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ABSTRACT 

 

In this project a 1024 point cached-FFT processor designed for the system, which is 

useful in Missile Seeker for military applications. In the orthogonal frequency-division multiple-

access (OFDMA) communication system, resource allocation plays an important role. Here 

designing a cached fast Fourier transform (FFT) processor which focus on the low-cost and low-

power FFT processor, including the memory-based architectures. The energy-efficient FFT 

processor consumes less power compared to the existing FFT processor .It is replaced with the 

radix-2/2² butterfly processor. The general memory   is replaced with cache memory which in 

turn executes instructions fastly. Multiplication algorithm is employed which results less 

instructions to the processor so, it utilizes less power than normal FFT processor.  
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INTRODUCTION 

In the Orthogonal Frequency-Division Multiple Access (OFDMA)   scheme, multiple 

accesses are achieved by assigning subsets of subcarriers to individual users. So, simultaneously 

low data rate transmission from several users. These access schemes are used to allow many 

users to share simultaneously a finite amount of spectrum, is required to achieve high capacity 

bandwidth to multiple users. Without severe degradation for high quality communications, this 

must be done in the performance of the system. There are many access techniques, some of them 

are Frequency Division Multiple Access (FDMA) Time Division Multiple Access (TDMA) 

Code Division Multiple Access CDMA.  

THE orthogonal frequency-division multiplexing (OFDM) technique has more 

applications in modern wireless communication systems. In this system, only sub carriers need to 

compute in the user end.  The FFT processor occupies more cost, time and power in the 

processor, so works focus on the low-cost and low-power FFT processor, the memory, and the 

cache based architectures. OFDM transmission performs complete FFT processing OFDMA. It 

has more attention from both education and industry for broadband wireless access. The 

OFDMA concept is simple in its principle; the design of a OFDMA system is efficient. 

Synchronization plays a major role in the design is one of the most challenging issues.  

In this paper comparison of the previous techniques with OFDMA for wireless networks, 

FFT explanation, multiplication algorithm, proposed technique explanation and simulation 

results are presented. An energy-efficient FFT processor is designed. It will reduce the 

drawbacks in the existing FFT processor. Introduction of the cache memory which is having 

more read and write operations, to reduce computation time i.e. increase in speed. 

 

 

 

http://en.wikipedia.org/wiki/Multiple_access
http://en.wikipedia.org/wiki/Multiple_access
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PREVIOUS TECHNIQUE   

Previous techniques are 1.Time Division Multiple Access (TDMA): TDMA has advantages like 

more flexibility; guard bands are not required and cost effective. But it is having disadvantages 

like multipath distortion and high power needed for the uplink.2.Frequency Division Multiple 

Access (FDMA): FDMA has advantages like channel bandwidth is narrow and it is idle when 

channel not in use. But it is having disadvantages like presence of guard bands, RF filters are 

needed to reduce interference.3. Code Division Multiple Access CDMA: CDMA has advantages 

like same frequency can be used by many users, addition of more users easy and hackers’ safety. 

CDMA has advantages like if users increase quality decreases and self jamming 4. Discrete 

Fourier Transform (DFT): DFT is used to produce produces a discrete frequency domain 

representation with more number of operation and with FIFO, General memory. So time to 

compute operations are very high, and number of operations. 

 

Fast Fourier Transform (FFT) 
The implementation of the N-point digital Fourier transform involves calculating the scalar 

product of the sample buffer with N vectors.  

Fast Fourier Transform (FFT) is of two types. They are 

1. DIT FFT: Decimation in Time FFT 

2. DIF FFT: Decimation in Frequency FFT 

In this paper we are using Decimation in Frequency FFT (DIF FFT). 

Each scalar product involves N multiplications and N additions; the total time is proportional to 

N
2
. Re-arranging these operations, one can optimize the algorithm down to O (N log (N)), which 

for large N makes a huge difference. The optimized version of the algorithm is called the fast 

Fourier transform, or the FFT.  

