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Improved unscented particle filter

QU Yan-wen, ZHANG Er-hua, YANG Jing-yu
(School of Computer Science and Technology, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China)

Abstract: Being different to the unscented particle filter(UPF) in which each particle represents a sample of the state-
sequence, the improved unscented particle filter(IUPF) has its particle representing a sample of the extended process-
noise-sequence which is the combination of the initial states and the process-noise-sequence. For the different form of the
state-space, a correspondent unscented transformation(UT) method is adopted to construct the proposal distribution. This
method draws ideas from the unscented-transformation-based-auxiliary-particle-filter(UTAPF) to improve the re-sampling
process. The IUPF has three advantages over the UPF and the UTAPF. Firstly, the IUPF requires no knowledge of the state
transition kernel; thus, it has a wider application scope. Secondly, the IUPF has a lower computational cost. Thirdly, each
particle in the UPF or the UTAPF is generally assumed to have a state distribution inherited from its parent particles, but
the reason is questionable. However, this assumption can be avoided in the IUPF. In two simulation experiments of ours,
the IUPF shows better estimation performance than the other four algorithms. Compared with the UPF and the UTAPE, the
IUPF reduces the computation time by an amount depending on the dimension of the state vector and the dimension of the
noise vector.
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1 5|3 (Introduction)

ARG Dk 0] R — L LA 2 BTG K EE A,
SelE LT ¥ ke R IR 2 U8 3 (extended Kalman filter,
EKF), sampling importance resampling ''/(SIR)Fluns-
cented Kalman filter 2/(UKF)%5 38 i3 5. 1110473k,
B TSRS SR ) A 8G9, SIRAE AR et DE I In] et
OBk R 52 309G, JTRUEAE T VR 2 DL ER ) ik
SEBOV Gk g b1 E ¥ (particle filters, PF).

7Y 4 fii (proposal distribution, PD, B FK Ay = %
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P BR E50) 1 B TH A8 A Ay R R 1 DB I () DG ) 2 —
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(auxiliary particle filer, APF)AH 45 5 ffJunscented trans-
formation based auxiliary particle filter (UTAPF)!®/4
R H AT R 15k B LR vk DO 9 ) ]
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SRIMAL G5 10 2 T o 28 2% $ (unscented transforma-
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55—, UPF 5 UTAPF/E B HTRL 1 ACE N o 2B s
RS FEFE % R H (state transition kernel)p(daxy, |2y 1)
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N2> S 3UPF 5 UTAPF (191 [a] 445 384 k.

%=, 1 TUPF5UTAPF; B4R A S A HEAT TG
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A NILAZRERL T4k 7 R RS 70 A1, AR % AR 1
SO, H T MM E S, VTAE RN T MRk T REA
2 NILG, A5 F AT US0CR H 35 4% 1 AL 5 i 4
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BCUTAPFEL 7, W) 3 DA REASRL 7 A6 S8 9 Tt 7 —
MBS FEPIR &S0 A7
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P T —ANB S R A, S T — b ok
() TG 725 B - € Y% (improved unscented particle filter,
IUPF)S. .. 5 4% 45 18 ki 1 UE % 54 72:(10 F5UPF Y
UTAPF)A [, TUPF &4 FL 1 T AR SR 1 ) A 3
SRS TF I — A AT BESEIN, 17 A2 W4tk 4 DAL
ToE TR 75 P 51 T A B e Sk R e 7 R A 1 — A ]
RESZEN.

HAER Iy 2 HEn R 5280 20 R A =% 1A 5 2,
S L IE I v 858 LA S UPRIEAT 85 B2 I A4 5533 4 Xt
o M0 8 U 1) UREAT BT I ROR, T AE SRR A4
TUPFAE 28 UL Jz Si2 B8 75 ¥, IF LA TUPFS UPFLL A
UTAPF [ X Jll; 25430 53 76 P9 A 05 S 56 K R
IUPF, SIR, GSPF, UPFFIUTAPFSFI & v2: (K] 1 fiE;
ST A .

