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Abstract: The fusion estimation algorithm of a class of dynamic multiscale system based on state space projection is
explained for clearly understanding of its essence in this paper. Firstly, the fusion estimation algorithm is compared with
that directly performing Kalman filter at the finest scale. Simulation results show that performance of the fusion estimation
algorithm outperforms that of directly performing Kalman filter at the finest scale. Secondly, the fusion estimation algorithm
is compared with general time registration method in terms of algorithm process and computational cost. It is shown that,
time registration is replaced with rigorous mathematical model in the fusion estimation algorithm, and optimal estimation
based on measurement information at all scales can be obtained, and at the same time, the computational cost is larger than
that of time registration method. It thus lays a foundation for practical application of the fusion estimation algorithm for a

class of dynamic multiscale system.
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1 5|5 (Introduction)

N T RESEZRGNPIREAM T H AR R H
b BRER S 5 T PERE, RTRHH 2 A A AR FE R 4%
SR HLHEAT W, X KRB N B2 TR
43 (dynamic multiscale system, DMS). I, S5 4
& f KO HLR A 2 ROBERRE, 1% 48 i 508 ab 3
ARG FBARAME N 2K R g, M,
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¥:(DMS fusion estimation algorithm based

on state space projection)
2.1 DMS#EEfiti v ) 8 K i 3 (Problem formula-

tion of DMS fusion estimation)

DMSHl & v H i, £ TR 2Is &2 R
FEFR G B U AL T X ISR G0 il BAT AN R RFE 3
() T AN AL RS ST LI, IXAE A 2 T TR, i
UL PR 2 7] — AR, BRI AN [] A% At FRD UL 4 AH
BIRAR, n] LU I o il 5 15 2IDMS H b 1 i AUl
it

K A% B AR HOR R R N 1 B JHEY, A% K
ar 1R AR i . M 2y (6)KIE AL 2 (t), DMSHI i
NTRERR

x1 (k1) =A(k1)zq (k1) +B(k1)w(kq), )

zj(k;) = Cj(k;)z;(k;)+v;(k;), g =1,2,- -, J.(2)

Lo xi(ky) € RN=>UN AR Ao Bk & R i,
zi(k;) € RN2XUI I, key 263 R 5 1 fRSRAERS 2.
A(ky), B(ky) N 2GR NHE B, C (k) R 5 1
(17 R0 00 B2, 2 3594 v 0T 7 e 7w (fey ) B o (Kej ) ST,
i 75y 0 QK1) R R, (K;).
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SR A N 2 M B N T E Al RSV SCER 5]
BT 55 1) DMS [ 4% 8885 1R K FF 2R N1 31 Tk £ 34
W, B 14 1 T X K DMS R A T S g5 4. e 5
AN H EAT, RJET FA 27 A A, RE2 |

V2.
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0.[7...’0.]7(7)J T,
—_————

272 L BRI T LA 1A G, RS 1
K3 A T R 25 RO IR S

kAT :
0 RE{ J

x,(27%) +1)-1) 2)@5{2
RE{ 1

;xl(ZJ’Ik)xl(ijlkJrl) x1(2J-1(k+1)-1)§

B 1 — AN A B sl A 2 R R GERPRA TS s 454
Fig.1 Tree structure of the DMS state nodes within

a time block

2.2 CR& A B D) (State space projection)

T A R R, A AR A I ]
Be EAT N, 58 BOR 2 25 18] N 85 40 R 7] e 4x
I8, Haar/NEAR R DEB  SUH B4, 7T L
WRER. mE 1R, RE ) = 2,3, , J LI
W (k) ky = 2779k, 27 9k + 1, 2779 (k +
1) — 1Ay BLRZR R HOF — RUBE EA15 AU Haar /AR
#e

Jj—1,
277 my;

o colF R K45 5 N 1 Fodis 4 k8 n) B, z(k)
Jo27 TNy < Ve, my = 0,1, -+, 2777 —1, 5 =
N
2 (27 k + my) = Mj(my) - (k). (5)
2.3 ZRORA T FEP! (Equivalent state equation)
DAL 18 o RGN, REPPIRES TR
127N E+1) +1) =
Az (277 Yk 4+ 1)) + Bw(2/ 7Yk 4+ 1)).  (6)
FE TR % 7 B2, HE T 4 1) ) B sl 41 11 45
BRI, W43
z(k+1) = Az(k) + Bw(k). @)

