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Application of Atomic Decomposition Algorithm Based on Sparse Representation
in AR Model Parameters Estimation
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Abstract Aiming at the problem of AR model order and parameters estimation,a novel algorithm based on sparse rep-
resentation of atomic decomposition was proposed. Firstly, an over-completed sparse dictionary was constructed accord-
ing to the characteristic of the autocorrelation coefficient of AR model. Secondly, for noisy signals, this paper used the
slack variables to establish a new optimization model for sparsely recovery of the characteristic polynomial roots of AR
model. Finally, we converted the parameters estimation problem into the problem of best basis selection which is solved

by the modified affine scaling methodology. The experiments show that our algorithm is more effective than the tradi-

tional methods in terms of the forecasting precision and robustness.

Keywords AR model, Sparse representation, Over-completed basis, Parameters estimation

1 5j

BHE R RS R N — AN EES . BB A
TP B AnA4s 5 BT E) {5 5 PP 9 R AR5 S BT (8] AR e P
&, SmmnES RRMERE. WE R F5 28 E R
F—ME R AR R, BRI R g B LT B8 8 . 3Ead
HRER S BWERAERM  EELEBRLHY . TLE
52 MEMED AYEREES A SR ETZNA,

FE R AR SR, (45 5 B SRR A R B
B, B AR A BRI R BT T, X T NS, A
HIR FEREERMYERENYGERHFTH B, BN
R 28 /AME B (Akaike Information Criterion, AIC)[
AIC B fpent 8] Fr 5 B2 i 8 B 5] R R 18 A, H
FTES BAAM I, B YA RB RN, R AICHEN
BRI AR EEE. ARRMATRANKH KRG
T B —EA R T R Y, 40 Burg ¥ Levin-

m

FH HH:2016-04-14 iK% HHH . 2016-06-06

son-Durbin B ¥k  B/NG T (LMS) F 51 %, (B2
FEBRAEFL, XEHEENAT R KRB TR &5
Jrfs AR BRI R 2 BUE B B R B TR IR
YR IR E ERP MR R RN, Bush, 20
FHES 5 HAMMREYE SR A AT, A5 a i B R M b 43
BHBEGES . &R ER AT R EE ER B
BLTRHGERN BT BRI .

Donoho D L % A" ZERF 55455 0 G sb 28 17 AR 48 th 1
HBERT WIETF 8078 OT i E E B AR 2R B (Ba-
sis Pursuit, BP) 8%k Al LA i SR A 07 ANAE i 58 4 I 7 B v
RESEBAMEANE R BRI ERRRABIESE
T, BB R . ETRET 2R, B RRRR K
FRH I BE/IME, BR— R BV E S BT .

BT BP B2 RN E AR —FETH
BRNNETHMERE, BREXT AR AR R RBOKETT
BT, ZE SR ERE T B — 1 5 &

AU ZEREHRRBEES (61501220 % 1.

EEEA992—), &, M+, EEHRF 0 HE 5 L. 6T EE 5 F 515, E-mail : jyj2003100106 @163, com; X E 5K (1966 —)>, 5, 1+, ##2,
FEHFR T AAERAE FEEME . ERESAE; ERMA977), &, 8L, BIEE, TEWR T N ESAH,



#53

EEE B MORTFAHREEIEAE AR SRS HAE PR A 43

Roign 2, W2 b B BB TH IR RE R AL K R A 12 (0<p<DJE
BALEE, R ZR MR BHEERUTEREELR
(Affine Scaling Transformation, AST) & 3:090 , 825X} 22 (0
P<DRAAEBIFATHE ™, M HE TR P % WA AR R
FRES, ARG R Ay Bl A R SR AR
PR RSB BRI, XSS
HHBERHRANSERE Zh—, WA TERIR; &5, 8
eSS AL RBES MBI L RRBIFFE
BRI

