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Abstract- Today, Field programmable gate arrays (FPGA) play a very vital role in realizing embedded systems which are used 
in the area of defence systems, bioinformatics, cryptography, and many more. The recent developments of soft-core processors 
like NIOS II have redefined the use of FPGA in embedded systems. In this project processing and realizing general purpose 
embedded system using soft-core Nios-II processor on Altera Cyclone II FPGA. Here, we are developing the test logic for 
every component in the system to debug the system efficiently and the user-logic will decide the application whose realization 
is done using Nios II IDE. 
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I. INTRODUCTION 
 
This paper is proposed to provide security for 
militaries and defence systems etc. It means that all 
the components which are taking part are tested and 
controlled according to their requirements. The Nios 
development board comes pre-programmed with a 
Nios II processor reference design as shown in Fig 1.  

 

 
Fig 1:Nios design developing on FPGA 

 
The FPGA is capable of a parallel processing and also 
offers the possibility of implementing the program in 
assembly or ‘c’.  Altera’s Nios II development kit, 
cyclone II edition provides everything needed for 
System on a Programmable Chip (SOPC) 
development. Based on Altera’s Nios II family of 
embedded processors and the low-cost cyclone II 
EP2C35 device, this development kit provides an ideal 
environment for developing and prototyping a wide 
range of price-sensitive embedded applications. 
Hardware designers can use the reference design as an 
example of how to build systems using the Nios II 
processor while Software designers can use the 
pre-programmed Nios II processor design on the 
board to begin prototyping software immediately.  

 
The system designing is performed on the board 
includes CPU, System clock,[9] System id, flag, flash, 
SRAM and other peripheral  interfaces along with 
user interface. Building embedded systems in FPGAs 
is a broad subject, involving system requirements 
analysis, hardware design tasks, and software design 
tasks.[11] The Nios II processor can be used with a 
variety of other components to form a complete 
system. These components include a number of 
standard peripherals, but it is also possible to define 
custom peripherals. 
 

 
Fig 2: LED Testing in Board 

 
Altera’s DE2 Development[4] and Education board 
contains several components that can be integrated 
into a Nios II system Nios development system 
consists of different components which are interfaced 
to the FPGA and the board are 
LED,LCD,PUSHBUTTONS,MEMORY,JTAG,UAR
T. The testing of LED on the board and the process as 
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shown in Fig 2. This processor was provided by 
ALTERA to be implemented in Fpga. 
 
II. NIOS II PROCESSOR 

 
This processor was provided by ALTERA to be 
implemented in FPGA. The FPGA is capable of a 
parallel processing and hardware modification, and 
also offers the possibility of microprocessor 
implementations, which can be programmed in 
Assembly or C. Altera's Nios II processor, gives you 
the ultimate flexibility to achieve the exact 
performance required for your embedded design.  
 
Additionally, Nios II processors help you avoid 
last-minute hand-tuning of assembly language code, 
giving you configurable performance features that can 
be designed in as needed.  
 
Altera FPGAs and Nios II processors give you a whole 
new toolbox of performance features, as well as many 
options for reducing risk in embedded.  
 
The NIOS II is a versatile embedded processor family 
that has a high performance and was created for FPGA 
as shown in Fig 3.  
 
This processor family consists of three processor cores 
that implement a common instruction set architecture, 
each optimized for either a specific cost or 
performance, and all supported by the same software 
tools.  
 
The NIOS II Processor propitiates flexibility such as 
selecting the exact set of CPUs, peripherals, and 
interfaces, accelerating only relevant functions and 
eliminating the risk of processor obsolescence. The 
focus of this paper is the use of this processor to 
control and test the peripherals on the board.  
 
Creating custom peripherals and integrating them into 
Nios II processor systems. For performance-critical 
systems that spend most CPU cycles executing a 
specific section of code, it is a common technique to 
create a custom peripheral that implements the same 
function in hardware.  
 
This approach offers a double performance benefit: 
the hardware implementation is faster than software; 
and the processor is free to perform other functions in 
parallel while the custom peripheral operates on data.  
 
Random numbers are required in a wide variety of 
applications, including data encryption, circuit 
testing, system simulation and Monte Carlo method. 
Ideally, the generated random numbers should be 
uncorrelated and satisfy any statistical test for 
randomness. 

 
Fig 3: Nios II System Development Flow 

 
[10] A generator can be either “truly random” or 
“pseudo random”. The former exhibits true 
randomness and the value of next number is 
unpredictable. The later only appears to be random. 
The sequence is actually based on specific 
mathematical algorithms and thus the pattern is 
repetitive and predictable. However, if the cycle period 
is very large, the sequence appears to be non-repetitive 
and random. Although it is possible to implement a 
true random number generator in hardware, [11]it is 
slow and relatively expensive. In this paper we present 
random number generator using linear feedback shift 
register. The whole design was captured in VHDL 
language and synthesized for a specific device. A 
linear feedback shift register (LFSR) is a shift register 
whose input bit is a linear function of its previous 
state. The only linear functions of single bits are xor 
and inverse-xor; thus it is a shift register whose input 
bit is driven by the exclusive-or (xor) of some bits of 
the overall shift register value. The initial value of the 
LFSR is called the seed, and because the operation of 
the register is deterministic, the sequence of values 
produced by the register is completely determined by 
its current (or previous) state. 
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Fig 4: Nios Development Board 

 
Likewise, because the register has a finite number of 
possible states, it must eventually enter a repeating 
cycle. However, a LFSR with a well-chosen feedback 
function can produce a sequence of bits which appears 
random and which has a very long cycle. The FPGA 
used in this study is an ALTERA Cyclone II 
EP2C35F672C6.  
 
