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Implementation of Kalman filtering in digital protection based on FPGA
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Abstract: Kalman filtering has advantages of high convergence speed and precision. However, it is hard to be realized because it
has not only matrixes multiplication but also matrix inversion and iteration. A new kind of realization of Kalman filtering is
introduced based on FPGA in this paper. Some transforms of the algorithm structure are made properly based on the characteristic of
Kalman filtering in digital protection and structure characteristic. So the inverse matrixes which is difficult to implement and
consecutive matrixes-multiplication which includes a large amounts of computation can be evaded and the iterative process is
simplified to a great extent. Then the Kalman filtering is implemented based on hardware with the high speed and flexibility of

FPGA.

Key words: Kalman filtering; digital protection; FPGA; fundamental harmonic; state machine

hR4r2E, TM774 XERARIRE: A

0 38

R EEE RKZ L 16 ff MCU 8, DSP A &
FREOEAE, XK EZ CPU BITEENEM, 14+
B R — L MR P R 5 R 2 R oF
B, . ORE SRR BN FRERRBEE
%) QRCRIEME: ORARBEMEE, XE
FREHLLRER. JERNFRPEES, ek
IR, BN REBHHR/REEES, Hiat
FAME, Hh-RRSERER R BWSCER H R,
WA EE SR AY. BT, BulsERe%E
WEMHE R CERT PCH— S4B TN
FAPY, SR TR E 2, A MCU
& _bSEH, AE DSP & b s Bi 2 DL 5e AR g B
5ERENTE. MEHERARS ARSI FE
SR FAFE FPGA S HBL, FEimba
AUREL AT FPGA 2818 (1) R FF 45 THI 1) B 2 vk sk

XEHT:

1674-3415(2009)22-0121-05

BEAREY, AXAHT —FHET FPGA HIE/R
BIERELMERAE, EHE R ERP R
REEHEHENREA, NEERASGHEATIE SRS
B, RSN EE R EENZEE
BEXMEMREREHE, KXELTERMERE. &
HERE b, R FPGA WM R G SSI T 2
TR EN R /R BIEE, FRHTR TERE SR
ERIFE.

1 FREEREZOMARE
B R R R BB AT LAROR A — 4
IR, WHRRHESA:

L
x(1)= Xy + Y X;sintker + @) =
k=1

L
Xy + D (Xysinkax + X coskar) (1)

=]



-122 - RO EREP DN

H: X, = X,cose,, X, = X,singy,
FETPAETRTEE (BIL=1),
x()= X, + X sin(@t + o) =
Xy + X sinax + X cosar =

X
[l sinor coswr || X,

Xy
LRFERAA T R, W13
REGURETE:
X, 1 X,
Xyl=| 1 X |+ W@
X [ IJIchI
RYLEN TR
Xo
Y, =1 sinkaf coskaiI’S]I:X51:|+V}c 3)
X
HRMKE)ER A
X =4, X, +W, (4)
Y, =C, X, +V, (%)

Heb: W, fV, B ERRSEH RGBS,
RIE R /R SUEMRTE, RGURA K IR MG AT
TR R
VA U R
)A(k = AXk-l + K, (Y, _CkAka_l) (6)
i 13 25 77 L

K, = RyC{ (C,RC{ + R @)

Py = AP 4 + 0, €y
TR T E TR

P =P, -K,C, P, &)

B AT X, P R R B
Sof - R B SR R SR e A RO, AR TR
[11], 22 BB &R MBI RS R TE X, =0, B P,
K HALAERE; BT AR SR B AN R 2
O, FHURAN, BRI, HIW, =0, 3
B{ R, = Ryexp(—kTs/7) » —H& Ro=0.001~-0.005, 7=
25~45,

H4) 5= 3 RER/RBIEERER, AT
EREEBE 4 R, iR AR A R
W5 0O WA, BRSNS FRB IR,
EROFHL>1, W7 REL =3)8K 11 KE

(L=5).
2 ey

Ry T AE FE I R P RO R A R RE A RO RO R
THEETHREF RO FPGA, FE X &gt
AT T AF 74 FPGA AR (@84S, £/%
B P AMUE SRS, BE SRRy
EHAERHEE, ARG DSP HiER A MAC Fr
M, HNFENREENERET RS U ES
MAC ¢t ST R/R B HILLIAT LLEH .

