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Abstract

This paper presents a high-precision identification system for in-vehicle and out-of-vehicle scenar-
ios based on a differential weighted K-nearest neighbors algorithm for Bluetooth PEPS (Passive Entry
Passive Start). By employing the Dempster-Shafer (DS) fusion method, the results of the dual-terminal
algorithm are integrated with those of the traditional single-terminal algorithm, significantly
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improving the accuracy of in-vehicle and out-of-vehicle recognition. The study constructs a Blue-
tooth beacon RSSI fingerprint database and designs the Hellinger distance as a new evidence fusion
method. Experiments were conducted using the NRF52832 Bluetooth development board, com-
bined with weighted K-nearest neighbors, Naive Bayes, and classification and regression trees to
recognize RSSI signals. Validation tests showed that the recognition accuracy of the DS fusion algo-
rithm exceeded 97%, with an overflow distance test accuracy approaching 100%. The results indi-
cate that the improved DS evidence theory can effectively enhance the performance of multi-source
data information fusion, providing a reliable solution for the in-vehicle and out-of-vehicle identifi-
cation system.
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WG A5 A IS BRI R & IR T AL N 5 JH ) & 4 (Passive Entry and Passive Start, & #% PEPS)
B CRE R BB RGR 7 [1]. TSR R R R A 2, 5TV 9 5 R Re T AL 2T
peps FEARRPLIZTIAE, A FAEFHCUBURIER, SRR BRI E 3. RGeS TP RE
R, JEHG5R T R 2t . IRDIFE 2 AR AAE T H AU REFEAC. ZEIR A DL v [2]

HAT, ERALLEMBAREZEN AT MR E =M. BIK R R 227555 fEE T4
FEMJTVE3]. BT MEE M2 2S5 AR B AL RS FEIBR 1], A& & M H T F PEPS &%i.
ZITEWR A AEMIE R, 8 FH WU K EY iR RIA BE e AL, WAEFRIEN B e 80R M 7%,
XPIREEIE MR 5, VKB T PEPS WAL I i A

Y B0 AL R B %2 A5 5 3 5 48 7518 (Received Signal Strength Indication, f&iFK RSSIAE ML E R4
IFFEZSHL[4], ARSEH) RSSI E AL FE F LM T 5 — 2 m RS R RSSI B AT, 1EIRZEMEH,
RSSI (& 585 2 2|48 AT N BT IS Z A R &R s mi[5]. thah, BT ZE & BT RSSI 5
FREIRIR RN AN R 2, DRI R FE AT 4 A Y 2 i ) N AR AR AN B k. O T D FET AR B I ) 5E
LR 72, FHE4E AR 5E 28 0m 1 P SRR U HER 1, AR SCHR T —FhE T WKINN S50 R X283 22 43 TN AL
K i 45 (Differential Weighted K Nearest Neighbors, DWKNN) 7% . 1% /5 V2383 43 #7934~ 2 ity 2 1] f) RSSI
B9, BN ERCRIAE R TH. JEah a2 RSSIAE BT LR 2 S HLES 5 ) 00 7
TEHEAT AR FIWT X VR SE & T = Fh 2 S0 AL K A2 2[6] Ah 2 DL H7(Naive Bayes Classifier,
fai#x NBC) 14325 [m] I 4% (Classification And Regression Tree, CART). %8 RME 2= A HHN R, #idiz
F Dempster-Shafer (DS)iE4E F 18, XL & 45 REAT 8 G, MR RAMPHREIR[7]. EE a6
ZMI5, BAERD IR ZXT RSSI S5 IS, AT B 5 52 A FE AN S ik

2. R EIRSUE MR AR

WA B SUE MBS — Mk T I A5 SR IERAT @i, iz M T EAEL RS, HAE
% 5B 3 T W B v A RSB IR (5 5 SR (RSSI) S RFAE, ER 5L S5 e A ARG “Faa0” . AT SEI
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Figure 1. Principle diagram of position fingerprinting
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2) TROILHC: RGOS 15 S RIE 1) B B 2 BUE ST IR SO et AT oS . 2 MR 48
VRS AR RIa AR AhER DU, 20 SRR A B0k . IR SE il il H SR SN 5 5 B R rh A 4
SUNARRLE, KR BEEINIRSZ % .

3) MrEAfF: JEEILECER, RGReEANTT AP AT E . EFEEIT, EAas R LAk FE
A, FFrrdt— 2T S HEH AR .

