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Abstract

This paper deals with a design method of digital differential filters which are constructed by the parallel
composition of some finite impulse response type narrow band filters. By using the proposed method we
can get the bank of the differential filters which have 0 to some appropriate ranks and same almost equal
phase characteristics. And it is shown that the linear system identification is able to execute by this filter
bank. The parameters estimated by this filter bank is used for the system order estimation by using the
resultant of the polynomials which are numerator and denominator of the estimated transfer function. The
filters in the filter bank are finite impulse response digital filters, thus they use only finite time observation
signals extracted from the objective system. Therefore the estimation procedure would have the properties
of adaptation. For showing this properties we give some numerical examples. Lastly, the proposed design
method of the finite impulse response digital filter is able to be used for the design of the digital filters with
any type frequency response. By the several examples we show this ability.
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Table 1. The Parameters of The Differentiators.
M=6 a=01x b=02x

P N jr

0.98 50 0.562678
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By(s) =by +bys+b,s* -+ + b,s° (74)

DEHITH B F(MF&, #HiEX

Rpo =
dp Qpy G
a a a
2 - o
. . % 4p, a,
b, ot ° b,
b‘2 bg_1 b, P
>
bQ bQ-l bo
(75)

MRy, wO02BZLTHB "IV LNIVWP,Q
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P,ODETNIRA—YHERTIRETH P, T T
Op0 =Rpp “dp 'bQ (76)

BREREOHMERLT2L2E22", $hbdB
Opp PEHTRORE <22 P, 0 & b {mEHM (R

BiEP) BEDES LT3, £FEUEEE
R,, =001 a7)

e LTHL,

9. EERMOHES

HM7TRER2OLIBRBETES (1) 2RESE D
KR IWT

1+2s+ s> +3s°
1+35+25% +55°
5%, G(s)OABEATRENTHS. £1DHY
ERICIZL =52 LT(65)DFEET P,Q 2@ Lz L
SO Ry 0,05, OELHFRERTNE, P=3, 0 =3
DELE O, BRELTREREL BTV ZDHDY
2. P>3, O0>3CHRBRIZFELHEEIATY
TRy B0 TRV G, ~0, by ~0DE®»I
Opp =0LBoTNE, TRDB 6, , RBREDR

G(s) = (78)

WIHIEERR TH 2 Z BRI TV 3,
RIZEPITLEIRTHZDPERX 1 RORDHITH 3,
Thbb

1+6s+11s*> +6s° [1+3s

G(s) = 1+4s5+55% +25° =( 1+s ) )
THd. YOI R3IRORLLTCAHELL=5LLT
(26) 0BT P,Q 28> LI L ED Ry, 0,, DEAL
THs, P=1 Q=10L&,, BRERDELL
RPEHRELTVS, P>1, Q>1ToREOHEME
RIEEELWS G, =0, b, s00108,, ~02 %

D RRY 6, BRBREDRVFHIEERTHE L &

ALTW3,

M7 #l1OALHES
Fig7 Input Output Signal for Example 2

x2 Hl1OHEES
Table2 Estimation Result for No.1 Data

XAV E L AR LEARORBOHEE

BBy —2 1

tstart = 0.00000
totaltime= 20.00000
h = 0.02000

ANIES M= 6

m=0 wmn=0.10000
m=1 wn = 0.50000
m=2 wn=1.00000
m=3 wn = 1.50000
m=4 wmn=2.00000
m=5 wn = 2.50000
m=6 wmn = 3.00000

HNEREEBBAR, AF N=
1.00000
3.00000
2.00000
5.00000

i= 0 ai
i= 1 ai
i= 2 ai
i= 3 ai

Bl 6.3

Q1O O B D B B WL WL NN DN = = T

Q

0

1 -0.02780811
0 0.01000000
1 -0.02649665
2 0.34067440
0 0.01000000
1 0.00054439
2 0.61784082
3 11.00000000
0 0.01000000
1 -0.00813159
2 0.83085601
3 -32.99999999
4 0.00000000
0 0.01000000
1 0.00268781
2 1.41232779

