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Research and Hardware Implementation of
Particle Filter for Spatial Localization

LEI Jian-ming, HUANG Di, WANG Zhen, ZOU Zhi-ge

(School of Optical and Electronic Information, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: As the traditional node localization method was mainly used for two-dimensional plane node, presented a
hardware implementation of particle filter for spatial node localization. For the problem of large amount of
computation and low degree of parallelism, optimized particle filter algorithm. Proposed a hardware architecture that
made the computing speed higher. and decreased resource consumption. Pipelining architecture was carried out
through SystemC language, bringing to further improvement of the design efficiency. The experimental study on

FPGA indicated that the proposed particle filters algorithm has good positioning accuracy. Hardware consuming was

6 826 logic cells, and the average execution time was reduced by about 1/3.

Key words: particle filter; mobile nodes; dimensional position; pipelining; SystemC

il

1 3]

89 s o7 & WSN A 5 8 2 [n] B, 3¢
Bk [ 15 Sl 2t K 1 U B B3 0E T T T 2 A% A I
251 E 67 5 SCHRL2 J 7k — 20 2 1 A H] RSSI(Received
Signal Strength Indicator) fENWLMAE &, LI 5 E
PLAE BE 5 SCHR (3 %0 530 12 4% A 20 BR 09 JF A7 B #E 47 2K
7] O = 7 < M e S = N | S Y YA -8 8= R 2 BT o |
TV T R Y A8 A, S BR TJC 2 A5 B A R 455 R
— AN AT BB AL T 48 X 1 4 TE L TR S ] L KR
Wb 55 = A 5, DAL, A SORTH% G2 (R - 08 I B 1

R HEE: 2013—08—21; f€EHEH: 2013—10—17
HEWMB : Wik A KR4 T H (2010CDB02706)

PEAT T Ot RS T = 4 s ) RS sl T s

He TR T KU A I SR EOR L AR AL T
DE WAL HIREF S B dhy A B0t e AR s T ik
D S L T L DL - 307 308 A DR 2 A A% A UL A 1
FS I B X AR s O R A e AT e O T Y i
{14328 Bl AR 25 F0HR 2 B A R PR IR ol v R U i B 1
IR TE LS BAE R B R AR T Z AL AR
B 1FAH A 1 SystemC #4781 8231, SystemC 2
RGEYEBIEF Bt C++ 28R AT LUgE] 5
7« HIRAT 3 Bt R 53 3 A A 45 4 L SoC 4% 1
AR GEAL BT A S SUDRS B A A5 250



46 M

TR S B T S 18] R AL AL I8 IR R A 9T R S L 9

2 KFIRKERRE R

L U I AR 3 Y DL e S R i R BT SR AR
RV TR S XA TR 0 R 0 SRR A B R
BILRAE 55 2R BT 75 B AL AR B 19I5 30 AR 2% . Yok
FE R AR B, 33 22 R AR AT LR 8 422 50 b 3R AE
JERMERE . RGBT .

X, = f,(Xa,U) (D
Aorf, e RORBS RO ], X, AR RS =,
JEIBBIIRAS PR, U, 7R = 4k 1Y 1 ] o

— YR 58 R AR U8 IR S Ao AR R SR A T
T AUE 5 R AR RCR A LA A BRE anEl
1 Jioi.

Zn
o il s e o L e e kil e

PRAH
Xn

1 HFREREER

2.1 REEWN

BT IR D ARYE L —m 2 S E RS
15 B A TN T — B 20 0 RE - 43 A AR S T A T
= Y3 A A B 4 A BB RELES Bl I
AT B 5 T = A 5 A B R AR S R AR B ik ST R
— Y B A AR o,y A 2 Hod o AR AT .