3. ERCEERE

USRS K OUTARSNE, T L2 TR 0 A 5 VR AT AR 2R DUk 5 00 2R B R
AT — P SRAEAE DO T S HRMOGR R ER T RS 5 Z MM B E, REERAS MR 4G
Bl (R SR . MR, BRI AT IR AR AT R LI 7 R RS R KR A, IR EOR K&
() RSSI Fdldfic sk, MImAE A B SUAT ILECUI SR, X AE S PR B A AR AR XE DL 2 4R T E ARG JEE

FEZARRL I 5k, UL HC A8 A SR AR R A 2 1 B PR R M R R L . IR TR RS
R BV TR RSSIAE 5 B BRI L8, (A5 78 BEIX IR A B 15 5 R AR AR IR IR XE . BG4
T BT HR ZE 3R THR L F UL T 42 A MRS IR ARE B, et 1 — b T 79 0 RE 2% I ) 22 70 VL TE
Tiike ABREIEA IR P FHWE AN BIVHRL, 520 a, Fribin i & 4E 2 N AL E ARG S0k &
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Figure 2. Schematic diagram of online phase matching algorithm
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.
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Figure 3. Differential effect of RSSI on two terminals
Bl 3. WM& RSSI K= DR

H R RA 2" M, RSB

2" ={®’{el}v{ez}*""{eN}'{elvez}*{elves}""vH} (8)
Jo R R AR m 2 R 2 W B XA [0,1] MM, 8 A (9)
A A),
m:{ _)m( ) 9)
2" —)[0,1],
b 2 2 BLR PR
> m(A)=1,m(Z)=0 (10)

m( A) L HFR A A B A E(BPA),  m(A) FURELA, XS A RS
{B2 8 m, A m, R KT R I EAR R O A S A IR, i A (e o T

m(A)zZBmC_A”f_(i)'mz(C) (11)

KA. B,Ce2", K AMREENRE, k<l.
Hellinger $2 1 7 —/NErEE B FE B 28, RN Hellinger #5555 %F T ARG P AIQ, BA
Z E HIEE B R 12 B
H(P.Q)= 5 (VP —a) 12

2 \ia
N T T R AR RS B R A e, ZBF KB K, Deng FFR T —FOHBIE &E[9],
ROXBA . EAkgn5ansX 13 Frox:

m(A)
2\"\'\_1

E.=-2m(A)log (13)

Aot m(A) R0 H R R
FRUE Hellinger ¥5 8575 R ALPIAMBE 405 2 1] 1 2 5907 T RCRBERT, {BE RRE B T DS 4R
W BN MFETE AR R B, it T —FhBi 0154 Hellinger B B AEHE 2 [ BEL 5

DOI: 10.12677/mo0s.2025.144293 364 5 1 A


https://doi.org/10.12677/mos.2025.144293

Jil#

e my i m, A H BRI BTERRE. my Al m, 22 8] 545 AR BE B (BH) & A

L (Y (A) -, (A)
E\/Z

= oAl 1

BH (m,,m,)=

(14)

A m(A).m,(A)e2.

R TR (05 UGB A, ASOMHESE N DS ERENEHATHOE, St —FhBF B 1
ZUHHR S BRI, R

B, BAEAI AR 14 SRUHSESRIE 2 MBS, IR LD BH, | 2 R — BRI R
M DMM =(BH, ;) F:

NxN

0 BH,, - BH,,
BH,, 0 - BH,,
DMM = . ” (15)
BH,, BH,, - 0
SR A MR B B R DMM 5 BEES P, Rox N D, « AXRWTF:
Si _ Zj:l,j# D(i,j) (16)
N-1
THEIEHE 452 #7 E (Sup, )+
1
Sup. = = 17
w.Di (17)
THEAANE IR 015 S0
m
Ed :—Zi:m(A)log 2,5@1 (18)
SR e A M R IE SR YR m, (15 B
0 (A logMLA)
IV, =e™ YA (19)
SREGIESE IR m, AT (5 %
Crd, = Sup, - 1V, (20)
SR AE EHEATIH 1k, AR LRI ER T, iC/EW, :
~  Crd,
Wi - Zicrdi (21)
IRIFUE TR IR I B &I Y R R L, 5 SN
m(A)=2m; (A)W, (22)
]
f Ja A H Dempster ¥R ZEHNPE AU HE B & N -1 7K
F(M)=mome- & (23)

N-1

F(m) BIu%s DS UEHE B e Bk Jm i e A Bl R S 45 2R, X — T RE i OR 1B MIESR JR A DTk S HT

DOI: 10.12677/mo0s.2025.144293 365 5 1 A


https://doi.org/10.12677/mos.2025.144293

iz

B REAE BERIELL, 05 T 2 ISR A PR SR 1 T S AR % -
4. SERMIR 5> 4

N TSR G FE S G FIRMRCRES, AT T RN PO .. RIEEGR A
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Figure 4. Bluetooth beacon layout
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FEHMAMINATE L, SRTHcEE 1 1386 HINAKME, HrhZE A EdE Y 692 4, F4MIHE 694 4.

