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Signal Combinations

Sugnals can be combined m 2 ways
i. Lenear (Additiom)

il. Convolved (Comvolution)

How do we tepavate the individual
Stgnals 22

i X)) = 2, (n)+ w(n) / Eiltey
Inen X (w) = x|(w)+ W(w) =R X, (w
;l‘l') 2(M) = %A ()% w(n) then %,(n)=??
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Deconvolution

Cepstyum ; i. de convolve mdmdual
poncn'ls

iiy linearly co'mbme the meoma;mls

°"‘ ) ttm) = e(n) ¥ 6tm)

Say H will follow

H(st) = FH{etm)#6(m)7 = H (etm) + 1 (biw)
If H(em)=8m) o4 H(6(m) = 8(m)
Then e(n) and 6(n) can be"deconvolved”
This leads +to Hamomarph:c Systems
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Complex Cepstrum

Complex CepShruwm : Retains Phase
Rea| C¢Pthum : Discards Phase

Note: RC=CC under ascumphon of
mmimum phase

RC cc
¥+ Discavds phaxe ¥ Retains Phace
¥ bagy to Compute ¥ Defficult to Comp-

% Speeech Analysic vocoders ceeh
P Recog;{ihon " cod.:ngv » 5P
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Homomorphic Deconvolution

Basic Problem

Notations Used

Notation for

Name Signal x(n) Relationship

Complex cepstrum (CC) 7.(n)
Real cepstrum (RC) c.(n) €M) = 7, even ()
Short-term

complex cepstrum (stCC) 7 nim)

frame ending at m
Short-term E

real cepstrum (stRC) ¢ (nm) cnym) =y, . (n;m)

frame ending at m
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The Real Cepstrum

Real Cepstrum

¢s(m)= 7' {109] F[sem] |}
& T et e

Note: RC IS an even sequence on'n’

o1 T]—log |-z TeT | s (™)
S(w) C(w)= lojl.((w)l
* fs(w)} = log S(w)

¥ yindicates deconyoluhon
weols wdicates log of a veal number
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The Real Cepstrum

Real Cepstrum - Contd.

Cs (w) = log [$(w)]= log | €(w) 6(w)|
= log |E(w)]+ log | o(w)]
Cg(w) = G (w)+ Co(w)
fince  Cg (w) 1s peviodic cts Fs

Move lwportantly 3 ¢ (n)= f;r ?cstw)ai:z
-X

But Cg(w) 15 REAL

EE627 - Speech Signal Processing, Lecture 11/12



The Real Cepstrum

Real Cepstrum for ASR

In Speech Rcoog'niﬁon We compu!’e
n

G ()= il,} f Ce (w) Cos (wrv) dw

-

-, %
Clm) =L e ) eas (wm) dur
o

Note: IDFT 1s veplaced by Dct in
prachce

Cs(n) = (M)t c,c,ﬂ/somm

Line
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The Real Cepstrum

Linear Combination - lllustration

“Slow" variations
ISl (envelope) IE]

/ Fast” variations

Excitation responsible T
for “fast” spectral

Vocal system responsible
for "slow” variations

variations

Problem!

(nonlinear
combination)

log|E()] log|@()|

Problem
solved!
(linear

combination)

m ¢ ) lapprox] Cotm)

Low quefrency energy
: LR

High quefrency
P 2P 3PN Po2p 3P N "
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The Real Cepstrum

Liftering

"Liftering” operation

Low-time

DTFT log 10w}
lifter

e New "Cepstrum”
e (n)
Estimate
of
«H(m

C((ﬂ’) Convert
Create new "signal” o
with linearly combined "quefrency
components domain”

Multiply cepstrum by

e Hom

I
n
Chosen to remove ul(zr)

N

= re(n) =cn
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The Real Cepstrum

Cepstral Terminology

¢ (n) 15 the cepStvum
Cg (w) 1§ the Spechum st )T'_’

(%

Spectval Cepstval
Frequency Quefrency
Havmomc Rahmo nic
mognitude Gam-nitude
Phase Saphe
Fundarental Lifter
Filktey Mundafental

rhegdeQ@iitk.ac.in
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The Short Term Cepstrum

Short Term Cepstrum

"Ne KT C_g("t)""' f{(g,'g(w)l}e dW

S(l)e wt l ¢ w ¥

For Leng‘rh N' -fvamc tnding at {.mem
£ (m3m) = s(m) w(m-n) "
- )W
: Cs(ﬂ)";:,}l{'vs’if (#3m)e ) Hc) dw

s wm-N+L
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The Short Term Cepstrum

Short Term Cepstrum - Contd.
DTFT Version

£(rym)
| vy st DTET byl log o1 o1 DTFT
w(w-n) CSCN')"‘)
o DFT  Version 2 osm)
L) Ce(n;m
) , pap [ SEDFT o togl-| |- 10T -
i W(wm-n)

