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1.The Fast Fourier Transform
2.DCT
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Overview of Lecture

* The FFT (Chapter 9)

— Decimation in time
— Decimation in frequency

DCT (Discrete-Cosine Transform)
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Decimation-in-Time Derivation - |

Decimation-in-Time Derivation - Il

* We want to compute X[k] efficiently. Divide x[n]
into even- and odd-indexed

X[k = x[a]Wg+ > x[n]wit
n even n odd
+ Substituting n=2r and n=2r+1 into above gives
(assume N is even)

(N/2)-1 (N/2)-1
X[k =3 xrwit+ ST xfar + 1wt
r=0 r=0
(N/2)-1 (N/2)-1
= Y x2A W+ W D x[2r +1)(WR)*
r=0 r=0

Using the fact
W2 = =2 @TIN) = o=127/(N12) = Wy »

it follows that

(N/2)-1 (N/2)-1
XK= Y x[2r]Wih, + W D x[2r + WSS,
r=0 r=0

= G[k] + WEH K], k=0,1,...,N—1.

In other words, G[k] and H[k] are N/2-point DFTs.
= U(N)=N+21(N/2)
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Decimation in Time (First Stage)

Decimation in Time (Second Stage)
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Decimation in Time (Third Stage)

Decimation in Time (Restructured)
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,u(N):(N/Z)logzN complex multiplications
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Decimation in Frequency

Tom Stockham and Charlie Rader

Tom Stockham
1998 Kilby
Medllist

Signal in Transform
normal x in bit-
order reversed
5] order
Inventors of the FFT flow graph representation
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FFT Generalizations Moore’s Law for TI DSPs
d | h \ DEVICE DENSITY FOR TI TMS320 DSPs
* Radix-R algorithms: 2" ‘ ‘ ' ' N
N=RV g o
St .
» Mixed-radix algorithms: 3o :
E
N =N1N2. . ‘Nv T e e e e e e e e
o Prime faCtOr algoritth' s COMPUTATION SPEED FOR TI TMS320 DSPs
N=N,N,...N g .
172y :
» Winograd and chirp algorithms: based on o ol
representing X[k] as a convolution o s
Year Introduced
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Processor Speed vs Algorithm Cleverness

The Discrete Cosine Transform (DCT-2)

25

Years of processor
development
assuming that
processor speed
doubles every

30 months.
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DFT length N

* The discrete cosine transform (DCT) is an
orthogonal transform (like the DFT) representation
that transforms a real finite-length sequence into a
real (periodic) sequence

N-1
X[k = \/%ﬁ[k]Zx[n] cos (%) . 0<k=<N-1,

n=0

N-1
x[n] = \/%Z ﬁ[k])?(z[k] cos (%) , 0<n<N-1,
k=0

1
3[k] =<4 V2 ’
ALK {1, k=1,2,...,N—1.
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Relation of DCT-2 to the DFT

Energy Compaction in the DCT

» Form the 2N-point periodic sequence
x2[n] = x[((n))2n] + x[((=n — 1))2n]
Xo[k] = X[k] + X*[k]e/>™r/CN), k=0,1,....2N -1
X[k] is the 2N - Point DFT of x[#]

* The DCT-2 in terms of the 2N-point DFT is
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—— DCT truncation error
——— DFT truncation error
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X[k] = ZRe{Xlk]e*f"’ff@f\’)}. k=0.1,....N—1 || Truncation
uk I o™ error
Xk = e "N Xo[k],  k=0.1,...,N—1 — &
Number of coefficients set to zero
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Comparison of DFT and DCT
Real part of T 1
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Imaginary part T l T
of N-point DFT | = 1
DCT-2 .JH ]
ECE4270 - Spring 2017