EEEEEEE

B 0E R, Q>
0.01000000

1995-9-7 16.30.22
= 1.00000 Bm = 1.00000
= 1.00000 Bm = 1.00000
= 1.00000 Bm = 1.00000
= 1.00000 Bm = 1.00000
= 1.00000 Bm = 1.00000
= 1.00000 Bm = 1.00000
= 1.00000 Bm = 1.00000
3 L= 5
bi = 1.00000
bi = 2.00000
bi = 1.00000
bi = 3.00000

i D S <P,Q>

0.00016039
0.00030925
0.00034790
0.00001247
1.02010733
0.00000577
0.00000000
0.01694485
165.00000002
0.00011262
0.00001328
0.01271283
0.00000000
0.00000000
0.00005475
0.00000085
0.01237503

81



82

5 3 98.99999994

5 4 0.00000000

5 5 0.00000000
RS A—%
P= 3 Q= 3 &<P,Q=
ae(0)=  1.00000
ae(1)=  3.00000
ae(2)= 2.00000
ae(3)=  5.00000
HERE
P= 4 Q= 3
ae(0)=  1.00000
ae(l)=  3.00000
ae(2)=  2.00000
ae(3)=  5.00000
ae(4)=  0.00000
P= 4 Q= 4
ae(0)=  1.00000
ae(1)=  3.01231
ae(2)=  2.03692
ae(3)=  5.02462
ae(4)=  0.06154
P= 5 Q= 0
ae(0)=  1.00000
ae(l)=  0.10464
ae(2)= -0.15176
ae(3)= 0.07235
ae(4)= -0.01230
ae(5)= 0.00672
P= 5 Q= 1
ae(0)=  1.00000
ae(1)= 0.17244
ae(2)= -0.16203
ae(3)= 0.06583
ae(4)= -0.01332
ae(5)= 0.00621
P= 5 Q= 2
ae(0)=  1.00000
ae(1)=  0.30670
ae(2)=  2.20545
ae(3)=  0.08726
ae(4)= -0.00862
ae(5)=  0.00632
P= 5 Q= 3
ae(0)=  1.00000
ae(1)=  3.00000
ae(2)=  2.00000
ae(3)=  5.00000
ae(4)=  0.00000
ae(5)=  0.00000
P= 5 Q= 4
ae(0)=  1.00000
ae(1)=  3.01237
ae(2)= 2.03712
ae(3)=  5.02475
ae(4)= 0.06187
ae(5)=  0.00000
P= 5§ Q= §
ae(0)= 1.00000
ae(1)=  3.00313
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0.00000000
0.00000000
0.00000000

165.00000002
be(0)=  1.00000

be(1)=  2.00000
be(2)=  1.00000
be(3)=  3.00000
be(0)=  1.00000
be(1)=  2.00000
be(2)=  1.00000
be(3)=  3.00000
be(0)= .00000

1
2.01231
be(2)=  1.02462
3.01231
0.03692

be(0)=  0.81431

be(0)=  0.81802
be(1)=  0.05086

be(0)=  0.89279
be(1)= -0.09389
be(2)=  1.38626

be(0)=  1.00000
be(1)=  2.00000
be(2)=  1.00000
be(3)=  3.00000
be(0)=  1.00000
be(1)=  2.01237
be(2)=  1.02475
be(3)=  3.01237
be(4)=  0.03712
be(0)=  1.00000
be(1)=  2.00313
be(2)= 1.03791

2
5
0
0

©
@

®
@

o W B
— o — —
[T TRTIT]

