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(57) Abrege(suite)/Abstract(continued):

section determines the Initial state of a recursive equation (S201), sets CUk according to an input u, (S205), determines a variable

recursively (S207), updates a matrix G N, calculates an auxiliary gain matrix KUKN (S209), divides 1t (5211), calculates a variable

M
:)k

and a backward prediction error n, |, (S213), calculate a gain matrix K_ (S215), and updates a filter equation of a high-speed H,

filter (5217). To reduce the computational complexity, K (;, 1)/(1+Y];2 H, K, (, 1)) Is directly used as the filter gain K .
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SYSTEM 1D]

SYSTEM IDENTIEFICATION DEV.

Technical Field

[0001]

The present invention relates to a system 1identi:

CA 02647281 2008-09-19

method and program, a

identification device,

stabilized fast i1denti:

NTIFICATION METHOD AND PROGRAM, STORAGE M

and peé

[*]
O

[ CL

I1UM, AND

“jication

storage medium, and a

"ication method. Besides, the

invention relates to various system identification

such as fast i1denti:

P

i

system

rticularly to a numerically

present

methods

f1cation of a large—-scale sound system or

communication system using characteristics of a sound as an

input signal.

Background Art

10002 ]

System ldenti:

P

model (transfer

input/output relation o:

P

function,

flcation means estimating a mathematical

impulse response, etc.) of an

" a system based on input/output data,

and typical application examples 1nclude an echo canceller 1n

international communication, an automatic equalizer

communication, an echo canceller and sound :

1n data

"leld reproduction

1n a sound system, active noise control in a vehicle etc. and

the like. Hitherto, as an adaptable algorithm in the system

identification, LMS (Least Mean Square), RLS (Recursive Least

Square), or Kalman filter 1s widely used.

i

Observed value o:

iy

. output o:

In general, an

Follows:

a system 1s expressed as :

[Mathematical Expression 1]
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N-1
vk = ) Ritg—i+ vg (1)
i=0

I B

Where, uyx denotes an input, h; denotes an 1lmpulse response O

the system, and vy 1s assumed to be a white noise.

The details are described 1n non-patent document 1 or

5 the like.

1 0003]
1. LMS

'

In the LMS, an impulse response xy = [hg, ..., hy-1] of

10 a system is estimated from an 1input uy and an output yy as

follows:

[Mathematical Expression 2]

By = @k +pH (yp — HiBp) (2)
Where, Hy = {(Qx, ..., uk_N+1]T, w > 0.
15
10004 ]
2. RLS
In the RLS, an impulse response xy = [hg, ..., hy-1]° of

a system 1s estimated from an 1lnput uy and an output yy as

20 follows:

[Mathematical Expression 3]

Er = Xy + Kilyx — HpZp—1) (3)
P,..H;"

K, = — 4

* p+ Hi P H! )

Py = (P~ K H Py 1)/p (5)

Where, x 0 =0, Py=¢gpI, €0 > 0, 0 denotes a zero vector, I denotes

a unit matrix, Kp denotes a filter gain, and p denotes a

25 forgetting factor. (Incidentally, """, "v" means an estimated

value and should be placed directly above a character as

represented by the mathematical expressions. However, it 1is
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placed at the upper right of the character for input convenience.

The same applies hereinafter.)

10005

5 3. Kalman filter

A minimum variance estimate x y(x of a state xy of a linear

system expressed i1n a state space model as indicated by

[Mathematical Expression 4]

1
Try1 = P 1%k, Y= Hizp + v (6)

10 1s obtained by a following Kalman filter.

[Mathematical Expression 5]

Zee = i + Ki{ye — Hi&gp-1)
EBrpp = 02 (7)
K,y = 2kuc--1 H " (p+ H 2y H, ) (8)
Pk = D — KiHp S
Ek-HIk = 57k|k/ P (9)

Where,

—

[Mathematical Expression 6]

Eio = 0, Xio=cod, g >0 10
15 110 110 0 0 ( )

Xx: @ sState vector or simply a state; unknown, and this is an

J——

object of estimation.

Vk: an observation signal; an input of the filter and known.
Hiy: an observation matrix; known.

20 Vi: an observation nolilse; unknown.

p: a forgetting factor; generally determined by trial and

erroxr.

Kx: a filter gain; obtailined from a matrix Zﬂqkﬂ.

F

X x|x: corresponding to a covariance matrix of an error of x yl|x;
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obtalned by a Riccati eguation.

-

2 x+1lx: corresponding to a covariance matrix of an error of

% r+1]x; Obtained by a Riccati equation.

2 1]lp: corresponding to a covariance matrix of an initial state;

although unknown, €o- is used for convenience.

10006]

In addition, hitherto, there are technigues described

in patent documents 1 and 2 and non-patent documents 2 to 5.

Patent document 1: WO 02/035727, JP-A-2002-135171
Patent document 2: WO 2005/015737

Non-patent document 1: S. Haykin, Adaptive Filter Theory, 3rd

Edition, Prentice-Hall, 19960

Non-patent document 2: K. Nishiyama, Derivation of a Fast

pr—

Algorithm of Modified Hoo Filters, Proceedings of IEEE

International Conference on Industrial Electronics, Control

and Instrumentation, RBC-II, pp. 462-467, 2000

Non-patent document 3: K. Nishiyama, An Hoo Optimization and

L°d

&
N

Its Algorithm for Time-Variant System Identification, IE

Transactions on Signal Processing, 52, 5, pp.1335-1342, 2004

Non-patent document 4: B. Hassibi, A.H. Sayed, and T. Kailath,

Indefinite-Quadratic Estimation and Control, 1lst Editions,

SIAM, 1999

Non-patent document 5: G. Glentis, K. Berberidis, and 8.

Theodoridis, Efficient least squares adaptive algorithms for

FIR transversal filtering, IEEE Signal Processing Magazine,

16,4, pp.13-41, 1999

-

Disclosure of the Invention

Problems that the Invention 1s to Solve
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10007]

At present, an adaptive algorithm most widely used 1n

the system identification 1s the LMS. The LMS has a problem

that although the amount of calculation 1s small, convergence

speed is very low. On the other hand, in the RLS or the Kalman

filter, the value of the forgetting factor p which dominates
the tracking performance must be determined by trial and error,

o~
iy,

and this 1s generally a very difficult work. Further, there

1s no means for determining whether the determined value of

the forgetting factor 1s really an optimum value.

Besides, although Y 4x-1 ©Or P, is originally a

positive-definite matrix, in the case where calculation 1is

performed at single precision (example: 32 bit), it often

p—
p—

becomes negative definite, and this 1s one of factors to make

the Kalman filter or the RLS numerically unstable. Besides,

since the amount of calculation is O(N¢), when the dimension

P

(tap number) of a state vector xXx 1s large, the number of times

F

of arithmetic operation per step 1s rapidly increased, and

1.

there has been a case where 1t 18 not suitable for a real-time

processing.

In view of the above, the present invention has an object

to provide an identification method for identifyving a

large—-scale sound system or communication system at high speed

and numerically stably. Besides, the invention has an object

pr——
p—

to derive an algorithm to greatly reduce the amount of

calculation of a previously proposed fast H, filter by using

~

characteristics of a sound as an input signal. Further, the

1nvention has an object to provide a method of numerically

stabilizing a fast H, filter by using a backward prediction

error,
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Means for Solving the Problems

{0008 ]

According to the first solving means of this i1nvention,

there is provided a system identification device for performing

fast real-time identification of a time invariable or time

variable system, comprising:

a filter that i1is robust against a disturbance by

determining that a maximum energy gain to a filter error from

the disturbance, as an evaluation criterion, 1s restricted to

be smaller than a previously given upper limit yfz,

whereln

the filer satisfies an H, evaluation c¢criterion as

indicated by following expression (14) with respect to a state

space model as 1ndicated by following expressions (11) to (13),

when an input signal 1s expressed by an M(ZN)-th order

autoregressive model (AR model), the filter 1s given by

following expressions (38) to (44), and

the filter satisfies a scalar existence condition of

following expressions (45) and (46):

[Mathematical Expression 1]

Lit1 — Lk -+ kak, W, Ty € RN (11)
Y = H};-’Ek + Uk, Yk Uk €ER (12)
2z = Hix,, z2r € R, H}c ~ RIXN (13)
k 2
2 llegill*/p
sup — < ’y?

- k k
an{wi}k{vi}{ Ty — iﬁo“ig-x -+ Z H’wtﬂz + Z ”%“2/0
0 1=0 t=0

[Mathematical Expression 2]
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e = Tk—1pp—1+ Ko p (Ve — Hi&k—15-1) (38)
Ki(:,1) N
Ks — ; c R X1
e 1+ 7;2HkKk(:, 1)
On-
Ki=my— Dy, D= [ I;MM ] (39)
k
o _ Dici —me(N =M +1: N, )Wy,
* 1 — Wi
Mk = Ck-N + Ci Dy (40)
[mk] =I"{f’ mkERNX2, ”kER1x2 (41)
M
v N 0 — X v M~1
Kk — l: \S}XJ%-}-I) ’ ] +Giv, Kk-——N—-}-M«-l:Kk-N'i'M"‘l(l . M, :) (42)
Ky nym-

Smx = PSup-1+ € Weénmk, emp=cr + Cio Ay
A =AM - K 1(1: M,.YWeéps, éyr =c +Ch (A (43)

here, Gy is updated as follows:

el /S
[Gi\f ] ~ [01x2 ] N M,k/ Mk

M
O1x2 | | Gi Ay €hux/ Sh
O(N-M41)x2
0(N-—M+1)x2
— | eMr-NiM-1/SMp-N+M-1 (44)

M T
Ak"“N*‘]"M—'leM,k—N-]-M—l/SMak—N"‘M_’l

where,

| 1
C.(,N—-M+1:N). Cﬁl = Cir-1(5,1: M), C; = [Hk-l, W :[ 0_2}

Hk 0 —
5 b
v . N
er s = Zi)1 — HixXi, 2z7ii = HiX i|i
(Cyr € Rl is a first column vector of Cx = [Cyk, -+, Ck-n+1ly
cr-1 = Os; and k-1i<0 are assumed, and initial values are set
= N = At = 0 Swo = 1/€3, Do = 0
to be Ko = Onxz, Go = Ow+1yx2r Ao = Umxis ©y,0 or Do Mx1 7
10 }Kdo = x'0 = Oyx1, here, Opn denotes an mxn zero matrix)

[Mathematical Expression 3]

~0%; + pYi>0, i=0,...,k (45)

”~,

here, 9 Zi are respectively defined by following expressions:
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2, pHiK“' pHiK.g(:, 1)
= 1-— y ey = — T ——————— .
€ s 1-H,K,; 1-(1-~;9)H;K:1) (46)

where

Xx: a state vector or simply a state; unknown, this is an object
of estimation,

Xg: an 1nitial state; unknown,

Wx: a system noise; unknown,

Vi: an observation noise; unknown,

Vx: an observation signal; input of the filter and known,

Zy: an output signal, unknown,
Gx: a drive matrix; becomes known at execution,

Hy: an observation matrix; known,

F

X dx: an estimated value of the state x, at a time k using

observation signals yg - yx; given by a filter equation,

Ks xt a filter gain; obtained from a gain matrix Ky,

P

p: a forgetting factor; 1n a case of Theorem 1 - Theorem 3,

when y¢ 1s determined, 1t 1s automatically determined by p =

1 - X(Yf)!

