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Research on high-precision indoor UAV positioning method based
on WiFi-CSI sniffing technology
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Abstract: To address the issues of insufficient positioning accuracy, high cost, and the requirement for dedicated onboard positioning
modules in existing indoor UAV positioning schemes, this paper proposes a high-precision three-dimensional (3D) UAV positioning
system based on WiFi channel state information ( WiFi-CSI) sniffing. Specifically, the system deploys a number of low-cost ESP32-S3
sensors to construct a UAV sensing network, which directly sniffs the WiFi signals transmitted by the UAV and parses the CSI signals
from them. Combined with the altitude information acquired by time of flight (ToF) sensors, this system achieves a lightweight and high-
precision positioning solution that eliminates the need for dedicated positioning receiving modules on the UAV. Considering CSI
characteristics at different altitude layers, we innovatively design a hierarchical training strategy and a sparse neural regression network
(SIRD). Fusing the SE attention mechanism, Inception multi-scale convolution, and residual connections, the network establishes the
mapping between CSI and 2D coordinates. 3D positioning is finally realized by fusing predicted 2D coordinates with ToF altitude.
Experimental results verify the effectiveness of the proposed system are the mean localization error (MLE) is 0. 107 9 m, the localization
mean squared error (LMSE) is 0. 100 3 m, and the coefficient of determination R* is 0. 956 2. Compared with existing indoor UAV
positioning methods, the proposed method achieves a significant improvement in positioning accuracy, providing a low-cost and high-
precision solution for indoor UAV applications.
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Schematic diagram of CSI-based UAV indoor positioning system
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Fig. 9 Positioning error CDF for different sensors
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Table 3 Localization error results for different optimizers

efb#% MLE/m LMSE/m R2
SGD 0. 330 4 0.3019 0.865 8
RMSprop 0.1255 0.109 3 0.951 3
Nadam 0. 146 4 0.159 9 0.927 8
Adamax 0.1252 0.163 0 0.926 6
Adam 0.087 4 0.086 9 0.962 2

2.6 AREERMEBEXTEE

SRTAS ST ) SIRD 928 B K R0 A T 30 E
PR S BRZE F TR S HER I, SR AE 0. 75 m
FEZIHAT, IR SC B A e e 8 7 LA B AR MR Ry 2
CNN P 45 47 % B, 3 26 X 2% 43 331 25 VGG-1DCNN |
DenseNet-1DCNN . MobileNet-IDCNN . ResNet-1DCNN .
ResNet-1DCNN, I H'EATH C Zead geits , UG FC CSI &gk
A E S A PR ER

AR B AR 25 25 SR N R 13 B AN A B 7
X} CSUE 5 HATRHE SR HR i R ILAE MLE F5 45 I, A3
P B E AR 22298 0. 08 m, 5 ZAHLL, VGG-
IDCNN #. % DenseNet-1DCNN B & MobileNet-1DCNN

B MLE 43314 0. 27 0. 21 F10. 21 m, /s g i
25 % 2% ResNet-1DCNN & InceptionNet-1DCNN 1
MLE 2512524 0. 16 A1 0. 15 m &80 H A 2K AY iR 2
ABFGEAE L LMSE #IK, UE B iy £ 530 5 A A 2
WA I S A PE AR, VGG-1DCNN B ¥: iy LMSE 4
0.26 m, DenseNet-1DCNN FI MobileNet-1IDCNN ## LMSE
S35 0.29 0. 31 m, MEW T A ST 4 H A3 6i)
R ZE A T A, XF R M@ A 3
T 0.96 MR A, ™ RO AR AR R RE I A, X
UESE TIRFEA S 22 /0N T 508 9 A2 £k 5 SEPR(E
HY AR A AR A AH G, 25 BT IR AR BIFSE 32 H Y 55
PAE IR SRR FR bR R R

035 ~0.975
EEMLE 09622
330 [CILMSE
e B @ 2
B 10.950
0.25
09257 09259
£ 020 10925
0.15 )
iy 0.900
01884/ 5
0.10 0873
% 0.875
0.05
0.00 0.850

VGO Dc\\SeNc‘Mo\)\\CNe‘\“ce?"‘o“ Y&SNG‘O\“ Modc\
Hik
& 13 AFBEERE RS,

Fig. 13 Positioning error results for different algorithms

2.7 AEFTERMERE SR AN LS

AT IERITERE 5 A XS L NER 4 Fis , AR LR
T NHUBE AT AT L LBtk , s T34 3 §
i ESP32 A2 Eas , (815 M T 2 N AR DAL 57 HLA kG
R E AT ANLE L 5. FH T HA 5 %, ARBE5E
D7 AR RAE R R BE T2 N A2 (57 9 [R] I, TE 38 S %) 6
INHIUAS By a0 S T8 AR 1) SR AR SR A MR

x4 AREFEMRESHAITLE
Table 4 Comparison of performance and cost

between different methods

WIS TEABLEER A ik & st
AR TR AT esp32 i = NIRTIHE
SCHR[21] Rk 3xSDR [ =4
UWB  RERRERE 3xUWB [ =N
M3 WEEG) A TR rf AL AR

it

w
i
<«

ARSCER XS TE AL A AE A7 1 A B PR oK, it —



53 3

FEF WiFi-CSI PEAREE AR (1) S0k B 2= N TEAMLE A 5 A5 - 79 .