III. IMPLEMENTATION 

 
3.1 Hardware :  

 
When the H/W specification is complete, Quartus II 
performs the synthesis, place and route to implement 
the entire system on the selected FPGA target. SOPC 
Builder enables you to define and generate a complete 
system-on-a-programmable-chip (SOPC) in much 
less time than using traditional, manual integration 
methods. SOPC Builder is included as part of the 
Quartus II software.[10]  SOPC Builder is used to 
create systems based on the Nios II processor. SOPC 
Builder automates the task of integrating hardware 
components. Using traditional design methods, you 
must manually write HDL modules to wire together 
the pieces of the system. Using  
 
SOPC Builder, you specify the system components in a 
GUIand SOPC Builder generates the interconnect 
logic automatically.[11] SOPC Builder generates 
HDL files that define all components of the system, 
and a top-level HDL file. SOPC Builder recognizes 
and can automatically integrate into a system. You can 
also define and add custom components or select from 
a list of provided components. SOPC Builder connects 
multiple modules together to create a top-level HDL 
file called the SOPC Builder system. SOPC Builder 
allows you to design the structure of a hardware 
system. The[4] GUI allows you to add components to a 
system, configure the components, and specify 

connectivity. After you add and parameterize 
components, SOPC Builder generates the system 
interconnect fabric, and outputs HDL files to your 
project directory.   
 
3.2 Software:  
The Nios II software development environment is 
called [4] the Nios II integrated development 
environment (IDE).The software flow of the 
development is shown in Fig 5. The Nios II IDE is 
based on the GNU C/C++ compiler and the Eclipse 
IDE, and provides a familiar and established 
environment for software development. Using the 
Nios II IDE, you can immediately begin developing 
and simulating Nios II software applications. The 
Nios II software build tools also provide a command 
line interface. Using the Nios II hardware reference 
designs included in an Altera development kit, you 
can prototype an application running on a board 
before building a custom hardware platform. The Nios 
II processor and the interfaces needed to connect to 
other chips on the DE2 board are implemented in the 
Cyclone II FPGA chip.[9] In practice, most FPGA 
designs implement some extra logic in addition to the 
processor system. Altera FPGAs provide flexibility to 
add features and enhance performance of theNios II 
processor system. A flexible peripheral set is one of 
the most notable differences between Nios II processor 
systems and fixed microcontrollers.[8] These 
components are interconnected by means of the 
interconnection network called the Avalon Switch 
Fabric. Memory blocks in the Cyclone II device can be 
used to provide an on-chip memory for the Nios II 
processor Embedded Design Suite (EDS) manages the 
software development and it includes a C/C++ 
compiler, debugger and an instruction set 
simulator.[7] It allows programmers to test their 
application in simulation or download and run their 
compiled application on the actualFPGAhost. 
 

 
Fig 5:Software design flow 
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IV. RESULT: 
 

 
Fig 6: Interfacing of components that are to                                                 

be connected onto the board 
 

The components that are to be connected onto the Nios 
development board along with CPU configuration in 
SOPC Builder tool according to the core selected that 
is suiatable for the project. 

 
Fig 7:Producing of .PTF File in SOPC Builder 

 
The generation of system is done and that will 
generate a text file(.PTF) that saves the edits in SOPC 
Builder and description of Nios II system that connects 
the hardware process to software process and finally 
integrating SOPC Builder output in Quartus II. 

 

 
Fig 8:Building of Software project in Nios II 

The C language code is developed for the testing and 
controlling of each and every peripheral on the board 
and is as shown in Fig 8.The testing of every 
peripheral is shown from Fig 9 to 17. 

 

 
Fig 9:Testing of components on the board 

 
The list of  components(LED,LCD,JTAG 
UART,FLASH MEMORY, PUSH 
BUTTONS,SEVEN SEGMENT) that are developed 
on the Board are shown in Fig 9 
 

 
Fig 10:Testing of LED’s on the board 

 
The LEDs code that was developed for testing and 
controlling is running on the target FPGA      
 

 
Fig 11:Testing of Seven Segment LED’s 
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Each segment is individually controlled by a 
general-purpose I/O pin. When a pin drives logic 0, 
the Corresponding pins turns on. 
 

 
Fig 12:JTAG Test 

 
It allows a computer to take control of the state of all 
device pins on a board and it allows all 
device-to-device combination on the board to be 
tested. 
 

 
Fig 13:Custom Peripheral Random number Generator is tested 
 

 
Fig 14:Simulation Result of Random Number Generator 

 
Fig 14 shows the simulation result of Random Number 
Generator.The initial value of the LFSR is called the 
seed.Clock is the input to the module, at  each positive 
edge random number is generated. 
 
 

CONCLUSION 
 
This paper presnted the advanced methods for 
implementing the designs on a single  Altera FPGA 
chip. In previous methods development of peripherals 
is done only in Hardware,but here development of 
peripherals is done  in Quartus II and those 
peripherals are tested and controlled by using Nios II 
softcore processor and finally they are tested on the 
target FPGA in board.The testing , controlling of each 
and everystandard (LED, LCD, PUSHBUTTONS, 
JTAGUART, (FLASH)peripherals by using Nios II 
processor is done and the custom peripheral random 
number generator is developed based on user logic is 
examined to increase the number of randomness of 
random number generator. The presentation of 
random number generator using linear feedback shift 
register. For a single-bit random number generator, 
LFSR is the most effective method. 
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