2 ARERBMIEERmEME
ﬁiﬁﬁ%{yt NS T}ﬁﬁ AR&@.

Y ziéa;yt—i +& e))
Har, 0, RERSBH . (S €T RERN O FER I
ME MR P, g RN

AR BRIt B W6 B R PR e D . R R
AR(PQT B K BELZMHRBFUEF B «(D=L"+a L7 +
a; L% Ao 4-ay =0 B g MFIER w: (1<) BLE AL B
P, Bl e | <1 BT FERFS, APRAHER B RS

HHBROBPAREU v, RERPE, BAXTEM
KRR HEERHER:

R —a;RG— 1) —++—a,R(r—q@)=0 (¢))
B, MR A HER, R M— R .
RN =eyuj+e: +---+Feugsr=0,,K 3
BREOEREREER B
1 1
€1 R(O)
w u Uq
RQA
B b @] ]=RP @
5 RGO
1 1 1
[
h Uz A uq
SR U= | b - | EBe=| |
Pt e N
B S SR

5=[R(0),R(D),-++, RO T, MO TTHE Ky :Ue =b,
TR A B — A R AR E AT IR Y. AR

BRI PR S L RRAEAR PP TE B IR P, B B - — 1<

g <laap<Toor<legg<1, IR (D) ATAL, AR HERY {1 AH C R HT

BEAFEREZFRAGER, BEEXE (-1, DR w,

uy vy ug TAYREE . ST R, MR SR8 IS BB T

FHRERIUEEH ¢ BB BP Bk B, SRR B

HEXE(—1, DFRFRLE R N+1 4.

Hyvew pl, see UL,

[ el A1 A ' )

» 1
T ki
AL
A et g o N N
2 vy Ty

vy}

B 1 AR BEIRAEARD A

ﬁu@ 1 ﬁﬁi‘v&’ﬁj(_lol)m{m s Uy 93 9""UN}%,EJ‘E5}
B N1 B3 = — 1425 B = (1<i<q, 1<

JEN, <N, BV ARTEMR 50 +0+ >, FIHRBUSERE U #9531 18)
B%ER 1 FinmERE Y. AR TEH AR SR,
ASCRARmBA TR REE 1 R AR ERIR SRR
Mg — L SE TR, LIS — R s 5, B

1 1 1
(3} R(0)

R R(1)

'lﬁ 'v% N 'l;N :2 = . 6))

: R RK

I S (
é\rﬁjﬁX:[Cl9C29'°'vCN]T7aﬁMFV:[V1,VZ""7VN]=
1 1 e 1
™ Vot UN

%o o |LURGFMHTF . VX=b, HPVEXL

S

g wmEE, HER K+1<N.JIE& V., Ve, o, Vn
MR SE S R BER TR RNET. (vrw v, o)
RLEBER, NS R v SR« BE, TEHBA
OYWRBLRRXT R T HEHW.

3 BMBRFHBELE AR BEMAITHHEA

3.1 PO<p<DERHALEN
EF R A RIE V. TARG) WK E T
4, SUR R — , T T 7 A 0 B R L I SOHS AR A3
SEB B A M TR R I T 1 12 0<p<DBERH
ALl
min E® (X) =3 | X[:]1?

(6)
s. . VX=b

HRAE LR BAGAL R E , Rao F AP E S WE R H
B L(X, DA TRARAAR R T RARAL R -

L(X,)=E®X)+ATVX—& €D
Ho,A £ mX1 BriY Lagrange e F 6 B, &% LR
AL IRE (7 B 5 AT 48 R A AR AL IR RE (6) s R Y B
%:

X=X VIVIT {(XOV T8 ®

TR LBREL b, BIFBER X ARG ERE,
e R BB S RRUE S H VRS , S BE S M
RBR™ERE, WFEEHFREAG), KHHE o MiRES
HERWE 2 O0<p<<DEXE HBRERBHRE DR, Bt
AEEHEREE@EZHESRERRNGES S,
3.2 BHMHITSHERT

2 P B MR S S B A FR B T RO IR, AR DCER Y A THAE
RGBS R B B B S RSV R AR R
FIA I FERRABAE, FEEEANRERLRRMAR
BB BENETFEPRR ¢ MAIRE. X ¢ M RHF
FINLE S T AR BB B IER w0 ug FEXIE



44 it B MR 2

2017 4

(1L, DKMALE, TAEZTR A g ¥R AR BRI B AEBT
.

