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Review on Measurement Parametrics and Methods for Nonstationary Signal

Chen Zhe, Wang Rong, Zhou Wenying, Yin Yin, Yin Fuliang
(School of Information and Communication, Dalian University of Technology, Dalian, 116024, China)

Abstract: Measuring non-stationary level is an important topic in non-stationary signal processing. Al-
though the existing measurement parameters and methods have obvious differences in principle and are
not derived from a unified theoretical framework and metrics, these measurements play an important role
in the corresponding fields. This paper summarizes the measurement parameters and methods for the
non-stationary signals in different research fields systematically, including the statistic and dynamic pa-
rameters in time domain, the parameters in time-frequency domain, signal modeling parameters and spe-
cific non-stationary signal measurements. Moreover, the applications of various measurement parameters
and methods are given briefly. Finally, the future work on the non-stationary signal measurements is also
deduced.

Key words: non-stationary signal; non-stationary degree measurement; time-frequency representation;

nonlinear; cycle-stationarity
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1 BIESEFRERBEET X
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W s Go i JEL B B Bt E 5 SO

E=>)s\(m eh)
JL I 3 2 4 Z2 5 SO 5 O B R (R HL P A UK D



o FEPRETEZIESER 669

Z:%{Z ‘sgn[su,(nJrl)j—sgn[x“,(n)]‘ } 2)

P sgnC e ) NAFS KA

A 76 B 3 v 1 R A5 5 A AR M 1 S 8k e i R R T AR R R R Al T e i R T B AR
AR B EMR R AT e g R A A A AT T B R AR 0 R AR S AR R
Do 35 A SR Y 2 AR 0 SRR S R B R 5 R A ek R R W] 1 R Uk
B TIEE s A,
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Kb o HEFEE . m B B AR ] AR R s 0 T = 0 By R AR 400
. (r1s0) =E[lx()axn+ ) x(n+1,) ] (5)
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RIEAERITE SR,
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X R AN Fe AL 40 34T Hilbert 25, N F
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25 x() 1Y Hilbert 31 F#%H

h(w) :iH(w,n) (33)
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FHaE DS(w)fig R B AR . XS TP AR A Hilbert 3% AN Bl I ) 28 4k, & H AL 5 K
9 5 i kL B DS(w)—O:ﬁDS’ﬁ Hilbert #§{ T i (7] . DS (o) ¥ A A %F L B HE DS () 8K 55 1A
VR AR R O
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k=1

KA K J& Hermite 2300 R 1 55 5 By 8L by (0 S & B Hermite R, B

2

f (b, (s— e ¥ ds| (37)

he(t) =—1 T H.(» (38)
NI IRANS
Ak H, () k By Hermite Z2 30, Foh 4 323k =00
1 n=0
H, () = % n=1 (39)

2tH, () —2n— D H,, (1) n>1
H1 T AR AR BEALAE 5 B 9335 2 Bl I (8] 42 A 36 3 L 5 A (] I Ji) 0 b 050335 4 A DL 88 mT 0 500 £ 5 #S)
SRR L . i BESCHR (54 TR R 36 7 12 - AN [R] IR 8] 6 A 430 3 5 - S R B RS ¢

Cf:,) :’C(SI.K(t/}’ ')7 [S‘X».K(t,,’ ')] 7,—1,...,\1) (40)
A w TR IR E B
: - G N G
x(G.H) —(1+J ‘log H(f)df‘) J(G(f) H(f))logﬁH(f)df (41)

S AF 5 ~ 7 73 0 o7 bR RCRY) U — A B KR
BEES o, B R A 2SS 2 @0 AT ¢ 7 22 4 0A B

N

:i RE () 2
C) NEQ,, [ (42)

AR B AR B o, BE I 18] B4 3 3 1% BCIC AR @, I B 1Y ¢ Bl ) i) P sl 1 B0 i AF O, . i3 b
B 0, M6, n] LU SR ARk B2 Yo SRR 1 B 2 0,6 O, B R T R BUE R
F(O) B EIE F TR vo a5 £(O0) <<y, WA AR R BEHLE 5 5 S WA PR BE AL AR 5 . SCRRLSS
5T 2 I A D — AP GE T 20 A O i B AR O vk REAT R0 20 BT B AL 5 A9 P Bk L T T 52 3 4K
R TR IR R T

3 ETHIGESEENEFREEESH

\)

