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On functional equivalence of two measurement fusion methods

DENG Zi-li
( Department of Automation, Heilongjiang University, Harbin Heilongjiang 150080, China)

Abstract: Currently there exist two optimal measurement fusion methods for Kalman filtering-based multi-sensor
data fusion. The first is the centralized measurement fusion method, which combines the multi-sensor data by increasing
the dimension of the measurement vector, whereas the second is the distributed measurement fusion method which
combines the multi-sensor data by the weighting based on a linear minimum variance criterion, but the dimension of the
measurernent vector is not changed. By the Kalman filtering method, this paper shows that the two measurement fusion
methods are completely functionally equivalent if the sensors used for data fusion have identical measurement matrices,
i. e. the Kalman estimators (filter, predictor, smoother) , signal estimators, and white noise estimators obtained by two
methods are numerically equal, respectively. In this case, the second method not only gives the globally optimal fused
estimation as given by the first method, but also obviously reduces the computational burden for real time applications.
Finally, a numerical example shows its validity,
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( Completely founctional equivalence of
two measurement fusion methods)

X BB EBISEN ARG
x(t +1) = @()x(t) + B(u(t) + T'(t)w(e),
(1)
yi(t) = H()x(t) +v,(2),i=1,2,, L, (2)
s(t) = Dx(t) . (3)

Ho LA REEA B, AEBE 2 (2) e R AR
A,u(r) e R AEH Ly (1) e R™ AH iZ RSN
W, 0. (1) e R™ IMRBEA w(t) e R WHAL
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y V() = HV(H)x() +0 7 (), (4)

YU = [yi), o, v ()], (5)
HV () = [H(t), -, H()]", (6)
() = [0 (), -, v () ]T, (7)

RV (1) = diag(R,(t), -, R,(¢)) . (8)
HA RV () Ho'V () B ERE. RENRES
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¥ (e) = BV (D)x(e) + 01 (1), 9)

L ) L& .
y (0 = [Z R (O] 2R (D5.(0), (10)
HY (1) =

[ R 0] 2R OH®) = Ho(1), (11)

H (t) = Hz(t) == HL(t) = Ho(t)s (12)

W@ = [ SR O] SR Ou,  (13)

R (t) =[ZL:R[1(£)]_1- (14)

Hep R (¢) Fo'™(e) Wr ke, BEER(12)
WA, WR(e) »>0,i=1, -, L, AX(14)

L
RVT(t) = YR >R(), i=1, -, L
i=1

(15)

Hedrg X RV () = RV FRA

RV (:) <R(e)(i =1, -, L), K3
trR'V (1) <trR(1),i=1,-, L. (16)
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( Partially funotional equivalence of two
measurement fusion methods)
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£(tlt) =

£(elt-1) +K(¢)[y(t) —H()#(el t-1) 1,
(18)

£(tlt~1) =
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(19)

K(t) = P(tl ¢ =1)H (1)[H(1) x

P(tle-1)H"(t) + R(t)], (20)
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maA(18) ~ (22) F &, EiF W H MR 7 1 BT 19
Kalman J& 5 % I T SR 40U(EAH S, AR BIF S
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( Completely functional equivalence of two
measurement fusion methods)
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2(tlt+N) =

£2(tlt) + ZM(zI t+i)e(t+i). (29)

Ho N >0, (1) 2% 2 (Innovation) , fff
e(t) =y(t) —H()2(t)lt-1). (30)
EEEEQ() N
Q,(¢) = H(t)P(tl ¢ -1)H'(¢) +R(¢) , (31)
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A(t) =Pl )P ()P ' (t+11e), (33)
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(34)
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d(t+N,t+1) =Pt +N-1)-P(t +1).
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(2 +N ) =2 D@ +NIt), N>1, Ve,
{P‘:”(zl t+N) =P D@l t+N),N>1, Vt.
(45)
i AR (26) M (42) ~ (44) 2R R
(45).
xR (1) ) A7), FBRGSMHERS
§(tl t+N)=D£(¢t! ¢t +N), N=08{ N>0 ,
(46)
BEMGEREFEME
P(tlt+N) =DP(tl t+N)D'. (47)
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w(el t +N) = ZMw(n t+)e(t+i), N=0,
| | (50)
w(tlt+N) =0, N<0. (51)
Heixh
M (t1t+1) = Q(t)rT(z)HT(t + 10 (t+1)
(52)