YSEFRES (3 2€ TIHHERAER L F S AMKRER
WIS EMHT S, Bk, 40 LER B, XA (6) 2
TS

min E (X) =3 | X[i]|#,0<p<1

€))
s. . VX —bl<le

H, & 6=[R(0),R(1), -, R B EFRESH A
KRBGIREEME e =[¢,6,--,e]", e RAWMIRZE FIR.
IEH 3.1 HATR AN, SRBE@RE AT LRAREK
YYRBR, A T MR MK AR, 5 ARBER p=0b+e—
VX, =VX —b+e , X B AR (D) I AR R B «

7 =0 an
=0 a2z
vV 1 0 b+e
yD= yd= 1 2 °
U A PR (g Rpvve

B, EEEMAERER @ KB ETERARA0 ML
B, AT PAER QDMK A K AR, AT
AR AR A5 SCHE BT E AR R A

min 31X 40 2 | aldl+e 3 pldle 4D
0,0, WERRERB, RAHRAKETF p.ac0,D.
FAERI, Y 0; 0, T EN, 00 B IR R BUR Mk A (9)
BB RS, AT RRE, S =X 0 "] NifkkIE
(OB R
min =51 fLillP+o 2 Tl
o i=N§K+2 [ fL])e av
s.t. Df=d,f{N+i]>=0,i=1,--,2K+2
B () B FEMT A RKKEHB R AST &
BB R T AL SR, BA BRI RS %
5] AST BIX—Pis, A SCLE IR b 3 tH Bt 7S R B B v
FesRERALEE) , X PR B —Ff P B IT R E: .
T 10 Pk AR S AR B A AR AL A, R
BRI A0 AT A MG UE R AR TTAT A
ARBELL b B, A0S0 A 2 A R Y B O AT R BD
SINHi120,i=1, -+, 2K +2, W & R B8 o AR B3k
TR AR (10 AT 2B A SR AH, B, P (0<
P<UHRAMRI BT F FREA RS RLRAA
Brmanm. AR BESRIBR T 0,0 BB LB/,
KA B B D 8 B VL (9) By B AL
R R RS AR BABES R E kA
Wi, B eHs AR, B R BEE RO W ,
W2 (H=T(H) =diag(p| L1117, -, p| {11777,
o | fAINF1]|* % yeey00 | FIN+K+1]172,
o | AIN+K+1]3|¢2,~, 0 | FLN+ 2K +
2315 5)
BERTE B4-1 YRR, F Wi 36355 W, LA T i 24 ATA%

Fio FHATET B Wera =IOV FEXREEHE = ¢
e=Wih fr [=Winz, WEHRE.XTF fORAREQOE
BN X TFREZE = BRI,

min ¢(Wpy12)

s. t. Dyp12=d e

2(1)=20,i=N-+1,--,N+2K+2
ﬁq:"DHl =DWpt1.

KT AST FEk, A T G —AT4T TR, R 7
METERA fr MM BRENEEREEREZE D WEZE
b AIRE R b

lk :(I—Dz;ka-H )le-H H(fk)fk

={U—Dif1 Doy ) ) Wi i Wi fa

={I—Df D)z an
H, D 2 Dierr W) Moore-Penrose i, 182 R 14 /5, 3
FIER AR 2o F fin B EARWT .

1 =2t Les frrr = fr — Wi e s (18)
H,um BEREK. & u=1WEEERLKN:
21 =D d, fir1 =Wir1 2o as

B TR BAMTAR — IR AT AT, — Bk, Df=
d R — HIEBBRARR f=D"d+, KPR D
HFZEN (D) ERERE. #RESBETLUEDL DK
FRENMDMERE, R, #8iE S0 ARG REER
7548 di He R R R RE R & fo.

3.3 HERBRUHHESH

ETULES, RANEF R WBHER T AE RN
WRCGERERN RS, ERERETRO TR —BREEL K
ERD.