2 = oGP ue) (k=120 ND

(2)

Ao, 2l FoR 1t W xR AR R, ur, R
5 1o} B e ST R A L N SRAE AR T R X Ty M = O
] B AR 5 o Ty [ A ]
2.2 WMEIHEHE

BB T B 2 000 A5 B Rl A 21 R — A
T A L AR A B w! R B T
DT B, 2 (B 1Y) BRI 5, R U D 25 6 78 /)N 1) 350000 L 7
AUE R, AR SR AR S8 (AU T3 5 vk % T = 4
FE AL o i S — A AR I =, T LA SR R AUE T
BAXFGERBOEH AR R 4, k(5] R T
— M AR TR N A SRR I AUE
FoRHA

WL - "(/UFlj ,wFZj ’wllilfj 9'“’w[|:N] (3)
BUE IR AN
wht = UL (1)

m-+ (d, — dF+)?

P ol I AE 5 T 2, — d
PR, o al ) SR TN R S A AR, d
LI 2 4 25 R S B T A R B X R A A
THEGT AKX T YR s 5 m WOk TR 2 (H
SRR R m BE N

m = s dy < dit (5)

my + m, d L HA
AP W B 2 R R A A MRS, m, 2 R
F| RF 15 5 1% iy o 72 vh 22 6 S 8800 1 52 Wi 7 3C
BRLS5] L BUmy S 2 100 cm® s my SN 160 cm. P A X
B 5E MUR i E AT AUE I — 1k,
2.3 ERM

R R EAT — B[R] J5 A 2 Ok B AR
B /INER SR b T 4 R 22 Ok T R AUELE /)N
X — PG U R A IR AL XX T8 T GE T O 25 kL
TUB P PR AN AR 45 A2 1. T e LWL B A R I 15
ST EAT E SR HHOR A 10 AR T B A2 A A K
FRE T, 4 FEALAE /N BORL T, A SO, X SR(System-
atic Resampling) B vk 17 ek . i 2 B [E E 112
BRI ) 33 AR R 208 e Bk T DA B G 1 S BRI K 2.
BT RCRAERL T B R (CSW) |, T R A 5
B, BEIS 8] 34 K, 20 3EZ 80 1/ N XA R E S AL
(B R BUREAT LEH, an 2R R BRI T R A bR 55, 0
S 2T RORL T a0 RN T U R BUR Ak S A S5
SRR THGA S N 515 18R AR XA R AT
HIHFE NI E . LU ek i 5 09 8 R AR

TR
cum_pf HUE & in
BIR A k=1
For i=1:N
vm()=vm(1) + G—1/N  vm (1) Jy R HLIE
If Ccum_pf(k)<<vm(i))
k= k+1
end If
num(d) =k FEM kAR HRT K F] N KT
JREE IR
end For

13 B3 AUE 5 K 89K F pos_pf=p(num)
2.4 REWH

1% G2 B WL 1~ U8 I B0 R AR AU T S B gt i 47
S RSB T BT A S5 KL 1 68 I AR AR S
P EL S T AR A SR T O 3 2 ) R A
Z 5 B AR AL P (B D e B R AR
A [ I Hy T R AR B iR AU AR AR B



10 e o 5L

2014 4%

PASE R BE AN 23 BEAR , A 52 i 3147 2
2 (6)

T(6)%%/Ttﬁj‘?'l J7 1L B A i oy A = 71 Y
JEBES o Ty ) A A

3 WLFIRR IR

T2 [ B8 3l 710 i 0 A7 B S AR Ak BT DA X
RN ED =W R DA ORTY: 3 N | S =S A A R85 7.
A7 B TR R R R R S BRI BRI
) SR BB AR SO A AR 4% 1) — BB AR B st
Ar A, M R 7 5 A %) S B0 S M A AR e
F6 0 I BLIFAT R K LR AE.

TS BTT o B AS B) Re AR B A 4 N A (E
THE R A FAR S i i, B A Bt 37 S, A A
ZEmELTEMAH 13 A5 E N 1024 1) RAM 3k
FEREECAE L U8 U A R (R S5 A a1 2 . AR S
i FIFO f6if a% , 3IX FE 15 4 1 Hbhk 77 i A0 3550 1Y

B, LB RAM FE6f fe S2 30 o A7 )5
[RCIE

£
"

JE R T

ZIH

04dld

II Odid II
=
e
2

B2 MFRERM:NFEXMNETE . EXREME Y

TERFE B, BEPLECR 2B a0 B R 2Ry &8>, 3
11575 28 3 AL Y BEHLEC R A= e R AR L 0y A1 2 T
T B 1E 25 70 A1 Oh BE AL 158 F SRR L8 T4 J7 ¥ R 2B ik
IEBNABENLE g, Box-Muller J5 3% 31 %8 fiij fi#.
T SE AR AR L0, 1] Z 1) A 1 ) 43 A BEAL AL .
SRJE A w, P2 AR S BB E g g R B T8 0 Al
() BE LA w, B8 530 .

g = Z u, — 6 7

ﬁ’ﬁi’a’jéﬁﬁﬁﬁmﬁz U A A A R
(LFSR) kA pit.