_1 . ' ' ' ' '
20 "¢ an inverse matrix of a weighting matrix expressing

uncertainty of a state; 2, is known,

N: adimension (tap number) of a state vector; previously given,

M: an order of an AR model; previously given,

Mx: N+1th row vector of K",'; obtained from K%Y,

my: Nx2 matrix including a first to an N-th row of K%"; obtained

from K°.",

Y¢: attenuation level; given at design time

M : : ~ s : : -
Dy ¢ a backward prediction coefficient vector; obtained from

My, Nu,kx and Ly,

W: a welghting matrix; determined from ys,

B

M i : - N ol u 1 iy
Ay ; a forward predlction coefficient vector; obtained from K-,
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and € o,k

1)

cM: a 2xM matrix including a 1lst to an M-th column vector of

Cy; determined from the observation matrix Hy, and

Cx': a 2xMmatrix including an N-M+1-th to an N-th column vector

of Cy; determined from the observation matrix Hg.

[0009]

According to the second solving means of this invention,

there is provided a systemidentificationmethod for performing

*

fast real~time identification of a time invariable or time

variable system, a system identification program that causes

a computer to perform the identification and a computer

readable recording medium recording the program, by using:

a filter that 1s robust against a disturbance Dby

determining that a maximum energy gain to a filter error from

the disturbance, as an evaluation criterion, is restricted to

be smaller than a previously given upper limit yfz,

wherein

t+he filer satisfies an H, evaluation criterion as

indicated by following expression (1l4) with respect to a state

space model as indicated by following expressions (11) to (13),

when an input signal is expressed by an M(ZN)-th order

autoregressive model (AR model), the filter 1s glven by

following expressions (38) to (44), and

the filter satisfies a scalar exlistence condition of

following expressions (45) and (40):

[Mathematical Expression 1]

Ton = Tp+Grwg,  wi,xr € RV (11)
yr = Hgxp + vy, Yk, Uk € R (12)
2 = Hxy, 2 €ER, Hy € RIXN (13)
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J 2
2 flerill*/p .
sup - — - < ¥
o dush |z — ol[% + 3 will? + 3 [fuill2/p
0 = =
0 0 (14)
(Mathematical Expression 2]
ik = Tp—1jp—1+Kop(Up — HieZr16-1) (38)
K (1) N
= ’ e RM*!
- 1+ ’}’;2HkKk(:, 1)
On-
K. = m; — Dipy, Dy = { oyv ] (39)
k
DM DY, ~mi(N~M+1: N, YWnp,
1 — Wi
Mg = Ce-n + Cx Dy, (40)
[ mg ] _ i'{i", mi € R¥*2, p, € R1X? (41)
Hi
. N On- v M-1
K, = [ f%f?nﬂ } +Gf¢v, Ky nim1=Kr-nim-1(1: M,:) (42)
K Niym-1

SM,k — PSM,k-l -+ GL’,‘W&M*, eM,k=ck -+ Cﬁ{lAgI
AM = AM K (1: M, )Weéy,, éyr=ct+Ci AY (43)

here, G, is updated as follows:

T

i/ SM

GN 0 9 M,k ’
[ G J:._ [ O ]+ LEW

1x2 k—1 0

(N=M+1)x2
0(N-—M+1)x2

~ | edp-nim—1/SMp-N+M-1 (44)

M T
Ak—N+M—leM,k—N+M—1/ SME-N+M—-1

where,

‘ 1
k

7 o A
es s = Z i3 — Hix:, 2741 = HiX ils

(Ck - RZXl 1s a first column vector of Ck — [Ck, “ o ey Ck~N+1] y

10 cr-1 = Osy1 and k—-1i<0 are assumed, and initial values are set
to be Ky = Oux2, GON = O(N+1)x2: AOM = OMXl! SM,O — 1/801 DOM = Omx1,

XAolo = %x'0 = Oyny1, here, Omn denotes an mxn zero matrix)

Mathematical Expression 3]

10
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—gé,- + p’y?>0, 1=0,...,k (45)

here, 0 =2i are respectively defined by following expressions:

pH,'Ks,i o pHiKi(:, 1)
1-H,K,; 1-(0-~)HK,1)

(46)

where

Xx: a state vector or simply a state; unknown, this is an object

b

of estimation,

Xg: an initial state; unknown,
Wx: a system noise; unknown,

Vi: an observation noise; unknown,

Vy: an observation signal; 1nput of the filter and known,

Zx: an output signal, unknown,
Gyx: a drive matrix,; becomes known at execution,

Hy: an observation matrix; known,

P

X yx: an estimated value of the state x; at a time kX using

observation signals yo - Vx; given by a filter equation,

Ks,x: a filter gain; obtained from a gain matrix Ky,

p: a forgetting factor; in a case of Theorem 1 - Theorem 3,

when Y 1s determined, it 1s automatically determined by p =

1 = x(yve),

-1 : , - : : : :
20 ¢ an 1inverse matrix of a weighting matrix expressing

F

uncertainty of a state; 2, is known,

N: adimension (tap number) of a state vector; previously given,

F
—

M: an order of an AR model; previously given,

P

Ux: N+1lth row vector of K°; obtained from K",

my: Nx2 matrix including a first to an N-th row of K“."; obtained

from K.,

Y¢: attenuation level; glven at design time

Dy : a backward prediction coefficient vector; obtained from

11
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My, MNum,x and Mg,

W: a welghting matrix; determined from Yyg,

A, ; a forward prediction coefficient vector; obtained from Ky-;

and e~M’k,

b

C,M: a 2xM matrix including a 1st to an M-th column vector of

Cr; determined from the observation matrix Hyg, and

Cy': a 2xM matrix including an N-M+1-th to an N~th column vector

p—

of Cy; determined from the observation matrix Hg.

[0010]

According to the present invention, 1t 1s possible to

provide an identification method for identifying a large-scale

sound system or communication system at high speed ana

numerically stably. BResides, according to the present

invention, 1t 1s possible to derive an algorithm to greatly

p—

reduce the amount of calculation of a previously proposed fast

Ho, filter by using characteristics of a sound as an input signal.

Further, according to the present invention, 1t 1s possible

F

to provide a method of numerically stabilizing a fast He filter

by using a backward prediction error.

o~

Brief Description of the Drawings

[0011]

pr—

(FIG. 1] An explanatory view showing update of a gailnmatrix

of an order-recursive fast H, filter.

(FIG. 2] A flowchart of a processing of the order-recursive

fast H, filter.

- [~

flowchart of a check of a scalar existence

—

[FIG. 3] A

condilition.

~

- a value

[FIG. 4]} A flowchart of a calculation processing o:

12
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of a prediction variable at a time Tyx-y+m-1-

[FIG., 5] A flowchart of a numerically stabilized fast Hg

filter processing

[FIG. ©] An explanatory view of a communication system and
an echo.

[FIG. 7]} A principle view of an echo canceller.

(FIG. 8] A view showing an estimation result (performance

evaluation) of an impulse response by the order-recursive fast

He fllter.

[FIG. 9] A convergence characteristic view of the

order-recursive fast Ho, f1lter with respect to a sound input.

p—

[FIG. 10] A view of comparison of an existence condition.

g— -

(FIG. 111 A structural view of hardware of an embodiment.

([ FIG. 12] Aview

gl

—

of a result of comparison between the amount

~— r—

of calculation of a fast H, filter and that of the

order-recursive fast H, filter.

[FIG. 13] Aview

| I |

showing an impulse response of an echo path.

Best Mode for Carrying Out the Invention

p—

symbols used 1n the embodiment will be

[(0012]

1. Explanation of symbols
First, main

described.

Xx: a state vector or simply a state; unknown, this is an object

of estimation,

Xgs an 1lnitial state; unknown,

Wix: a system noilise; unknown,

Vk: an observation noise; unknown,

Vk: an observation signal; input o:

the filter and known,

1)

13
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Zy: an output signal, unknown,
Gy: a drive matrix; becomes known at execution,

Hiy: an observation matrix; known,

e 3

X Jx: an estimated value of the state xx at a time k using

observation signals yg - Vix; given by a filter equation,

Ks x: a filter gain; obtained from a gain matrix Ky,

F

Pp: a forgetting factor; 1in a case of Theorem 1 - Theorem 3,

when Y« 1s determined, 1t 1s automatically determined by p =

1 - X(Yf)l

>0 ': an inverse matrix of a weighting matrix expressing

-

uncertainty of a state; X, is known,

N: adimension (tap number) of a state vector; previously given,

M: an order of an AR model; previously given,

p

Ux: N+1lth row vector of K’ '; obtained from K97,

my: Nx2 matrix including a first to an N~th row of K%"; obtained

from K",

Y¢: attenuation level; given at design time

Di': a backward prediction coefficient vector; obtained from

My, MNu,x and Hg,

W: a weighting matrix; determined from vg,

ficient vector; obtained from Ky-1

r 1)

A'; a forward prediction coe:

and € u, k,

N

Cy': a 2xM matrix including a 1st to an M-th column vector of

Cxs determined from the observation matrix Hy, and

Cy': a 2xMmatrix including an N-M+1-th to an N-th column vector

of Cy; determined from the observation matrix H:.

