10

15

20

25

30

35

40

mﬂHiEXEﬁ http://www.paper.edu.cn

H KRB Wi-Fi FRIEANRZE RS

FE FH

(bR, kX 42 8 53812 T424 1%, 4L 100876)
BE: £ T Wi-Fi 2% A1 & (Channel State Information, CSI)3E 5 fk & F %R B3 A FH
ERFZFBLE. RIPAPFBRAELNSE, EFERE AN LAREI L &0 A & &,
i, AEAREREEH T ERK: ERRERRUEN AR AR ELENE L,
DREREEASEEAR, TEELEZEE EEZWIE, 40 LR 98, AR HEHT
T 1 BE R B 3 2 B9 W-Fi F #4435 s2 it &2 B Z 45 Wi-MotionSense, 7 4t K J 3 21 3% i K 4
B, WECSIHEXRE., THMAE, SHMELrRAESRAFXENAEESR, ETHAKSE
#HELREILABWE] ERHE . SNELRERXASHENR 0.024M B9 5 & 11 55 BR 7
BA, BERIFWBERF. BXRFEZz N, RREELREIRE (5535m Z)T) #4f 6
GRS EINGWF R P H#ATT TENK, BERFHFEAEHE N 88.61%, 323w RN Y
350ms, ¥ Pz A E# R A 85.8%~90.8%, BWiFT ALAEELEZEEFMLAKS
EREH,
KR ITENNHA; WIi-Fi B4y F#IRA; 25 E
RESHS: TP393.17

A Interactive System for Wi-Fi-Based Gesture Recognition

In Smart Homes
Li Jinhui, Li Li
(School of Information and Communication Engineering,Beijing University of Posts and
Telecommunications, Beijing 100876)

Abstract: Contactless gesture recognition technology based on Wi-Fi Channel State Information (CSI)
offers significant advantages in smart home human-computer interaction, such as eliminating the need
for wearable devices and preserving user privacy. However, existing research generally faces two
challenges: cross-domain perception models struggle to adapt to variations in different users,
environments, and locations; and high-precision models often involve a large number of parameters,
making real-time deployment on edge devices difficult. To address these issues, this paper designs and
implements Wi-MotionSense, a real-time interactive system for Wi-Fi gesture recognition tailored for
smart home scenarios. The system adopts an end-to-end pipeline architecture, encompassing four
functional modules: CSI data collection, real-time preprocessing, action classification, and user
interaction. It can be deployed using commercial routers and standard laptop computers. The action
classification module employs a lightweight cross-domain recognition model with only 0.024M
parameters, demonstrating strong cross-user and cross-environment generalization capabilities. The
system was comprehensively tested in a real home environment (a 5>3.5m living room) with six new
users who were not involved in the training. The overall gesture recognition accuracy achieved was
88.61%, with an end-to-end latency of only 350ms. The cross-user generalization accuracy ranged from
85.8% to 90.8%, validating the system's practicality and robustness in real-world, uncontrolled
scenarios.

Key words: Computer Applications; Wi-Fi Sensing; Gesture Recognition; Smart Home
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2 18] AR 1) 22, DASRIRCAT 5 (10 o 20 v B IR Bctle o MRSERR ], RGEARHENNAIA B T )
i 33 T LEIR A 350ms, f/NAEIRY 250ms, i KAEIR N 580ms. BRI E, RGN
PEREDE AL KN AMLAZ LA EER, 4R ZHF 0 N RERFEHIFE 500ms LAY, FI P RIRAGHON
TARIAZ ARG . i KAEIR 580ms (B, B S A VRAS I B it A IR L 5E B X 2% 1%
WP s ok, AT IUBR s AT AN R HERS , RIS T e 75 2 5 2 Wil R
REfd A ARDGARE, AT H SRASM WA R AEIR o AR, 350ms F9-T~ 14y i ) g SE AR SR AIE 1
T Wi-Fi BN 10 SR AALAE . 2R GEAE Wi MO P 7 T B R ATAT 1, e G 2 B RER & 4%
s PRI RS I S AT — E EOR A LR N 375

326 HFPZANRGE RS
Pz AiRigiE 6 L B AR SEEIERtESS, SmulEfEs 165cm &
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190cm, fRHESA(E 55kg % 80kg XIH], FwSEEfEAN 17 & 52 %, WM T EA—ERE
PEM Z AR P AR . A R IR g — Ra 5e e U A sV DK, @k xof BNk [l iR
BRI RAE M2 LR

MAREE R EIR, 6 LR s EIRAHER R 0 A7E 85.8% % 90.8% < [A], Ak
IMRFEAL T A BRVE . X R EH R GO AN A B A RRAE P B B4 TR ) AR B AR E ()38 B e
71, FPANARZE 7 R G500 1 B IS TR R 252 Y6 2 o 3BT AT 22 2 R, B o
B R BN A 22 0508 AR TC 2645 5 R e e, dEmisema CSI {55 TR ahfE A SSRFIE R 43
AR A0S 22 S5 U PT Re s SR BNV EPAT 18 S ) 22 57, K ARSI B e ke 80 A ) o 7= 2
—E T R, Pra el iR HEmh R B4R /E 85% LA L, KHlE 72T Wi-Fi CSI
IENVERN 712500 Z FEAUH P B B4 R I B2 ALRE JT, N RGeS bR 2 P SR g v () Fe e
AL T AT SRR LR

228 FIRANTRINRSE A LLE HY, Wi-MotionSense R Zi/E L RESE 8 ME . I IHERATE. mi
IO SIS P 5 P2 AGRE 0S5 5 TSR B s T BT B AR, VP IGE T RS B SR EES
W) TR eI AT YRS S A ANME

4 Gk

ARSI SLBL T T 1A B RS X I 5 1) Wi-Fi T390 51 S22 5 & 48 Wi-MotionSense,
RGuATE CSI AR el TALEL ., BIE 25 F P 22 TLDUAN ThRe i, g T R IR TC
LRA5 5 B P28 HLAR A 1) 70 B v B v A R B o FE AR oy AR b, 4 OO S 20 B 1R 25
TRAESE, i BVP U5 CSI UM Kb A B, #5318z (hRe 713 % £ 2 85X 0.024M (1)
BRI, FECRIERS ISR L RE 1 R BH 2 T 10 2 S HE R Y BRI 20 TR . RGUAE K
FEEIR B EAT T 210 1 R LMK, X 720 RFHMRIZI T 88.61%[11 R AR IR HIHER 2%,
Ui 213 AE IR Ay 350ms, Xt 6 44 FH P IRz AL HERf %655 85.8%~90.8%, IE T RAL1E LR
S S Y S BT

METRGNIFAE— B RRYE: — 7, RGHACCR: 4 MRS, T EEEE
WA B A TR S — 751, B ERI AR T B T, TEME 5B R AR BB
FIRE IR BbAh, REMAKRIES NFRIZEINE RGN TRIE.

FRTAER LR LA T RS 3 R T A, w3l 2x28 m A (s gl
CERSCRETE ZFEIAC ELAR A WEE FE S BRG], St RGBSR B R E T & F
Y WEBZ A B R FIES S S MORAER: i — P R A5 R EKE loT
WS, 52 B bR S A It .
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