©
@

©
@

.04104
.10123
.07895
. 15830

x3 2

be(3)=  3.06644
be(4)=  0.04104
be(5)=  0.09498
DIEEH

Table3 Estimation Result for No.3 Data

BREIEAVWE LA LHARORBOKE
1995-9-7 16.31.41

RO —2 2
tstart = 0.00000
totaltime= 20.00000
h = 0.02000
ANES M= 6
n= 0 wm = 0.10000 Am = 1.00000 Bm = 1.00000
=1 wmn = 0.50000 Am = 1.00000 Bm = 1.00000
n= 2 wn = 1.00000 Am = 1.00000 Bm = 1.00000
n=3 wn = 1.50000 Am = 1.00000 Bm = 1.00000
m=4 wmn = 2.00000 Am = 1.00000 Bm = 1.00000
=5 wmn = 2.50000 Am = 1.00000 Bm = 1.00000
m= 6 wm = 3.00000 Am = 1.00000 Bm = 1.00000
HNERCERBAR, #F N= 3 L= 5
i= 0 ai = 1.00000 bi = 1.00000
i= 1 ai = 4.00000 bi = 6.00000
i= 2 ai = 5.00000 bi = 11.00000
i= 3 ai = 2.00000 bi = 6.00000
3 ffh BE 28 %
PQ HREXDOMERP,Q  FEADMES<P,Q
1 0 0.01000000 0.00213872
1 1 -2.00000000 6.00000000
2 0 0.01000000 0.00116659
2 1 6.00000000 0.00000000
2 2 0.00000000 0.00000000
3 0 0.01000000 0.00032570
3 1 -18.00000000 0.00000000
3 2 0.00000000 0.00000000
3 3 0.00000000 0.00000000
4 0 0.01000000 0.00025933
4 1 54.00000000 0.00000000
4 2 0.00000000 0.00000000
4 3 0.00000000 0.00000000
4 4 0.00000000 0.00000000
5 0 0.01000000 0.00008132
5 1 -162.00000000 0.00000000
5 2 0.00000000 0.00000000
5 3 0.00000000 0.00000000
5 4 0.00000000 0.00000000
5 § 0.00000000 0.00000000
Bl A—%
P= 1 Q= 1 &<P,Q= 6.00000000
ae(0)=  1.00000 be(0)=  1.00000
ae(1)=  1.00000 be(1)=  3.00000
HERM
P= 1 Q= 0 be(0)=  2.15465
ae(0)=  1.00000
ae(1)= -0.09926
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P= 1 Q= 1 be(0)=  1.00000
ae(0)= .00000 be(1)=  3.00000
ae(1)=  1.00000

—

P= 2 Q= 0 be(0)= 1.50332
ae(0)=  1.00000
ae(1)= -0.04669
ae(2)=  0.07760

P= 2 Q= 1 be(0)=  1.00000
ae(0)=  1.00000 be(1)=  3.00000
ae(1)=  1.00000
ae(2)=  0.00000
P= 2 Q= 2 be(0)=  1.00000
ae(0)=  1.00000 be(1)=  3.02656
ae(1)=  1.02656 be(2)=  0.07969
ae(2)=  0.02656
P= 3 Q= 0 be(0)= 1.60776

ae(0)= 1.00000
ae(1)= -0.18819
ae(2)= 0.06844
ae(3)= -0.02026

P= 3 Q= 1 be(0)=  1.00000
ae(0)=  1.00000 be(1)=  3.00000
ae(1)=  1.00000
ae(2)=  0,00000
ae(3)= 0.00000

10. #EGRE

BhiciirELSIC, RELEMB 7 4 IVIBEET 1
SANE LTREL D ARBEORRE L IPAVERN,
¥z, ABCRZOHCEDOARBBELZ TOELIAW
RVWOT, TXEOMIEZ—EFLRREZ L5RDoLK D
& LEROEICH LTI AR Tl = FEF I E
FAdHk2LEZONS., Thbb, HEiLFEEDOHEED
brLEIBND,

