
    STATISTICAL PULSE GENERATOR USING FPGA 
Jayjit Paul#1, Uddipan Mukherjee#2, Madhusudan Dey*3 

#Dept of Electronics & Communication, Institute of Engineering & Management 
Y-12, Sector-V, Salt lake Electronics Complex,Kolkata-700 091 

{1jayjitpaul,2uuddipan}@gmail.com 
*Variable Energy Cyclotron Centre 

 1/AF, Bidhannagar , Kolkata-700 064 
3msdey@veccal.ernet.in 

 
Abstract — In this paper an embedded system  built using FPGA 
technology with computer interface is presented which generates 
a pulse train having statistical time of occurrence and 
rectangular shape. The time period of subsequent pulses is 
dependent on some well defined statistical distribution but pulse 
on time is fixed. The pulses generated from the system can be 
used for testing dedicated embedded system and software. 
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I. INTRODUCTION 
FPGA is the new age technology to design embedded systems 
and replacing ICs in manufacturing complex systems. Field 
Programmability of the FPGA systems give these a cutting 
edge over their IC and ASIC (Application Specific Integrated 
Circuit) counterpart [5]. The dedicated embedded systems 
require intensive testing for which statistically appearing 
pulses are an appropriate choice. As the time period of the 
pulse train assumes values according to a statistical 
distribution, the data need to be acquired from software. So 
the generation of such a pulse calls for a data acquisition 
system with computer interface. This pulse generator is 
implemented using FPGA based embedded system.  

                        II. IMPLEMENTATION 
The pulse generator circuit requires UART (Universal 
Synchronous Receiver Transmitter) to interface the data set   

 
 
 
 
 
 
 
 
 

    
 
 
               
 
 
              
             Fig .1 Simplified Block Diagram View of the Pulse Generator Circuit 
   
  

 obtained from Gaussian distribution and also requires a 
 RAM to store the received data from computer, registers, 
 counters and flip-flops. Each of these modules is designed 
 using VHDL. The circuit pattern generated is transferred to 
 Spartan-3board (XC3S200FT256) [3].The system thus confi- 
 -gured generates a pulse train which is visualized in mixed 
 signal oscilloscope. The figure 1 represents a simplified 
 block diagram view of the circuit.  
 
                                III. METHODS 
 
  A. CIRCUIT DESIGN 
 The pulse generator circuit design involvoes two stages. 
  
1)Text hardware description: At first the circuit layout is 
generated and connections are specified using 
VHDL([1],[2]).The code is synthesized in Xilinx ISE 8.2i.  
2).Simulation:The circuit is simulated in ModelSim and  the 
simulated pulse is found to possess statistical time of 
occurrence. 
 
B.DOWNLOAD PROGRAM 
The FPGA Spartan-3 board is configured according to the 
circuit designed by downloading simulated program through 
JTAG cable uing the software IMPACT.As a result a 
dedicated embedded circuit is produced. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
                              



                              
 
                            IV. CIRCUIT OPERATION 
 
As the time period of successive pulses take values according 
to a statistical distribution (Gaussian distribution in this case), 
these values are stored in a RAM of size 256x8 bits. Memory 
read and writes operations are controlled by time period 
control unit, on time control unit and the down counter. 
 
                                     V. RESULTS 

 
A predefined statistical distribution is implemented in 
software and resulting values fulfil the need for different time 
periods of successive pulses in the train. Bit stream is passed 
from computer to embedded circuit through the UART 
component. So the system produces a pulse train with 
statistical time of occurrence and fixed on time which looks 
like the figure below.    

 
 

 
 
              Fig. 2  The pulse obtained in mixed signal oscilloscope 
 
The on time of the pulse is fixed by the user and the time 
period (i.e. off time) assumes the values of Gaussian 
distribution. 
 
                                        TABLE 1 
                       Summary of circuit parameters 
 
    Type of 
    parameter 

      Parameter  name         Frequency 

     Input            Clock         50 MHz 

     Output    Pulse with statistical 
    time  of  occurrence 

          2 MHz 

          

                                         VI. APPLICATION 

The  pulse generated has a fixed ontime( i.e pulse width) and 
variable time period(i.e. Pulse Duration).This type of pulse is 
statistical in its time of occurence and is rectangular in shape. 
This pulse can be used to test 

1. Dedicated Embedded system 
2. Software package. 

 It can also be used in place of nuclear detector 
environment.Charged particles from accelerator(e.g. cyclotron) 
after hitting a target (Ag) produce photon or fragments of 
charged particles or neutrons . Detector systems detects those  
and converts them into  voltage or current signals.This analog 
signal is processed in a signal processing unit(including pre 

amplifier,pulse shaping circuit etc.) and then it is 
digitized.The ultimate digitized data is analysed in computer 
to study the characteristics of the analog signals generated 
from the detector system.On the other hand the pulse 
generated in the embedded system presented here can serve 
the purpose of these study (off beam line) partially. 
 
            

 
               Fig. 3 Block diagram of actual pulse generating set up 
 
                              VII. CONCLUSIONS 
The time of occurrences pulses generated in this case changes 
according to Gaussian distribution. Different pulse trains can 
be produced using other statistical distributions. Shape of the 
individual pulse can also be varied according to Gaussian 
distribution.  
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