T WiFi-CSI EREE A 19 805 B JC A ML E N =4k 7
ARG, ST IO T ANAE B e AL i b 2
M5, X CSIAF 5 X &= P 1Y s (5 B i T
~?F¢%iﬁﬁ¥$éélilﬂ 2% STRD , A1 3 1 b R FH 432 1 2k
Y7 2R SEBNS To AL 2 Ak A ARG VE TR %F%@A
ToF & A5 AR i B2 5 B LT AMLIY =i,
U a A Nl I N =0 9 R N e 5 2 S = N é?%
LA AR 78 36 T6 A HILSE A5 A% BE 1 2 i, 1A 7
AR F 2 BE Wt e e S5, s kW, *ﬁiﬂﬁ
WA 2GR 2 M 2% | BT830k SIRD RBA% 54T () 42
F| CSIAF5XF To AL 4k A bk i B 5 56 R, 76N [ 7o 38
2T R RS B R B LA R — o, Y
SELIRSRE MLE A4 0. 107 9 m, A HC T304 TC AMLE N 5E
P A A T, N TE AHLE PR ARt T IR
A ERE B R
%%iﬁ
[ 1] VER, REMK, 7T
E@gﬁﬂm@ﬁﬁ% [J].
38(3) :133-142.
WANG J, SONG SH L, QIN N N.

5 e SO R XU P [
FE?‘?N'JE%@Z%“%%??E(, 2024,

Indoor localization
method based on dual-metric coordination of signal
Journal of Electronic

2024, 38 (3):

fingerprint measurement [ J ].
Measurement and Instrumentation
133-142.

[ S VS Il
ENE MR [T].
35(4) .118-126.
XUE M, SUN W, YU H SH,

[2] , & LT Wi F8 80 2R )

R A R A 4, 2021,

et al. Hierarchical deep
learning model to locate the mobile device via WiFi
fingerprints [ J]. Journal of Electronic Measurement and
Instrumentation, 2021, 35(4) :118-126.

[3] YINCY, JIANG H, CHEN J. Overview of approaches

for device heterogeneity management during indoor

localization [ M ]. Machine Learning for Indoor
Localization and Navigation. Cham :Springer International
Publishing, 2023 .259-282.

LUO R C, HSIAO T J. Indoor localization system based

Wi-Fi/BLE

[4]

on hybrid and hierarchical topological

fingerprinting approach [ J ]. IEEE Transactions on
Vehicular Technology, 2019, 68(11) :10791-10806.
[5] YINCY, JIANG H, CHEN J, et al. A high-adaptability
indoor localization algorithm for large-scale BLE sensors[ C].
2021 40th Chinese Control Conference ( CCC). IEEE,

2021:5691-5695.

[6]

[7]

[8]

(9]

[10]

[11]

(12]

[13]

L S T HREMEIE S
AL R

FHEC, WM, WER
AR (¥ RFID 2 £ ik [T].
2024, 47(6) .8-13.

WEI J] W, TAN L M, GUO ZH J, et al. RFID
localization method based on single antenna boresight
signal propagation model [ J]. Electronic Measurement
Technology, 2024, 47(6) .8-13.

YIN C Y, CHEN J, MIAO X R, et al. Device-free human
activity recognition with low-resolution infrared array sensor
using long short-term memory neural network[J]. Sensors,
2021, 21(10) :3551.

NEWAZ N T, HANADA E. A low-resolution infrared
array for unobtrusive human activity recognition that

preserves privacy[ J]. 2024, 24(3) :926.
YIN C Y, MIAO X R, CHEN ],

Sensors,
et al. Human activity
recognition with low-resolution infrared array sensor using
semi-supervised cross-domain neural networks for indoor
environment [ J ]. TEEE Internet of Things Journal, 2023,
10(13) :11761-11772.

r i, B, PR R BERLINER R SR
WA IR (1], AUEAGER R, 2023, 44(1)
163-171.

GAO W P, YANG B, MIN L Z. Human behavior data
augmentation for the low-resolution infrared perception
system [ J]. Chinese Journal of Scientific Instrument,
2023, 44(1) ;163-171
Wrt, BIAEo, YT,
Wéélﬂé%ﬂ’ﬂilﬂ)\ﬁiﬁm@uﬂf% [J].
i, 2019, 40(7) :178-186.
CHEN D, YIN C Y, JIANG H,

- BT Wik SRS SIRE
IR
et al. Indoor crowd
counting method based on WiFi crossover signals and
deep neural network [ J]. Chinese Journal of Scientific
Instrument, 2019, 40(7) ;178-186.