The standard strategy to speed up an algorithm is to divide and conquer. We have to find some 

way to group the terms in the equation  

V[k] = Σn=0..N-1 WN
kn

 v[n] 

 When we separate odd ns from even ns (from now on, let's assume that N is even):  

V[k] = Σn even WN
kn

 v[n] + Σn odd WN
kn

 v[n]  

We can represent the two equations for the components of the 2-point transform graphically 

using the, so called, butterfly 
V[0] = W2

0
 v[0] + W2

0
 v[1] = v[0] + W2

0
 v[1]  

V[1] = W2
0
 v[0] + W2

1
 v[1] = v[0] + W2

1
 v[1]  

Fig 1. Butterfly calculation 

Furthermore, using the divide and conquer strategy, a 4-point transform can be reduced to two 2-

point transforms: one for even elements, one for odd elements. The odd one will be multiplied by 

W4
k
. Diagrammatically; this can be represented as two levels of butterflies. Notice that using the 

identity WN/2
n
 = WN

2n
, we can always express all the multipliers as powers of the same WN (in 

this case we choose N=4).  
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Fig 2. 4-point FFT calculation 

 

Proposed Block Diagram: 
We develop a complete 1024-point cached-FFT algorithm with the radix-2 butterfly 

processor.   Fig 3 describes the 1024-point partial cached-FFT algorithm that has two modules. 

The upper module is for FFT processor and lower module for multiplication and memory 

organizations for obtaining the better transmission performance. Here TF means twiddle factor, it 

depends on number of factors, multiplications of the i, depends on N and not on N/2, fft stage 

/dimensions, and factorization. So, I am assuming twiddle factor as one for the entire process and 

calculations. 

 
Fig 3. Proposed cached FFT Processor 

 

CACHE MEMORY ARCHITECTURE: 
Processors are generally able to perform operations on operands faster the access time of 

large capacity main memory. Though semiconductor memory which can operate at speeds 

comparable with the operation of the processor exists, it is not economical to provide all the 

main memory with very high speed semiconductor memory. The problem can be alleviated by 

introducing a small block of high speed memory called a cache between the main memory and 

the processor. 
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Figure4. Basic Cache 

 

In this system, every time the CPU performs a read or write, the cache may intercept the 

bus transaction, allowing the cache to decrease the response time of the system. Cache memories 

are used in modern, medium and high-speed CPUs. Since instructions and data in cache 

memories can usually be referenced in 10 to 25 percent of the time required to access main 

memory. Cache memories permit the executing rate of the machine to be substantially increased. 

In fig 3 two cache sets are used to data transfers between butterfly processor and the cache sets 

and between the cache and the main memory. The cache sets must perform two write operations 

and two read operations in one clock cycle. 

 

BOOTH’S ALGORITHM FOR 2-POINT 

For each multiplier bit, also examine bit to its right 

• 00: middle of a run of 0s, do nothing 

• 10: beginning of a run of 1s, subtract multiplicand 

• 11: middle of a run of 1s, do nothing 

• 01: end of a run of 1s, add multiplicand  

Booth algorithm gives a procedure for multiplying binary integers in signed –2’s complement 

representation.  

Butterfly Processor 

 

The proposed FFT processor consists pipelined butterfly units, cache sets, and memory.  

To avoid the idling of the butterfly unit we use a delay element. We place delay 1 register 

between two butterfly units for better performance. The butterfly unit produces the results like 

the following sequences; if in1 is a{0,1,2,3} and in2 is b{4,5,6,7} then BU1 produces 

out1=a(0),a(2), and out2=b(4),b(6). BU2 produces out3=a1(1),a1(3), out4= b1(5),b1(7). 

 

 
Fig 4.Proposed Butterfly Unit 
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Fig 4 represents the operation of Bu1 and BU2 butterfly units, respectively. Thus, the BU can 

achieve 100% utilization. If the   butterfly units are increased, the latency will be increased, 

because more delay registers must be inserted for 100 % efficient utilization, the cost will 

increase. 

 

Simulation Results: 
 

 
(a) Upper Module 

 

 
(b) Final output 

 

CONCLUSION 

 
 The Proposed FFT processor consumes less power compared to the previous FFT 

processors because it is replaced with two butterfly units.  In this technique the memory blocks 

are replaced with cache memory. So, it performs two read and two write operations at a single 

clock. General multipliers are replaced by Multiplication algorithm. It means less number of and 

gates, inputs required for multiplication. It reduces the number of instructions, so that it executes 
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fastly, and low cost and low power consumption achieved. So it is having applications like Bio 

Medical, Communications and RF applications. 
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