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Estimations of AR(p) Model using Wave Shrink

Abstract
In this research, A proposed method was used to shrink the

wavelet, in order to deals with the problem of noise (or contamination)
that may encounter the time series data, and trying to find the best
estimation for the parameters of the autoregressive model of order (p) by

getting the least possible value (best value) of the estimated statistical
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criteria's values for the proposed models (of less contamination) as the
final prediction error, loss function and The Mean Absolute Prediction
Error, and comparing them with the estimated statistical criteria's for the
autoregressive model from order (p) that estimated by the classical
method.

In the application side of the research, the analysis of the time series
observations of the quantity of the annual rainfall in Erbil city for the
period (1992-2007) was discussed depending on the use of MATLAB

software, in addition to write code using MATLAB language.

1
(Time Series Analysis)
(Wavelet Shrinkage)
( ) (Filtering)

(Universal Threshold)

(Wavelet Transformation)

(Autoregressive
.p Model)
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P2
AR(p) p
- {3}
p
Y. =0,+>0 Y.  +¢ - (1)
k=1
(p # O) 0,
& t
o 52 (Uncorrelated random variables)
(Stationary) A , (White Noise)
(Yule-Walker)
) (D)
( -
(Akaike) (FPE) (Final Prediction Error)
(Akaike)
{4} (FPE)

_qp.[L1+p/N .
FPE = LF [l—p/N] (2)
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(Loss LF , N

, function)
(Mean Absolute

. (MAPE) Prediction Error)

-3

(Scaling function)

(Dilation equation) (Father function)
- {6}
¢ (x )= kZIj:OC(k)¢(2X—k) - (3)
, (Low-pass Filter) - C(k)
(Wavelet function)
(Wavelet equation) (Mother function)
- {7}
W(X) d(k (2X—k) o (4)
(High-pass Filter) - d (k)
C(0)= C(l) =1 N=1 (Haar Wavelet)
( ) d(0)=-d(1)=12
A e

» »
» »
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) (Daubechies)
( ) N=3 ((db2)
{1
1.5 D2 — Scaling Function > } D2 - ‘.l’\ll'avelet )
f‘l 1.5 A
! _f".f \ 1| /]
0.5 / \ -5 I'l A
' Ok~ I \ ,-"'V( M
0 e —0.5] .I'n.xl I.'I
N ] lllnl
0.5 . . 1.5
o 1 2 3 ] 1 2 3
2)
(db2)
{2}
. (Orthogonality) -1
J W (XOWy (x)dx =0 - (5)
] (Time and scale) -2
. (Time index) k (Scale index)

w(x) ¢(x) dk) C(k) -3

(Support interval)

. (Normalization) (Smoothness)

(Wavelet Transform)

b :_wa(x)'WJK (X)dX (6)

f(x)= Zkbjk.wjk(x)dx - (7)
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by (Efficiently)

(Multi-resolution decomposition) -

ij(x)=2i/2w(2jx—k) = (8)
e ek ()

6(x) = 90x)+ 925 1)
- ¢j—1,k(x) = %[@,m(x)"‘ ¢j,2k+1(2x - 1)]

w(x)=¢(2x)-g(2x-1)
_]lk(X) \/7[¢J2k(x J2k+1(2x_1):|

1

Ak = ﬁ(aj,zk + aj,2k+l) (10)
1

b]—lk = ﬁ(aj,Zk a_]2k+l) (11)

(db2)
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4
(Non-linear (Shrinkage)
{5} thresholding )
( -1
y' =w(y) - (12)
. (Threshold Estimation) - 2
A =Est(y") . (13)
A _3
y" =Dy’ 2) - (14)
(Inversion -4
, (reconstruction) Transformation)
y=w"(y") - (15)

(Universal threshold)

A =0+/2log N

, (Hard)

-~-(16)

(Mid) (Soft)

*
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(4) d,)
A
0 it |d;, <2
d,, )= (17
77( J,k) [d]yk if ‘dj’k‘>ﬂ, ( )
A
0 it |d,,|<4
d, )= (18
7€) [Sign(dj,k)de’k—/i) it [d,[> 2 3
[+ 1 if d,, >0
sign (d,, )=|0  if d, =0 - (19)
-1 if d, <0

1 (d j,k): sign (d j,k)qdj,k‘_ }“)H -+ (20)

2d,,|-2) it [d,]<24

‘d ik ‘ otherwise
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0 if \d., .—-4)<0
(de’k‘_/fi) _ q J,k‘ ) (22)
' Qd j,k‘—ﬂ,) otherwise
: AR(p) S
AR(p)
( (db2) )
( )
) ( )
(A
MAPE FPE, LF , AR(p)
6
AR(p)
(1992-2007) (L)
() {0
(1992-2007)
) Jabls culuas i) ad bblus cilws | Al
(ple) & ind (ple) i
272.300 2000 736.700 1992
330.900 2001 602.700 1993
361.500 2002 580.400 1994
587.654 2003 502.200 1995
427.000 2004 412.590 1996
297.500 2005 440.100 1997
514.000 2006 337.200 1998
273.400 2007 229.200 1999
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S00

