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Simultaneous Identification of Fractional-order
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Abstract
fractional-order control which has drawn much research attention recently. However, the relevant study rarely involved

The identification theory and method of fractional system is an important research direction in the field of

the structure and order of fractional-order systems. Firstly, the colored noise model of linear fractional-order system is
discussed. Then, the condensed information matrix whose information vectors have shift structure character is constructed,
and the theoretical analysis and its proof about the condensed information matrix factorization and transform are also
given. On this basis, an identification algorithm by transforming the condensed information matrix alternately and
extracting relevant information from this matrix is proposed, and the decision criteria for the optimal estimation model
structure and order are discussed, so the structure and order and parameters of the fractional-order system time domain
model can be identificated simultaneously. The simulation study indicates that this method can obtain satisfactory
identification results, and also has better ability of noise suppression. Not only the structure and order of the system

model but also those of the noise model can be identified accurately.
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Table 1  Model parameter estimated value and its index function (N =4, NSR = 0.20)
N bo a & by as és by as & bs s Jn
4 0.5563  —1.4717  1.3887 2.9835 1.9918 0.9402  0.0030 0.0015  0.0003 —0.0001 —0.0001 0.0676
4(u) 0.5489 —1.4755 1.3903 2.9937 1.9964 0.9433 0.0023 0.0014  0.0003 —0.0001 —0.0001 0.0686
4(v) 0.5301 —1.4836  1.3687 2.9880 1.9962 0.9433 —0.0042 —0.0031 0.0001 0.0003 0.0002 0.0768
3 0.5334 —1.4804 1.2731 2.9871 1.9929 0.9710 0.0006 0.0003  0.0001 —0.0000 0.1310
3(u) 0.5256 —1.4844 1.2731 2.9943 1.9965 0.9726  0.0004 0.0002  0.0001 0.1321
3(v) 0.4999 —1.4929 1.2515 2.9834 1.9905 0.9710 —-0.0022 —0.0015 0.1467
2 0.4925 —1.4927 1.1560 2.9769 1.9850 0.9851  0.0000 0.2866
2(u) 0.4876  —1.4954  1.1560 2.9798 1.9865 0.9864 0.2871
2(v) —1.8333 —1.2528 —0.6766 —0.0052 —0.0004 39.9039
1 —1.8316 —1.2522 —0.6736 —0.0047 39.9043
1(w) —1.9990 —-1.3260 —0.7152 T ¢4 = 0.0000 40.3466
1(v) —0.2292 —0.2409 b, = 0.0000 77.7971
HAA 0.5 —1.5 1 3 2 1 0 0 0 0 0
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ARSCESETHE T 70 B RGEHF VAT (0 1 A A
M SRJE R T BAT AL 4R RS R
P MR, 4t T A SR P 2 A A o i A 8 11 B9
W15 o0 br. AEUEIEAL b, SR T R TR B R AR AL
O AR W R YIRS S8R N R 5
. EITEAE AR W] RSO VR RES SRAT I R
HRREE R, BAT R4 I /= TR 75 ARETS
HERA M A R UL (K S5 M 55 B 2k, i HL e % % IR
LKLY ARSTH RV S

ARSCHAR R AE T, REfS IS B 4 v
EEM . — IR FREI BEE (AN [ B O R A7 2
AT B R O 2 T8 b e BUMEL, [F) I IR R ST 1 45
W24 i T RS T — AR INE 5, K5 N
JH T B AR SEEAT ) A AR R AL AR S S 4
B, DR AT TR S B TaAE . TSRO AL
TP AR AR [V da H, AR SR B AT LA (K 4k
HIFHR T, S8 TR L.

T N 5 q vE T BIRAAFE 44, ik
FRANTH RN ORI LR T N 5 g
ERDN. BB M &, REERLY 34T, 7 2 ¢
AN N ENER. R g BUEGN . NOBOK, T
SRR, FESCER NI R, WIEHEIER) g AT N, A
SEIHERG B S R 48— (EU, i) < id”

#£2 A NSR WMHHRGR LR (N =4, ¢ =0.5)

Table 2 Identification results and comparison of different NSR (N =4, ¢ = 0.5)

NSR bo @ é by a» & ba Jn

0.05 0.5092 —1.4950 1.1693 2.9995 1.9999 0.9925 0.0000 0.0177
0.10 0.5111 —1.4921 1.1686 2.9955 1.9973 0.9912 0.0000 0.0713
0.15 0.5055 —1.4914 1.1639 2.9879 1.9923 0.9887 0.0000 0.1612
0.20 0.4925 —1.4927 1.1560 2.9769 1.9850 0.9851 0.0000 0.2866
0.25 0.4726 —1.4962 1.1435 2.9628 1.9755 0.9805 0.0000 0.4458
0.30 0.4462 —1.5016 1.1282 2.9459 1.9641 0.9749 0.0000 0.6364
0.35 0.4142 —1.5087 0.9685 2.9268 1.9511 0.8554 0.0000 0.8554
0.40 0.3775 —1.5173 1.0898 2.9057 1.9368 0.9616 —0.0000 1.0993
0.45 0.3370 —1.5271 1.0677 2.8834 1.9216 0.9541 —0.0000 1.3645
HAE 0.5 -1.5 1 3 2 1 0 —
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Ko LEAOIRT AR VR A, SRIC <SR i 71
gk P SRS AT IR S e, B
RS KE N AL, FHEI— AN BRI ¢ {8, @
FEIK T EARA B R s AL o, L H AR T
BRI St KT BER R G B iR el T e i
q WEBOK, N4 S0 BB, A ARE DR
fRyis SR AR, (53R G R SE R ) R BUH B REAE
J AH EAF DR WIRRI AR DL SR)5, MRS RGURe %]
RS 0 P2 ) S B BESRIE AN ER BN ¢ fH, JF
A CAFI X RBUE R E N H, N R
ARIUR W S5 L B SRR ARG

AT T etk 73 Kb SISO R SE i 4 iR
[, T B A AR AR Fbir R 48 . MIMO
ARG RS TR A T
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