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Compressed Sensing Speech Enhancement Algorithm
Based on Chaotic Sequences

SUI Hao,ZHOU Ping,SHEN Hao, YANG Qing

(Department of Electric Engineering and Automation, Guilin University of Electronic Technology.Guilin 541004 ,China)

Abstract; In this paper, present a kind of observation matrix which combines the chaotic sequence with the sign
function, which has good pseudo randomness. Firstly, the noisy speech signal is sparse in the DCT domain, then
the observation matrix is used to preserve most of the speech features, finally based on the original reconstruction
algorithm, this paper improves the reconstruction algorithm to speed up the reconstruction. The algorithm proposed

in this paper makes the intelligibility and clarity of reconstructed speech signal be greatly improved, and the speech

enhancement is realized.

Key words: compressed sensing; sparse representation; chaotic sequence; signal reconstruction

1 5§

TESE PR A 16 v, JCAE ANTE M 5 R T 5 {1422
WS AT 5 14 SO A o T G R (5 T S M DA MR
PR IO R P A, LA I ) ST AT DA Bl AT
e 135 LA T AT T i 5 2 2 0 X NSO A A i
A B, H AR T LA IR A SOE F R
K.

AR MY F Candes' \Donoho'* %5 A H
(18 LA 5 i A e A Sk T B2 09 15 55 4 JER AT (CS) 2R
FEFRIE , 28 Nyquist SRAF e BRI A3 1) 25 14 B ol
EEXAI RS R A5 5 RO /N FAE G R A Oy ik

s BEE: 2017—03—11; {&E HHA: 2017—04—19

S0y A RS i FE A AN R TR AR Y
i - IR ENEE IR A HAY. R T i At
PR L AL T IR E. AT s 4 RO 32 2
FIF05 B4 | PR AL 3 TC LR A% % o0 24 25 4
TEE TGS N BB AR 2. AR SOR A R 46
RN EE IS O CS B TR & 15 9 R R, R
FHBSCHE AR Y S0 A D W 51 9 HLt— 22 1Ak
ERGL/S KR

2 [EggRENIEL

CS FH i =R
(DIESHImT R ;

EEWH: EEARPAEEETIIH (61462017) ;777948 H A3 & BT H (2014GXNSFAALI8353) ;) 74 [ Sl il

FOR G A R SR AT H (YQL5110)



%14

i 5L, 2 VR ) 0 4 e R 97

(2) IR P P T 5

OfF T EM.
2.1 WBRRR

155 B 28 5 A8 48t ELA T P A2 ol ) s 4 )%
HUSE R B 251 A5 5 AR B 5l i g 2 405
FAYE S BT AU £ B k2 A8 /b F A AR

WNXTHEWEBES N x = [a,22,,
an T N XN YER B EY = [ oo opn ] 3L
g =1,2,.N) A NX1HmE. G5 xm L)
BT ARER:

N
x=Ya = > aq (D
i=1

Kfa = [arsarssan | HES L BRI R
oo PAIEZNECN el o = K R K <<<<N.JI
fEo x g K- i i 3 A~ 4 72 502 X 15 5 19 i
FIR.
2.2 WMKERE

T RERE LI M X N 2 BRI AR B @ F0 AR
M WO H A SRR L O H o T PR UE ML
A A5 T R R B WL SR MR AT A5 S RIP
HEN C PR AR . RIP AE DU 68 % PR AIE 28 5 [ 4 WL
25 P K- figifs A 2 Wl 2[5 — 48
B AR 5 s 18] 5 0 25 (8] 2 [ —— X i
. H K <M <<<< N. 3 {556 m 21 M 40
i

y = (2)

(D FRAK @) 7

y=0x = Wa = A.0 (3)
Ky BEMXTGEmaE y = [y 20 ym] Ay
ARG R /N MOXN.,

2.3 E5EWM

MIN AR B @ 454 RIP dENES 52T 4 (1 [a]
RS SRS B T aE e 4o JOASOR A ) B Ak ) R
y=A,0 4

(HR 1 TR A™ o BORAS NP [, (] it
— AR L FEROR SRR
3 ETREFIINBEN CSEFER

HOg s iR & F oA I AR, (2 24 X)
HHEAT B BOR 522845 WU i IR » 20 T CS
R SCER S A TR B AL e, A SCEBER
1] B PR B O 52 A AR T 1R 5 HEA T W SR i

min= [lal, st
a

FEE P 5 M4 5 o6 KR AT I 53 15 48 OMP
CIEAZVEFE BRI S050 itk , 55 A3 15 5 A 1S
B (EME LA T SEBE T Y .