Incidentally, """, "v" placed above the symbol mean

estimated values. Besides, "~", "-"_ "U" and the like are

symbols added for convenience. Although these symbols are

14
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F

placed at the upper right of characters for input convenience,

as indicated in mathematical expressions, they are the same

as those placed directly above the characters. Besides, X,

w, H, G, K, R, 2.and the like arematrixes and should be expressed

by thick letters as indicated in the mathematical expressions,

however, they are expressed 1n normal letters for input

convenlience.

10013]

-
—

2. Hardware of system estilmation and program

A system estimation method or a system estimation
device/system can be provided by a system estimation program
to cause a computer to execute respective procedures, a
computer readable recording medium recording the system

estimation program, a program product 1ncluding the system

estimation program and capable of being loaded in an 1nternal

[~

memory of a computer, a computer, such as a server, including

the program, and the like.

-

FIG., 11 1s a structural view of hardware of this

embodiment.

The hardware 1ncludes a processing section 101 as a
central processing unit (CPU), an input section 102, an output
section 103, a display section 104, and a storage section 105.
Besides, the processing section 101, the input section 102,
the output section 103, the display section 104, and the storage

section 105 are connected through suitable connection means

such as a star or a bus. The known data described in "1.

Explanation of Symbols™ and subjected to the system estimation

are stored in the storage secticon 105 as the need arises.

Besides, the unknown and known data, calculated data relating

15
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to the hyper Ho, filter, and the other data are written and/or

read by the processing section 101 as the need arises.

(0014 ]

N
}

an ldentification method relevant to the

5 3. Means O3

embodiment

In order to differentiate from a normal H, filter, an

Ho filter 1n which a forgetting factor can be optimally

(guasi-optimally) determined 1in the meaning of Hy 1s especially

10 called a hyper Hy fililter (non-patent document 2, non-patent

document 3). The H, filter has a feature that it can be applied

P

even when the dynamics of a state 1s unknown.

(0015]

Theorem 1 (hyper H, filter)

15 With respect to a state space model

(Mathematical Expression 13]

Tir1 = T+ Grwy, wy, Tp € RY (11)
v = Hixp+ vy, Yk, Uk € R (12)
s = Hixg, 2 € R, Hy € RI*N (13)

a state estimated value X Jx (Or an output estimated value z k)

satisfying
x 2
;O erill*/p
sup - — k k S ,Y':;
ot gy — Eolif + L will? + X w2/
20 _ _ -

is given by a followlng hyper He, filter of level ys:.

|[Mathematical Expression 14]

16
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Zrig = HiyZpp (15)

Trik = Tp-1jk-1 + Ko p(ye — Hrp-106-1) (16)

K, =Xy 1 H} (H X1 Hy +p)! (17)
Sk = Zp-1 — Yip-1Cx R ACk X i1

Y1k = Xr/p (18)

where,
efi = 4 — Hixi, &op =0, Xip= X,
R.x = R+ C3_,Cy
p 0 H;
R = [ ) Ck — [ } 19
0<p=1-x(r)<1, 7>1 (20)

Y (Ys) 1s a monotonlcally decreasing function satisfying ¥ (1)

5 = 1 and y (o) = 0. Besides, a drive matrix Gy is generated as

follows:

[Mathematical Expression 15]

GGy = x(77) Zerpe = X(Zf) ik (21)

Where, a following existence conditlion must be satisfied.

10 [Mathematical Expression 16]

1 — —2
S =50+ :f HTH,>0,i=0,....k (22)

The feature of the hyper Hy, filter is that the generation

— p—
p—

of robustness 1n the state estimation and the optimization of

the forgetting factor p are simultaneously performed.

15 When the hyper Hy, filter satisfies the existence
condition, the 1nequation of expression (14) 1is always

F

satisfied. Thus, in the case where the disturbance energy of

the denominator of expression (14) is limited, the total sum

of the square estimated error of the numerator becomes bounded,

20 and the estimated error after a certain time has to become 0.

This means that when y: can be made small, the estimated value

17
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X i x can more gqulckly follow the change of the state Xxi.

Here, attention should be given to the fact that the

algorithm of the hyper Hy, filter of Theorem 1 1s different from

that of the normal Hy filter (non-patent document 4). Besides,

when y¢f = o, then p =1 and Gy = 0, and the algorithm of the

F

hyper Heo filter of

Theorem 1 formally coilincides with the

algorithm of the Kalman filter.

The amount of calculation of the hyper Ho filter 1s O (N?) ,

and this is not suitable for a real-time processing. However,

when an observation matrix Hy has a shift characteristic Hyss

= [ug+1, Hx(l), BHx(2), ..., Hx(N-1)], a ftast algorithm of the

—

amount of calculation O(N) has been developed (non-patent

document 2, non-patent document 3).

10016}

Theorem 2 (fast He filter)

g—

When the observation matrix Hy satisfies the shift

characteristic, the hyper He filter having 2p = €I > 0 can be

P
Pr—

executed by a following expression and wilith the amount of

calculation O(N).

[Mathematical Expression 17]

éklk — ik—l)kul‘*‘Ks,k(yk - kai’k—-llk—-l) (23)
Kk(: 1)
K — L _ Rle
R TRy A I (24)
Ky =my — Dyy, € RNx2 (25)
Dy = [Dy_; ~ m W[l — kaﬂk]ul
M = Ck-N + Cr Dy (26)
72 o/
[ * ] = Ky, mp € RV*%, u, € R*? (27)
i
y S;lel
K. = k “k
; [ Ki 1+ AkS;le'f (28)

Sk = pSk-.-l + EEWék, € = Ci Clc-IAk
A=A 1 - Ky 1 We, e =ci+ CrAp (29)

183
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e[ we s 3

-2
Where, H, 0 -7

cr € R is a first column vector of Cx = [Ck, ..., Ck-n+1l, Ck-i
= O,y and k~i < 0 are assumed, and 1nitial values are set to
be ko = Onxz, Ap = Onxiy So = 1/89, Do = Onx1, and X glg = Onx1. Where,

5 Omxn denotes an mxn zero matrix.

At this time, a following scalar existence condition must

be satisfied.

(Mathematical Expression 18]

-5 + p3>0, i=0,...,k (30)

10 Where, & =i are respectively defined by followlng expressions.

pPH:K,; pH;K;(:,1)

= 1o E= AR 1
. 7f I—HiKs,i 1 — (1-7}-2)H.;K,’(Z,1) (3 )

(0017 ]

4. Means of the 1dentification method of the embodiment of

)

15 the 1nvention

4.1 Preparation

It is assumed that an input signal 1s expressed by an

M(< N)-th order AR model (autoregressive model), and a method

of optimally generating an (N+1)x2 auxiliary gain matrix K%

20 = QY% *cY%’ from an Mx2 gain matrix is derived.

Where, QY is expressed by

[Mathematical Expression 19]
v w T v
Qi = pQy_, + C, WC (32)

[Cyx Cx-nl] = [Ccx Cy-1] 1s established (non-patent

1

and CY
29 document 2).
10018]

19
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| Lemma 1]

When an input signal 1s expressed by the M(<£ N)-th order

AR model, the auxiliary gain matrix K" is given by a following

expression.

5 [Mathematical Expression 20]

Oixz
o N ONv_ri1)x2 N=M e}} L
K, =} oM + i (33)
[ Ky nim— ] g SM ki Aﬁee}},k-i
O(N—M—-i)x2
Where, eyx = Ck + Cx-1"BAy", Cyx-1" = Cr1(:,1:M), Klgma = =
Ky-niv-1(1:M, :). Here, Ckg-1(:,1:M) denotes a matrix 1including

the first column to the M-th column of Cy_j.

10 (Proof) See "7. Proof of lemma" (described later).

10019

[ Lemma 2]

When an input signal 1s expressed by the M(£ N)-th order

AR model, the auxiliary gain matrix K’ is equivalent to a

15 following expression.

(Mathematical Expression 21]

v N O/
k~N-+M~1
Where,
0;x2
T
€
_ | Oixe 1 Ai?k T
= N | T AL ey
G OMk ’
O(N-M-l—l)x?
1 O(N-M+1)x2
T
EME-N+M—1

SMk~N+M~1 T

M
Ay NiM-1 EME-N+M-1
(35)

20 GON = O m+1)1x27 KUk-N+M—lM = Ow+1yx2, XK-N+M-1 < 0.

20
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" e d J——
p—

(Proof) See "7. Proof of lemma" (described later)

[0020]

(Lemma 31

When an input signal is expressed by the M(£ N)-th order

5 AR model, a galin matrix Ky 1s expressed by a following

exXpression.

[Mathematical Expression 22]

K, = my— Dyu, (36)
Where,
Onv_m M Dﬂ/{-l -y (N —M+1:N, )Wnp,
Dk — M ) Dk = -
Dy 1 - I-‘kWnM,k
NMvmr = Ck-N T —QIJ:JDI}:{-I
[ my J — kf, m; € RNxzaﬂ'k = R1X2
Hi
CM = Cy(:; N-M+1:N) (37)
10
Here, my (M:N, :) = [m(M, )", ..., me(N,:)"]", and mx(i,:) is the
1-th row vector of my.
(Proof) See "7. Proof of lemma" {(described later)
(0021 ]
15 FIG. 1 1s an explanatory view showing update of a gain

matrix of an order-recursive fast H, filter.

P

This figure shows the summary of the above. By thils,

it 1s understood that
Ki-nem-1(1:M, ) = Ky (N-M+1:N, )

20 1s theoretically established.

This polnt will be explained below.

