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Abstract - A hypothesized conflict-free address scheme which is efficient for arbitrary point memory-based fast Fourier 
transform (FFT) processor was exhibited in this paper. In the proposed scheme, a high radix decomposition method was 
utilized for reducing the levels of computation and small radix connected multipath-delay-commutator butterfly units were 
adopted to eliminate the complexity of the computation engine as well. Several important functions of memory-based FFT 
processor were combined together, including the continuous-flow mode, variable computation size and conflict-free address 
scheme. Moreover, a prime factor algorithm was employed to decrease the multiplications and the twiddle factor storage 
when there subsist prime factors in the decomposition. At last, a unified Winograd Fourier transform algorithm (WFTA) 
butterfly core was designed for the small 2, 3, 4, 5 point DFTs to reduce the computation complexity further.    
 
Keywords - Conflict-free address scheme, long-term evolution (LTE), memory-based fast Fourier transform (FFT) 
processor, prime factor algorithm (PFA), Winograd algorithm. 

 
I. INTRODUCTION 
 
Fast Fourier Transform (FFT) [9] is the most 
important operation in digital signal processing (DSP) 
and is widely utilized in digital communication, radar 
system and image processing system, etc. Two kinds 
of consistently used FFT architectures [1] are 
pipelined architecture and memory-based 
architecture.  
 
The pipelined architecture procures a higher 
throughput, but also inevitably with larger resource 
consumption and power consumption, since it uses 
independent processing element in each stage. The 
memory-based architecture has a lower throughput, 
but it has smaller resource consumption and power 
consumption, since it rehashes the same processing 
elements in all stages. 
  
In this brief, we pay more surveillance to the 
memory-based architecture due to the consideration 
of the area. Memory-based FFT [10] is composed of 
memory, butterfly unit and corresponding control 
logic. The memory is utilized to store the input data, 
the temporary data and the ultimate result. Since 
multiple data [8] are written into one single memory 
simultaneously when processing the storage 
operation, there exists the problem of address 
conflict. For solving the problem, conflict-free 
strategy is proposed [3]. 
 
The conflict-free strategies proposed embrace 
multiplexers to change the output order in each stage. 
The storage order in each stage is different, thus the 
control logic varies in each stage. To realize the 
reordering, extra multiplexers [7] are needed. Hence, 
it adds extra multiplexers [4] and the control logic is 
passably complicated. 

To optimize the conflict-free strategy further, we 
propose a novel method, using which the resource 
consumption is alleviated. The proposed conflict-free 
strategy [6] is fit for constant geometry signal flow 
graph. Besides, the property of constant geometry 
signal flow graph is that all stages are identical. By 
using the property, the logic becomes uniform which 
untangle the design.  
 
In order to increase the performance of memory-
based FFT, two methods are usually utilized. One 
way is to adopt high-radix butterfly unit, and another 
is to adopt several parallel butterfly units. It is a 
tradeoff between the resource consumption and the 
performance. The proposed FFT processor [5] adopts 
radix-4/2 mixed-radix algorithm [2] to realize the 
tradeoff. The proposed mixed-radix signal flow graph 
is mitigated to obtain the constant geometry property. 
By using the property of the modified mixed-radix 
signal flow graph, arbitrary 2n-point FFT processor 
can be implemented. In order to maximize the 
throughput, two 2048-word memories are used to 
accomplish the continuous-flow computation. 
 
II.EXISTED SYSTEM 
 
The existed system is depends on the Error 
Correction Codes (ECC). In this technique, each filter 
can be equivalent of a bit and by utilizing addition 
parity check bits it can be computed. The operation of 
this technique is the output of the adding of the 
several inputs is equal to the addition of the 
individual outputs. Hence, it is viable for any linear 
operation.  
 
It is assumed that there is only a double error on the 
system at any given point in time. There are three 
main contributions. They are: 
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1) Error Correction Code is assessed to protect the 
parallel FFTs which show its efficacy in terms of 
overhead and protection effectiveness. 
2) A new technique is proposed which depends on the 
utilization of Parseval or sum of squares (SOSs) 
checks that are combined with parity FFT. 
3) The Error Correction Codes (ECC) are utilized on 
the checks of SOS instead of the FFTs is presented. 
 

 
FIG 1. EXISTED SYSTEM 

 
This scheme is evaluated for assessing the protection 
overhead. The protection overhead can be reduced by 
combining the utilization of ECCs and parseval 
checks. For the less error prone applications 
technique two can be used with Partial summation 
block superseding the Parseval check. Both the new 
techniques proposed uses minimum hardware 
resources compared to the existing design by the 
modification of Partial summation block for Sum of 
Squares.  
 
