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Abstract- Now a days,  most microprocessors and microcontroller designs are based on Reduced Instruction Set Computer 
(RISC) RISC is design philosophy that has become main stream in scientific and engineering applications. The demand for 
the Digital Signal Processor (DSP) increases with the advent of personal  computer, smart phone, gaming and other 
multimedia devices. Todays, FPGA s become an important platform that implementing high end DSP processors 
applications due to their inherent parallelism and fast processing speed. This paper focuses on the study of 32 bit three stage 
pipelined combined RISC and DSP processor based on FPGA.  
 
Keywords- Reduced Instruction Set Computer (RISC), Digital Signal Processor (DSP), Pipelined, Field Programmer Gate 
Array (FPGA). 
 
 
I. INTRODUCTION 

 
In today’s era of high speed systems and ubiquitous 
computing, the need for real-time embedded systems 
is always on the rise. These embedded systems must 
operate within stringent requirements that are often at 
the intersection of the conflict between speed and 
area. Increasing complexity of signal, image and 
control processing in embedded real-time 
applications requires very high computational power. 
This power can be achieved by high performance 
programmable components like RISC or CISC 
processors, DSPs etc and non-programmable specific 
chips like ASICs or FPGA based hardware [2]. 
 
Rapid development of the silicon technology and the 
decreasing cost of the integrated circuit, RISC 
processor is increasing widely used in every field. 
Reduced Instruction Set Computer (RISC) is a design 
philosophy that has become a main stream in 
scientific and engineering applications. RISC design 
philosophy favours smaller and simpler set of 
instruction set. The simple design provides 
exceptional performance and is ideal for use in a 
broad family of cost-effective, compatible systems.   
 
Digital Signal Processor is optimized specially for 
Digital signal processing. It also support features as 
an applications processor or microcontroller. DSP 
operation process continuous signals and data.  
 
A Digital Signal Processor is a specialized 
microprocessor with an architecture developed for 
fast operational needs of digital signal processing. 
DSP can process data in real time, making it ideal for 
application that can’t tolerate delays.  
 
The combination of reduced instruction set computer 
(RISC) and some part of Digital Signal Processor 
(DSP) using verilog language and implement in Field 
Programmable Gate Array (FPGA). 

 The remainder of this paper is organized as follows. 
Section II explains the architecture detail of 32-bit 
RISC DSP processor. Section III presents block 
diagram for the 32 bit RISC and DSP processor. 
Section IV presents instructions and instruction 
format for RISC. Section V Presents the instructions 
for DSP. Last section concludes the study paper.  
 
II. DESIGN ARCHITECTURE 
 
Design Architecture includes the CPU core, an 
instruction cache and data cache. You can select an 
optimum data and instruction cache configuration 
among a variety of possible configurations. Micro 
architectures can be pipelined to different categories. 
Thus the degree of pipelining is a micro architectural 
decision. 
 
Final clock frequency of a specific processor pipeline 
on a given silicon process technology depends 
heavily on how deeply the processor is pipelined. 
When designing a new processor, a key design 
decision is the target design frequency of operation. 
The frequency target determines how many gates of 
logic can be included per pipeline stage in the design. 
This helps to determine how many pipeline stages 
there are in the machine. 
 
The memory and bus architecture design of a Digital 
Signal Processor is guided by optimization of speed. 
Data and instructions must flow into the numeric and 
sequencing sections of the DSP on every instruction 
cycle.  There can be no delays, no bottlenecks. 
Everything about the design focuses on throughput. 
To put this focus on throughput in perspective, 
Harvard architecture is used in which memory is 
typically divided into separate program and data 
memory. By using Harvard architecture instead Von 
Neumann architecture, it doubles the throughput of 
this processor as separation of data and instructions 
gives this DSP processor the ability to fetch multiple 
items on each cycle. FPGAs are well suited for 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-3, March-2014 

 Study of Risc DSP System Design on FPGA 

60 

reducing combinational path as well as employing 
parallel operations which can provide a better 
solution for manipulating speed. In addition to this, 
DSP processor, implemented in FPGAs has started to 
outperform for most DSP applications. Today’s 
FPGAs due to advancements in VLSI have started to 
close the delay and power gap with ASIC.  
 
III. BLOCK DIAGRAM 
 
This block diagram is consist of arithmetic logic unit, 
decoder, opcode fetch machine , register set. As this 
shows harvard architecture instruction and data are 
fetched in parallel order. Three stage pipelining have 
been incorporated in the design which increases the 
speed of operation. The pipelining stages are fetch, 
decode and execute.  In the instruction fetch the 
instruction and necessary data are drawn from 
memory. Instruction (opcode ) is received in the 
decoder . 