O STEHEFEIE S (., 1€ TH T ERER IS M T E
ALAb 3

IEHEEMHMRLRB RO ,R(1),, R(K), B K
EL—1,1 %R N+1 435

OGEEBEMMNIRE IR e XEHliR2E e FHE fo.
WERE o o, JEBEHETF p,2€ (0,15

(DOITE W =diag(p | fF[1T177%, -, p| FINT |77,
oo | AANF1]|* %, ya | FINF+K+1]1"2,0, | /IN+K+
171572 oo y05 | fLN+2K+2] (5 2) V24

BYEF 21 =D, ' Doy =DWirr 5

(6)% fir1=Wit124413

DFEN fi—fir 15/ ] frr 13<er , BIRGER, FW 4
k=k+1,REET@D .,

THERPRA SRS, A SUTHER By
R4 B W E 8 (Global Convergence Theorem,
GCDM )RRl b, BRI T

EE2 BHEBEHNEITIIN—E R TITH#E &R
ST BA W g 1 60 B/ M (RSB TF SO B TR A 5
B 2),

Br T Wegor st Bk IR SUE B R A 20, B sk
EESHTREEREFTIMEX.,

EIE 3N MHERMARTE Lo, ZEE 4 MFT
{frlto & RRBER G, BWSREE R 2—max(p, ) By
GIEFRBE , /T 2% SCER(15D) .



55 3

EEHF MARTHEEEE AR BESHA TN 45

EH 2 FERIEYW, WHRETF pralp,a€[0, 1)) Mk
5 W X B B TIAH G, AR DN, ISR B AR ER L TT AL
A SCEERA R BRA BT RS ; R et e TR T
G0 S B B E R B E SR RS RE Zh— .
TROEEAS BT RAERG R, W TEETHE.,
Sb s A SCE R SEBR b R —Fp R AT B, MRS S A 4 B AR fh %ot
SRR BN, BEET, AR T 55 AIC ik
T/MERE ST MR R AR A ] RE

4 HEXBERESH

ATRIESEMETFERWE RS, #AWELR. &
BBUE N : K=20,N=200,00=0,=2"", p=0, 5,a=0. 5,

L1 AL TEEK AR(OEEMN ARGEREE
HIE B B RBUAG TR .

BRIy, =—0. 27y, +0. 12y, +&

PR I1; 3, =0. 26y,—1 +0. 62y,—2 —0. 2335 +§

Hb, (& BIEN 0. 07K 0. 04 RS,

B 2 FE 3 T WU BERKE n=200 &) — LRIy
HER., XEAAERHONERER EP RRASCEE
RS E (H N B EE S TRELNMNEREWRICGHE
FEAES X, AR ER 2 0<p<<D) FREXKE/N, E
ZRATER.

04

O(-0§1,03393)
ol

12
-1 -08 -06 -04 02 0

0(Q23,01222)

02 04 06 08 1

B R KR
20
e I [ T L L 1.4 L)
\"S 10
= 5
= —
0 Q 2 4 6 8 10 12 14 16
ERIE

B2 SR RS

O(068,0.7631)
05 1
0 O 084,01442)
O(041,-01715)

—05
-1 08 06 04 02 0 02 U4 06 08 1

KR E R
e
G| — iR
g 20 \
%= —

2 4 6 10 12 14 6

AR
B3 A I pksk g

B 2 FE 3 W RAE AR [{GE 16 AR AlE B
R E A (—0. 51,0. 3393), (0. 23,0, 1222) BfHF s BRI 11 {X
FIEM 18 B 2 F B AT W 2 & (—0. 84, 0. 1442), (0. 41,
—0.1715),(0. 68,0, 7631) i3 X 3, iM% 1 AY4H1E4R
w=—0.51,u, =0, 24; R 1T FYAFIEAR on = — 0. 83,11, =
0.41,u3 =0, 67, A MEEKRBFES 55 B IFER
JEEW, FXE UK BEN A BXBERRE,
PRI T BRI ERE .

ot — U BB A RO W SRS BT e,
SRR AR T 76K ) LI BB < B =80, 200,500 F 43

HHEFT 100 WAL, 358 B X LR O S5 HE B E B B IR B R 7
BN T RBR AT E. SR ME 1 HF|. £
“AIC+LD”Hp AIC W44 LevinsonDurbin B H:A4H2%;
“BIC+ Burg” B} BIC ¥EW™ sE 454 Burg BR:AGHSH.