BREPPRC T DI, BIC1XRDORA

G(s) = —2
sS+a

BEZD o TATVINT ANV EHFHDINGA—-FD
bORENESANE

Ms
x(t) = E {a, cos(wt) +b, sin(w,t)}  (81)

m=0

(80)

YUk £k,
T, =01 N, =10 K, =10 (82)

LLUTRAZETo%2, MBI X, E0 &
Yeond (r=012) 0%(oRTETT. Aa 0
EEEA,,a, L LT, M10E5A—% A,a B%E(L

LRWBE, K1 13155 2—% ADZET 254, B

12355 A= aBEMT2HE, TLUTEL 3N
FA—H At aBRICELT IBADRAEHTH B, =
hzR% LRENBECHICEBIN TV IRFPDD» 5,

0 20 40 t=kT, 60 80 100

X8 MERADANEHWAHMHES
Fig.8 Input for the System and its Derivatives

X9 XNRFRLEDELMAES
Fig.9 Output from the System and its Derivatives

0.25
A, \
0.0 < :v A
Aa 0.1 . .
Aa, i .
01 .{ “‘/ — a
i

0 2 m KT % 0 700
10 a, ANRIZELLLRVES

Fig.10 The Case of @, A are constant
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o " \,-{_,--"“‘:"
-~ : desa § "{:’V‘\A
Aa a
Aoty I " | 4
T NS
Xae
o 2 m t=kT, ) w0 00
K11 A0HHDELT ZHE

Fig.11 The Case of only A varies

Aa 0.14 ' e
A.’a. H
0.19 ‘
9% 20 w XL o ) 700
B12 a0apELT 8
Fig.12 The Caseéof only a varies
0.2
-
Aga
Lol } [ o ‘\r/
V T,20.1
Y 20 o B, 5 m 700
13 AahrHIZELTIHBE

Fig.13 The Case of A,a vary

11. EB¥MEEZ7 1V Daat

BRI TRRE LMD 7 4 VY OREHEZEZEED
IRERHED 7 A VY ZRE T2 LD kB, Che#H
B R VDRBISEHET 4 )V & DREHICD
WTERHT %,

WHBOIEE 7 + VY OREHIZEX %, FTEHNET
BEET + Wy OBBRFER 52 %, a %

Osasm (83)
ERBIIBERMET D, BEHET 1 VY EHHRS
Osb=a (84)

DIEFZ—ERHMES 2. BEHE Y 1)V DR
ikl

N

1,06)=17,0) > (85)
THb, T
Ja(6)={1 0O )
0 otherwise
THsd (K14) .

8/m

14 BREETALSY
Fig.14 Ideal Low Pass Filter

RICGET M VORRIHEHET 4 VY DBBRE R 5
2%, o, B,0,,8 %
Osa <f<a,<B,sm @7
ERBEIBRERET D, OLSREEHEET 4 VY
DA BRI

N

2 N
I(al'pl)}-l (6) - {2 Ja"ﬁl (0)}3 2 (88)
=1
THd, T\

o, a,s0s<p,

Ja,,ﬂ, (0) = {
(£=12) 89)

0 otherwise

THH(15) .
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201

150

|0(8)|

X 4

0.0

0.0 0.2 04 0.6 08 1.0
6/m

15 EBHHTALY
Fig.15 Ideal Multi-Band Filter

12. ARFIRZ4NVHIZ X DEE

BIRHE 7 4 VY ORFREBEREET LD AR L 7=
7 ANE TERBESERNMEET | CORRIHET 4
SREAPTEL2EXD. ETEEB7 1 VI OFER
#22. L 1D B Y LTEKT

Osa <a,<<a, sa (90)
EMHERT 1 V¥ f(z,a,) ORRBBIHEET 4 )V

¥
Fy(2) = ZAJ () oD

EEX3, WE F(2) oOMBEMEYE F(e”) ©
I(€°) BT 200 T8, Fy(2) TH5A—%
A(0=12,. L)ydEmrss, 1)Xe5RT5L

