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Fig. 1 Gesture recognition principle based on wireless signals

SCHKE31-32 1AW 9¢ LR B, i B> 32 2 H AR 51 9 CSTRY RE 48 A7 ZCH BR R 73 A1 A% i % A1
il bk ph GRS AR AL SR R AR o R RO A R B AR A IR B R AN I, CSTRT R 75 &
17 RS A TE 5% 2m BB A SO AR A BE BB/  CST R 23 DU e % | 75 ) 23 0 i) e e o (R 3 3
73 M A 3 A0 3R W 7 A 2 T P A 728 A 34 B Rl S 3 U

2 BRZZEH

ASCHARE B LTE R 5 o i T 2% 3 45 % f £% (Carrier frequency offset, CFO) FIRFE 4 2 i £
(Sampling frequency offset, SFO) 51 & i B HLAR AL I #% , I o $2 U5 T H S VR A DG 2385 )15 2. .
CFO Hy A 55 s 1 W5 s A by 40 95 450 400 36 0 22 T 250, 23 38 J0A5 5 AR 52 21 A 3% 5 SF O T I8 T 4 S5k s 11



514 & A BT LTE 235 8k &0 F 53U ik 37

TS A SRR I B A A 5 xRl A5, S BOLAR LM EMIAE R A o X 28 0 A (45155 FH A7 BEALAZ 1L , XE LR
BT S5Rp i, JEHRAE A RGE 35 R i BN A2 A B, CEFO FESFO B0 23 I 55 28 48 9 RORITPE RE

O fifp R — [, AN SCHR Y T — b R T 23 SRR A 08 T U O i R A AN A 2 s
ZEH LTE {5 5 R SR Bt 1o ib IS He | 2235 49 % P& A el A5 0 A0 i T 36 Ul 22 60 5% 1) T 4 U1 AL
ekt . 76 LTEASG 5 REB PP @i LTE R 5 BOMAR  OR 2 bR Rl 8 B9 CRS, IR 154
2 AR P CFR. A5 X0 BiAk B b il i 15 A [ 5 R 29 CFR B LU B CFO #1 SFO 51 1)
FAAE i # L I Savitzky-Golay I8 3 #% 2E47 25 MR A1 3 A BE . 76 20385 3% (R A e R e b, 1 01 58
CFR i 0 VI RAOL AL AL, 45 B - A% 4 B A Bl T 5] 9 22 4L, 98 Jim R D 3 2/ Pl A8 e A i 5 T 3z 3
{5 SR SR 2238 3 3% 1, O 0 — B [ KBRS T fRm TR T AR 42 N 45 19 T R
BB A B 28 I 24 27 o A [ 235 1 22 % BRI, 58 T3 0 2R AT 55

e N\ ‘ N\
LTEfS B Rt FET B R 2 0 4% 1) TR B
| ST R T HRR |<7
PAS I
BB i
S ~ ~N
AEBUHRER SR IR
Ol i
:l CFRE A
O B A i
| Savitzky-Golay €% |
CRSTA ELH v | B B SRS T }
HCFRITS YIRS A5
. AR L /)

K2 e 23 Ml i T3l r ik i) R GEAE

Fig.2 System architecture of gesture recognition method based on the Doppler spectrum
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Fig.9 Network architecture of gesture recognition module based on convolutional neural network
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Fig. 10 Gesture recognition scenarios based on Doppler features
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Fig. 11 Visualization of Doppler spectrograms of five gestures before and after removal of static interference
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Table 1 Comparison of gesture recognition accuracy using Doppler spectrograms before and after static interference

removal in different targets and environmental settings
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Fig. 12 Confusion matrices of gesture recognition results using different types of

Doppler spectrograms in four scenarios
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Table 2 Comparison of recognition accuracy at different radial distances