FERL TR FE B BEZ G B EA TR AUE 135
F A3 T AR S ST B BT DA A — AR B
AL RLE AT B 5 T 45 SRR IR AE ABUE FIFO
H SR SR AR T S5 B K 4R B T3 58

Ja RTINS R R B AR AT AUE A — b X
HU D TN IRBR . T AR ERAE AL SR R, R P i
SR RIS 1/ N BGHE TR qun/ NS BBEJG 520 T
B F.

R AR I BB BT AR AT AT BEAT — IR
SRR R B — KL 1 IF K R AE A E R B FIFO
T ELOR B R A RN f i BOP S (AR
e TR R A A DR B A AR T S22 T — i
Z 0 S AR TN T — I 220 69 S 56 o3 A BT BB N
BT 024 fft bR 3% it m] LA 32 0 B 067 52 B, A K

4 TR SZIPFNLGIE

4.1 SystemC i&itFH &

SystemC A Ji _F&7E C+ 4+ a9 3Lal F a3 n g i@
PE9 i e A FLA% L X (75 SystemC A DL g BAS 7]
MR L0 CELE 3 A M E ) B 24l T &2 48, Sys-
temC JRACHS AT LUGE HIAE fo] b5 1B C—+ —+ Z 19 31 58 F
795, A= AT AT SCAF, AT R AT Y & Mentor
Graphics i) Modelsim #1715 B ; B ff 22 & T H
(Synopsys B SystemC Compiler) ¥ SystemC ] 2
e s R R 44 N Verilog HDL LS, T
FPGA #it.
4.2 (AEMBEIE

FEM A, FRATT (8 Matlab 7= A= S0 AE . 5 A
FfEEgs T 0 B2, SRR AE VC P & &
PEAT T i IF B 4T . 45 G Modelsim #E47 3 07 1.
1 Modelsim 77 4 1 25 3R 5 11 3] Matlab o 3 47
T LG, AT DA B R 1 T Y 45 2R 5 R A
BRZEHH Y, A X T S PRz 2l Bl 0 E A R 25 FRAE
200 LA 75 28 18] 75 09 2 A6 v, g T 30 27 5 0 o s
LA S B 330 — i T 2 A% 8 45 I 4% AT LA 42 52 1Y
SE VRS BN T AR SR I — AN 2 LR 5 SCik(10 ]
e LA EE BRI ARG IR R A SO B P T
8] b SCRRC 11 P2y 1/3.

5 HRIE

A SCHE Y — R R R D A TR R
J7 5 MR 8 I OA E b CRE T RS B
JEE 0 TR A %o 52 2 9 1 5 A SR AT T 1L A1 2 e
TR IE B, B R oR F SystemC 1B 5 L 15 T
PRBOTH RS, T2 25 SR WL T Bt (0K B 1 A S
PE. 5 09 A w2 U0 A AR, 0 — 20 IR 5% U5 UH
FE o FRHE A R DU & 0 B ] T SR R



46 M TR S B T S 18] R AL AL I8 IR R A 9T R S L 1

S %30k

(1] XURER L Sk . i TUIE.L O 4R I I 26 (WSND B 52T .
P T2 5L, 2005, 22(7) :58-61.

[2] Hu L, Evans D. Localization for mobile sensor net-
works [C] //Proceedings of 10th International Confer-
ence on Mobile Computing and Networking. Philadel-
phia: Association for Computing Machinery, 2004
45-57.

[3] Wang W, Zhu Q. RSS-based monte carlo localisation
for mobile sensor networks [ J]. IET Communications,
2008, 2(5):673-681.