3.1 THRIERERYIE R

X HE RS HETHIY H B 22 1 7428 o e gl 2
IEACH N DCT 3 /N RS, DCT e 4 1 RE 42
I, H DCT K& )& T [ 1F A8 B fig A JC %
P T DAY 3R 3 A 45 P M —ORYRE S A
DCT S~ #gi 1 R4, M 75 DCT S8l 5 A i i
P, FFFE R A T (5 5 8 B R X 4 T
A AR B S 1T white M I pink B A 4B AS &
BT .

3.2 Logistic i FF 51 WLl X6 B

AR SCHR T B B i PR BB HL I Y Logistic
TR T PP 5 RIS BRI RS A I A 3 ) I

H Logistic TR 2R h

Loyt = Xy X X (1 —x,) (5)
L.y € [0.4].x € 0.1 #FK R IR L
(Logistic) 2%, WFR £, 4 ~ € (0, H,
Logistic BREFAL FIRDIRZS . BITE Logistic BLgH/EH
TR AN BEAS SR JA I A SR S s BR itz
A & B IBUEATE FIR G I A2 B P I 8T
Fe—REERIE. 24 3. 569 945 6 < p <4 P 4F
SR g JCBREEE 4 B, 20 bk Rk Ak 15 2 1Y
ERATF A DI BEHLIR S 4317 1.

i 3R Logistic YR 417 A i TR 1 Oh B AL )7
Gz, ) G FF 5 RBUR RN {a, ) ¥R BB T8
BN KIE M XN ZE0 505 1 @. F 7 A i
FR) I I L BEATLHE P SRR s AN AR ST 125 2R Y
R H (B D FREEFSIh — 1 1 it
(& 2), AAE K 1 000 BRI 51 R v AR
AR SO A A R AR 1A — 1 R R R T
Sy 1s 1 HAH LR T B AL A A X AR L
3.3 MUHEBEEEWEE

YHTAAT I A B R 2R IR 2 DE PGB 528
f g AL J& MP(Matching Pursuit., JC
BCiB ERTE) JFE MP [ BEAl X6 J5i - 1E 28 A AL 35T B
) OMPY! (Orthogonal Matching Pursuit, 1F %8
VLRC 3B B 0)  fE OMP JEab | ok it i) ROMP™
(Regularized Orthogonal Matching Pursuit, 1F N4k
TESEVERCIE ER) . [H ik Se B HREOR g B 2 2
8 s X T B TG I 5 A5 AN P AR SO
R B S T SCBRL 9 B8 S A g B B iy DE TG
B &% (Sparsity Adaptive Matching Pursuit, SAMP)



98 P 2R SR

2018 4F

e} 200 400 600 800 1000

R: 35'4: opi-anth el 3

400
300
200
100
03 -1 0 1

2 BRI 1AL ESEITE

B AT EE S RE Mg B L O HXHE
4t SAMP [ & 8 K AT ik e B A A AR KL iX
TR AT AS A0 W] LA SE I — 20— 20 W5 5 i it B2 3
A, XBIA T ROMP # 1E W4k 1 72 . X6 B 0k
i k. 11T ROMP 27 OMP B&4ilf b 17k
HERY b OMP H A4 48 2 i [a] B SGCR S
ROMP 553 = %50 o S bl (0 S5 il i HE Z
[ A i - SIERAERFA, TSN SR JE SR B
FFEIAHOC R AL u:
u= {u; ‘u] = ‘<r,gpj >|,;=1,2,,N}
(6)
It K AR S BT 0 YA . 51
JF-5 1 BUAR A HEA T IR UMk — R O . kAR
JEASENE S A SCHE AR PR F dR /N e 0 A
SR T T R A I SR -
r = argmin | Y — &,z | » )
Fow = Y — @p (8)
454 ROMP F1 SAMP (34, X A AT
WO, 3 A SO Bk B AR A SR A0 T BT,
@y i—fﬁ/\@]ﬁﬁé‘%i o %3:1%% g%é’éﬁ DCT
Bt 5 55 BV P 90 UL 6 P A5 30 1Y) M2 L