®1 CEITREEXE RS GER

wA R A3t W EHE/ R EAE TR
*E ¥k % ay ay ag
AICHLD 42 —0.2097 0.2032 /
800  BIC+Burg 43 —0.2174 0. 0688 /
A XK % 73 —0.2603 0, 1456 /
AICHLD 58 —0.2284 0.1868 /
’; 200  BIC+Burg 62 —0,2299 0.0738 /
1 FXH % 79 —0,2770  0.1353 /
AICH+LD 63 —0.2814 0.1671 /
500  BIC+Burg 69 —0.2581  0.1542 /
AXH® 83 —0.2797  0.1109 /
S 8.5 —0,27 0.12
AICH1.D 43 0.2115  0.5443 —0,2926
800  BIC+Burg 42 0.1977  0.5218 —0.2834
AXEE 74 0.2872  0.6453 —0.2209
AICH+LD 56 0.2227  0.5647 —0.2651
L BIC+Burg 57 0.2194  0.5455 —0.2733
% AXHK & 81 0.2771  0.6386 —0.2180
AICH+LD 63 0.2311  0.5913 —0.2619
500  BIC+Burg 68 0.2229  0.5711 —0.2670
EXHER 84 0.2653  0.6305 —0.2256
REHEE 0. 26 0. 62 —0.23

MFE 1A BHWTEL. DEN T EEEE SR K1Y
T AE R 3K, MR TT A9 0 B8 K B O 500 B, AIC =2
MrIE# %k 63%, BIC IE#F N 68%, M4 CH ¥ Al X 3]
84%, B BARFAE G5 19 2 B 7 ¥ 5 2D 4 X AN Ta) < B o W 0l 4
A LB BN A RE I ERER N R, B, YT
EGE CE W R R B i R R E T AT,

IR 2 FELBXNEL/PEBMBESETST. DNEU
¥ BRI AES (Local Field Potential, LFP) 3k 7 1, %
£ B R IR 220 B R SR T B R A T /D BRI B2 2 B RS2
R AESEER T Hb i 3 EREESRE O, Bk
LFP {5 S # 7B BRKRR0Y , BiF T 3 ERBESH TR
FoE S B EN A TE— b, B RERENTHE
FRFEI LA 5.

FHAEEENTAABEEY 3 BES ST a9, F A
A A AR BIRIXTES 1 BE5 S RIS 601~630 MEHERZE 2,3
B55 /9 501—530 BT B, I+ 403 S 50 7 B (n
AIC Wy +LD &%/531.BIC B+ Burg R¥fhiT.AIC &
Br-+LMS ZEETH AT L, BRI M R E 6— & 8 fir

/j_\‘ °
#HH 51
100

0 MMM,\MYMM

~100
0

100 200 300 400 500 600
BEG2
100

0 Wwﬂww

-100

0 50 100 150 200 250 300 350 400 450 500
#Ee3
100

P N ]