3.1 ETFERBEFERAZERN A E

55 TN 2 3 g B R B BEAT 0 A L Sl T R — Ik 20 B DLJE A5 T 20 ST SehR v AR TE —
AR RABEVLAE 5 » HL G0 TR A — S i () B N PR R L ok B ] 0 B R R VE R BF 52 . R
I A, 4 SR B A A3 (Auto-regression, AR) A I | H & 53 pg 505 N

H()—— G (43)

1— Zp:a,z !
1GR3 5 a, B R -
B 2GORT p MR 2 (n—1) sa(n—2) , =+, x(n— p) TH, W] 24 Rij i 200 i) 3500 Ky
x(n) :ija,ﬂn—i) 4D
AN -
e(n) =x(n) —x(n) =x(n) — iail‘(n—i) (45)

VB AL F R (B 1E S R S P R Y B P AR BRI AT AR AR R B AL
o S T A P AT A BT A S R AR 2 ) B R S T A AR o X ST R AE — 2R
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I 20 98 42 1 HEF- A2 BEDLAE 5 o ] T 2tk B0 Jy ¥ A T 98 1 A6 & DRt T T I A R S A . AR S
BRL59-63 ], Talmon 45 I M 0000 7 32 X6 1 8 v 108 ik 28 W 7 b A A ) R 3 38 = B 0 O 3 15 5 fE i
B 58 B AH SC M DL T W A M 1) 28 & M BIIE O A A T OE R S AR BEEL SR 6 LT B 4k
A PR (B R AR AR ) IR BIBR 255 eGo s SR X AR 25 F AT STFT A8, 1153 58 22 15 5 1 ot sk 1)
it EGO s i a iR EHE S 5 8 WRGS EG) Z IR BRI 258K MR A0 A5 TH 5 & 5 5 T BRSS9 07
B BLAM Gk U A T i a5 ARG T R G AN GRS S U A I .

TEHL T R Ge AR i 0 22 0 0 i L D 25 I A DA 728 A T O 2l i AR G — i LAY g S R e R
SCHRL66 TR 22 43 © [ 9 3 2 7 B 0 % XU JE 47 g8, B A T XURE G e R Gu i h Dh & 12 & L ) R 46
T
3.2 ETEGMEERRENIFELEERT XN E

52 M I A B AR BB [R]  JE LR M58 LT (Non-linear cross prediction, NLCP) ffi F T 4R 4%
PEREROR TS S IR R % . Schreiber ™ F 1997 4F §y g4 Hy NLCP, | I NLCP #) U 1% 22 (5t
& — N B BEX S — RO B A W B ) Sk a0 5 vt 1) g A Al R S .

B X={x,.n=1.2, Ny} M Y={y,.n=1.2, . Ny} AT JF 5] o RGeS {2l on=m.
m=+1,- va—l}ﬂl{y,/, sn=m,m=+1,- ’N}’_l}%;ﬂj‘j m ?’ﬂ‘ﬁ’%ﬂﬂ ':F'EI/‘J Wﬁﬁ%?ﬁsﬁﬂp Wﬁlﬁ%rﬁ]%ﬁ
WK =z, pir s s D F Y, =i s oy o F 2 A B ) B0 R — B Z00E y,. o P

Y :mi 2 Xyt (46)

Jeu’ ()
KU ) ={al: | o=y | | <e) TR G v, BB /NFe MFTA o MES U GD [ RBREBUIGD
B2 AR USRS T X R EAE R 0 BE . Y, TSy 222
N,—1
1 N - ‘
7(X9Y> _\/Ny Z(y:z(l_yrt\l)z (47)

FHBI B T3 1 22 v (XL Y) Al i 8 BEALE 5 o Go B ARFRRE . NLCP X REHLE S AR FRRE 4 i 17
T AT LR AR E RS 5 . SCERL68 JC 5 NLCP J5 ik M2 T EEG il B 5 5 23 #
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TE S By o A AE — 2 A R e Y AR P RS 5 o il an, 34k BEALAE 5 0 2 8 2 A e P
T el 25 YA IS AT K e A R AR BE DL 5 U5 5 B o 0 B A 8 1) PR 1 A P R BE BLAR 5, 5
T 2 FRBENUE S . 7RSSR D G S AR AR R U A P A L g e vk 5 A sl 2 W
TR AR AL 8 K M2 AE B R ORI TR SR P AR S . I — 2 v O b (FR s IR AR )
{55 HAF 78 B[R]0 % LU LI s ) A AR 2 R E S RO B S E 5. BT X SRk i Ik - R B AL 15
SARTIZAAAE T IE g B AT R AR PR R
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A 5 L G A B LA TR TR BB 5 B T 0 26 T 9 1 B e 5 7 7
JAIVE A AL s 4 2 (AT T B — SE R R AR TE A B S . X R AR P RRE S 0 R R E 2 H
(BT B AH G BR85S R E A S0P 0L B L B A A S P AR BE AL A S L SR I AR OGP R BB AL A
S BUE AR R R ALE .