2 B sl (Background)
2.1 CIRA&ZF 8] J7 FE(State space form)

BHON TR AR M sh A R G HDIRA S W) 7 FE 7R
H:

xy = fr(Tr_1,v1), (2)
Y = hi(xp, wy). 3)

Horpe QOB RS TR, QP W TT R+
PRk A TAAR IR, a0 An AERAS 1) 5, WIIRR a0 i

MER A3 A B BE CLA0E M p(20). v A 4L FR G 75 i
a, MR A0 A M B L SR U7 ZE R A,
g3l Ap(dok), p(ve), TeMQr. yi Ay, 4EWL I 1)
Howy ANy 4EULIN N 7S ) B, SOREER 0 A MR
B BME ATy 25 R v 2, OF B il p(dwy,),
p(wy), Wi MRy vy Flw A H AT

M K@)yl A, RS 7 F{a, e — B SR ar
SR ik R, G HUIR 2 R A B RO p (e | ). R
P B AT AU Wy, 5 AT M T, 0 FE A A0 A
ﬂ\?p(dyk ‘xk ), 3‘?1F)%i§<‘p(dyk ’mk)XﬂLE‘LAE@*E}EK%EEA
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Table 1 Three classes of the State-Space forms
R RAEA R O
i [ 7 7 W P I 7
” Tr—1,v%) = fr,1(Tr—1,v%)
xR1

hi(z, wi) = hi 1(zk, w)

- JEr—1,v%) = fro®r—_1) + Aoy

hi(xr, wy) = hy oxy) + Brwy,

%3 fl@r_1,vk) = Frpxp_1 + Agvoy  mlli mll
hk(wkv wk) = hk;’Q(ka) + Bkwk‘ I.I;’T&ﬁg ]—IDA)?S‘

Forb fra(@p—1, ve) & % T 1k B e R A AR £ 1
PR A, P (g, wp )2 D0 T 00 M M 75 (1) E 26 P R
B fro(@p—1) My o () 72 % TARZ ARSI R 2L,
Fy im AT, A A ATn SR, By Angtrn, 41
FEBE. 753, ek i, BRSO
BRI an b Pk,

2 Tk R RS R PR M A B, W Ry, < oy, W]
W— BN D, = Apvy. HKEO, 0 0 i F2 m
NN X (O S Bk g N = NS B e
T AR W, 2l TR S O I R I, A SCA
B, < my [RGB, [R]BE, =00 7 Sk o R 75 I
RIUARE En, < ny, FTEHL.

2.2 EARPEP S I HRL T 38 B (Optimal filtering
and unscented particle filter)

TE B e R 0] ey, 5 SR WP By g =
[yi - g EHORETF Sz, = [xo -+ @
Eﬁmiﬁj\ﬁp (d$0;k|’y1;k), I U\ﬂfo:kj"j H A
) Jek X 1 o5 KU (0.0 ) FED (Ao | yrn) B FY I E AT
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€optimal [¢($Ok)] =
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=1

K& U p (dzo, [yrr ). HotPrw” 2 7 Fal) it
T 3wl = 1, 8( ) yDelta-diracii 5. 7ESIRIER

=1
b ARV 2 SO S, SO UPFRZ B T T2 1 K.

UPFiH VR 5 5K FE P 20 7 . 78
LR R A h, UPFIl i TG 28 4% e ok 3k 13 % A kL1
(R3S 073 A1 R A 1, R RS 7 ) T Je 1) 26
R, UPFR HIAN R R o 28 A #7515, SCRR (2, 12, 1316
UL HEAT T A4, X 8877 v MR T UTAPFE. 294k
A 5 FE & T AR 1 281 SRR 2830, UPFIT %
T Sigma i B H 4390 82(ny + ny +ny) + 13,
2(nx + ny) + 1U2F120, + 1T CYARZS A (1) 5 #2
J& TI820, SCHR (121 L8 T xR 3 4 5 A9
YEPIFP Iy 28, ML 418, X A 4IRS 1)
YL 7 %).
3 Rk Y G R kL - 98 3 LV (Improved un-

scented particle filter)
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A0, FEAS (R _EAFAE HAUME— 17 7E
Ao 5 20N RIEAAAE— N MO Ell g, 11
WL AE R G (O ):

Lo, k = 0,

Gr—1(00:1—1)
fk(Gk—1(90:k—1) [k - 1] 7'Uk)

0.1) =
G Bo:t) k> 0.