TR R/ % SR 5
WiRs 2875 H b B B /m -

e ffedr X mi R MR %

RD-S S1 P1 1.5 100 100 90 90 100 96

3.0 70 80 70 50 70 68

4.5 30 40 50 40 40 40

SFD-S S1 Pl 1.5 100 90 100 90 100 96

3.0 80 90 70 70 80 78

4.5 40 60 60 50 60 54

2L EE R T LA, 3T RD-S A F S A 7E 1.5.3. 0 F 4. 5 m FE B T 19 HE61 R 2 31
796 % .68% F140% , 5 F SFD-S 1 F- 31 1A 7E 1.5.3. O F 4. 5 m BE 25T By M 2 43 51 R 96 %6
78% RN 54 %0 o H AT UL, T FH O A A6 23 Bl E T ST IR S A 3G i inT e 3R B, L R T RD-S
T3 VA B PERE R BT g W 5, DR B R IR A A0, T FORE DG Y 22 5 )RR R R 2 3 T e, [ B, PR
B S o o e b S WS TR ZE WAL MILZ T, KR SFD-S f iy ## & 415
A BB, BT LARE 9 T 4y R BT 340 32 s 4 . SEER 45 R R W, 3 T SFD-S [ F 3000 O i e
AP E LRI AL



%14 v W& BT LTE 28 Bk & m 50 J5 ik 45

4 Zig

EE X LTE {55 76 F- 35U o X BE HLAR 057 i B 5 SRR A 4 JC IR X (7 ] 0, AR SO s T — 3k
2230 W 3 R T 3N O i o %O I A B R 2R A B9 CFR B KA 8% Bk CFO M1 SFO 1 i A9 Bt
HUAHAL SE WA, 45 & Savitzky-Golay 38 i 55 307 2 M| IR FH 72 252 /0N gk A8 48 A= il 2235 0 3% 161 L 4 B 3h
BARIE . TEMHIFES TG, 5B BB G W 4 P47 40 25, SRS ME 0 F #8005 . 2 F YunSDR
Y750 - 5 1 R A R G S0 00 2 I, TR O I BB Sl CFO A1 SFO 9 52 M, RS i 42 B T 30 56 1Y)
ZAEMEEE . 76 1S mAR W Uy L AR B SF SN 6 R 5K 9490, S0 Ty iR AR R A1
TRABESREME. BT WIFiE S0 CSIB AN T T LTERFS W FRRMNA S, —4
FWZ I EAGE T WiFif5 5, Wl 2= % J OFDM 5 £ i A Z i i (Multiple-input multiple-
output, MIMODFE R ¥ LTE R 48, 0 1 56 UE 7 3% )7 36 B AT R4 /93 v 5 0% 7.

SR, PER 4 R BE P, M AE e 2 A B sh W IR ol T 34 0 1) A8 Ak 3 K, 841 1) 22 385 8 33 8% 2 1) A
22 BES T AR AEFL L, SBOR G B TR . RORFTE 0l % &5 A B4 [ 15 B 2% > B 1 IR BE % )
D5 DRSS ) 7 1] R 14 2238 B RRAE , 1 45 & 75 50 1 40900 i 25 1 R O Ak R A0F $2 B, 32 8 3R 40 7 R 4
WEE T a5z khg

5% 3Tk

[1] WUIJM,XU X Y,MIAO M, et al. Device-free respiratory abnormality monitoring based on mmWave signal seg-
mentation[ J]. IEEE Internet of Things Journal, 2026,13(1):1365-1378.

[2] WANG J,WUJM,QU Y W, et al. Multi-target device-free positioning based on spatial-temporal mmWave point
cloud[J]. IEEE Transactions on Mobile Computing,2025,24(2):1163-1180.

[3] CHENJM,HUK,WANG Q,et al. Narrowband Internet of things: Implementations and applications[J]. IEEE In-
ternet of Things Journal,2017,4(6) :2309-2314.