X

My, B size = 1, BB stage = 1, ZRE n
= 1L RIMEES A= ¢;

) BOEBE €24 || r || . < e W, i d 1R EAR,
BTG ARG IR () 5

(3) iz AT (6) THEEAH I R B . HAE u
T size AN IR RAEL 4 H R X L 1 R 5 HEAE A
J s

(4 TEWAE X T P AEAS =S E I I 5 A A
K RFGHATIE N A A 3 L 45 5 v i) Ji 4 G R 5
RER g <2l g |G j € D) IRKIENE 5]
RIS N B HAE O,

(5) W] OLS #EA7 (5 5 iz 5 i i AU
(D BEE S THE x oFf 2 AT size MEORME
JEXS R G UEIEASES A, BB S @, AL
X (&) Hhrmit;

(6) 2 [ rew 2= | 71 [ 2 B, stage = stage+
1,size = size » stage, FF[H R (3) 47, HN] r =
Foew s = n -+ 1A RILIR(2) AT

(D) FJat b 5 ST « J5E T Z 4 E
526 R B Rl DCT Aok IR 4G 5

do 3@

i b R AR By A L SR R A O
L E I AE AR MR B 2% R ok i 25 AU g B )
PR I S AE AT B E R L KA AT 32
LT AT T RO KT A, i DL A
2RO E A RN F B S RAKIE kA 3
AT A AP K R B A T B 4. e
M AR PRAIE T FAR {55 14 T A [R] s SR R4
T TEE T G ).
3.4 REIEIKER

VT I 7 e R B P R BE
TE = ATRR 73 ) A AR /D T MR P A o 0 78 AR TH R
TRATAE LT ECT R AR R ) AR AT
{55 » T LA Bz ] — I3 8 e e X E A i 1975
FREAT VT B S T AT RIC2% B e A 0 Y M
PO O T T A R R R R L DL R
MR 3E. 1126 ok KR IO N3

_ 1-G
H(z) = G
A, ZHGHL0. 9.
1 XHRHESHH

i ESZEFE matlab b SZPE, S0 FH RO TE & REAS
i H CASIA VUETE S E . RAEER 16 kHz, 7E R e

)



%14

i 5L, 2 VR ) 0 4 e R 99

HEE 30 AN RIBEE A B B 10 A1), 3t 300
AL AR Y 1~5 s KA. 5 Wi 256, it
128, K45 H 0. 5. FIH MOS {f % fiif i R Ge ik i
it 1k 30 7 AN [A] U AR5 52 W o J 52 i 3K Wi AR A%
FARYETE matlab b A OOk 40 BT (15 09 TH
WA RE | R 1 L R e 7 A DL 45 2 S 2 R L
g3 R AR S8 T 48 B 5 1 DCT A28 48 7 i 4%
s R FHBEHLE) Gauss WKL RE , &5 OMP 5354
ANTR) (W LG T AN [R] PR e A5 4T ) MOS g 5% T ok
W 1 F7R. 2 2 Fs N A5 5181 56 53 )
5 White,Babble,Factory T ,SNR 4 0 dB B, £33
PP AR B AL P SR 3] 1Y) -2 SNR. A — BAE RN
Hh SRR TR B R AR L R R SR T L i
P AR S5 5 AT TR 1 o, RCRINTAL 3 B,
x1 EHERERS