(6)

K(6)H, Gr1(00.x-1)[k — 1)K IR B SERYE S )
HGop_1(00k 1) FIEBENTCHE My, WRHEX(6), 7T
DLKE2.2795 T 53R (1) S D0 D8 8% n) il S 1) 3 7 Ay 0
AT 500, 11 J5 5 B2 3 Aip(dOo.x |yr.r ), FFHILZIETE
KB AAL THE.

€optimal [(b(a:Ok)] =
LO:keRnXX(an)k d(Gr(00.1))p(dBo.x Y15 ) (T)

RAUUALGPFHLIL, A SCHE H IUPFS LB L 1%
RENNRERR T, i =1, , NKf2
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FEE D (AG0x [y1e ). @), wl) For b 704 1)
BUTE, I 71 55 p(Gil(B0:) ) TE 754, (AB0:) T HT 825 {E
€IUPF [¢(Gk(90:k))]3

€1UPF [¢(Gk(90:k))] = éwlgi)(b(Gk(eéf}c))’ €))

PLUIA 338 1T eoptimar [0( 0. )| H . BB 5542 G kE
TUEP ELIEANIR], TUPFH R BT 327 1) N AN T 02
WA 0.0 (00— AT BESCBIL, 172 P i i R M 7=
JF 51005, 10— 1T BE B

TR A ATUPFAL VL [ SR A HE SR, 25 i 5
0L ST, B FBIUPF S UPFLL X UTAPF
HEAT EL 0 #T.

3.1 IUPFH % A A (Introduction of the improve
unscented particle filter)

TUPFAHE Bty 4350 53 440 1, &A1 23 il s TR0 AL 4R
T T U A R TR R L T SR RE DL K
vk, AEI Zk, g 7 AR (0 B U0 A g % 2% re )
1ET I, DARCRE 2 I 51N ) R A LR
IUPEXS b %I B MAaA K T05, . i=1,---,
NS TE A8 ok B R 000 108, 1)
LTS TR D (yi 06, 1) KB q (k|05 )-
75 R KE T R P A% SUTAPF (1 B4R, & A kr
O WA EDY HEAT ERAE, o, o«
alyelOf) el S0, = L el 0T
0 TEI %k — 1HIRLTE.

T TUPFHEZE BE4T T /4. ZEBIUPF, AR #5 IR
A7 R D25, TUPEAE 28 o A5 B2 AT L) SR I A
[F] R S B )7 . TUPE—1MITUPE—2h £ 40 v 48 T 4
DI HL AR . TUPF— 14 o it W 735 25 ) 1 00
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Bl = el
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O O TR (A SLERRL T, bt g
O )t 1 IR A L T

B4 TR,

B4l MEARTON, L i=1,---, N,
R =R \%ﬁTvkE’Jlﬂ%?/\?ﬁq(dvkak 1 Yik)
R, R T 0, = (05, o], Houh i
WA N2, = [0, =y = @) 0],
HorpzD Foral) Ak — 1R A

BB A2 PR TACE.
w® o p(v v )p (yklw(”) 7 N

q(yk‘é\(()gq) ( ’ Ok 1 Y k) i=1
S®5 it

€IUPF [d’(Gk(eo:k))]

w,(:) =1.
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2Ok A A ) 7 R R T ZR3ITUPF AT AV AE o 7
Mg 2 ] b 1R AT G 8 AR 4, 6 ITUPFY) 52 B 5