~100

0 50 100 150 200 250 300 350 400 450 500

A
B4 3B LFP{FS



46 it & PR %

2017 4F

. B--HfE51
B T
o 100 200 300 100 500 500
B2

L M W%/M""H/\’ Mool

=1
0 50 100 150 200 250 300 350 400 450 500
B -3

O W et P N SN

0501601502002503003%400450500

-

B5 fRE5H—fkBistE

50
A o 5 == RN -
0 . . . .
595 600 605 610 615 620 625 630
50
PR g. [—— L
ok /7&’, "ﬁt u’_':wv"*?“'
}--
—50
595 600 605 610 615 620 625 630
50
G = BCHBuE o e
o “‘V‘A«,M E e
595 600 605 610 615 620 625 630
50
~~~~~~ HfEG === AICHLMS  _w
A ]
OF—— ¥, /’ -ﬁ‘—, L PR S P2
~50 N ¢ s n
595 600 605 610 615 620 625 630
Ee6 FHES1HEHRSFELE
O BEE R XKk
0
495 500 505 510 515 520 525 530
40 = =
.. — Wi E ===sAICHLD /\‘
» 3

i

0
495 500 505 510 515 520 525 530
0

&

~_ 7=

2 \Vq" ‘”ﬁ:&%, “-,Z\::'ti'\/} 7
% S0 5% 50 55 5% 5% 5
©F —— R G === AICHLMS

20 \J‘"\;f-x___:‘rsh\f /‘V"%'

%5 sw 5B 50 55 5m 55 50

7 RES 2 OERBCR LR

L /"““’“—-'\;:7— WY ——— XKk
. . , e TN
495 500 5056 510 515 520 525 530
y,,\/:;%‘—i':\.‘:: :“—— i\m § === AIC+LD
=T g NP NS TN

0
495 500 505 510 515 520 5% 530
50
- WG mmm—eBIC+Bur
‘ff"‘v '8
0 S, - ;‘, E—,L\
495 H)O 525 30
50
- ,,,~~‘-"'“—*'34‘L\_. RIS ———-AICH.MS
1 U WY

0 ‘ ‘ '\"—‘-L\‘,,’;;,t:}\;.;}-\’
495 500 505 510 515 520 525 530

F 8 WSS 3 MTRMSR ik

AT EEVM AR LR, A CEES 3 ME
GET AT BEXS L. PR MERERAR R AW T HOT IR 2
Erse FITUAEBE Epa U7 R

EME={—1— _>”3<§<i)—y<m2}1/2 (20)

[y(l) ym(l)][y(z) Y (DD
(n— 1)199(9

Epy= 29

e, n=1{30,60,80} K Fi ?ﬂjﬁrﬁ/\ﬁ,g(i)ﬂ YD FIREE i

AR S BT Wﬂﬁﬁﬁ%{ﬁ,ym(z)iﬂl Y (DAY BN R EE n AT
WEFESEE TP E, Oy F0 0, %E'Jﬁiﬁi'ﬂ]f“ﬁﬂ*ﬂ%ﬁ

P FIIARHER . Ervsr B 1 52 10506 50 B SAH B9 7 32 0
B, BRI A Sk B BRI SR ARGF 5 T Epa BB T FIAE
5 RS AL PSR B8 AR e M, BBV B i [ — 1,1,
HAEBEGE T 1, BB R . 4 FPJ7 BRI M BB RS LB AN
2R AFF

£2 ARTEBRMEELBERGEES D

3] i TR A EADE
it 30 60 80
AICHLD  0.5979  0.8940  1,5211
BIC+Burg 0.6394  0.8882  1,6347
Ermse B
AICHLMS  0.5962  0.8158  1,4449
A HFE  0.3856  0.5559  0.8424
AICH+LD  0.8047  0.7070  0,6022
Eea BIC+Burg 0.8236  0.7103  0.6212
AIC+LMS  0.8107  0.6909  0,5988
AXHEE 09572 0.8718  0,8070
#3 AHEFETNEELRGES D
3 ¥ox TR AN
#F 30 60 80
AICHLD  0.7519  0.8995  1,2473
BIC+Burg  0.7228  0.9061  1.2803
Ervse .
AICHLMS  0.6934  0.8274  1.1669
AxFE  0.4072  0.5521  0.8683
AICHLD  0.8742  0.7643  0.6871
Era BIC+Burg 0.8587  0.7322  0.6226
AICHIMS  0.9023  0.8004  0.7063
AxH¥E  0.9666  0.9017  0.8351

F4 RREITETRMERLEGEES D

3 4 ook FRARXHE RN
AR 30 60 80
AICHLD  0.8047  1.3458  1.8576
BIC+Burg  0.7986  1.1928  1.7741
Ervse .
AICHLMS  0.7563  1.2126  1.7602
AXHEH® 04918 0.7014  0.9022
AIC+HID  0.8890  0.7830  0.6755
Era BIC+Burg 0.9058  0.8169  0.7019
AIC+LMS  0.8634  0.7691  0.6544
AXH¥E  0.9564  0.9023  0.8277

HaEe—E s ME 2R ATLIREH 43 3 HFESH
FIRBE RSO TR B4, A S B Ervse (8D, Epa (1
FAXTEBAERIE 1, RIS B B BB RA TEERR