[4] Bao Ying, Chen Junfeng, Shi Zhiguo, et al. New real-
time resampling algorithm for particle filters [C] //
Wireless Communications & Signal Processing. Nan-
jing,2009:1-5.

[5] Fross D, Langer J. Fross A, et al. Hardware imple-
mentation of a particle filter for location estimation[ C]
// 2010 International Conference on Indoor Positioning
and Indoor Navigation (IPIN). Korea: Busan, 2010
1-6.

[6] Adiprawita W, Ahmad A S, Sembiring J, et al. New
resampling algorithm for particle filter localization for
mobile robot with 3 ultrasonic sonar sensor[ C]// Elec-

trical Engineering and Informatics (ICEEI). Bandung,

Indonesia,2011:1-6.

[7] Bolic M, Athalya A, Djuric P M, et al. Generic hard-
ware architecture for sampling and resampling in parti-
cle filters [ J]. EURASIP Journal on Applied Signal
Processing, 2005(17):2888-2902.

[8] Winkler G. Image analysis random fields and dynamic
monte carlo methods[ M. Berlin, Heidelberg: Spring-
er-Verlag, 1995.

(9] AL R TEAE . EM 7. DhBENLECAL A 88 19 FPGA 52
BEHEFEL) ], BB S R, 2008,8(3) - 121-124.

[10] He T, Huang C D, Blum B M, et al. Range-free lo-
calization schemes for large scale sensor networks[ C ]
//Proceedings of the Ninth Annual International Con-
ference on Mobile Computing and networking. San Di-
ego: Association for Computing Machinery, 2003
81- 95.

(117 dkb4e, dyaE, BRai . BT 26 77 007 91 25 09 187 1k kL
PRV S RO ST ] 7 515 B4Rk, 2009,
31(1): 96-100.

fEEE AT

TFE® .97, Bl BER 5 19 WBAN 6
AR I KRR RS ML 0 R P D s R K
BRI BSR4 Bl i iR R T2

(L#F 770

Cache H B[] (%) %5 4f8 ok W /> Load 4§ 4 % % 4
Cache MU [R] R B, T AT 85 AR B B5 Cache 19T
#E. 7E SuperV_EF01 DSP | f{) 52 5 45 1 3 78 A 3C
i RAE AL BRERPERE BOA SR A1 &0 T ] L3795 4
29. 48 % ML HE Cache TFE. LAk, A< 3CT7 i (14 1 14
S A ARl A TR AR I A A B BT

SE K

[1] Aragon ] L,Veidenbaum A V. Optimizing CAM-based
instruction cache designs for low-power embedded sys-
tems[ J]. Journal of Systems Architecture, 2008, 54
(12):1155-1163.

[2] Hasegawa A, Kawasaki I, Yamada K, et al. SH3:
high code density, low power[]J]. IEEE Micro, 1995,
15¢6): 11-19.

[3] Powell M D, Agarwal A, Vijaykumar T N, et al. Re-
ducing set-associative cache energy via way-prediction
and selective direct-mapping [ C]J // Proceedings of the

34th International Symposium on Microarchitecture.

Austin, TX, United States: IEEE Computer Society
Press, 2001: 54-65.

[4] Kin J. Gupta M, Mangione-Smith W H. Filtering
memory references to increase energy efficiency[ ] ].
IEEE Transactions on Computers, 2000, 49(1) . 1-15.

(5] Lhakom, RN, BIE0 . 56T W% B4R IR e
i Cache 7R [J]. THEHLWIFE 5 &, 2007, 44(5):
775-781.

[6] Malik A, Moyer B, Cermak D. A low power unified
cache architecture providing power and performance
flexibility[ C] // Proceedings of the 2000 International
Symposium on Low Power Electronics and Design. Ra-
pallo, Italy: ACM Press, 2000: 241-243.

(7] £k, wyBim, L, 5. T2 MG LR
RIBEM RIS LB RV B iS5 B %
2, 2012, 24(10): 1369-1374.

EE®IT:
ERJ P Q987 ML F A BEET5 g ik A b 3
R R SR BT AR R BT S S E.