B MIUPF—3. TUPF— 3'3IUPF 2HEAR— B, AN

FIUPF—2rh (R BAK: &) | = Fraf) | +

Agv? RIAT, EAE HTUPF—273 IF ik 14 J5L 5 2 5

FIUPFHT 75 V15 H Sigma 5 80 H 3E1T LL 8.
IUPF—lﬁfzﬂﬁ%'

wﬂxj,k = [v?, " e RV™ w, T e R ]THRIR
%5 5>Sigma s, 1My Sigma i 48 %] LLid An,, P
diag{Qy, Rx},
Xox = [T W], j=0,
Xik=Xok+(Vna+A)Pyi)d =1, na,
Xk =Xk~ (V(Ma+A)Pyr) s j=na+1,- -, 2n,.
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S22 kel i=1,---,N.
I 5] 58
Forj =0,1,---,2n,,
xgll)dk 1 = Jr, 1(3353)17115116)
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Yiklk—1 =
end
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j=0
K = PP
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O TUBLAR (138 3
a(welB5k 1) = Ny ys),_ s PLy), ()
WL BT (K R i
q(dOO:k|0(()f;cflvy1:k) =
q(dvk|0(gf3€,1,y1:k)5géi;c 1(d90:k—1), (12)
Hordig(dvy |05}, yr) MR F Ko K345
AR, HE 0185 85 R HO0:

q(vi|05)_ 1, y10) = N(om”;QY),  (13)

Hoh: wi™ = )\/(na+)\) W = Mne + N+
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1,200, A = @y + k) — naoe REZHL o,
N TCB B SH, RB e eflnilia =
1, B = 2fk = 0. (\na + APy, 7 5 FE 1)
HA.

TUPF—2511: 0 9%

WXk = V), € R KIRE j~Sigmari, Sig-
ma i 4EH0d An,, P = Q. WX (10)1HH Sig-
maki.

B2 ko)) i=1,--- N.

I [1) 5 %

Forj =0,1,---,2n,,

{ w;fl)wcﬂ = fk,Q(wl(;L) + Apvjy,

(i) (@) _ (14)
Yikk—1 = hk,2(33j,k‘k,1) + By,

end

Wbz Forkall) P Zlk — TR
. 2n, )
PRI g = > Wyl
3=0
NI T

2N

© e, 0
Py = Z:OWJ [yj,klkfl - yk|k—1] :
J:

(i) @ 1T
Y km-1 = Yrje—1) + Res

i Ing )i (G i T
Pzgy),k = ZOWJ( )[vj,k - ’U] [y](‘7l)g|k_1 - yl(g‘)k_l] )
j=
Klgl) = Pv(;),k(Py(;),k)_lv

my) =B+ Ky — i)

V= Q- KB (KU)T

AR (1)~ (13) 73 531 U S0 OISR 1) 3 30 5
AR T I LU AMT.
3.2 4H75 % (Analysis and comparison)

BT bR BT LR B B R Tl
io= 1, NHEEICS A AP0 AL 4R 3 A7 38 3
A T 0N, T S YR ) | A e e 7
5 0000 W 7 £ 3, HLYE SR TR IR R
TP, DR 21 SN R K Dl 1A
(1) BR BN, TUPE AR 75 e s A B 1 BT AR 22 1 1A
700 T A T 500 K I 2k R A ).

AR A R PERE T 0B 3% A S 43 BT, TUPRAE 3 5
b5 B A5 b i 2R 5 A 5 ORS00 1E
SEORBFI, FE R ) Ko (Gr)) 1 L ORZS
7 @, A 1978 ok R B 58, TR 5 3 7T 1 3

#Douc! '/ FlJohansen!' 145 A 5 T 4 Bh ki 1 € v 5
T B SE 23 AT 4508 N FTUPE A, A SC AL T
ZREAT L gk,

#IUPF 5 UPF(E{UTAPFE)#EA T L4, IUPF4 UPF
(5XUTAPF) 13 U1 T 3 s itk

1) 78 50 R 1 AU I UPF 5 UTAPF R 2B BOIR
B o Bp(deey |y ) A7 7E, TUPFIC 5 1F e A
B I 2 PR M TUPERT Sl 13073 A7 e v, TIALL AR (1) JiE
15 DA SR 1B BB 38 5 RS e AL s BTG K.

2) AR A AN, ERAS W TR s T
F1rh 21, K283, TUPFAL VA8 B — I ZI) B4
K5 P v S Sigma s U8CH 40501 h 2(ny + ny )41,
2n, + 1AL 2n, + 1 (n, < ny). 5229 AHEEEAT L
K IL, TUPFA VLT H 1 Sigma x5 3 H AN K T UPFH
5. Bb4h, UPFSUTAPFT; B4 &KL 1 4 9 v 5
Sigmasi, R6FAEA R 735 75 22 HE 4T 17X Cholesky 7>
fift. TMIUPF M 75 04> R+ 147 1/ Cholesky 73 fif.