W, AT, SR, % A WiE S TSRS
PP N E AL DT A ()] AR R 2 4, 2022,
43(3) :267-276.

LUO R, LI'Y J, JINZH A, et al. An indoor positioning
method integrating WiFi and wearable inertial navigation
module [ J].
2022, 43(3) :267-276.

VLB, BAAFE, RESCHR, S5 TR Wi-Fi gy s
B NI RGBT (1], SERAARSEH,
2021,38(3) :272-2717.

JIANG H, YIN C Y, CUI W ZH,

Chinese Journal of Scientific Instrument,

et al. Design of



- 80 -

LSRR R e o

40 &

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

laboratory staff flow density monitoring system based on
[J]
Management, 2021, 38(3) :272-277.

FEM, . T IER T B Wik 2 N E 7
RIEREFE BARLGUER S BIEL)]. BT HFERS
i, 2023, 45(10) :3657-3666.

LI 'Y B, SUN X. A highly robust indoor location

passive  Wi-Fi Experimental Technology and

algorithm using WiFi channel state information based on
transfer learning reinforcement[ J|. Journal of Electronics
& Information Technology, 2023, 45(10) :3657-3666.
YIN C Y, MIAO X R, CHEN J, et al. PowerSkel: A
device-free framework using CSI signal for human
skeleton estimation in power station[ J]. IEEE Internet of
Things Journal, 2024, 11(11) :20165-20177.

KOTARU M, KATTI S. Position tracking for virtual
reality using commodity WiFi [ C]. Proceedings of the
IEEE Conference on Computer Vision and Pattern
Recognition, 2017.68-78.

ZHANG L Y, GAO Q H, MA X R, et al. DeFi: Robust
training-free device-free wireless localization with WiFi[ J].
IEEE Transactions on Vehicular Technology, 2018,
67(9) :8822-8831.

CHOI J S, LEE W H, LEE J H, et al. Deep learning based
NLOS identification with commodity WLAN devices [ J ].
IEEE Transactions on Vehicular Technology, 2017,
67(4) :3295-3303.

PIAO S X, BA Z J, SU L, et al. Automating CSI
measurement with UAVs: From problem formulation to
energy-optimal solution [ C ]. IEEE INFOCOM 2019 -
IEEE Conference on Computer Communications. IEEE,
2019.2404-2412.

LU K I, CHIU CJ, FENG K T, et al. Device-free CSI-
based wireless localization for high precision drone
landing applications [ C ]. 2019 TEEE 90th Vehicular
Technology Conference ( VTC2019-Fall). TEEE, 2019:
1-5.

NIE W, HAN Z C, LI Y, et al. UAV detection and

localization based on multi-dimensional signal features[J].

IEEE Sensors Journal, 2021, 22(6) :5150-5162.

EEE N

BRER, 2010 4F T ) R332 7
17,2013 AR F BT R FARAT A 15037, 2016
SETEITRP AT L2207, BN AR N R
R, 205 7 1l M AR AT U 2
PERLHAR B BRI R S Mlae:d
E-mail ; chengj@ fzu. edu. cn

Chen Jing received her B. Sc. degree, M. Sc. degree and
Ph. D. degree all from Xiamen University in 2008, 2011 and
2013, respectively. She is currently an associate professor at
Fuzhou University. Her main research interests include human
activity recognition, indoor positioning technology, intelligent
sensing systems and machine learning.

PR GE AR 1EH ) , 2016 4F T AR5
BT AR 2241 AR 2 24, 2020 4F T 46 M
REFARAFA - 24007, 2024 T4 M K24 3k 45
b, BRI R ) R S A ™
A BFFEBE I R BT 5, BT 7 A T
LRI N E AL
E-mail ; cunyiyin1125@ gmail. com

Yin Cunyi ( Corresponding author) received his B. S.
Chengdu
University of Information Technology in 2016, and the M. Sc.
and Ph. D. degrees from Fuzhou University in 2020 and 2024,

respectively. He is currently a postdoctoral researcher at Power

degree from the School of Control Engineering,

Equipment System Industry Research Institution of Fuzhou
University. His main research interests include wireless sensing,
indoor localization, and machine learning.

LR, 2008 AP BT R SF kAT 2 4
A, 2011 AFF TR A 4R AH A+~ 7, 2013
AT TRAERAF 2240, 2013 ~ 2015 4F
BTN R B TR 21 S5 WE 5 B3, B A
MR %, £ BT T7 1) To e A M)
% FENEMHEAR FREBEARL Ot
RIZEFIHL a7~
E-mail ; jiangh@ fzu. edu. cn

Jiang Hao received his B. Sc. degree, M. Sc. degree and
Ph. D. degree all from Xiamen University in 2008, 2011 and
2013, respectively. He was a postdoctoral researcher at Nanyang
Technological University from 2013 to 2015. He is currently a
professor at Fuzhou University. His main research interests include
wireless sensor network, indoor positioning technology, intelligent

sensing systems, optical sensor networks and machine learning.