Fy(e) = d(6)e ™" (92)
LREhB. ZIT
P(6) = Z Ap(6-a,) (93)

Ths, PO)kp=10r SicEEWMERZ, LL
O<p<1Tid PO) IMABMBTH B, 22T,
[PO)F cBmBRB 7 s vy olEEE RS H#
I7,,(60) F=1%E8132, P(6)ixp(0) B>
O=a, ({=12,.,L)ice—re#s, z0ERE

E—ETH3. CORXTE{a,}, #00)ADEET

FHRICBRODOLET R, =

¢(a,-a)=0 L=s (94)
L30T, @f) DHBEEERTIL
A, = d(a,) (95)
Li2%, 20T
A =J,,(a) (96)

CBEFEDEISND. L L, —BICEO)R &
25F(9)RD PO -a,) HERETRERSE DL
72%.% T, ZOMX TS ZDDHEITDNTDEL
HEEERTHE. ETENROBENTOM {a,},

HORVBAREOEBED D(a,) DTHMEE L Lk

2#izL L, {a,}), PEVBERBALRS D(a,) T

2 2H 2L T, COFKICLDAPTEILHTE
%,

CEEHBRT A NVIDBETH Y. HET 11y
DBELIELALALTHE. {a,), HOEVBEY
D(a,) HBAL 2B EENOLHETH S L L,
{a,), #BvBaERALR 2 Ba,) TLEE Y
A EDIBLT B, CORKILDEMNT BT LHT
&5,

13. 87 1 )v% DRt L E17F
B TER A B LD RO I A VY BREHLTA S,

BEtFI2 20523, hDBAICH /T A—F
N=300,M =5L=2,p=099 T3,

BEHI1 (BB 1 V%)
OB ADIRIERE L AL EZE1 6 M1 TICR T,

a2 (71 VF)
COREDOIRBFME LA EN 1 8 LE 1 9IZRT,
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K16 REHMEET 1 L5 OIRIERE
Fig.16 Magnitude Characteristics of Low Pass Filter

IT(8)]

A b H 4 o - m e a
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s s s " s n
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17 REHERT 1 )5 OLE®HHE
Fig.17 Phase Characteristics of Low Pass Filter
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18 EMEET 1 L5 DIRERFHE
Fig.18 Magnitude Characteristics of Band Pass Filter
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Fig.19 Phase Characteristics of Band Pass Filter

IR ERREZ R LU TV S, F =R
QIZIFREAARE 2R LTV 2 e bbb 2,

14. 74NV9DEFTF

BRI TR LD ICRR UEMEH 7 VYK T
IR74 V% P (2)DfE¥225, IIR7 4% P,(2)
FANRDLSIC UTEITTE LD T REN I HER
REEBMTHETE 2, o TREOEMBHIH 7 1
W DRELTRENE. REDEHE LGS A >~
DERDZHEH 7 4 V&b N ICERERREERKCHE
T&2%, THhIEN HERICR 2 LBHTHL
THd. v 7NVEHETs =001t L,

X, =a+b-sin(2afI k)
(k=01,..,L) (97)
EAAESL LEOBAOGEF 22 0ICRT. 20
HCiREFESIORE( f = 15hz o nd 2 g

T\ HAKRES, BESFICBREB V0.5 EHIATY
%,

Ta=0.001 tmez=100 w=0.0 d=1.0 f=15.0
Xave=3. 344317 R=10 H=! L=§ p=0.99

104

asf

i aof

asf

" L L s s s
a0 [¥] 04 as a8 1.0

t(s]
20 &7 1LY DIEEH

Fig.20 The Response Curve for the Designed Filter

15, £

BRA VOV RGERBREE T 4 )V & DAFIEHIC
LBTAVINME 7 4 VI D—BEHEICDWTE X,
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