3) UPFSUTAPFH B AN KL 1 34 8 B A7 75— A
MG AZ B Ak 4k 7R SR IR A 2 AL 2R T
TIUPFH ¥ o 7878 # 5 IR A F A JJE oK, AIUPF G
T AR B, AT 38 B T N A AR 1B T s R IR AN I
4 {5 HE 45 B 5 %) Hr(Simulation results and

analysis)

BT 2R RS2 BN RS S, AR
B ZS0) 5 2 0 T 3R 1 22 R 283 1 LU R
IUPF, SIR, GSPFE, UPFAIUTAPF 4 fE. 15 1 15 4% 1)
Ab ¥ 25 “AjIntel Pentium Dual CPU E2160 1.8 GHz,
1741 GB 800 MHz, 1jj 5.4} A MATLAB(R2006a).

S0 1R AE SCHR [4], Rl A3 0 — 4 & S5,
HORZS 23 1) 7 FE g 1252, SZIG2 2 2l 7 A7 £ R 1 1)
A SR Ry REE TI83. HICERANE, T
TE2E 557 F BRI # H iRk B 2 i A 2 ARk
PSR R AGTEERE, SEE 2R R 3L IS,

4.1 5235 1 (Experiment 1)
XN RS
@), = sin(0.047k) + 0.5x4_1 — 5 + vy,
yr = 0.222 + wy,.

Ho, & A AT (3, 2) LA & w, e F )
T e A5 | 7 22 40.0001. HIEEAR Ao IR NI (E
g —1077 22 R 200 5 W7 3 A AR PR T 2l TF 2% A
fhivt Pt

K
ViruMsE = [Z (xk(8> - iU\k(s))z/KS]l/z'

s=1k=1
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HrpS = 1004 Monte Carloffi ELIZH R, K =
3024 B K LB WM IR L. ey, (8) 3R 7 sk A AL
B Z RS (1) B SIDIR A, Zl(s)iz T/ 8% L SR s IR 1
W ZIEN A TR s Rl X 7 9k T80 H
A 100 (BUGSPFH 5 1t 5 70 £ HO B0 T 5%k 532
V1 e 9 BE AT B S5 (1) P 280 I AN T A
GSPF&EAN i 43 L5 104 R

ER IS S L L TR R
Table 2 Estimation quality and average computational
time with different algorithm’s in
Experiment 1

IUPF  SIR UPF UTAPF GSPF

Virmse 3.044 3.672 3322 3074 3502
Tyacr/s 1311 0281 1464 1.546  3.642

4.2 525 2 (Experiment 2)
ABBE H A 2 [ 5 s 82 S R AE X-Y - i L iz
), BRI RE N :

1700 0.57% 0
s |01 OO T 0|
"“loo1T| ! 0 0572| *
0001 0o T
Hrp:

T = [XP XY V) o= (o o]

X5 XY X il B LARAR S IE .
YE5YY oy ml Y b i R L AR bR 5,
Tt a) R R X AT = 1 sid FEmE s, v, Z B
Kb 7 Qi = (0.001(m-s72)°) x Tl i 07 (1
Wa s, IR B H B, IR A o I 73 A1 A
WrorAn, HE N
[0m,0(m-s'),0.4m, —0.005(m - s~ )T,
diag{(0.005 m); (0.001(m -s~1))% (0.005m)>;
(0.001(m - s~1))*},
LT 75 A
tan™' (Ve — PY) (X} — P{°)]

tan™ (Y — PY) /(X} - P5)]
tan ™" [(Vie — Py) /(X§ — P5Y))

Y, = + wg.

o [PP=0m,PY =02m], [P =0.2m,
PY =02m|lL [P =02m, P =-02m], &
Sl R 3AN [ s M A AE XY T R LA bR

RN 75w, Ay Z A0 DL K Wy 7 72
Ry, =(0.005 rad)? x I

(R e s
(SN (R e g PR IU =

Vorise = {52 3 [(Xi(s) — Kg(s)2+

s=1k=1

(Yie(s) = Yie(s))2)/ KOS Y2,

HH1S = 1004 Monte Carloffj ESL 5 k%L, K =
20 0 BE SR X EL.