A {5 2 A
SNR/dB white babble white babble
—5 2.7 2.4 3.1 2.9

0 3.6 2.8 3.8 3.2
5 3.9 3.0 3.9 3.7
10 3.9 3.6 4.1 4.0
15 4.0 3.8 4.2 4.1
F 2 BHEEEENTEHEERE
‘ HR B
Bk
White Babble Factory
=R 8.12 7.22 10. 34
AT 10. 12 9.78 12. 36
el
1
= T
-1 ;
0 1 2 3 4 5
(a) i M5
1F TR—— — T
_]- I 1 1
1 2 3 4 5

(b) 1 93 19 51 i &

g OWWWWMMM
-1 i
1 2 3 4 5 6
e /s

(e) A3 ik BB &
B3 EREERXTEERIRE
HIZ% 1 FI3E 2 AT LI Y AR SCHR i R AN A
TE MR I JEAE RIS I S N ARG R4k
R HH M ARG R 4 O i 33 A U HAT B Y
R PRE R AT IR 2 A A A5 M B P8 2R AR R AR
BEVE SR BOR M IH A 23 W] . £ Babble ¥ 5t T
MOS 7% White fif. iX 2 H 2l Babble J2& LA

RO T R 1 AR A A AN (R S 2
AR—FE Ty B o B EM R T Factory J&
L) AR MRS AT BRI R A )
WXy tRoR. dr 8] 3 R LAWY R A H L R P i ek ik
AT 25 MR S8R Pop 2 B S M P A 25 A
P BG83 AR SCI 7 I F A T8 A
(B g5 7GR L T ELAS 23 Hh BAE T o Y A SR I s
P LIRS

5 #FRIE

AR i o3 M A G A O BEE . X BB TR A
UG AR T 2 AT ok BRI D 57 48 Ji
PRI BT B4 HAT A P 0 UL 0 R . 5 5 0 5l )
25t DCT Hefi i - 45 5 A SCH AR TP 91 45 &
A5 BRRSCRA i B4 R e AT LN DA B A B0
DX W 7 3 A 5 20 B R X 5 R 5 A T A IR
A TR R P AT S B 0 . SRR R W AR 1T S
SN PR AN [ ) Ao S 7 A [ 35 I L A9 20 » A3
SRR AE T MG 58 5 TAIE A5 G0 i TR Rk LA B
TG TE IR

B3 30K :

[1] Candes EJ, Tao T. Near-optimal signal recovery from
random projections: universal encoding strategies [ ] ].
IEEE Transactions on Information Theory, 2006, 52
(12) :5406-5425.

[2] Donoho D L. Compressed sensing [ J]. IEEE Transac-
tions on Information Theory, 2006,52(4):1289-1306.

(3] AEH], XA, w55 He i JB R 38 B A 5
HERLT]. B T2A4R. 2009.37(5):1070-1081.

(4] &M% ARG MR, EAREEARILN AL &
T 515 B 2#4] . 2010,32(2) 1 470-475.

[5] Blumensath T, Davies M E. Gradient pursuits[]].
IEEE Transaction on Signal Processing, 2008,56(6) :
2370-2382.

(6] B FMEsw. DR S5 [ R B 0 & IR 46
AR ] ORI L 2015,41(2) . 72-74,

[7] Tropp J, Gilbert A. Signal recovery from random
measurements via orthogonal matching pursuit [ ] ].
IEEE Transactions on Information Theory , 2008, 53
(12) :4655 - 4666.

[8] Needell D, Vershynin R. Greedy signal recovery and
un-certainty principles[ C] // Proceedings of the Con-
ference on Computational Imaging. San Jose, USA,

SPIE, 2008 1 -12.
(F#% 105 )



%14

BT S T RSN FET B4 T BF 5 508 105

g 1 AT LR R 2 DIT-FFT 30353817
LSS 4 4~ PE B JIGg He 32 T+ 9 AR AR BA 2
BT PE B9 EOR; R A6 L PE [8138 15 B 11 78
(18 N T AT 2k 38— A LR A P-4 . 2 e 3] 8 A
PE Fif, i oAy 7R A9 5T, X 3] PE A1
TOM5 IR A7 L PE [] 38 15 i 31 48 119 i 8] 2 A% 3k 5]
THCBAR P R (HJE A 8 > PE S nE] 16 4
PE I S04 JE R D0t T B 9 22 » P9 D Bt fi
I PE AN 22, ViR A7 A PE 2Z (8138 {5 1 it 1]
WAENNK X252 W) B B 2 Y AT 3R EE. TRt 3t
R SERRAE RKF ] 8 4> PE 2B BRI ZR . X
BERT LATE IR 38 B2 B[] g i e R HL A A o
THAE A A