M

including the first to the M~-th row of the Nx2Z

Kr-n+M-1

M

galn matrix Kyym-1 1S extrapolated by using Ax-; and Sy, x-i, and

after the (N+1)x2 auxiliary gain matrix KY" is generated, the

25 galn matrix Ky at a next time 1s obtained using D™, and this

21
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1s repeated hereafter.

[0022]

P

4.2 Derivation of the order-recursive fast Hy, filter

Next, a fast He filter having an optimum expanded filter

5 gain will be described.

(0023

Theorem 3 (order-recursive fast He fi1lter)

When an input signal is expressed by the M(< N)-th order

AR model, the fast H, filter is executed by a followilng

10 expression and with the amount of calculation 3N+0O(M).

[Mathematical Expression 23]
ik = Tp1jk—1+Kox(ye — Hir—1k-1) (38)
Ki(:,1) N
K, = : e RV
14+ H K (1)
On-_—
Ky = my — Dy, Dy = [ I;MM } (39)
k
DM Dyl —my(N-M+1:N, YWk
* 1 — p, Wi
_ M M
Mmr = Ce-n + Cf Di_, (40)
[ ™y } — R;:’ my € RNX2, i, = RIXZ (41)
27"
v N 0(N-M—~I-1]X2 N v M-—1
Kk — RM-I - Gk y K’C—N—[—M—l:Kk-N'I'M“’l(]' " M, :) (42)
k—N+M-1

SMk = PSMk-1+ ef,;,kWéM,k, EMk=Ck T+ CﬂlAil

Where, GY% is updated as follows:

T
[Giv } . [le2 }_}_ eM’k/SM’k

M
01x2 Gf 1 Ak e};!’k/SM’k
B O(N-—M+1)x2
O(N-M41)x2
= | eMi—n+ar-1/SMp-N1rm-1 (44)

M T
A ——N+M-16M,k—N+M—1/ SMk—~N+M—1

15 Where,
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CY = Cu;, N =M +1:N). C}, = Ci(;1: M), C, =[gk]’ - =[1 0 ]
k

v . A
er ;1 = Z3i ~ Hixi, z24i1 = HiX i1,

is the first column vector of Cyx = [Cxs, «.., Cx-n+1ly

Cr-i = Oonyx1, k-1 < 0, and initial values are set to be Kg = Onxzy
N Mo _ M _ s _ oA —

GO - O(N+1)x2: AO — OMxlr SM,O — 1/801 DO — OMxlr X olg = X 0 = Ole-

(0024 ]

Besides, a following scalar condition must be satisfied.

(Mathematical Expression 24]

—Qéi + py?)-(], 1 =0,...,k (45)

~

Here, & =i are respectively defined by following expressions.

o _pHiKe,z'_ - gHiKi(r:¢ 1) o
'1-HK,; 1-(1-97*)HK(,1)

(46)

(Proof) It is obtained when the lemmas 1, 2 and 3 are appliled

to Theorem 2.

[0025]

4.3 Mounting of the order-recursive fast Hoo filter

FIG. 2 shows a flowchart of the order-recursive fast Hg

b

filter.

_

In order to reduce the amount of calculation,

g

Ki(:,1) /(l+yf‘2HkKk(:,l)) was directly used instead ol K; k.

Hereinafter, the processing of the order-recursive fast

H, filter will be described with reference to a flowchart.

[Step S201, Initialization] The processing section 101 reads

an initial state of a recursive eqgquation from the storage

section 105, or inputs the initial state from the input section

102, and determines it as shown in the figure.

(Step S203] The processing section 101 compares a time k with

a maximum data number L. Incidentally, L denotes the
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previously determined maximum data number. When the time k
1s larger than the maximum data number, the processing section
101 ends the processing, and when not larger than that, advance

.

1s made to a next step. (If unnecessary, the conditional

sentence can be removed. Alternatively, restart may be made

as the need arises.)

[Step S205, Input] The processing section 101 inputs an input

uyx from the input section 102, and sets C’% as shown in the figure.

Incidentally, the input uy may be read from the storage section
105.

[Step S207, Forward prediction] The processing section 101
recursively determines variables ey g, A, Sw,xr Kx(1l:M, :) and
the li1ke by expression (43).

[Step S209, Extrapolation] The processing section 101 updates

a matrix Gy by expression (44), and calculates an auxiliary

gain matrix K%' by expression (42).
[Step SZ11, Partition] The processing section 101 partitions

the auxiliary gain matrix K’ by expression (41).

[Step SZ213, Backward prediction] The processing section 101

calculates a variable Dy' and a backward prediction error nu x

by expression (40).
[Step S215, Gain matrix] The processing section 101
calculates a gain matrix Ky by expression (39).

| Step S217, Filtering) The processing section 101 updates a

filter equation of the fast Hy filter by expression (38). Here,

J—

1n order to reduce the amount of calculation, Ky(:,1)/(1+

y{QHﬂQw:,l) 1s directly used as a filter gain K; k.
[ Step S219] The processing section 101 advances the time k

(k =k +1), returns to step S203, and continues as long as data

—

exlists or a specified number of times.

24
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Incidentally, the processing section 101 may store a

suitable intermediate value and a final value obtained at the

respective steps of the calculation steps S205 to S217 of the

Ho filter, a value of an existence condition and the like 1nto

the storage section 105 as the need arises, and may read them

from the storage section 105.

Besides, it should be noted that the order-recursive fast

He filter is completely coincident with the fast Hy filter when

M = N i1s established.
10026]

FIG. 3 is a flowchart of check of a scalar exlistence

condition.

In general, a check function of the existence condition

of FIG. 3 is added to the flowchart of FIG. 2. This step can

be executed by the processing section 101 at a suitable timing

-

before or after a suitable one step or plural steps of the

flowchart of FIG. 2 or FIG. 4 (described later) or the step

(S219) of advancing the time k. EXC(k) corresponds to the left

side of the foregoing expression (40).

[0027]

P

4.4 Calculation of prediction variable

As a method of obtaining variables ey x-n+m-1; By w1

Su, x-N+M-1 and KUk—N+M-—1M—1 (= Kk-N+M—lM = Ky-mem-1(1:M, ) at the

Extrapolation (step S209) of FIG. 2, there are following two

methods.

1) Values of the varilables obtained at the respective steps

are held on a memory during N-M steps.

2) Values of the variables at a time ty-y+u-1 are also again

calculated at the respective steps (see FIG. 4 described

later).
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10028

In general, themethodof 1) 1s suitable for a DSP (Digital

Signal Processor) having a large storage capacity, and the

method of 2) is often suitable for a normal DSP, and either

p—

of the methods may be used.

[0029]

FIG. 4 1is a flowchart of a calculation method of values

”

of prediction varlables at the time ty-yim-1.

Hereinafter, a calculation processing of the values of

the prediction variables at the time tyy+n-1 Will be described

with reference to the flowchart. The processing section 101

calculates the respective variables based on the flowchart,

and uses the respective variables when step SZ209 or the like

cf the flowchart of FIG. 2 1s calculated.

[ Step S401, Initialization] The processing section 101 reads

-

an 1nitilal state of a recursive equation from the storage

section 105, or 1inputs the initial state from the input section

102, and determines 1t as shown in the figure.

[Step S403} The processing section 101 compares a time k with

a maximum data number L. Incidentally, L denotes the
previously determined maximum data number. When the time k
1s larger than the maximum data number, the processing section

101 ends the processing, and when not larger than that, advance

1s made to a next step. (If unnecessary, the conditional
sentence can be removed. Alternatively, restart may be made

as the need arises.)

[ Step 5405, Input] An 1nput uy is inputted from the input

section 102, and C’; is set as shown in the figure. Incidentally,

the 1nput uy may be read from the storage section 105.

| Step S407, Forward prediction] The processing section 101
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recursively determines variables emk,.AQﬂ SM, ks Ki-1" and the

like as shown 1n the figure (see expression (43)).

[Step S409, Extrapolation] The processing section 101

calculates an auxiliary gain matrix K", as shown in the figure
(see expression (42)).
[Step S411, Partition] The processing section 101 partitions

the auxiliary gain matrix K"," as shown in the figure (see

exXxpression (41)).

[ Step S413, Backward prediction] The processing section 101

calculates a variable D" and a backward prediction error M, x

as shown 1n the figure (see expression (40)).

[Step S415, Gain matrix] The processing section 101

calculates a gain matrix Ky as shown in the figure (see
expression (39)).
[Step S417) The processing section 101 advances the time k

(k = k + 1), returns to step 5403, and continues as long as

o

data exists or a specified number of times.

Incidentally, the processing section 101 may store a

sultable intermediate value and a final value obtained at the

respective steps of the calculation steps S405 to S415 of the

]

- an existence condition and the like into

Ho f1lter, a value o:

the storage section 105 as the need arises, or may read them

from the storage section 105.

10030

4.5 Backward prediction error

)

For numerical stabilization, instead of the backward

predictlon error nNy,

[Mathematical Expression 25]

Rl

T = T+ Bk — p~" Sepy) (47)
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can be adopted.

FIG. 5 1is a flowchart of a numerically stabilized fast

He, filter (order-recursive fast Hy, filter at M = N).

P

- an existence condition

In general, a check function o:

of FIG. 3 is added to this flowchart. Besides, P denotes a

control parameter, and B is generally made p = 1.0. This

stabilizing method can be applied also to a case of M < N.

Hereinafter, the ©processing of the numerically

stabilized fast H, filter will be described with reference to

the flowchart.

[Step S501, Initialization] The processing section 101 reads

an initial state of a recursive equation from the storage

section 105, or inputs the initial state from the input section
102, and determines 1t as shown 1n the figure.

[Step S503] The processing section 101 compares a time k with

a maxlmum data number L. Incidentally, L denotes the
previously determined maximum data number. When the time Kk
is larger than the maximum data number, the processing section
101 ends the processing, and when not larger than that, advance

p—°

1s made to a next step. (If unnecessary, the conditional

sentence can be removed. Alternatively, restart may be made

as the need arises.)