[X(s), V()] B 55 s Yk U ELAE N 220K 19 2052
B RR, [X(s), YA(s)JiZ 8 4 S0 5 s IR A7 #UEE I %1
KIS R A5 T AR AR, 2390 5% T AR R 1 20 H 300(a
GSPFI¥) i 57 e 73 # 1) 16 DL RSP A Vo ruse
BRI AT B2 P B o S TR Ty acr, 67 GSPF
BEA i W e A 35 10K 7

A3 EB2Y &SRyt ael R it A 1

Table 3 Estimation quality and average computational

time with different algorithm’s in
Experiment 2

IUPF  SIR UPF UTAPF GSPF

Va RMSE 1.597 1816 1.625 1.620  1.598
(1 x1073m)
Ty aCT/S 3.041 0468 3449 3.808  6.168

4.3 S5 43T (Experiments analysis)

T 3o 22 F1 223 & BITUPFH 11 5 1 7] 5 UPFRA A
UTAPFAH LA & 2% () T Bf. TUPF5UTAPFLE %5 I
TH LI ] F0E K T TUPF 5 UPFEL 45 16 45 3, X J&
JNTUPF FIUTAPFYY 75 B %) P AR BEA T I

7 7 B AE 525 1h S UPFAH L, TUPFY 4910.5%
A ], S UTAPFA EE, TUPFY 4415.2% 1 54 I
(B]. T7ESEE2H S5 UPFAH L, TUPF1T411.8% 1157
I 6], 5 UTAPFAH H, TUPFYY 4920% 4 &1 I ], 5K
552 (RTUPEAE 1 550 I8 [R) 5 11 1 o 32 A 6 5 L
SEERGSE . X2 R Oh R B IR S o g L R S
[ S 4E AT 1, 9286 1 TP UPEATUTAPELE & — I Z1 %)
FEAN LT 5 B 5 Sigma U8 H 5, TUPFIN 3.
7] 3, 52 K2 P UPEMIUTAPELE 4 — IS Z1) %) 45 AN K
T 75 B E Sigma i 20 H 49, TUPFII A4S, M
SZ K2 TUPF Y 48+ 54 11 Sigma s 3 H EL 491 K T 52
51 IUPF 1545 v 55 1) Sigma rU £ H EL 1.

A TEVEBE AR BE % 18, 76 S50 1 TR TUPFAS -
I Uf, UTAPFIX 2 . 7655502 HTUPFAIGSPFAY 11+
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UF T Hoe vk, B )2 GSPR I 8] JF 44 i K T IUPF.
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5 K455 ¥ (Conclusion and prospect)

SO AE G R F- 98 3% v ok 7 BT AR 1 N 2%
HEAT AR e, JFAE pb I Al L 3 e s 2% ) L TG i
ARG, K > UL 5 N BRL 1R A e DL &
FRAE R, AT B 48 m A T RE I H .
LI E S R W ek O] VAR REA (E N = R e b
e S T AR S AV GEAT R AR e, AT AR 1 I []
TFAY. ik PR 4 5 568 B 5 7% 5 SIR, GSPF, UPFLA
JUTAPFALE PR PR T FER R R AT T
A, B BRI TR R PR L.

TESLI Y, B PR It R 7 k[ sy g s w2
2 SR (314 S 16 R VR A v TR AR a0 v M
Mk 75 1) SR SR EAT 5. 7 T I T B R A IR B
Z [ B, AT DA S 35t A b Ak SR U8R 39 InTUPF
Rt 2 FERE. eAb, T DL S SCik [16] A 23 1
L TG AR e I Sk T VR A T i B
RV &, Wi S TUPE N T Hew ) ek, 02
A E AT T HPIRS 5SS EBA A i S 2 T
— 0] LU 1) ) f.
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