9J—1

V2
z;(k;) = =5 (25-1(2k;) + 251 (2k; + 1)) .
48
z(k) = col{z, (277 k), 2, (27 k+1), -+ -,
227 (k1) - 1)}, 3)
\/§ j—1
vy T T 0.1
’( 2 ) 9 ' 0 9 : 70 (4)
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/ —

0..-0 At
_ 0---0 A2
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0o 0 4
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B 0 R
5 AB B O v vee enn 0

w(k) = col(w(2/(k+1)—1), w2/ (k+1)), -,
w27k +2) - 2)).
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2.4 2% W 3 75 #2651 Equivalent measurement
equation)
TR R B % J7 R, HE - 44 0 R) P s
[ 45 28 00 7 R, R AT I B Ay, RORE 5 b g
2 (2779 k + my ) LI 5 2
zj(QJ_jk—i-mj):
Cjx; (277 k+my)+v; (277 k+m;). 9)
H15(5), Al %0
227k +my) =
CjM;(m;)z(k) +v;(27 7k +my).  (10)
s X
zj(k) = col(z;(2777k), 2 (27K + 1), - -,
(2777 (k+1)-1)),
Cj=col(C;M;(0), C;M;(1), -+, C;M;(277-1)),
i (k) = col(vj(2779k),v; (27 Tk + 1), -- -,
027k +1) — 1))

AIHERS 0, (k) B 22K R
Rj(k) = diag[R;(-), R;(), - B; ()]
JUES)
z;i(k) = C;z(k) + v;(k)
E X
z(k) = col(z;(k), z5-1(k), -, z1(k)),

o(k) = col (vs(k), vy-1(k),- -, v1(k)).
o e s o (k) M7 2228
R(k) = diag[R;(k), Rj-1(k),- -, Ri(k)].

JIES)
z(k) = Cz(k) + v(k). (1)

2 (7) MEA1) Z s T i 2 v R 7K 2 0
W BEATTRE, 0 H STt 2R 2 0k, #4332 (k)
AL T 2 (k). X T FHoAb ROBE EARIRES Y R
T, 7€ B 1, WOSCHR (5]

SER 1 W (k) z(k)LE R A BR EAT ) 25
PE s N 7 ZEAl O, A RE) = 2, J K
RAAT S 2y (M7 =Tk 4 my) Ik 5N 5 22 4631
h M (m;)z (k).

3 5RMRNE EHEHRIT RREIHEK
i1 b 388 (Comparing with directly performing
Kalman filter at the finest scale)

3.1 H¥EL: DMSRELE flivh B (Algorithm I: DMS

fusion estimation algorithm)
R (A A B
Ok +1) = Az0 (k) + BoW (k),
{Z(D(k) — GO0 (k) + 50 (k). (12
st b AT R 2 g i, w13 2 2O (k) Ak

1t 2O (k).

3.2 B AE & A0 R b HE T 4 ) R o

M5B )G, $E4T R /K 8 38 B (Algorithm
II: performing Kalman filter at the finest scale
with the equivalent model that is recursive in
time block)

AR f 4 R ORUBE 1) R 285 7 R R0

T3 R, HE I ] e HE 0 S5 OB, AR A BEAT

ROR 2 PER, UK AR N AL SR TS

PRIUA B, S5 RCIRAS T R 72— FER, T

FEVE N REEBOW M TT L. E X

0-1,---,0-11I0-1,---,0-1

~—_—— .

m1

o I Ny x N PR RS A2 (2771 +

)T LU g

$1(2J_1k:—|—m1) = Ml(ml):f(k:) (13)

Ml(ml) =

j
z1(2‘]_1k+m1):01Ml(ml)f(k)—i—vl(?]_lk—i—mﬂ.
(14)
& X
2 (k) = col(z1(27 k), 2127k + 1), -+
21277 Nk +1) = 1)), (15)
™ = col(Cy M (0), CL M (1), -
C1My (2771 — 1)), (16)
o (k) = col(vy (277 k), v1 (27 Tk + 1), -+,
v1 (277 (k4 1) — 1)). a7
RS}
2 (k) = cWak) + o™ (k). (18)
# 2 (7) M (18) BAE ik
Mk +1) = Az (k) + Bo (k),
{z§“><k> _ Mz + ow).
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it b CREAT /R 2, T 49 20 20D (k) I Ak T

{8 200 (k).