JA ISP £8 BE (Degree of cycle stationary, DCS) A] F] >k Ji& & B AL {5 =5 09 8 P A2 . DCS i 11 1 4
EARBE AL FE (O BIRHAE B A OCRREL . (o) o JEIW P RREE AT IO A2 B A DG R K 7, (2o 57 SO AR
BE AL FE 9 B A 5 BREL 7. (o) 22 (8] 1 BE 22 R i 3k L B

,rn(lr)lz [l rCo) —r, (o 7]

2 | [r.(t. |7
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FHC< o >UFEIRE ALY . FIF Parseval 2 & ,DCS ] B A T Z 38 S, (¢, HEIHRIE S, () [A] {1
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<

min > [| S, (¢, /) — S, () "]

PRRERCYRIE
XF T BEAL R DCS=0, XFARBEMLAL FE . A DCS=0, 1 J& 8 P F- A2 B Lt 7 ) DCS>0, 3 A
JAW TR K 5 5 i AR AR v R
JEV ISP R B € 0% T JC 438 15 1 5 A B FAL A % 45 i e 2 v L oK (48) S SCIY TR - R
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AR AR 8 o AEUS o o B ) 300 1 B 194 0 7 75 S T 4K 1% B [ e 0 A B 386 i & 3 B0 T B R 0 ) 4
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BAESE—F o (R G SRR G 55 R 252 (5 5 47 76 B 8] L W B R 224 AR 2.
X S IARAT — & A e AT, 0] F Gabor 28 # %t 87 85 {5 5 b A7 R
2 BN T A ARG 56 )
H, 3% MBI =) = oCn) BRI B 25 4 1 e
H, i x(n) BG5S AR
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2logf, (X) = — Llog2nx — logdetA — XA ' X (50)
A det (A W HEFE A 19475150
e H BRER ik m & X P DMIeRAEFE, HENMMAE S mHEM L—P AR H
HFE ., R X FEATEAR AT P AT R A AIEFTME, H A WA AT W AE ., T X AR
. " o a ALTTTX, —nu
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T = max{2logf, (X)} — 2logf, (XD (52)
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T H, 3% 850 ol ke B3 IR i 28 H, BRI #9457 D1 A ) Al 2 3= 7R Oy 52
PR 45 5 1 Gabor JEFF A%, Gabor JEHF 5 ASR b A 154 7 0L Scmk[43 1,

k43 1] Gabor ZBEAR I Ge T & % M 75 5 50 R M8 S5 5 AT A 00 L SCHRC71 TR 3 SR A Ga-
bor JEIFXJ 8 A5 5 AT BRI
4.3 ETWWRBRHMAE MFCC FRRMEEE

Hi /R (MeD) {8] 3% 22 50 (Mel frequency cepstrum coefficient, MFCC) By Davies #1 Mermelstein 5 4¢#2
R R P T R A R (5 3 Y i A DG R MR R T SRR AE . MFCC & 72 Mel A B 43 3 3ol $12 B
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Ok B B 5 2 80, Mel AR B2 AR T NI i AR LM R 1 B S R Y O R AT R R

Mel( ) =2 5951g<1+%> (54)

A £ RL Hz O B i R
Mel 8] R L OGS FEANP 1 o .

X(n, o,
X) DFT |ﬂ’—| [ X |- Eyln, 1)
w(n—m) |ZD)

K1 MFCC 28 n) 4 B 72
Fig.1 MFCC extraction process

W BsF S5 5 AT/ A8 4 U Xt L BORE S Mel 220 B 43 A1 1 = £ D8 I 25 4L A8 B TG R U R
21 A0 K AT B EOR R AL el T 74 81) MECC,
XA B TE A5 5 2 Go AT 20 WOR N 7 A B JFC R A e L oA 48y
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i A BRI P 2 B 10 Mol 0B = 0 T8 W 0L P4 0 4 1 40 X B B
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OO OVCO IO RIS O /4,

K2 Mel IR #H
Fig. 2 Mel filter bank
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CMd(n,m):%Elog{EMd(n,l)}cos(%lm) (58)
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matone filter, GT) , 4l i@ {8]3% & 40 (Gammatone cepstral coefficient, GTCC) F{ll I 18 U& I #5108 MF-
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