III.PROPOSED SYSTEM 
 
Proposed FFT Processor Architecture: 
The main architecture of FFT Processor includes 
RAM, ROM, controller unit, address generation unit, 
cycle unit and butterfly processing elements. Counter 
counts cycles. 

 
FIG 2. BLOCK DIAGRAM OF FFT PROCESSOR 

 
(a)Address Generation Unit: It gives ROM and 
RAM and also depicts the correct positioning of 
butterfly. 3 stages of address generation unit are used 
and each stage contains 4 butterflies. Address 
generation unit contains Butterfly generator, Stage 
done _io done, Stage generator, Base index generator, 
io address generator, ROM address generator units. 

Butterfly Generator: It represents which butterfly 
Unit will be used. It is inherently up counter with 16 
bit which contains 4 butterflies in each stage and 4 
data words on every butterfly. Vedic multiplier is 
utilized to multiply of negative trigger D-flip flop 
output and multiplexer output. 
 

 
FIG 3. BUTTERFLY UNIT OF FFT PROCESSOR USING 

VEDIC MULTIPLICATION 
 
Stage done_io done: It gives information to controller 
that input or output process is complete. 
Stage Generator: It includes sequence of present stage 
of FFT and also tells to base index generator about 
number of total stages. Stage generator consumes two 
bits counter. 
IO-Address Generator: It provokes address for RAM 
at the time of data input and output process. 
Base Index Generator: It generates address for 
reading from RAM. 
Shifters: Total latency is five cycles so read address is 
shifted is shifted in every five cycles. 
ROM address generator: It provides the sine 
coefficient and cosine coefficient value by providing 
correct address to ROM. 
(b) Controller: It works as a machine which is in 
finite state and contains 7 stages from rst1 to rst7. 
(c) RAM unit: Firstly input is written into RAM unit 
and after FFT computation it written back to that 
location in RAM. 
(d) ROM: It repertoire the coefficients value of sine 
and cosine. 

 
FIG 4. BLOCK DIAGRAM OF THE PROPOSED FFT 

PROCESSOR ARCHITECTURE 
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There are two different FFT modules in LTE system: 
one is the 2n mode (n = 7–11) FFT, and the other is 
the 35 different-length non single-power point 
(NSPP) DFT, whose transform sizes range from 12 to 
1296. 
 
The architectures of the 2n-point FFT and the NSPP 
DFT are similar. Only some details are disparate. The 
entire architecture of processor of FFT is exhibited in 
Fig. 4. It consists of the following main parts: an 
input and an output index vector generator, a 
computation address generator, three different 
memory bank groups, a Processing element (PE) unit 
applied with the high radix–small-butterfly (HRSB) 
scheme, some commutators between the memory and 
the processing element (PE), some pre-stored twiddle 
factors, and FFT size parameters, and an exponent 
scaling unit. The dashed lines represent the control 
signals while the real lines denote the flowing data. 
 
The input index vector generator distributes the input 
data to different memory banks without data 
conflicts, and the output one reorders the output data 
to a natural sequence. The computation address 
generator obtains all the concurrent data of each cycle 
and stores back the intermediate results. Memory 
groups 1 and 2 are in a ping-pong mode to hold two 
continuous data symbols in input sampling, and 
memory group 3 is used to output the computed data 
in right order. Three memory groups only exist in 
NSPP FFTs. For single power point (SPP) FFTs, as 
in-place strategy is accessible, only two memory 
groups are enough. The HRSB unit is the kernel 
processing engine. The commutators located between 
the memories and HRSB unit provide efficient data 
routing mechanism which is controlled by the 
computation address generator. The twiddle factors 
and the FFT size parameters are all pre-stored in 
register files, which are used to configure the FFT 
working modes. The exponent scaling unit controls 
scaling operations for block floating-point, which can 
increase the signal-to-quantization noise ratio and 
reduce the memory storage. 
 