3.3 HYL AR RE EEEETRREUE
# (Algorithm III: directly performing Kalman
filter at the finest scale)

HEAE AN S B EBREAT R R 2 98B A,
N S TIL AT
("7 (ke + 1)+ 1) =
Ae{™ (277 (k + 1)) + Bw(2! " (k + 1)),
AT k1) +1) =
oy (III)(2J 1(k:+1)+1)+v§m)

27 (k+1)+1).
(20)

b b3t B AT R /R Bk, T M () £l

v m(IH )

34 By tKBE(Algorithm comparisons)

SR AR 2 A de R Bk AT Rk =
PR, HE R R 2 IEWEE DA R, 3L
R [10] 4 t, SV A0 T dee 4l OB EAE — AN
) P )y BEAT ROR 2083, AT, WA
VR TN VIR P PO SR T AR T RS P 0, 4 B

U EVE TS L I AS TR FE I G &R, 77 24
(= NGR8 W10 A8 | BEI K = 5/l
VR TRISVE AR B, S50 7 R 2 —FE .
SO I g R R R R R R
2 (k) Co My (k)
D)= 2k |, CO%k)=|CiMy(0) |,
21(2k+1) C1 M (1)
Ry 0 0
BROM)=|0 r 0|, zWk=| G0 |
0 0 Rl 2’1(2k‘+1)
C(II)(k): ClMl(O)] R(H)(k): Ry 0 )
Ci1My(1) ]’ 0 Ry

i R U 7 5 A 3 F A AN A S, T LA TT
DLKE S 73 B by 22 /> 1 08 Ak 3R B AR T 4 6
H S T DAAR BIARAS (1 — B B A T 00k, 1K R
7 53 A TH VRS B 25 L 5 R W (4 4
AR (1 DO ] 4 AV T H R A R
) Ee P S F B VRN 7 iR AT Al o, R 5 360
WHE R 20 (k)HEAT 7 TR R 2080, Bk, K
WS BUE (B T ) Al h i 22 05 22 5 e BEan (6
R TR ZE T Z R R AT LT

W P2 (k) R T IIAE B {21(2k), 21(2k + 1)},

IS Wk 543 B Al TR 2207 22 8. P2 (k) WA
UEBEA LT {20 (k) FROBEIAE R, HEAT P BT
IR PRI G AT B 2 Oy 22 R A R =00

P (k) =

P2(k)— PX(k)CF (Ro+CoP?(k)CT) ™ CoP?(k).

(Ry + CoP2(k)CT) I LLLH (N (k)T N (k),

1P

P(k) =

P2(k)— (P2(k))" CF (N(k))" N(k) (C2P2(k)) =

P2(k) — (N(k)C2P2(K)) " (N(k)C2P2(k))

ifii (N (k)C2P2(K)) " (N (K)CoP2(k)) > 0, U4

P (k) =

P2(k) — (N(k)C2P2(k)) " (N (k)CaP? (k) <
P2(k). @1

PR, 509 TG S50 IO PR Ak UK B 2, 0 5k
(A VRS FE B P 55092 T b gl 2 6, ) FH 2 IR
A7 E B DMS il oh 500, HeAedee e R B
FERAT R IR SR RPRE Lo TS ROBEI, ARk
H#E, WIS BRI 4518,
4 5 i [a) Be #E D7 5 1Y B % (Comparing with

time registration method)
4.1 5T (Calculation process)

AL IR IR B L e I, I A AT B i
B 0, K EAT TR A R E AR s AT I TR P oA
02 ) A Ay vk — ke i, XA
o 0 JEE V1) 22 St 5 Tk N A B AR AR . T A
HEAHT AT BN TN, P48 SO A BE A il Jo A
XA B R R AT AT — b S o 2 B 5 P e 2%
45 R R BRI 22