(BEE TR R B3 &, TR 2K, SR i TR 2 RS
HRED o

A5 FIRACEEN 3 HESHFTHMN, b THR L
BOTRIUZBCR » 24 RO MBS 7T LA AL B 0 U B A 7 5
O FFEARRBERIBR RB T AR BT S8,

BRIE ASCETHAEME, QIFEBER L —F R T
SYRRE IR LN 2 E R LI E S 80 AR BEIG B0 R
vt BT R AR BEBIRMIEAR 4375 R UG i 58 &
WE & E N HRBAG TS EE I, H A H R RN
HFE, XA HEMES & LFP {55 5 E B il R 5l
WERBRY THEEAUER M S8 THRERE. SRk T
AR, FEEM R AT TR REET.

A A LI B WS B R R 0 T B, e R
K TP #H— AR MBS R AE S ERREES
H95B DL RARE R IS HA DT TE .



E5H

EERWF MORETMBHIETE AR BRI S B T AR A 47

2 % X &

(1] XU B,CUI Y,ZHOU G Y, et al. Unsupervised Speckle Level
Estimation of SAR Images Using Texture Analysis and AR
Model [J]. IEICE Transactions on Communications, 2014, 97
(3):691-698.

[2] ZHAO N,RICHARD Y F,SUN H J, et al, Interference align-
ment with delayed channel state information and dynamic AR
model channel prediction in wireless networks[J]. Wireless Net-
works,2015,21(4):1227-1242.

[3] INOUSSA G,PENG H, WU J. Nonlinear time series modeling
and prediction using functional weights wavelet neural network-
based state-dependent AR model[J]. Neurocomputing, 2012, 86
(1).59-74,

(4] CHISCI L, MAVINO A, PERFERI G, et al. Real-time epileptic
seizure prediction using AR models and support vector machines
[J]. IEEE Transactions on Biomedical Engineéring, 2010, 57
(5):1124-1132.

[5] AKAIKE H. A Bayesian analysis of the minimum AIC proce-
dure[J]. Annals of the Institute of Statistical Mathematics,
1978,30(1):9-14,

[6] KAY S M,MARPLE S L. Spectrum Analysis—a Modern Per-
spective[ J]. IEEE Trans on Acoustics, Speech,and Signal Pro-
cessing,1981,28(4) ;441-445,

[7] BLU T,DRAGOTTIP L, VETTERLI M, et al. Sparse sampling
of signal innovations [ J]. Signal Processing Magazine IEEE,
2008,25(2) : 31-40.

[8] CHEN S S,DONOHO D L,SAUNDERS M A, Atomic decom-
position by basis pursuit[J]. SIAM Review, 2001,43(1);129-
159.

[9] RAO B D,KREUTZ-DELGADO K. An affine scaling methodo-
logy for best basis selection[]J]. IEEE Transactions on Signal
Processing,1999,47(1) ; 187-200.

[10] peim. i FI% R 2 o7 % (M. 65T HLAR Tl 5 ARAt , 2009,
266-287.

[11] CHENG H,LIU G Q, A Modified Affine Scaling Methodology
for Non-smooth optimization[J ], Numerical Mathematics A
Journal of Chinese Universities, 2006, 28 (1) 20-25. (in Chi-
nese)
¥, X E R, SRE— Rt A s R By 5= (1]
FEE R H M EEEI] , 2006,28(1) : 20-25.

(12] fEWTHT, Shid, MRACER. BtRAL 7 o (BITRO [(M]. K. Xk
2 AR, 2004, 114-123,

[13] LUENBREGER D G, YE Y Y. Linear and Nonlinear Program-
ming[ M. New York; Spinger, 2008 ; 201-212.

[14] DING J D,LIU G Q Covergence Analysis of an Affine Scaling
Transformation for Best Basis Selection[]J]. Numerical Mathe-
matics A Journal of Chinese Universities,2011,33(4):289-294.
(in Chinese)

TER,XE K RAEEEEREERTERSEMI]L B
SR AR, 2011, 33(4) £ 289-294,