L1 BARTRERTENSI K LA (DWKNN) AT 203k K T4 (Differential Evolution K-
Nearest Neighbor, DEKNN)ZE N [A1 32 X 45 0 52 A7 AE R M LA O 45 3. mT DA EE 3], DWKNN L 7E [F &
KA X IR B A KA XS AT UM, 58 O P35 AERf FE AR T DEKNN 205425 1 1.31%71 2.26%. 4¢3l
SETEANA X IR, DWKNN FIMEREIR SR N B2, RPZEEERARSENREESEZRNYRT
BA BRIt

Table 1. Comparison of the localization accuracy of DWKNN and DEKNN algorithms in different regions
& 1. DWKNN #1 DEKNN AR R X8 E AL ER ML

[Fi] 5 R AR X 35 BN REEX I
K DEKNN DWKNN ZE DEKNN DWKNN Z
3 93.48% 95.08% 1.6% 91.52% 94.2% 2.68%
4 96.5% 97.92% 1.42% 96.15% 98.06% 1.91%
5 96.72% 98% 1.28% 95.72% 97.95% 2.23%
6 96.96% 97.92% 0.96% 95.76% 98% 2.24%
S8 Aff 95.92% 97.23% 1.31% 94.79% 97.05% 2.26%

% 2 R T A FARB G LR A R FRAEIR G A AN T I RCR R I, 3 17 by
ALFRAE A M A I ER 2 . RAE BT SR RENS SEEL— E IR L, (B FAE > B3R A R DS
CREBORICIUM 7 RIE ISR, R0 e TIRIRREE ST, SR G TIARIRILEE A G514 2 sk
AR AE R T %

Table 2. Accuracy of different algorithms in recognizing both the interior and exterior of car

% 2. FREAEENIMRBIRERE

LAV 7S ZEAN I % EN %
WKNN 100 93.9
NBC 89.6 96.9
CART 100 92.8
DWKNN 99.2 95.2
DS 99.6 97.8

FEMRR H PR RS R, AT T 24 MK, 2356 TREES 4 MRZEEE NS 20 em, 15 cm
10 cm [ LAYE R, A XIRIEE 120 2= 240 ZHAF A DLZH s 2R .

W 3 fion, R DS @A MR BIEIEIE ST AL 4 A% % A BRI 5 N . 42 ohis B 50
ERIN (R BUR R I . MRS HAE T LG, BIELE DY 20 PR i i R0 26 B AR R i1k 3] 100%, B DS
AR LeAy B ATEE B b R ROR AR I, AR A S 22 5 AU 15 em AR TR 2B R I, BE R 92.7%.

5. &g

ACEETIA PEPS RGN NAMRA T, $—E T — TP RIUE 5 &m0 2Z 20 I K
I ARULHRCE (% L EL R0 DS IEHEER IS, JEZE D INBUE ML 5SS K I BVE IR 45 R BT A 2L
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Table 3. Recognition rate of the DS fusion algorithm near the car window
5z 3. DS Mt & E A EF A MR RYIR A ZE

LA R 5% ZE P 3 H R 2 1%
10cm 15¢cm 20cm 10cm 15cm 20cm
FEf £ G 100 94.8 100.0 97.5 100 100
a7 100 100 100.0 100 100 100
=] 99.3 100 100.0 100 100 100
PR 95.8 92.7 96.3 98.1 95.6 100

Rl o AE PN 22 0 SE I e A PR RE DI, RS DWKININ B3350] 1 7 ARTAN - A Al A7 58 0 (1) 85

P,

[E] 7 X AN B0 3 X A8 ) 35 B RS 8 2 BIIA B T 97.23%F1 97.05%. 74 N AMAR B, &4

SR AR IR R REATIA 95% L I, TRl BERIVER R NGRS T 97%. SZiG4E R, DS & H ik
TEAN[A) 4 2 o BRI AS [R) B 28 R R A R R BN 57, JC L AE 40 6 B )3 R A R 20 100%. A Sl Td DS

BRI Rl 5 R SR SR S ARSI R LR, AT 33 4 P AN A IR0 PR HE B 5 S T Bk o R

WK T MBI AR E RN TEEAE ST, B G5 BT RSSI Z2 5500/ 51 R HA 58 i e R
BTG T — A QB LT 5
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