KERIFERERD:: WR(6). (7)~ (8)~ (9)F TS
BRI TTREEARENEMRENEREHE, X
HIRBULRIR MG, M LU TIsEH.

FERERYIER: ETHEMERYEEENERE
B, AFHMUER L FE LS. MMM R0
hoetk, SK¥EE NS RS 2 LR m.

BRI EEANEMEE T, BERT%
RizH, XRBEREFRIERIEHEF, BEGIRE
AR, R6)s (1) (8)s EBMISER—IB, XA
HFTE LRSI .

T By, ByEkpsukaTag . O b
MMREIER; @ BRIEMREMKEEHE; Q) fit
ERTRE

MEER/RSIWHE RN TR, HPaEHAN%
R BRI ST TR, A
FREBRIOM X, M 55— A %R R fig
B T RERE R T T E TR, A TSR
AR A REEAE T AR N R/RE S K. &
HA@FA9) 13-

By =A4(By, "Kk—lck—lgk—l)AZ + Qk—l (10)

maR(oyar&, X @) Mk (9 THME P,
HIEM. HRXTZREAE

Ko =Ek—1CIZ—1(Ck—1P1k—1C13—1 + Rk—l )—l (11)

g (R QDA R (10) L b _Lse i 2
EREMBMIENR. Fitk, PP, RER/REH
HEARHIP R, T4, fIC, TN S EERE.
FIF A, 71 C, o7 AR £6 BE4T F /R B 3 25 1k Rad
2, RHFBREREHEKR/REME K, LR
it M. TOUSHEAE N RER X A TR
PR C, SREEMERX, HK|KWHEH. MAEE

Br LA S T MR E R RS, HERFE R
e, BT C, BEREEMEE. XM,



BrdE, & HT FPGA HIEFEPPE/R2EHENSTI -123 -

/R B yE PR AT AR — AN R
Xk = Akj(kq +K, (Y, _CkAk)?k-—l) (12)
B 2) #FATEE, B
X, =(E, -K,CHAX,, +K, Y, (13)
mFRE RS K, TSRS, FLE
FiEgES, TEENAEE. ZIEX3)F
WI(E, —K,C)A, BATLIEERM, ®HAU,,
HAR(13)E
X, =UX,_ +KY, (14)
ROAHFHU, F K, BRTUBL KR, &
VAT RN RAMB U, MK, , B
Uge {UIXY;’UZXL’U3><7;"“’Unxrs}
Ky € (K - Koug Ksr oo ’KnxTS}
Ho: 53 k KERNAANEEPHNN U, RK,,
Hifise & U K B RADNEIERKRE R E. BHRG)
HMEWHS A, U, f K, BB EBHE S KA
BTLAR, UREMEHEN, SNNSTELYA
. BIR14):

UngXo FllgXo, + - g, X, | | Ky
UpgXy Hy Xy +o - U, X, + ky

X, = (15)

U Xy HUy X0+ +u,x, | | kY

MR (15), EH 2 NMEFERM 1 ANl R

HIEE MR, B ET R A MAC, B (15)

L LA MAC %R, tEISR) DSP B ik

P, FETI4E RS MCU 1 DSP iXRH FF & s
EEE.

3 EF FPGA BB KiZitEM

WRE LT, ARG S RIS 4 B 1
BEARETUAMNE 1 FrRMEREE S,

RE¥K

ROM ik e ———1
ﬁm%%~—————J AR >R

S48

ROM o Rk

B1 BXZHGEH

Fig.! Basic structure of computation

P P ) SRIE 2R A Ik A8 P T 58 BURE R e

BEiniE, REMBMHE— TR, HPHME
=ATEREARERGESHEHIENERIE. H
THERERFENRRERARE, HEEES
BEEMBGE, BEE 2 IRNREES.

P
K&U »
ROM .
o s [_;m&a-——»mﬁ%%
AR
A — K it B N1E

B2 HEHEsH
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Tab.1 Results and errors of Kalman algorithm
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