[15] HAGER W W,ZHANG H C. An affine scaling method for opti-
mization problems with polyhedral constraints []J]. Comput Op-
tim Appl,2014,59(1):163-183.

[16] PANTULA S G,FULLER W A, A Comparison of Unit-Root
Test Criteria[ J]. Journal of Business & Economic Statistics,
1994,12(4) : 449-459.

[17] CHEN J L,ISLAM S,BISWAS P. Nonlinear dynamics of hourly
ozone concentrations; nonparametric short term prediction[J].

Atmospheric Environment, 1998,32(11) :1839-1848,

(E&F 13 70

[33] YI Y,LIR,CHEN F,et al. A digital watermarking approach to
secure and precise range query processing in sensor networks
[C]//Proc of 2013 IEEE International Conference on Computer
Communication. IEEE, 2013 ;:1950-1958.

[34] SHENG B, LI Q. Verifiable privacy-preserving range query in
two-tiered sensor networks [ C] // Proc of 27th IEEE Interna-
tional Conference on Computer Communications, NJ: IEEE.
2008:46-50,

[35] SHI J,ZHANG R,ZHANG Y. Secure range queries in tiered
sensor networks [C] // Proc of the 28th TEEE International Con-
ference on Computer Communication. Piscataway,NJ: IEEE,
2009:945-953.

(361 ZHANG R,SHI J,ZHANG Y. Secure multidimensional range
queries in sensor networks [ C]//Proc of the Tenth ACM Inter-
national Symposium on Mobile Ad Hoc Networking and Compu-
ting. ACM, 2009:197-206.

[37] CHEN F,LIU A X. SafeQ: Secure and efficient query processing
in sensor networks [C] / Proc of the 28th IEEE International
Conference on Computer Communication, Piscataway, NJ:
IEEE, 2010:1-9.

[38] CHEN F,LIU A X. Privacy and integrity-preserving range que-

ries in sensor networks [ J]. IEEE/ACM Transaction on Net-
works, 2012,20(6) :1774-1787.

[39] TSOU Y T,LU C S,Kuo S Y. Privacy-and integrity-preserving
range query in wireless sensor networks [C] // Proc of Global
Communications Conference, 2012 IEEE. IEEE, 2012.328-334.

{40] ZHANG X, DONG L,PENG H, et al. Achieving efficient and
secure range query in two-tiered wireless sensor networks [C] /
Proc of the 24nd IEEE International Symposium In Quality of
Service (IWQoS). 2014 ;380-388.

{41] NGUYEN T D,BUI T V,DANG V H, et al, Efficiently preser-
ving data privacy range queries in two-tiered wireless sensor
networks [ C] // Proc of Ubiquitous Intelligence & Computing
and 9th International Conference on Autonomic & Trusted
Computing (UIC/ATC), IEEE, 2012;973-978,

[42] ZHANG X,DONG L,PENG H,et al. Collusion-Aware Privacy-
Preserving Range Query in Tiered Wireless Sensor Networks
[J]. Sensors, 2014,14(12) : 23905-23932.

[43] CHANG Y K. Fast binary and multiway prefix searches for
packet forwording[J]. Computer Networks, 2007, 51 (3); 588-
605.

[44] YAO Y, XIONG N,et al, Privacy-preserving max/min query in
two-tiered wireless sensor networks [J7]. Computers & Mathe-
matics with Applications,2013,65(9):1318-1325.