[Step S505, Input] An 1input uyx 1s inputted from the 1input

section 102, and CY% is set as shown in the figure. Incidentally,
the input uy may be read from the storage section 105.
[Step S507, Forward prediction] The processing section 101

recursively determines variables ey x, Ax, Sk, Ky-1 and the like

as shown in the figure (see expression (43)).

[Step S509, Extrapolation] The processing section 101

N

calculates an auxiliary gain matrix K"," as shown in the figure
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(see expression (42)).

[Step S511, Partition] The processing section 101 partitions

the auxiliary gain matrix K’ as shown in the figure (see
expression (41)).

(Step S513, Stabilized backward prediction] The processing

section 101 calculates a variable Dy  and a backward prediction

error n x as shown in the figure (see expression (40)). Here,

for numerical stabilization, M x (expression (47)) 1s adopted

instead of the backward prediction error nk.

(Step S515, Gain matrix] The processing section 101

calculates a gain matrix K,© as shown in the figure (see
expression (39)).

[Step S517, Filtering] The processing section 101 updates a

filter equation of the fast Hy filter by expression (38). Here,

in order to reduce the amount of calculation,

Ki(:,1)/ (l+yf'2HkKk (:,1) isdirectlyusedas the filter gain Kg .
[Step S519] The processing section 101 advances the time k

(k = k + 1), returns to step S503, and continues as long as

data exists or a specified number of times.

Incidentally, the processing section 101 may store a

suitable 1ntermediate value and a final value obtained at the

respective steps of the calculation steps S505 to S517 of the

J—

He f1lter, a value of an existence condition and the like i1nto

the storage section 105 as the need arises, or may read them

from the storage section 105.

[0031]

5. Comparison result

aund il

FIG. 12 1is a view of result of comparison between the

amount of calculation of the fast H, filter (FHF) and that of
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the order-recursive fast He filter (OR-FHF).

However, this result 1s obtained in the case where

calculation is performed in accordance with the expressions,

gri—

and the amount of calculation can be further reduced by

i

contrivance. Besides, division of a vector by a scalar can

be counted as multiplication by taking the reciprocal of the

scalar.

By this, when M << N is established, the number of times

| — 'S

F

of multiplication required for the order-recursive fast He

filter becomes about 3N, and it 1s understood that the amount

of calculation can be greatly reduced as compared with the fast

H, fi1lter.

10032]

o. Echo canceller

o.1 Preparation

~

- an echo canceller 1s adopted

Herelnafter, an example oO:

as the embodiment, and the operation of the identification

g

fore that, the echo canceller will

algorism 1s confirmed. BRe

—
—

be described 1n brief.

F
p—

FIG. 6 1s an explanatory view of a communication system

and an echo.

In a 1long distance telephone <c¢ircuit such as an
international telephone, a four-wire circuit is used from the
reason of signal amplificationandthe like. On the other hand,

since a subscriber's circuit has a relatively short distance,

a two-wire circuit is used. A hybrid transformer as shown in
the figure 1s introduced at a connection part between the

two-wire circuit and the four-wire circuit, and impedance

matching 1s performed. When the 1mpedance matching is
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complete, a signal (sound) from a speaker B reaches only a

H

speaker A. However, in general, 1t 1s difficult to realize

the complete matching, and there occurs a phenomenon in which

part of the received signal leaks to the four-wire circuit,

and returns to the receliver (speaker A) after being amplified.

This 1is an echo. As a transmission distance becomes long (as

a delay time becomes long), the influence of the echo becomes

S

large, and the quality of a telephone call 1s remarkably

—
iy,

deteriorated (in the pulse transmission, even 1n the case of

—

short distance, the deterioration of a telephone call due to

the echo can be a problem).

[0033]

FIG. 7 1s a principle view of an echo canceller.

As shown 1n the figure, the echo canceller is 1introduced,

i

an 1mpulse response of an echo path is successively estimated

by using a received signal which can be directly observed and
an echo, and a pseudo-echo obtained by using it is subtracted

from the actual echo to cancel the echo and to remove 1it.

[0034]

The estimation of the impulse response of the echo path

-

1s performed so that the mean sguare error of a residual echo

ey becomes minimum. At this time, elements to interfere with

the estimation of the echo path are circuit noise and a signal

(sound) from the speaker A. In general, when two speakers

simultaneously start to speak (double talk), the estimation

of the 1mpulse response 1s suspended. Besides, since the

—

impulse response length of the hybrid transformer is, for

example, about 50 [ms], when the sampling period is made 125

(us ], the order of the 1mpulse response of the echo path becomes

actually about 400.
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Next, amathematical model of this echo canceling problem

is created. First, when consideration 1is given to the fact

that the received signal {ux} becomes the input signal to the

echo path, by the impulse response {hijlk]} of the echo path,
an observed value {yyx} of anecho {dx} 1s expressedbya following

exXpression.

[Mathematical Expression 26

N-1
ye = dp+ve = Y hilklug—i +w, k=0,1,2,-- (48)
1=0

Here, ux and yyx respectively denote the received signal and the

observed value of the echo at a time ty (= kT; T is a sampling

—

period), vy denotes circult nolse of a mean value 0 at the time

ty, and it is assumed that a tap number N is known. At this

time, when an estimated value {hAi[k] } of the 1mpulse response
1s obtained every moment, the pseudo-echo can be generated by

using that as described below.

[Mathematical Expression 27]

N-1
dk = Z h;'[k]ﬂ»k_,‘, k= 07 1} 2: ttT (49)

1=0

When this is subtracted from the echo (yx-d 'y = 0), and the echo

can be cancelled. Where, 1t 1s assumed that if k~i < 0, then
Uk-1 = 0.

From the above, the cancelling problem can be reduced to
the problem of successively estimating the impulse response

—

{hilk]} of the echo path from the received signal {ux} which

can be directly observed and the observed value {yyx} of the

echo.

In general, 1n order to apply the Heo filter to the echo

canceller, first, expression (48) must be expressed by a state

space model 1ncluding a state eguation and an observation
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equation. Then, when {hilk]} 1s made a state variable xy, and

a variance of about wy 1s allowed, the followlng state space

model can be established for the echo path.

(Mathematical Expression 28]

L1 = wk"l‘GkW}:, L, Wi G’RN (50)
ye = Hyg@i+ v, Yk, Uk €ER (51)
. 2 = Hk:ck, 2 € R, HkE'RIXN (52)
Where,
xy = [holk], ..., hy1[k])", wx = [we(1), , Wx(N) 1"
Hy = [ux, ..., Ug-n+1]}
[0035]

10 6.2 Confirmation of operation

pr—

- an echo

FIG. 13 1s a view showing an impulse response O

path.

With respect to the case where the impulse response of

ph—e,

the echo path 1s temporally invariable (h;[kl=h;), and for

P

15 example, the tap number N 1s 48, the operation of the fast

algorithm is confirmed by using a simulation. At this time,

the observed value yy of the echo 1s expressed by a following

expression.

[Mathematical Expression 29]

63
Yk = »_RiUg_i + vk (53)
20 =0

Where, the values of FIG. 13 are used for the impulse response

{hi}i=0*?, and the other {h;}i-»«® is made 0. Besides, it is

assumed that vy 1s stationary Gaussian white noise having a

mean value of 0 and a variance 6, = 1.0 x 107", and the sampling

25 period T 1s made 1.0 for convenience.

Besides, the received signal {uyx} is approximated by a

secondary AR model as follows:

33



5

10

15

20

2D

30

CA 02647281 2008-09-19

'Mathematical Expression 30]

Up = 0qlg—1 + OQUg_2 + Wy (54)

Where, o, = 0.7, a2, = 0.1, and wyx' 1s the stationary Gaussian

: : : : %
white noise having a mean value of 0 and a variance G, = 0.04.

[0036]

FIG. 8 is a view showing an estimation result

(performance evaluation) of the 1mpulse response by the

order-recursive fast Hy, filter at M = 2.

Here, FIG. 8A shows an estimated value (X 2sdz2s6) of the

impulse response at k =256 (broken line indicates a true value),

and FIG. 8B shows a convergence characteristic thereof. Where,

the vertical axis of FIG. 8B indicates | xp-x"wdl? =

-

By this, it is understood that the 1mpulse

>0 (hi=x ¢ (1+1)) <.

response of the system can be excellently estimated by the

—t

crder-recursive fast H, filter. Where, p = 1~ x(ve), x{(Yye) =

yf'z, X olo = 0, yv¢ = 10.0, > i1 = g0, and gy = 10.0 are assumed,

and the calculation is performed at MATLAB (double precision).

FIG. 9 is a convergence characteristic view of the

order-recursive fast He filter with respect to sound input (in

this example, N = 512, M = 20, ys = 54.0).

Here, it is assumed that the order of the impulse response

——"
p—

of an unknown system is 512, and the sound i1s a 20th order AR
model. Besides, Y = 54.0 and g = 1.0 are assumed, and the
calculation is performed at MATLAB (double preclision). By

this, it is understood that even when the input 1s sound, the

order~recursive fast He, filter has excellent periformance.

FIG. 10 is a view of comparison of an existence condition.

This figure shows temporal changes of values of the left side

(EXC (k) ) of the scalar existence condition with respect to the

fast H, filter (order-recursive fast Heo filter at M = N) (F1g.
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10A) and a numerically stabilized fast He filter (FIG. 10B)

(in this example, N = 256, vy = 42.0).

P

By this, 1n the case of the fast Hs, filter, the value

of EXC (k) becomes negative at about 45000 steps, and the filter

5 1is stopped. On the other hand, i1n the numerically stabilized

fast He filter, EXC (k) always keeps a positive value 1n this

section, and the exilistence condition 1s satisfied. However,

the calculation 1s performed at single precision, and the same

sound signal 1s used for each 1nput.

10
[0037]

r—
p—

of lemma

7. Proo:

7.1 Proof of lemma 1

When the dimension of a state vector is M, a followiling

15 expression 1s obtained from expression (28).