ALGORITHM 
 
STEP 1: Generation of input vector 
 
STEP 2: Mapping of computing addresses using 
input vector 
 
STEP 3: Memory block is used to save the 
computing values 
 
STEP 4: N-bit radix tree butterfly with twiddle factor 
 
STEP 5: Final output vector 
 
 
 

IV. RESULTS 
 

 
FIG 5. RTL SCHEMATIC 

 

 
FIG 6. INPUT WAVEFORM 

 

 
FIG 7. OUTPUT WAVEFORM 

 
 

FIG 8. THINOXIDE AT FABRICATION 

 
FIG 9. FINAL STAGE OF FABRICATION 
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CONCLUSION 
 
We implemented memory-based FFT 
implementations with generalized conflict-free 
address schemes which is more efficient. Address 
schemes for different FFT lengths are integrated in 
this paper to endorse FFT processing for various 
systems. The memory bank and address can be 
obtained by modulo and multiplication operations of 
the decomposition digits. For both SPP and NSPP 
FFTs, high-radix algorithm and parallel-processing 
technique can be utilized to increase the throughput. 
And the address scheme for FFTs applied with PFA 
is explored. Moreover, a decomposition method, 
named HRSB, is designed to attire the high-radix 
algorithm. Full hardware architectures for the FFTs in 
LTE systems are illustrated, including the index 
vector generator, the butterfly engine, and the unified 
WTFA core.  
 
REFERENCES 
 
[1] H. Chen-Fong, C. Yuan, and L. Chen-Yi, “A generalized 

mixed-radix algorithm for memory-based FFT processors,” 
Circuits and Systems II: Express Briefs, IEEE Transactions 
on, vol. 57, no. 1, pp. 26–30, 2010. 

[2] J. Chen, J. Hu, S. Lee, and G. E. Sobelman, “Hardware 
efficient mixed radix-25/16/9 FFT for LTE systems,” Very 
Large Scale Integration (VLSI) Systems, IEEE Transactions 
on, vol. 23, no. 2, pp. 221–229, 2015. 

[3] KalaPriya, “Carry select adder Using BEC and RCA,” 
International Journal of Advance Research in Computer and 
Communication Engineering, vol 3, Issue10,october2014. 

[4] Farhan Bin Khalid and Rana Ali,” FPGA Based Real-Time 
Signal Processor for PulseDoppler Radar,” International 
Conference on Informatics, Electronics & Vision, 2012. 

[5] C.-L. Yu, K. Irick, C. Chakrabarti, and V. Narayanan, 
“Multidimensional DFT IP generator for FPGA platforms,” 
IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 58, no. 4, pp. 
755–764, Apr. 2011. 

[6] C.-H. Yang, T.-H. Yu, and D. Markovic, “Power and area 
minimization of reconfigurable FFT processors: A 3GPP 
LTE example,” IEEE J. Solid-State Circuits, vol. 47, no. 3, 
pp. 757–768, Mar. 2012. 

[7] Prachi Devpura and anurag Paliwal “High Throughput BEC-
1 Based 32*32 bit Vedic Multiplier,” IJRECE vol. 3 issue 
july-sept. 2015. 

[8] [8] Abhyarthana Bisoyi, “ Comparison of a 32 Bit Vedic 
Multiplier With A Conventional Binary Multiplier,” IEEE 
International Conference on advance Communication Control 
and Computing technology (ICACCCT). 

[9] Altera, “DFT/IDFT reference design,” 2013. [Online]. 
Available: http://www.altera.com 

[10] Xilinx, “LogiCORE IP Discrete Fourier Transform v4.0,” 
2014. [Online]. Available: http://www.xilinx.com 

[11] D. Kolba and T. W. Parks, “A prime factor FFT algorithm 
using high-speed convolution,” Acoustics, Speech and Signal 
Processing, IEEE Transactions on, vol. 25, no. 4, pp. 281–
294, 1977. 

[12] 3GPP, “3GPP TS 366.211 v8.0.0 Evolved universal 
terrestrial radio access (E-UTRA): physical channels and 
modulation,” 2008. [Online]. Available: http://www.3gpp.org 

[13] T. Pei-Yun and L. Chung-Yi, “A generalized conflict-free 
memory addressing scheme for continuous-flow 
parallelprocessing FFT processors with rescheduling,” Very 
Large Scale Integration (VLSI) Systems, IEEE Transactions 
on, vol. 19, no. 12, pp. 2290–2302, 2011. 

[14] Koushik Maharatna,”A 64-Point Fourier Transform Chip for 
High-Speed Wireless LAN Application Using OFDM,”IEEE 
journal of solid state circuits, vol 39 ,No. 3,March 2004. 

[15] Shengmei Mou and Xiaodong Yang, “Design of a High 
Speed FPGA based 32-bit Floating-point FFT Processor,” 
2007. 

 
 
 
 
 
 
 
 
 
 

 