M1t ) = QO (O[] W (2 + )}

H'(t+)Q' (¢ +i),i>1, (53)
v,(t) = @)1, -K@H() ], (54)
HEMERET RGN
P (¢lt+N) =

Q(t)-z M, (el t+0)Q, (s +1) x

M (tlt+i), N>0 P (¢]t+N)=0(1), N<O.
(55)
EIE 4 ESIEEMT, ARFNES ik
L (50) ~ (55) i1 a5 (di (e 28 M Al iR 2
FZEERER R, B
'Vl e+N) =D Gl e+ N), Ve, (56)
POGLe+N) =P DGl e+N), Y. (57)
i BF(20)(26) (31)(39) 5]

HVTG+)0 Y e+ eVt +0) =

HD e+ ) Q" (e + )M (e +i), (58)
i1z (24) f1(54) 51

() =¥ (1) . (59)
T EC(53) , (58) F(59) 51 th
MP Gl e+)e V(e +i) =
MP e+ (e +i0)
MV Gl e+ DOV +dMV (e e +0) =
MP Gt e+ DO e+ DM (el e +1) .
(60)
B (50) (51) F(55) H R (56) F(57).
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i %, = 08F, RERPMER(27) H(28),
HIIEMERT ~ 4 5] 8 AR RS AR A
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ig] & ( Application to optimal
estimation problem based on multisensor

signal

measurement fusion )
HIRW 2 RIS PEE ARMA 55
A(g™)s(e) = C(g NHw(t) , (61)
y (1) =s(t) +v,(t),i =1, -, L. (62)
Horps(e) BEFGH ARMA (55,97 HEQAHIRH
F.q7s(0) =s(r-1),

A7) =V +aq™ + - +a,q™,
q 19 .9 (63)
C(g") =eag” +- ,

v (8) R8I MERREE X s (¢) MSRIIES v, (2)
WRRFE B w(e) Fo,(0) REIE FTEEH o, M
o BOAH G M ST R |
EE 6 WERLRABA(62) K ARMA (55K
(61) MERS2RBAGERE s(11 ¢ + N)(N = 0,N
<O N > 0) E¥E HAE R T2 T T A
Rll-Br BT AR
y(t) =s(8) + (1) (64)

a,
+tc,q n,zn,
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#) ARMA {55 (61) Wi SRS . H+
() ,0(r) Moy Sr91R A 1 HERRA .
RS YR TR AT I 2, BEA1ER (9) (13) A0
(14) FRE y(1) =y ) ,0(2) = oV (¢) A
o, =RV (1) ,R (1) = o} HE.

i 2 (61) F1(62) A IRAZS (A AY

x(t+1) = Ax(t) + Cw(t) , (65)
y.(t) = Hx(t) +v,(t),i =1, -, L, (66)
s(t) = Hx(t),H=[1 0+:-0], (67)

A=

_— ‘
Y A | ,C=l:;}.(68)
—ann 0 X C"

HFME e, =00 > n,). BEEELHEIH MR H R
B H, TRANMREE I T hR9) ~ (14) Fm
B IR 75 AR

y(t) = Hx(t) +v(t) (69) .

MAEG (65) (67) F1(69) iy B £t A& 14 (2%
§(tl ¢+ N), HRAZZE MK 5 ARMA #HEIH X
R ST RER(61) FI(64) BB R A (H28
- NS ENENTRAMNE S FIE T AR
LRBMRAEER .

4 ¥{85)F (Numerical example)

IR FE R BRI R

x(t +1) = Pa(t) + T'w(t) , (70)
y,(t) = Hx(t) +v,(t),i=1,2, (71)

b - [(1) 1T0] r- [(;057%], H=[10]. (72)

HeuT, RERAERM.T, = 0.1, (1) = [%(1),
%, (8) 17,2, (t) Ml x, (t) B AFERTZ ¢ T, 1830 AR
EMEE, W) Mo() REHE. FEEH
o =0.45, oF, = 2 ol = 7 BT T MR
v, () REE i MEREER LB R FS , BRYME R
£ 001-1) =21 -1) =0, P01 -1) =
PU01-1) =0. FABMANES T ETESR
#1FR.
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