5 #FRIE

ARICE SR FET 5k i S A 8 2 DIT-
FET S0k s ARl I AT s AT T 20 R,
45 R GE 17— Fh3E T PAAG FEFIHLIYEE 2DIT-
FET AT BUBE . i Ja 55 o0 e 2] 1 4
PE.4 4~ PE.8 4~ PE Ml 16 > PE ZEA7 ik 5 BL . I
XTSI EE RAEAT T . SRS R W] BEH SR
Hnexflfi PE 5 PE Z ) \PE 5 3 52424 22 8] 19 15
(Al 28000 AT S S5O0 LU R L BT L v B 5
VIR RS o TR B AT

B 30K :

(1] TEX. &L BFETAHIMIL 2 . P54 5%
HL AR R 2 Y AL, 2000,

(2] 2, ARG, Pesid B A ge g iR ST ] m
B+ A, 2012, 45(8); 115-117.

[3] Chang Y N, Parhi K K. An efficient pipelined FFT ar-
chitecture[ J]. IEEE Transactions on Circuits & Sys-
tems II Analog & Digital Signal Processing, 2003, 50
(6):322-325.

[4] Baas B M. A low-power, high-performance, 1024-
Point FFT Processor[J]. IEEE Journal of Solid-State
Circuits ,1999, 34(3):380-387.

(5] Jrde, o0, S5, 5. —Fh =2 Yol Bt Ar ot
TR LT RS 5 &, 2011, 48(3);
440-446.

[6] Shin M, Lee H. A high-speed four-parallel radix-2 4,
FFT/IFFT processor for UWB applications [ C | //
IEEE International Symposium on Circuits and Sys-
tems. IEEE, 2008:960-963.

[7] Huang S J, Chen S G. A high-throughput radix-16
FFT processor with parallel and normal input/output
ordering for IEEE 802. 15. 3¢ systems[]]. Circuits &
Systems I Regular Papers IEEE Transactions on,
2012, 59(8) :1752-1765.

(81 2=, vl H% N 55, sl 2. —Fh 2T THLm
AR RG] TR 58, 2014, 36(2):
191-200.

(9] #=%, HRZ. mmEIE i EHR A B 52 4% [ 5 LS
LT VYRR R 24, 2012, 17(3) 1 41-47.

[10] Cooley J] W, Tukey ] W. An algorithm for the ma-
chine calculation of complex Fourier series[ ] ]. Mathe-
matics of Computation, 1965, 19(19).:297-301.

[11] LI T. PAAG: A polymorphic array architecture for
graphics and image processing [ C] / PAAP’ 2012,
IEEE Computer Society CPS. IEEE, 2012.242-249.

[12] Marowka A, Ramat Gan. Back to thin-core massively
parallel processors[ ] |. IEEE Computer, 2011,44(12);
49-54.,

fEEE T

i B, 1985 WL AR B L OF5E 5 S i AL
Mt HENLR S L5, E_mail: chang_libo@163. com.
ERT 5B, Q984 A WFIE TS 1 o G AL L
BHLRGLH.

(E3% 99 70

[9] Do T T,Lu Gan, Nguyen N, et al. Sparsity adaptive
matching pursuit algorithm for practical compressed
sensing[ C| // Asilomar Conference on Signals, Sys-
tems and Computers. Pacific Grove, California: IEEE
Press,2008:581-587.

EEE T

B R #.992) WL A A5 18 s SR,
E-mail: Emily_Sui@163. com,

B ¥ AL, A961) Wt Bz Wy I RS R SR
gl

B 5,992 A, (5 A TR E R
B B 9760 i BIEER. BEFE T i R
ST iEEW