Clnmye [ £ G (nrgN;m);
Cs(n;m): va, S( % n:a,l,u,,/\r—i
0 ;otherwise

o~
Note that C.(n:.m) 1 a periodic vevrsion ©
s(nsm) P e (mom) f
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The Short Term Cepstrum

Short Term Cepstrum and Windowing

Sty e(m ¥ 0(n)  etm) H[Btm))-> SCm)

Consceder a Speech me 0 'Ih'N'
c'adi-n'g at P’m' hame f[en,

fs (nym) = S(n) w(m-n)
fs(nym) = [en) *8(0)] wim-n)
¥

Just shows £ 1¢ devived fom ¢(n)

Can we move the wwdow w(m-n)
mSide the ¥

rhegdeQ@iitk.ac.in EE627 - Speech Signal Processing, Lecture 11/12



The Short Term Cepstrum

Short Term Cepstrum and Windowing

If we do hat then
fs (nym) > e(n)w(m-n) k o(n)
f(3m) = fe(msm) » 6(m)
wheve fe(n;m) 1s a kame of e(n)
wWmdowed and endung at m
Alternately . 43 (n','m).-. Ce(mym) + Co(n)

5 Ce(mym) wey appear iw Ce(nym) as
o pulse tvoin added +to Cg(n) the Re

cgln) decays vevy quickly wrvé 'P' tne
4 v 9 y pitch period
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The Short Term Cepstrum

Speech Cepstrum

s

£l il
i V
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Cepstral Pitch Determination

Cepstrum and Pitch

From previous Fig/Eqn.

Ce (03m)+Cg(0) ; n=0
Cogln) 5 0en<P
Ce(mim) 5 n2P

R
Ce (05m) = 'l’,‘ [Iog ‘ E (w;m)l dw
|

Ce (nym) &

c =1 X
o (0) {—R']‘Iog | 6(w)| dw

Locate inihal peak i Cg(nym) which ¢
well sepavated fiom 6(n)
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Cepstral Pitch Determination

Liftering

1. Compute the stRC of the speech ¢ (nym) as above.
2. Multiply ¢,(n;m) by a “low-time” window, [(n) to select c,(n):
cn = c,(n: m)l(n). (6.42)

(Note that the lifter /(n) should theoretically be an even function of
n, or even symmetric about time (N - 1)/2 if an N-point DFT is
used in the next step.)

3. To get the estimate of logKD(cu)L DTFT (DFT) the estimate of
cu(n).

s
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Cepstral Pitch Determination

Liftering - Contd.

¢ mm) =eglnim) log 1©(w.m)y!
st fm | e 1 |pl IDTET Low-time DTFT
(IDFT) log - (IDFT) lifter (DFT)
wim—n) Low-time lifter
('\(n:m)
= L‘H(HZHP)
im
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Cepstral Pitch Determination

Liftering - Contd.
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The Complex Cepstrum

Complex Cepstrum

"RC wnot mvevhble ; No ROUND TRIP!)
cc: ¥ (n):= 3‘"{ log }{.rtn)}}
log 15 mow The complex logarithm
log (&)= log |2|+jarg {2}
log S(w) = log|s(w)]+ javg §s(w)}

arg 2s(w)} 15 the Phase (unwvapped)

But add wulhples of “o::\ :al;; &vﬁstw)}
an .
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The Complex Cepstrum

Complex Cepstrum - Contd.

log S(«)

Complex
log

s

Complex
cepstrum
(CC)

Voiced
speech
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The Complex Cepstrum

Complex Cepstrum - Contd.

(1)

Tyeven
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The Complex Cepstrum

Complex Cepstrum - Contd.

iy
Low-time
lifter

Yol

B(n;m)
= approximation
IDTFT 10 B(n)
on frame
flnym)

! e

E ]

f ERd

| iy

| I g Pes

i L=

[

P | -

Linear liftering operation Q' operation
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The Complex Cepstrum

Cepstral Smoothing - Some Points

(a) 2 b 5
o dB 0
2 -5
0 50 100 150 200 0 1000 2000 3000 4000
) 2 @ 5
0 dB8 0
2 5
50 100 150 200 0 1000 2000 3000 4000
(e)0.5 M 5
M\ At A
0 dB: 0 ln"l'lmvrqrw]wvvn'mm
0.5 -5
50 100 150 200 0 1000 2000 3000 4000
time Frequency (Hz)

rhegdeQ@iitk.ac.in EE627 - Speech Signal Processing, Lecture 11/12



The Complex Cepstrum

Cepstral Smoothing - Some Points

@ 2 b 5

1

0 & o

A

2050 100 Teo 200 01000 2000 3000 4000
e) 2 @ 5

1

0 B o\/WJ

-

2050 10 150 200 S0 om0 2000 3000 000

time Frequency (Hz)
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The Complex Cepstrum
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