[4] GUO X S,LIL,ANSARI N, et al. Accurate WiFi localization by fusing a group of fingerprints via a global fusion
profile[ J]. IEEE Transactions on Vehicular Technology,2018,67(8):7314-7325.

[5] YUY,CHEN R Z,CHEN L,et al. H-WPS: Hybrid wireless positioning system using an enhanced Wi-Fi FTM/
RSSI/MEMS sensors integration approach[ J]. IEEE Internet of Things Journal, 2022,9(14):11827-11842.

[6] MELGAREJO P,ZHANG X Y, RAMANATHAN P, et al. Leveraging directional antenna capabilities for fine-
grained gesture recognition [ C ]//Proceedings of the 2014 ACM International Joint Conference on Pervasive and
Ubiquitous Computing. New York,NY,USA:ACM,2014:541-551.

[7] ABDELNASSER H,YOUSSEF M,HARRAS K A. WiGest: A ubiquitous WiFi-based gesture recognition system
[C]//2015 IEEE Conference on Computer Communications. Hong Kong, China: IEEE,2015:1472-1480.

[8] PARAMESWARAN A T,HUSAIN M I,UPADHYAYA S. Is RSSI a reliable parameter in sensor localization al-
gorithms: An experimental study[ C]//2009 IEEE International Fieldbus Conference. Piscataway : IEEE, 2009:1-6.

[9] YANG Z,ZHOU Z M, LIU Y H. From RSSI to CSI: Indoor localization via channel response[J]. ACM Computing
Surveys,2013,46(2):25.

[10] B 5. BT WIFUFE IR SAE B0 F A BUNATF 7T (D 1. s « 01 E 2, 2024,

[11] PU Q F,GUPTA S, GOLLAKOTA S, et al. Whole-home gesture recognition using wireless signals [C]//Pro-

ceedings of the 19th Annual International Conference on Mobile Computing and Networking. New York,NY ,USA :



46 e QRN NS ) 2026 4

Association for Computing Machinery, 2013:27-38.

[12] FRALES . 2T CSTH T HPUH AR BB SR HD . baT: JLatlp g K4, 2023.

[13] LIU X Z,NIU Z X, WANG W Y. Towards multi-person gesture recognition using commodity Wi-Fi[C]//2023
32nd International Conference on Computer Communications and Networks. Honolulu, HI, USA: IEEE, 2023:
1-10.

[14] VIRMANI A, SHAHZAD M. Position and orientation agnostic gesture recognition using WiFi[ C]//Proceedings
of the 15th Annual International Conference on Mobile Systems, Applications, and Services. Niagara Falls, New
York,USA : Association for Computing Machinery, 2017 :252-264.

[15] MA X R,ZHAO Y N,ZHANG L, et al. Practical device-free gesture recognition using WiF1i signals based on meta-
learning[J]. IEEE Transactions on Industrial Informatics, 2020,16(1):228-237.

[16] ZHANG X, TANG C P,YIN K, et al. WiFi-based cross-domain gesture recognition via modified prototypical net-
works[J]. IEEE Internet of Things Journal, 2022,9(11) :8584-8596.

[17] QI W B, XIE Y X,ZHANG H,et al. An efficient cross-domain device-free gesture recognition method for ISAC
with federated transfer learning[ C]//Proceedings of the 1st ACM MobiCom Workshop on Integrated Sensing and
Communications Systems. Sydney, NSW , Australia: Association for Computing Machinery, 2022:67-71.

[18] ZINYS A, VAN BERLO B, MERATNIA N. A domain-independent generative adversarial network for activity
recognition using WiFi CSI data[ J]. Sensors, 2021,21(23) :7852.

[19] MAO Y M, GUO Z X, SHENG B Y, et al. Wi-Cro: WiFi-based cross domain activity recognition via modified
GAN[J]. IEEE Transactions on Vehicular Technology,2024,73(10):14961-14973.

