Comparison between old research and proposed 

work. 
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VI. CONCLUSION AND FUTURE WORK 
The aim of the project was to transfer data from the 

FPGA to PC and store the data in a file in the PC for 

further processing. This project is successfully 

implemented on Nexys 3 Development Board which has 

a Spartan 6 FPGA which efficient programming. The 

delays in the programming are of the order of ns which 
is very less compared to the entire speed of the system 

of order us and hence the delays can be neglected. The 

speed of the system is of the order of us because of the 

conversion speed of the ADC 0804. All the other clocks 

in the system are designed to have the frequencies such 

that the error is to minimum. The project can be 

extended to high speed ADC s. By using high speed 

ADCs, the speed of the entire system increases because 

speed of the entire system depends majorly on the 

conversion speed of the ADC as frequencies of all other 

clocks can be manipulated using the system clock of the 
board or FPGA. 

 

VII.FUTURE WORK 
 As future works, the design and assembly of one board 

integrating the ultra-high speed ADC and FPGA is 

anticipated as well as a higher speed interface to the PC. 

This work has further future scope of improvement that 
together with a wireless communication system, the 

proposed system can work as a wireless sensor network 



 

 

© 2019 IJSRET 
   202 
 
 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 5, Issue 1, Jan-Feb-2019, ISSN (Online): 2395-566X 

 

 

for fire detection in mines as well as other remote areas. 

They are to paper with real time signals and to perk up 

the performance and data rate of analog signals. In 

accumulation with a large number of I/O ports in the 

FPGA, It is feasible to add more channels in the future. 

Eventually, we may be able to utilize the maximum of 

I/O ports, being the maximum number, for this FPGA. 
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