BT REE WP B2 RERGAN T E
W, SRR ) 2 KA R 2 AR RS ERS OT A,
N T AT I T P L RN 5 P IS ] FC M 7 9 A
LE, 47 LU R A

1) FETRE D R DMS Rl Al TF 8,
2 AL IR AR AN R (RS 2 TR0 H bR kA7 .
0 B PR IR TN G HE 7 VA O 2 A I AR TR IR
A VAT WL, 3 AH 2 % 5 5 — AR I ) i
HEITVEAS R AR J A

2) TR A M B DMS Rl & Al v 5,
A AN I T e i) AT B A R AT T 4E, B
AT RIK RPN, ST LIS [ R T 1B HE ). A2
X S U R 2 At S A IS REAT IR TR) e HE, T 2 FH LG
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04 %

BRI BUCE AR T TR AE.

3) FE TR W DMSHEG il TH H I,
A RAE AN ROBE B SRAGHE T2 30U B RR A
L WAt U, AT BURE 2 MG IR 28 3R A1)
15 A e 0 R B AT A A &, i Hon] L
GRS BRI R FIEATHEA.
4.2 {IH & (Computational cost)

PR 2 A B3 FIDMSHEE A A5 T Bk &R
S0 fE B A RN W RS RN R BE B, LRk TE R 2E T
7 B 1) 4 B JE R 1 27 M, ARBAE R 5 B
WLRIBE O 4E %A N x Ny, 4 N, = 277N} +
2T72N2 4 -+ N, B4 W B O 4 %
M N, x 277EN,. RIR 2B AT A A A BE K
I, K2 UG 0O N, x N IR SR I8 5

IR TA)PC 7 V0 R G AR i s i R I DA %
flivh iR 2277 Z2 0, FERBEATY 4, 1072 IR I 4k
B A0 RLRE 5 F9 00 00 55 . C5 1) 24 50 0 N N,
ANL=NI4+N24- -+ N7, WF I %, 2k
AR A JS 2R G I B B 4ERCA N < N
ROR 2 PR AT VE ARG 25 R KIS, Ko W I 4
M N x N HRE R 102 5.

AfLLE H, TR R BGE DMS &4l 1
K, BT AN T o 5 B S B 4
&k, I DA LG — M ey I TR e v g VR v R K
5 {fE1F5H (Simulation)

Z I8 N A H Lk is B it

z1(k1 +1) = Az1 (k1) + Bw(ky).
s RGEAH AN R, BLAEAS OB B =l
zj(ky) = Cj(kj)aj(kj) +vi(kj), j =1,2.

Hirp:

a= "1 g o
01 2
Ci=Ch=[1 0].

THy K FE 1) B, M m w5 2 Hq, vi(o),
va () w( ) AR, T 53R e, ro. RS 21 1H)
A AR, 24 0 T, AR AMOUL
FEFEFRATTE 2, 0030 6 SRR R, 1 FRAT]
AT A B, 18 2 AT B Al oF A 1)
T

AT =1,q=1,r =625 1 = 3.24. K2}&
A 3L MBI R E L i EA
B ()AL B IR 1) I 7 5 58 2, W S s 4
Et 2350 A2 7.30 dB, 2.75 dB.
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K2 Sk DS TG 2 A A RS B e 75 (R
) 1R (i)
Fig. 2 Measurement noise (dotted) and estimation error
(solid) of algorithm I and algorithm III

K1 Bk ARk e ik
Table 1 Comparison of algorithm I and algorithm III

ZH W 75 e 4% LL/dB
T ¢ n ro  HYKI B
1 1 625 324 730 2.75
1 2 625 324 664 2.24
1 4 625 324 579 1.78
1 1 4 225 674 241
1 1 9 625 7.02 3.03
1 1 16 9 7.85 3.51

BEONF b AR, R A R S B0 AT 5 B f
SR TRIEE LT T (R 1 R), 5T
JUBE 1 PRI A5 2 B A7 B AR S () W 75 4 L.
AT LLAE H, S0 TG T R 50 T
6 %518 (Conclusion)

AT RSB M BN — RS2 RE
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G L, Bl AT R b AT R R 2
(R R R Al v R R L 0™ 4 TR A 2 A
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