' Mathematical Expression 31]

v M O1x2 1 er
Ky, =| M1 |+5— [ M ] 55
’ {KH J Smi | Ax e (55)

When this i1s applied to the case of the dimension of M+1l, an

U M+1

auxillary gain matrix Ky 1s obtained.
20 [Mathematical Expression 32]
g o e ) [e}“*l*" } (56)
) Ky . SM+1,k Agﬂleful,k

On the other hand, when an input signal can be expressed

by an M-th order AR model, ey x = min{ep x} and e yx = min{e  x}

are established for m =2 M. By this,

| —

25 (Mathematical

I ——

Expression 33]
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i m M M __
Ci -+ Ck—l g — Ck T Ck-lAk = €Mk

Cmk =~
émk = Cr+Ch AN =éuni
ren, = | e |
(m—~M)x1
Omik = OMk = PSME-1 +e}},kWéM,k (57)
At this time,
v M+1 ) 0
Qk 1 — SM,I:-—I
A;:-I—l Onm

1s established. Thus, a following expression is obtained.

[Mathematlical Expression 34]

eLk
k = o M '+§ k €Mk
K, _, Mk | o
1x2
01X2 1 01)(2 1 e}]\.‘l,k
— 01)(2 ~+ e}},kﬂl -+ I——c A}:{e};{k
v M—1 SM,k—l AM T SM,k ’
k—2 k—~1€M k-1 01 x2

Similarly, when the repetition is made up to N, at last, by

UusSing AkﬂM,:%Lkﬂ satisfying

(Mathematical Expression 35}

0, 0;
«N |1 | OMk—i
Qk A]]:/.{.g - OM
On-—M-i On—ar—i
that 1s,
M | 1 SM k—i
A, | = o]
k—1 A;:.Qf_t OM

the auxiliary gain matrix K" can be expressed as follows:

[Mathematical Expression 36]
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0ix2
N-M
o N O(N-M41)x2 1 eEJ,k—i
Kk — v M-1 + Z § . AM T
K NyM-1 i=0 OMk~i | Ap_ i€ g

O(N-_M-i)x2

[0038]

7.2 Proof of lemma 2

An auxiliary variable Gy is defined as

5 [Mathematical Expression 37]

Oix2
N-M T
1 EM k1

M T
i=0 SM,k-l Ak-—ieM,k-z‘

ON-M—-i)x2
At this time, when attention is paid to G (i-1,:) = Gr-1 (i,:),
1t becomes
[Mathematical Expression 38]

- [3
01x2 Gf_l

wll

, e%,; ] . OSPN-M+1)><2
= S A €Mk — g EMk-N+M-1
M,k M,k'-N'FM-l M T
10 O(N— M+1)x2 Ak—-N—f-M——I EMk—N+M-1

By this, expression (35) is established. Thus, the auxiliary
gain matrix K°%" is equivalent to expression (34) (expression
(42)) .
[0039]

—

15 7.3 Proof of lemma 3

When an input signal 1s expressed by an M(£ N)-th order

AR model, 1t becomes

[Mathematical Expression 39]
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M = Ck-N+CrDr 1 =cCr_n+ QII:{DII:{l

y DM 0
Qo | 7% | = | oy %)
On-m
@ | Pr|-al | ot

When attention is pald to this, expression (36) and expression

(37) are obtained by a similar method to non-patent document

2 .

Industrial Applicability

10040]

p—

The fast jidentification method of the invention can be

applied to the identification of a large-scale sound system

or communication system, and is effective for an echo canceller

in a loudspeaker or a television meeting system, active noise

control, sound field reproduction and the like. BResides, by

the development of the numerically stabilizing method, the

operation can be made more stably even at single precision,

and higher performance can be realized at 1low cost.

In a normal civil communication equipment or the 1like,

1n general, calculation is often performed at single precision

—

from the viewpoint of cost and speed. Thus, the invention,

as the practical fast identification method, would have the

W g

fect 1n various 1ndustrial fields.

e
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Claims

1. A system i1identification device for performing fast

real-time identification of a time 1nvariable or time variable

5 system, comprising:

-

a filter that 1s zrobust against a disturbance by

determining that a maximum energy gain to a filter error from

the disturbance, as an evaluation criterion, 1s restricted to

be smaller than a previously given upper limit yfz,

10 wherein

the filer satisfies an H, evaluation criterion as

indicated by following expression (14) with respect to a state

space model as 1ndicated by following expressions (11) to (13),

when an input signal 1s expressed by an M(SN)-th order

15 autoregressive model (AR model), the filter 1s given by

following expressions (38) to (44), and

v

the filter satisfies a scalar existence condition o1
following expressions (45) and (46):

[Mathematical Expression 1]

Tir1 = T+ Grwy, Wi, T € RN (11)
e = Hgxp + vy, Yk, Uk € R (12)
20 2 = Hixp, zr €ER, Hi € RIXN (13)
a2 2
2 lleill*/p
sup - ~ < fy?

ro, {w;},{vs} 7o 2 3 243 :
A PR H:B() — 1130“2-.1 -+ 2 Hwtn + Z ”U‘” /}9
0 i=0 1=0 (14)

[Mathematical Expression 2]
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Tk = Tp-1)k—1+Ksp(Yp — HrZr_1)k-1) (38)
K, = i e RV
1 P H K (5, 1)
On-
Ky =my— Dypy, D= [ I;VMM } (39)
k
M Dﬁl—mk(N-M+1:N,:)WnM,k
Dk = —
V— W
Mux = k-~ + Cy Dyl (40)
[ my ] — k:, my € RNXQ’ ™ c RIXZ (41)
Hi
. N O(N_M+1)x2 N M-l
K, = [ . M1 +Gy, Ky 1=Ki-niem-1(1: M) (42)
Ky nym—
Smx = pSup-1 + ep Weénmp, emp=cx + CiL Ay
Aiw = Ai‘:{-l - Kk_l(l . M,I)WéM,k, éM,k = Ci + C%-lAﬂ/{—l (43)

here, G ' is updated as follows:

[ 0 * :l = l G; ] + Aﬁle}}’k/SM’k
1 t-l 0(N—M+1)><2
O(v-mM11)x2
o e%l,k~N+M—1/SM,k—N+M~1 (44)

M T
Ak—N+M-leM,k—N+M—1/SM,k—N+M—-1

where,

* 1
Ck(:,N—M'i‘I ZN)\ CA{I = Ck-—l(:,j IM)\ Ck = [Hk], W 2[ 0_2}

. H, 0 —v;
ef,1 = Z'3li — Hixi, Z'4li = HiX 33
(Cx € Rl {5 a first column vector of Cy = [Cx, «.., Ck-n+1l,
cr-1 = Osy; and k—-i<0 are assumed, and initilal values are set
to be Ky = Opxo, GoN = 0 (n+1)x2 A0M = Omx1, SwM,0 = 1/€0, DoM = Omx1.,
10 X o = X0 = Oyx1, here, Opxn denotes an mxn zero matrix)
[Mathematical Expression 3]
-5 + pYi>0, i=0,...,k (45)

-~

here, & Zi are respectively defined by following expressions:

40



10

15

20

29

CA 02647281 2008-09-19

o = 1—n2 2= pH ;K ; pHK,(:,1)

1 ~— HiKs,; B 1 — (1 - ")/;2)H,;K§(I, 1)

(46)

where

Xx: a state vector or simply a state; unknown, this is an object
of estimation,

Xp: an 1nitial state; unknown,

Wx: a system noise; unknown,

Vi: an observation noise; unknown,

Vx: an observation signal; input of the filter and known,
Zx: an output signal, unknown,
Gx: a drive matrix; becomes known at execution,

Hy: an observation matrix; known,

e

X Wx: an estimated value of the state x; at a time k using

observation signals yg - vVks given by a filter equation,

Ks x: @ filter gain; obtained from a gain matrix Ky,

P

p: a forgetting factor; 1n a case of Theorem 1 - Theorem 3,

when Yy 1s determined, 1t 1s automatically determined by p =

= v (ye),

Jr—

Yo ': an inverse matrix of a weighting matrix expressing

F

uncertainty of a state; 2y 1s known,

N: adimension (tap number) of a state vector; previously given,

_
p—

M: an order of an AR model; previously given,

Ly

Ur: N+1lth row vector of KY"; obtained from KY%FY,

my: Nx2 matrix including a first to an N-th row of K°,."; obtained

£ U N
from K77,
Ye¢: attenuation level; given at design time

i
p—

M : . ~ : . -
Dy ¢ a backward prediction coefficient vector; obtained from

My, T]M,k and l-lk!

W: a welghting matrix; determined from vys,

P

M N : . £ = = ' .
Ay’; a forward prediction coefficient vector; obtained from Ky
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and e~M’k’

'

cM: a 2xM matrix including a 1lst to an M-th column vector of

Cyv; determined from the observation matrix Hy, and

Cy'': a 2xM matrix including an N-M+1-th to an N-th column vector

5 O

Cy; determined from the observation matrix Hyg.

LD

2. The system identification device according to claim

1, wherein it is assumed that the input signal 1s expressed

by the M(L N)-th order autoregressive model (AR model), a

10 processing section of the filer optimally generates a (N+1)xZ

' : ' - U -1~U0 T £ ' :
auxlliary gain matrix K" = Q" "C’yx from an Mx2 gain matrix,

here, QY% is expressed by

[Mathematical Expression 4]
Q) = pQyi_, + C, WCi (32)

15 C%% = [Cy cx-n] = [ck Ci-1l,

[Mathematical Expression 5]

where,
H, 1 0
C,= , W =
k [Hk] [0 -’YFzJ
20 3. The system identification device according to claim

1, wherein a processing section of the filer adopts a following

i

expression N x instead of a backward prediction error n

-
—

TOX

numeral stabilization:

[Mathematical Expression 6]

oL T = T+ Bk — p~" Sppi) (47)

4. The system identification device according to claim

47



10

15

20

25

30

CA 02647281 2008-09-19

1, whereiln

a processing section of the filter 1ncludes a step of

reading an i1nitial state of a recursive equation from a storage

section or inputting the 1nitial state from an input section

and determining 1it,

—

the processing section i1ncludes a step of inputting an

input uy from the input section or reading it from the storage

section and setting CY%, K'%(1:M, :),

—

the processing section includes a step of recursively

determining variables ey, g, AT Su, x and Ky (1l:M, ) by expression
(43},

o d

the processing section i1ncludes a step of updating the

matrix Gy by expression (44) and calculating an auxiliary gain
matrix K'xW as in expression (42),
the processing section includes a step of partitioning

the auxiliary gain matrix K°." by expression (41),

P

the processing section includes a step of calculating

a variable Dy" and a backward prediction error nu ¢ by expression

(40) ,

P

the processing section includes a step of calculating

the gain matrix Ky by expression (39},

P
—

the processing section i1ncludes a step of updating the

-

filter equation of a fast He filter by expression (38), and

F

the processing section includes a step of advancing the

time k and repeating the respective steps.

