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Design of adaptive firefly resampling-based interval particle filter

WANG Zi-yun"*', FENG Chao"?, WANG Yan"?, JI Zhi-cheng"?

(1. Engineering Research Center of Internet of Things Technology Applications of Ministry of Education, Jiangnan
University, Wuxi 214122, China; 2. School of Internet of Things Engineering, Jiangnan University, Wuxi
214122, China)

Abstract: When dealing with the state estimation of an unknown but bounded system, existing particle filter methods
generally have problems of high particle demand and particle degeneracy, which affects the accuracy of state
estimation. This paper designs an adaptive firefly based-interval particle filter. Firstly, the weight of each interval is
calculated through its width and estimation error. Then, an adaptive firefly optimization strategy is introduced in the
resampling step. By calculating the optimized adaptive coefficient, the moving direction and step size of each particle
interval are determined to improve the posterior particle interval distribution. In addition, the state estimation interval is
further divided, and the upper and lower bounds of the obtained state estimation are iteratively contracted to obtain
smaller state estimation interval boundaries and more accurate state estimation results. The proposed algorithm can
make intervals with higher weight coefficients wrap the true state more effectively, thereby reducing the particle
demand. Moreover, the designed adaptive resampling strategy can significantly reduce the degree of particle
degradation. Finally, through numerical simulation and experiments on the Buck-Boost model, it is verified that the
proposed algorithm can wrap the upper and lower bounds of the state estimation more tightly and has a lower root mean
square error, indicating that the designed filter improves the accuracy of state estimation and provides a tighter state
wrapping.

Keywords: particle filter; adaptive firefly algorithm; interval theory; state estimation; resampling
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T B 27) Wi BT S, 45 B R 2GRS A THE AT
R

step 8: &k =k + 1, R 2 step 2; 2 kik 2
KIS Za Kbt &5 5. i s 7 S 20 ARPIR S Al vHEL A |
T IAHE RSG5
2.8 HEIHHEERES T

1 NPT R S I AR R D U B R R
RFEXTHGE R S EH 219 ~ F 25 &L
WREIRFE, HT O(N?) 2 H i KT, H AR

xR1  EHEMEEZREXLE

AT I A A
2.1 (WIAL) O(N)
H22WALE ) O(N)
23T (EFIE) O(Nlog N)
2.4 (FRE) O(N?)
2.5 (IX M) o(l-N)
AR F BRI O(NlogN + N*+1-N)

WA T (R RLTIED) O(Nn? + Npn + Nlog N)

B A, FE M SR T R E A AL N
O(NlogN + N%2+1-N), UAERIREL, NAKT
. AERIRT G, I A R I R X JR) 24,
{HR T A RREH, Hit EERERAO(N - n’+
N-p-n+ NlogN), n RIRELEMLER, p WU
MAZ S AERE. b mT DLE t, g h BB A A

3 EZR55T
&% Buck-Boost 27t 25 S50 - &, DAIGIE AT 3
HY B ) 2P . Buck-Boost 248 e 2% 52 56 F & T
K 2 fros, BB L 6 L. EAZ L. ARM #5
#% . Buck-Boost H %\ 71 # AR A S5 4 . o
ARM #FE |28 4 Cortex-M3 R 51 ] STM32F10308T6,
T ENEAE RGN Windows 11.

2 Buck-Boost ZTH#EELIET &

Buck-Boost 28 4 2% 1) HL % S 5k 2 fiw.

32 Buck-Boost BB IEES %]
24 o ZHH
E LIPNGENEAY 3
C., B/ T 470
L Hh R T 2000
R HLFH/ 4.7
s SRREFF R AL 0.467

I SIS 6 BN U A R AR AR 4 s () HL BT
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DB AR 0 15 3o R MR 7 RN B 7S 1) AR R, 3
TMRAF 250 G 0 N RPIRZS S (RS AL, T Bl s

{ka = Az, + Bu, + W,,
Y = Cxy, + V.

Hodr: x, My, 73 i 1] & IR A LA E&:{E,
SRR IR B R we M G AR HERE, B
B C IR B W ATV, 53 50l it A2 0 7
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) 3 B SR, T A 1 4% TR U B SR
A0l 2 1R A7 76 B R [l 2. IX 78 4r R B T AFIPF
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8.8 D
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1.5 2.0 2.5 3.0 -0.5 0 0.5 1.0
X, X
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0 1.0
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.,. n )
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