Instruction 
Fetch 

Machine
Decoder

Arithmetic 
logic 

Machine
Execution

Register 
Set

Opcode

Figure 1 RISC Architecture block diagram 
 
Required data is taken from the register set. In the 
decoder by activating components from data and 
memory. In the instruction is performed, the data is 
manipulated and result is stored. The control unit 
reads the opcode and instruction bits and then creates 
control signals as outputs that triggers the respective 
component and data path to perform the desired task. 
The control  unit decodes the instruction bits and 
decoded output of the control unit is fed as either into 
Arithmetic logic unit. Operands for the instruction are 
received from the register set. Depending on the 
control signal from control unit of the ALU performs 
either arithmetic or logical operation. After execution 
of instruction, the result is stored in the register. 
 
IV. INSTRUCTION FORMAT AND 

INSTRUCTION SET FOR RISC 
 
The words of a computer's language are called 
instructions, and its vocabulary is called an 
instruction set. The RISC processor performs various 
operations as per instructions. Structure of instruction 
in assembly language is as shown below  
An assembly language instruction is consist of a 
mnemonic, optionally followed by one or two 
operands. The operands are data items being 

manipulated, and mnemonics are the commands to 
the CPU, telling what to do with those items. 
An assembly language instruction consists of four 
fields 
 
[label:] mnemonic [operands] [;comment] 
 
Brackets indicate that a field is optional. Regarding 
the above format, the following points we need to 
remember. 
 
The RISC machine fetches an instruction from the 
memory. Each instruction decodes by internal 
decoder and the value of each instruction is 32 bits. 
All Processor Core instructions are 32 bits in length. 
These are three instruction formats: Immediate (I-
type), Jump (j-type) and register (R-type). Having 
just three instruction formats simplifies instruction 
decoding. 
 

 
Figure 2 Instruction format 

 
Table 1 shows the instructions for RISC processor 
Arithmatic 
Instructions 

ADD,SUB,INC,DEC 

Logical 
Instruction 

AND,OR,NOR,XNOR,NAND, 
NOT,XOR 

Jump JMP 
Other 
Instruction 

NOP 

Table 1 Instruction for RISC Processor 
 

V. DSP PROCESSOR OPERATIONS 
 

A) Discrete Fourier Transform - 
It is a kind of Discrete Transform which is used in 
Fourier analysis. It transforms one function into 
another, which is called the frequency domain 
representation, or simply the DFT, of the original 
function. The formula for DFT is 
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DFT: 

    
 (k= 0,1,........,N-1) 
 

B) Fast Fourier Transform - 
Fast Fourier Transform (FFT) can be widely used in 
different applications, such as WLAN, image process, 
spectrum measurements, radar and multimedia 
communication services. If the FFT is made flexible 
and fast enough, a portable device equipped with 
wireless transmission system is feasible. Therefore, 
an efficient FFT is required for real-time operations. 
 
FFT is an efficient algorithm or fast way to compute a 
DFT. Radix-2 Decimation-in-time (DIT) Fast Fourier 
Transform (FFT) is dividing the DFT in to two 
portions. The Basic Butterfly [] operation of radix-2 
DIT FFT algorithm of 8 signals is shown in Fig. 3 
[5]. 
 

C)  DCT & IDCT - 
The wireless industry is moving toward adding 
streaming video capabilities to mobile devices. Such 
capabilities require that the devices posses a great 
deal of processing power. Additionally, as their 
batteries only provide a limited amount of energy; 
mobile devices operate in an energy-constrained 
environment. It is evident, then, that high throughput 
and low latency are not the only concerns application 
area. It is also necessary that the image processing is 
energy efficient. This can be achieved with the help 
of 2-D DCT. 2-D DCT and IDCT design achieve 
demand in real time CODEC standardized frae 
resolutions and rates Here in this paper we will study 
1-D DCT. 
 
A discrete cosine transform (DCT) expresses a 
sequence of finitely many data points in terms of a 
sum of cosine functions oscillating at different 
frequencies [5]. The N point 1-D DCT is defined as; 
 

 
 
The N-point 1-D IDFT is defined as: 
 

 

 

 
Figure 3 Butterfly Diagram 

 
CONCLUSION 
 
In this paper we showed the design of a 32-bit RISC 
processor. The processor can be used within a large 
class of embedded system applications either as a 
stand-alone processing element or as a part of multi-
processor SoC. The implementation of pipelining in 
the architecture substantially enhanced its processing 
capability wherein most instructions were executed 
within a single machine cycle. We intend to further 
take this work forward by designing a generic I/O 
module applicable for any standard FPGA. Also its 
performance in the context of a real-time system 
needs to be thoroughly evaluated. Design of systems 
like real-time communication system, intelligent 
control and biometric systems are some ideas that we 
want to explore using this processor. 
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