O. The system identification device according to claim

1, wherein at the step of calculation by expression (44), a

processing section of the filter obtains variables e y-yim-1,

M M-1
(

U —_ M —_ ° »
Ax-N+M-1 s OM,k-N+M-1r K k-N+M-1 = Kg-ntm-1 = Kynsm-1(1:M,:)) by one
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of followings:

1) values of the variables obtained at the respective

steps are held on a memory during N-M steps, and

2) values of the variables at a time ty-y+u-1 a¥re also again

calculated at the respective steps.

6. The system ldentification device according to claim

1, whereiln

the filter is applied to obtain a state estimated value

X k'kr

a pseudo-echo d iy 1s estimated as 1n a following

expression, and this 1s subtracted from an echo to cancel the

echo,

[Mathematical Expression 7]

N-1
dp = > hiklug—i, k=0,1,2,--- (49)
1=0

X Wx = [hO[k], ..., hx1[k]1T,

—

Uy and yyx respectively denote observed values of a received

signal and the echo at the time ty (= kT; T is a sampling period),

e

Vy denotes cilrcult noise having a mean value of 0 at the time

ty, and

N denotes the tap number (known).

/. A system 1dentification method for performing fast

real-time identification of a time i1nvariable or time variable

system, by using:

a fillter that 1is robust against a disturbance by

determining that a maximum energy gain to a filter error from

the disturbance, as an evaluation criterion, is restricted to
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be smaller than a previously given upper limit vy¢°,

wherein

pucn |l
S

the filer satisfies an H, evaluation criterion as

indicated by following expression (1l4) with respect to a state

5 space model as 1ndicated by following expressions (11) to (13),

when an 1nput signal 1s expressed by an M(ZN)-th order

autoregressive model (AR model), the filter is given by

followlng expressions (38) to (44), and

the filter satisfies a scalar existence condition of

10 following expressions (45) and (46):

[Mathematical Expression 1]

Trr1 = Tp+ Grwy, Wi, T € RN (11)
ye = Hizp+ vy, Yk, Uk € R (12)
zr = Hixy, 2k € R, Hy € RIXN (13)
& 2
2 llesill/ o :
sSup - — . < 7
rodwihivi| g, — 530H22-1 + 2 Nlwilt + 3 fluill?/p
0 1=0 1=0
(14)
(Mathematical Expression 2]
Tre = Lr1)k—1+ K p(yp — Hr@p_1j4-1) (38)
K.(:1
Ks,k — — k( ) c RNXI
1+ ’Yf HkKk(I, 1)
On-
Kj = my — Dypy, Dy = [ o ] (39)
k
pm _ Deoi —mu(N =M +1: N, )Wa,,,
M= J
1 — Wk
Mume = Ck—N + C}! DI{:V{-I (40)
m o« N
[ k } — Kk ’ mk e RNXQ, ’-"k 6 R1X2 (41)
27"
o N O(v_ar+1)x2 o M—1
Kk — { .R,M"-l + Giva Kk_N-}-M—lsz—N-I-M—l(]‘ : M? :) (42)
k—N+M-1
Smr = PSmp—1+ €y Wep, epp=cp +CH,AM

15

here, Gy is updated as follows:
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Gf 0;x2 e}f;,k/SM"‘
[ = N |t A e/ Sur
G

O1x2
" O(v—m+1)x2
O(N—M+1)x2
— egd,k—N+M-1/SM,k—N+M—1 (44)

M T
Ak—N+M—leM,k—N+M—1/SM,k—N+M-—1

where,

Ck(:,N“-M+1:N)\ Cf:{'-l — Ck_lt:,I:M)\ Ck — [Hk], W-—'[I 0_2}
Hk 0 —f

v v _ ~
er ;3 = Z'41 - Hixi, z7i1 = Hix 4|4

(c, € R is a first column vector of Cyx = [Ck, «-., Ck-n+il.,
Cyr-1 = 0Os41 and k-1<0 are assumed, and initial values are set

N M ~n M _
to be KO - ONx2; Go~ = O(N+l)x2' AO = OMxlr SM,O — 1/8Or -DO - OMxlr

>5do = x'0 = Oygx1, here, Oy denotes an mxn zero matrix)

(Mathematical Expression 3]

05 + p¥i>0, i=0,...,k (45)

-~
p——
o)

here, & =i are respectively defined by followling expressions:

pH:K,i _  pHK(:,1)
1~ H,ﬁKa,z’ - 1— (1 - ’}/f-z)H,'K,'(Z, 1)

(46)

where

Xx: @ state vector or simply a state; unknown, this 1s an object

of estimation,

Xo: an 1lnitlal state; unknown,

Wix: a system noise; unknown,

Vi: an observation noise; unknown,

Vi: an observation signal; input of the filter and known,
Zy: an output signal, unknown,
Gy: a drive matrix; becomes known at execution,

Hy: an observation matrix; known,

F

>fﬂk: an estimated value of the state Xy at a time k using
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observation signals vyg - Vxs; given by a filter eqguation,

Ks x: a filter gain; obtained from a gain matrix Ky,

_

p: a forgetting factor; in a case of Theorem 1 - Theorem 3,

when v¢ 1s determined, 1t 1s automatically determined by p =

1 '_ X(Yf)r

o ': an inverse matrix of a weighting matrix expressing

uncertainty of a state; 2, is known,

N: adimension (tap number) of a state vector; previously given,

M: an order of an AR model; previously given,

p——

Ux: N+1lth row vector of K°,'; obtained from K%,

my: Nx2 matrix including a first to an N-th row of K", ; obtained
from KUkN,

Ye: attenuation level; glven at design time

Dy : a backward prediction coefficient vector; obtained from

My, Mum,kx and U,

W: a welghting matrix; determined from Vg,

AY; a forward prediction coefficient vector; obtained from K-,

and e~M'k'

Cy': a 2xM matrix including a 1st to an M~th column vector of

Cy; determined from the observation matrix Hy, and

Cx : a 2xMmatrix including an N-M+1-th to an N-th column vector

Cy; determined from the observation matrix Hy.

1]

O.

8. A computer readable recording medium recording a

system identification program that causes a computer to perform

fast real-time 1dentification of a time i1nvariable or time

variable system, by using:

a filter that 1s robust against a disturbance by

determining that a maximum energy gain to a filter error from

the disturbance, as an evaluation criterion, 1s restricted to

477
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be smaller than a previously given upper limit yfz,

wherein

L.

t+he filer satisfies an H, evaluation criterion as

indicated by following expression (14) with respect to a state

space model as indicated by following expressions (11) to (13),

when an input signal is expressed by an M(LZN)-th order

autoregressive model (AR model), the filter 1s glven by

following expressions (38) to (44), and

1

the filter satisfies a scalar existence condition of

following expressions (45) and (46):

[Mathematical Expression 1]

Ty = Xf T Giwy, Wi, Tp € RN (11)
yr = Hpzp + vk, Yk, Uk € R (12)
2z = Hixy, 2w € R, Hy € RIXN (13)
2 2
Z%W%ﬂ\ﬂ? 2
Sup - = ] — K <y
odwibivilll gy — &o||%or + 2 w2+ X [luf2/p

0 1={ e=0 (14)

(Mathematical Expression 2]

T = T+ Ko p (e — HiZg-15-1) (38)
Ki(:1)
Ks,k = — : € RVx1
1 '}’szkKk(:, 1)
On-
Ki=my— Dyyy, D= [ I;VMM ] (39)
k
Diw _ Df{-l —_— mk(N _— M+ 1: N“:_)WWM,IB
- p Wnp
Mmk = C-n + Cy' Dyl (40)
m . N
[ N: ] = K,, m;¢€ RNX2, M € RI*2 (41)
. N O(N-M+1)x2 o M—1
K, = [RM-—I " J-FG;{,V, Ky nim-1=Ki-nim-1(1:M,:) (42)
k—N+M-1

SM,k = PSM,k—l -+ e,{{,kWéM,k: EM i =Ck + 02{_14424
A = AV - Ki (1: M, IWenrk, emr=cr+ CﬁlA,‘:{l (43)

here, Gyx' is updated as follows:
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01x2 G,
g * 0(N-M+l)x2
0(N—M+1)><2
- eE\FJ,k-N+M_1/ SMk—-N+M-1 (44)

M T
Ak-—N+M—1eM,k-—N+M—1/SM,k—N+M—1

where,

Ce(, N-M+1:N), Cl, = Ck—1(1,13M)~ Crp = [gk}’ 114 2[1 0 ]
k

v Y __ 7~
er 1 = Z'i}; — HiX;, z31 = Hix ji}s

!

