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BRI NSz B R TR Bl 21 SOP HFAIE
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5. end for
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FFHE B XA 30 A5, C KU 26 2%
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WO E N 15 kHz,5G B9 SE 1 &N 30 kHz, DTMB
M Y B 8 MHz, fe 2%, FM X 43 1 A0 20
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4666 ,5G XI5 HSTHEHUE 6 666, Wiki 840 H 44
TERBE L s =y i R P AT S . 25 8
SECH 719 HEARECH 11 360,

AR SCHHET DL Bs SR AT B A AL 2R AT
LN, N T BEA ST I 25 SOP fill & A4k
SOPLoc FEEF 2 2] B4 FedLoc-DIE , AN SR & £5H
O3 BAE AT ISR UE . TR (v LTI 2R
AR I PR A Bl TR 22, R E N Y
B BOA G s R AR A 27 SR T R
S5 g B W ISR S e 2 B Al i, B

w= Y plw)w, (15)
K p(w,) FRBHREN T v, MR, N, 2S
R, TERLE | REAS j L EAG TR ZE error,
ik Ny

errory = |la; —x |, (16)
4.2 SOPLoc MH&ETEE

AR SR = #E B X BE X SOPLoc 114 RE
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NZH A 100 MHEA, R T — X — 38 XRHIE,
¥ 29 NS5 S IREARAE RN ZREAE 1 1 A s ke
A FVEMGAEE . A< SCHr iR 55 DU vkt
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CBAM A HE ) SK HL; (2) ResNet + CBAM,
HATERAS SOP FRAE42 B (LR H] CBAM B3k,
(3) ResNet + SK, H A #E £ 4~ SOP $#-1E fil 5 Hh LR
Fil SK #i4k; (4) ResNet + CBAM + SK, H: /i CBAM
B T 54> SOP FAESREL, SK BLE A T £~ sop
FHAERLE s (5) ResNet + CBAM + 3 & , H:th CBAM
FEHH F 54> SOP FHAEHEE, CBAM Fi v (138 14
HERITHT 24> SOP RHfEfl A ; (6) KNN, Hoik £



X KA BT IR 2] (Y Z IR 25 S Al SR BUE L

HBIER 3 NS % 8, I 3 A2 F S AR
EAE A EAGTHE . A FISERL R e 152 22 1Y R AR
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N, FH AL DR BE 2% ) i 5 VR BT KNN, Horr
AL A A ARE Y 2 T e AR AT, 89 % 1Y R I AE AL
WE/NT 4.00 m, 15T KNN #9755, 58% HY £
RERIRZE/NT 4.00 m, £ 1 45 H T AT LR
B E R 2SR A ME 22, HOF 3 E AL IR 2
MeanError fr%ﬁillﬂf

Ny
MeankE = — — 17
eankError N N - 12 (17)

ACHE ) SOPLoc P @M iR ZRE T
2.12 m, FrifEZ R 1. 69 m, KNN EfitEfef 2, F
PIENRZ RSN T 4.16 m, #nifE2Z N 3.30 m,

error

64% 61% ;T ZFh SOP fil & I E AL 22 /N T 4.00 m
200 89% NG TR B, KA TR G £
Tl SOP AT LAA RO 4 = e RS B, R 2 47 T
A~ SOP Flfl & Z2 7 SOP 17341 v 2 25 FAR i 25
MEHREI W, ZFh SOP flA 134 % i 15 22
FBRUEZE/NTF- AN SOP (128 137 158 22 FBRE 2 | FRIR
FHARLA 24> SOP AT LU 8580/ N e {7 15 2%

1.0

09+
0.8
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S
,\)0.5' H
04+ il
i
03+ i
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3 4
0.2 7 i N
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SEAL R ZE /m

8 [ SOP E{ii®%= CDF

1.0 -_—
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0.8
0.71
0.6
3
3 0.5
0.4r v —4— SOPLoc
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' & —— ResNet+CBAM+ i it
02 ResNet+CBAM
- ResNet+SK
0.1 = = JCVERE SIHLEI ) ResNet |

—6—- KN\I
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*z2 A[E SOP FHEMIREFIRMEE m

i iE bR
FM +4G + WiFi 2.12 1.69
M 3.56 3.17
4G 4.15 3.25
WiFi 2.95 2.30

B7 AEERMEMIRE CDF

®1 ARRBEMFEHEMIREMIRAEES m

ERCS Hife b2
SOPLoc 2.12 1.69
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ResNet + CBAM + channel 2.45 1.88
ResNet + CBAM 2.86 2.36
ResNet + SK 2.79 2.52
TR I HUHIH ResNet 2.91 2.70
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& 8 L T i Z Fh SOP Flfii FH B4 SOP
FENTRZE , A SOP T AT EZFF SOP fl &, 1t
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4G 56 FM 5 80808 #EAT BRI 2k, o £ s
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Federated learning based fingerprinting localization
fusing multiple signals of opportunity

LIU Bin™, LI Chen” , SHI Xiufang ™ ™
( " College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023 )
( ™ School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094 )
( ™" Zhejiang Safun Industrial Co. , Ltd. , Jinhua 321300)
Abstract

Existing researches on federated learning based fingerprinting localization are mainly based on single kind of
wireless signal, which have not taken full advantage of the ubiquitous wireless signals. This paper proposes a feder-
ated learning based fingerprinting localization system fusing multiple signals of opportunity ( SOP). First, a two-
level attention based deep learning model is designed to fuse multiple SOP. Specifically, it includes single SOP fea-
ture extraction and multiple SOP feature fusion, and this model serves as a local model for users. Then, during the
model aggregation process, considering that the heterogeneity of data among users will reduce model training per-
formance, the weight of each local model is determined based on the sampling density and information entropy of
the user’ s local data. Finally, the experimental verification is carried out based on actual collection of data. Exten-
sive experimental results show that the fusion of multiple SOPs can effectively improve the localization accuracy and
the proposed federation learning aggregation algorithm outperforms the traditional algorithms in scenarios where the
user data are not independent identically distributed.

Key words: fingerprinting localization, signals of opportunity, deep learning, attention, federated learning
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