Foo

B00

S00

A00

QDD 1 1 1 1 1 1 1
1992 1994 1995 1993 2000 2002 2004 2005 2003

3)
()
AR(p)
(A )
, (3) , (Yule-Walker)

(0.05)
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Autocarrelation of residuals for output y

1 T T T T T T T
=2 i
0 x/\\/\ /\/.A_,
a5 ]
20 1|5 1:] 5I IIII é 1:] 1:5 20
Cross corr for input yw and output v resids
|:|5 T T T T T T T
a
_I:IE | | | | | | |
=20 15 10 ] a ] 10 15 20
Samples
C))
( ) -
4)
, AR(6)
) MAPE FPE,LF
- (4)
()
hh , (B )
hm , hs ,
(db2) dh ,
dm (db2) ds,

, (db2)
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2
(db2)
dm ds dh hm hs hh

674.9990 612.7115 | 677.7594 | 481.2710 | 386.2642 563.1978 | 1992
674.6086 611.6447 | 677.5037 | 481.2710 | 386.2642 563.1978 | 1993
580.9124 538.2980 | 579.7541 | 481.2710 | 386.2642 563.1978 | 1994
512.2174 484.3187 | 508.1279 | 481.2710 | 386.2642 563.1978 | 1995
468.5236 449.7067 | 462.6251 | 394.3970 | 342.8272 312.4703 | 1996
418.1307 409.9052 | 410.1225 | 394.3970 | 342.8272 312.4703 | 1997
390.4356 388.3194 | 370.4843 | 394.3970 | 342.8272 312.4703 | 1998
356.6587 361.8527 | 327.3991 | 394.3970 | 342.8272 312.4703 | 1999
316.7999 330.5051 | 280.8669 | 437.8340 | 364.5457 437.8340 | 2000
278.5707 300.4654 | 235.2584 | 437.8340 | 364.5457 437.8340 | 2001
361.2683 337.7558 | 417.0182 | 437.8340 | 364.5457 437.8340 | 2002
411.5637 357.0051 | 537.8549 | 437.8340 | 364.5457 437.8340 | 2003
392.6014 339.7857 | 385.6229 | 437.8340 | 364.5457 437.8340 | 2004
392.1966 332.3381 | 306.5595 | 437.8340 | 364.5457 437.8340 | 2005
396.9834 325.6462 | 382.9680 | 437.8340 | 364.5457 437.8340 | 2006
400.3790 318.7518 | 417.7179 | 437.8340 | 364.5457 437.8340 | 2007
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800
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a00

400
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1992 1

a00

700

500

500

A00 -

300

200

1 1 1 1 1 1 1
==k 1996 1995 2000 2002 2004 20085 2005

1992 1

(db2)

1 1 1 1 1 1 1
934 1995 1995 2000 2002 2004 2005 2005



AR(p) [110]

) AR(6)
(db2) ( Yule-Walker
AR(6) :

)
AR(6)

AR(6)

A(Q =1-1.109 q' +0.633 q7-1.069 q°
+1395 q*-1.32q7° +0.4734 q°°

A(q) =1-0.7705 q' —0.2609 q~ -2.644 e q°
+0.4q*-0.3082q” - 0.08456 q°°

A(q) =1-0.7594 q' - 02599 q>-2.54ews q°
+0.4 q*-0.3038 q° —0.08182 q°

A(Q) =1-0.7612 q" —0.2601 q° —1.421 e q°
+0.4 q* -0.3045 q° — 0.08231 q°°

A(q) =1-10.442 q"' +1.388 q7 -1.395q ° (db2)
+0.7541 q*-0.453q7 +0.1744 q°

A(qQ) =1-0.359 q' +0.7421 q> -0.5492q ° (db2)
+0.1312 q* -0.03078 q° + 0.07766 q°

A(Q =1-1.429 q' +0.819 q*° —0.6135q (db2)

+0.1983 q* —0.03118 q° +0.05383 q°°

( : (db2)
, (0.05) _
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Autocorrelation of residuals for output hh

1 T T T T T T T
osf ]
]
—D.5 __ _______________________________________________________________________ __
1 1 1 1 1 1 1 1
-20 -15 -10 -5 u] =1 1a 15 20
Cross corr for input hh and output hh resids
0.5 T T T T T T T
a \_/ﬁ/w/\—’_/&/\ﬁ
_D_S 1 1 1 1 1 1 1
-20 -15 -10 -5 u] =1 10 15 20

I
-20 -15 -10 -5 a 5 10 15 20
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(db2))

Autocorrelation of residuals for output ds

(db2))
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(

)

AR(6)
AR(6)
MAPE FPE, LF ,
(3)
4)
AR(6)
MAPE FPE LF
40.5701 10879.8 4945 38
16.0703 333.0190 151.372
15.5401 9.85084 4.47766
15.6250 39.4982 17.9537
36.8473 5786.95 2630.43 (db2)
19.9922 445.126 202.33 (db2)
21.8436 1518.62 690.281 (db2)
4)
)
 (
( )
AR(6)
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) -2
. AR(6)

. AR(6)

AR(6) -5

()

-7
. ARMA(p,q) MA(q)
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