Cx = [Cxs «++y Cx-n+1l.,

T

(Cyr € R“*! is a first column vector o:

Crx-1 = 0sy43 and k-1i<0 are assumed, and 1nitial values are set
to be Ky = 0 Go' = 0 Ayt = 0 Sy, 0 = 1/ Do’ = O
O D€ KNp = Unx2y 0 T U(N+1)x2y 0 = UMxl, ©M,0 T &0y 0 T Uwmxly

X og = X0 = Oyx1, here, Opn denotes an mxn zero matrix)

aad

[Mathematical Expression 3]

—g=i + pri>0, i=0,...,k (45)

-~
pr——

here, 0 =i are respectively defined by following expressions:

pH;K,; pHK;(:,1)
1-H;K,; 1-(1-+)H;K;(;,1)

o = 1_7?3 éiz

(46)

where

Xx: a state vector or simply a state; unknown, this 1s an object

F

of estimation,

Xp: an 1nitial state; unknown,
Wyt & system noilse; unknown,

Vs an observation nolse; unknown,

—d

the

filter and known,

T 1

Vi an observation signal; input o
Zx: an output signal, unknown,
Gyx: a drive matrix; becomes known at execution,

Hy: an observation matrix; known,

X x: an estimated value of the state xy at a time k using
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observation signals yg — Vx; given by a filter equation,

Ks x: a filter gain; obtained from a gain matrix Ky,

p: a forgetting factor; in a case of Theorem 1 - Theorem 3,

when y¢ is determined, 1t 1s automatically determined by p =

1 - y(ys),

>0o"': an inverse matrix of a weighting matrix expressing

uncertainty of a state; 2, 1s known,

N: a dimension (tap number) of a state vector; previously given,

—

M: an order of an AR model; previously given,

]

ux: N+1lth row vector of KY%"; obtained from K%,

my: Nx2 matrix including a first to an N-th row of K°;"; obtained
from K°.",

Ye: attenuation level; given at design time

g—
—

DkM: a backward prediction coefficient vector; obtained from

Mx, MM,k and My,

W: a welightling matrix; determined from Ys,

A.'; a forward prediction coefficient vector; obtained from Ky_;

and ey, x,

n

Cy': a 2xM matrix including a lst to an M-th column vector of

Cyx; determined from the observation matrix Hix, and

Cy': a 2xMmatrix including an N-M+1-th to an N-th column vector

of Cy; determined from the observation matrix Hi.

9. A system 1dentification program that causes a

F

computer to perform fast real-time 1dentification of a time

invariable or time variable system, by using:

a filter that 1s robust against a disturbance by

determining that a maximum energy gain to a filter error from

the disturbance, as an evaluation criterion, is restricted to

pe smaller than a previously given upper limit ‘yfz,
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wherein

the filer satisfilies an H, evaluation criterion as

indicated by following expression (14) with respect to a state

space model as indicated by following expressions (11) to (13),

5 when an i1nput signal 1s expressed by an M(SN)-th order

autoregressive model (AR model), the filter 1s given by

following expressions (38) to (44), and

the filter satisfies a scalar existence condition of

following expressions (45) and (40):

10 [Mathematical Expression 1]

Tir1 = T+ Grwyg, Wy, LTp € RN (11)
ye = Hgxp + vy, Y, Uk € R (12)
2z = Hpxy, 2 € R, Hy € RN (13)
£ 2
_;0 Herill*/p ,
sup - = n - < vy
rodwih iy — &ol|%-r + 3 lwill2 4+ X fuill2/p

0 1= 1= (14)

[Mathematical Expression 2]

Tk = Tp-1pk-1+Kop (e — Hpp_1j6-1) (38)
Ks,k - Ek(:’ 1) e RNXl
1+ '}’f HkKk(I, 1)
On.
Ky =myg ~ Dy, Dy = [ I;]MM ] (39)
k
pM _ D,‘:{_l — mk(N - M+1: N,:)W‘I)M’k
M R
V— W s
o M M
Mux = Ck—~n +C; D~ (40)
m . N
[ ﬂ: ] = Kk , MMy € RNX2-, i & RIX? (41)
. N O(N-M+1)x2 v M—1
k) = { A ] + @l K =Kienama(1: M) (49
k~N+M-1

Smp = pSmp-1+ ey Wen, enp=c; +CH AM
M M s -
AY =AM Ky (1 M) Wepy, ey = cx+ CM AM. (43)

15 here, Gy is updated as follows:
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eT /SMk
Gy 0;x2 S
[ 0 } — [ G; ] + Aﬁde};’k/SM,k
1X2 k—1 0
(N-M+1)x2
O(N-M+1)x2
_ egl,k—N+M—1/SM,k—N+M—1 (44)

M T
Ak—N+M—1eM,k—N+M—1/ SMk~N+M-1

where,

C.(,N-M+1:N), CL, = Ck_l(:,I:M)\ C, = [Hk], 114 .—_[1 0__2]
H 0 =

V4 v _ &
es 1 = Z 41 — Hixi, z'ii = HiX i|i

1§

(Cy € Rl 415 a first column vector of Cy = [Cks, +«+«,s Ck-n+1ly

cre1 = 0oy and k—-i<0 are assumed, and initial values are set

N M _ ~ M __
to be Ko — ONX2, Go = O(N+1)x2; AO = OMxlr SM,O — 1/80! :)O — OMxlr

>fmo = x'0 = Onx1, here, Opn denotes an mxn zZero matrix)

[Mathematical Expression 3]

—05i + pi>0, i=0,...,k (45)

here, 0 Zi are respectively defined by following expressions:

0 = 1-19}, Ei= e B T (46)

where

x,: a state vector or simply a state; unknown, this is an object
of estimation,

Xp: an initial state; unknown,

Wy: & system nolse; unknown,

Viy: an observation noise; unknown,

vy: an observation signal; input of the filter and known,
zr: an output signal, unknown,
Gy: a drive matrix; becomes known at execution,

H,: an observation matrix; known,

>{mk: an estimated value of the state xy at a time k using
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observation signals yo — Vx; given by a filter equation,

Ks x: a filter gain; obtained from a gain matrix Ky,

p—

p: a forgetting factor; in a case of Theorem 1 - Theorem 3,

when y: 1s determined, 1t is automatically determined by p =

1 - X(Yf)r

>0 *: an inverse matrix of a weighting matrix expressing

p—

uncertainty of a state; 2o is known,

N: adimension (tap number) of a state vector; previously given,

M: an order of an AR model; previously given,

Ux: N+1lth row vector of K'."; obtained from K",

m: Nx2 matrix including a first to an N-th row of K°"; obtained
from KY.%,

Ye: attenuation level; given at design time

-

ficient vector; obtained from

Dy a backward prediction coe:

My, Nu,x and Mg,

W: a welghting matrix; determined from ys,

AM; a forward prediction coefficient vector; obtained from Ky-1

and €y, x,

't

Cy'': a 2xM matrix including a 1lst to an M-th column vector of

Cyx:; determined from the observation matrix Hy, and

Cy': a 2xMmatrix including an N-M+1-th to an N-th column vector

of Cy; determined from the observation matrix Hy.
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5201

Initialization

0 YES
S205

Input NO 8203
Cy(1,1)= Cx(2,1)=1k, Cy(:,i)= Cralzi-1) $207

Forward prediction

€M x= c1+C:(.1 Ali-l vAl:=Ah:-l' Kii(1:M,:)W&u END
eML= Cg-l-C:‘.lAli ’ Su,k'-'-' P Sl{.bl +e£.kwguk RESTART 8209
Extrapolation
N s ell.kaux 00‘“1-1)*2
» ]_ [ZIN2]+ AYeds/Sux | e“"‘ N ’/S“"‘ A
01x2 0 (v-Me1)x2 AN N 1€ 5 kN e 1/S M k-N M-
0 (N-M+1)K2]
S213

D, ,—m (N-M+1:N ,:)Wn
M k-1 k M.k
nl{.k—ckN+Ckal , Dy= W"—“—

S211

5219

CM=C(;(;,N-M+1:N),CM,=Cx(:2:M+1), H,=Ci(1,1: N),
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[44]

S401

Initialization

Vv
K:{.1= 0 > Al:.l:' 0 " Su,k-1= '{2", D.:.1= 0 s K« k-N+M-1

0 YES
S405

Input NO 8403
Ci(1,1)=Cy(2,1)=x, Cy(:i)=Cry(:i-1)

Forward prediction 3407
g END
€M x= Cx+t C:‘.; Al{.x ’ Af“—-‘Alf.l- K:[-IWé'u,t
ema= Cx+CraA'Y , Sua=PSuur e Weua RESTART

Extrapolation

eu.k/Suk
M
Axeumx/Sux

Pa rtitlon

S411
Kk : mkGRm‘z ukeRlxz '
u’k
S413

Backward prediction

Gain Matrix 841 5
KL: '-'-'ml: - Dfﬂk /

k < k+1
S417

CH,=Cr(:2: M+1),CY =Ci(:, 1 : M),
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[IX5]

S501

Initialization

0 YES |
S505

Input NO 8503
S507

oT
RESTART

€x =Cx+CxgAryr Ax=Ayx- Kk-:Wé‘k
Cx =Ck+ck-1Aks Sk=psk-1+efng

Stabllized ’ 851 3

backward prediction

P S5
$519

Croy1 = ék(:,E : N + 1), Ck=ék(:,1 : N), Hy “—‘-“ék(l,l : N)o
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M 5201
Initialization {

Input BB NO 8203 3205
$207 |

or
RESTART

‘éu,k= ck+Cf.1 Auil ’ A‘:"'_'Ah:«-l' Kk-l(liM,!)wgm,k

M M -
eMk= Cxt CxiaAy ’ Su.k= P Su.k-l t eﬁ.xWe M.k

Extrapolation .
O (N-Ms+1)x2
T
T = eM'k‘N*‘M'll SM.k-N+M-l
L | t | M T
0 (N-M+1)x2 A k-N+M-1€ M.k-N+M-I/S M. k-N+M-1
0 (N-M+1)K2 N
= | v M-1 + Gk
kE-N+M-1

Backward prediction

D_l—mk(N-M+11N I)W”Mk
N = Co. +CYpY : pY= X _ el PR

Gain matrix 821 5

Filtering

A
A _ A Zk_Hkxk-llk-l
Xkl = Xe1lea¥ Ky (; :
ki k-1t K (1) 1+'Yf2HkKk(:,1)

217

S219
CM=Cy((,N-M+1:N),CH,=Cx(,2: M+1), H,=Cg(1,1: N),
AA  DEBUT

S201  INITIALISATION
S205 ENTREE
S207 PREDICTION DIRECTE
S209 EXTRAPOLATION
S211  DECOUPAGE
S213 PREDICTION REGRESSIVE
S215 MATRICE DE GAIN
S217 FILTRAGE
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