[20] ZHENG Y,ZHANG Y, QIAN K, et al. Zero-effort cross-domain gesture recognition with WiFi[ C]//Proceedings
of the 17th Annual International Conference on Mobile Systems. New York,NY, USA : Association for Computing
Machinery,2020:313-325.

[21] ZHANG J,L1Y,XIONG H Y, et al. HandGest : Hierarchical sensing for robust-in-the-air handwriting recognition
with commodity WiFidevices[ J]. IEEE Internet of Things Journal,2022,9(19):19529-19544.

[22] W74 . 2T WIFUE 5 1 40k B T 348 Jr e mr st [ D] JE st - b st g B k2, 2023.

(23] #RJB R K . LTE JC4 [ 4 At Ak b 2 e ) i ke Jr SR OB 5E [T 5 BUE A7, 2018(8) : 171-173.

[24] XV, IR, 20 % RSB R T RS RENIERRR S B R B REFE 5T SEELT]. P
[ B2 A5 BB 2%, 2022,52(12) : 2290-2305.

(25] # i BUBE IR, R ZEAT A T [ S I R0 O 3 M I I G R [T P BL 22 - 5 BREA2, 2022, 52(1) 1 1-53.

[26] B0 BRfm A, 0 A 45 Kt — L5 B M4 K SIS HOR M AR L], hER: (5 84,2019, 49
(7):799-818.

[27] WU J M, WANG J,DAI T,et al. Trajectory features-based robust device-free gesture recognition using mmW ave
signals[J]. IEEE Internet of Things Journal,2024,11(10):18123-18135.

[28] WU JM,WANG J,GAO Q H,et al. Toward robust device-free gesture recognition based on intrinsic spectrogram
of mmWave signals[ J]. IEEE Internet of Things Journal,2022,9(19):19318-19329.

[29] WU JM,HE W J,SUN K,et al. Enhancing device-free gesture recognition capability of mobile communication sig-

nals[J]. IEEE Transactions on Communications,2025,73(11):11106-11122.



%14 v W& BT LTE 28 Bk & m 50 J5 ik 47

[30] SANTHALINGAM P S,HOSAIN A A,ZHANG D, et al. Mmasl: Environment-independent ASL. gesture recog-
nition using 60 GHz millimeter-wave signals[J]. Proceedings of the ACM on Interactive, Mobile, Wearable and
Ubiquitous Technologies, 2020,4(1):1-30.

[31] NIU K,ZHANG F S,JIANG Y H,et al. WiMorse: A contactless morse code text input system using ambient WiFi
signals[ J]. IEEE Internet of Things Journal, 2019,6(6):9993-10008.

[32] ZENG Y, WU D,XIONG J,et al. FarSense : Pushing the range limit of WiFi-based respiration sensing with CSI ra-
tio of two antennas[J]. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies,
2020,3(3):1-26.

[33] FIele, ¥ 25, 5k A 0T, 55 . JE TR T HES AL B IRP S MR S5 [ T]. N5l RF 4 i CARBL A RO L, 2019, 50
(1):84-88.

[34] B BL BT 5, 224k, 55 . JE T Attention AL A CNN-LSTM I J7 10 Jy i WF 58 5 0 T LT, 4 58 il R4 2 4l
CHERFH#RD L 2022,53(5) : 516-521.

[35] WU J M, WANG J, GAO Q H, et al. Path-independent device-free gait recognition using mmWave signals[J].

IEEE Transactions on Vehicular Technology,2021,70(11):11582-11592.
(EREHZE  #)

Gesture Recognition Based on Doppler Spectrograms
Using LTE Signals

QIAO Yuan', MIAO Miao®, HE Weijie’, LI Jinbao', WU Jingmiao'
(1. College of Electronic and Information Engineering , Inner Mongolia University, Hohhot
010070, China;
2. School of Electronic and Information Engineering, Hebei University of Technology,
Tianjin 300401, China;
3. Inner Mongolia Autonomous Region Branch, Bank of Communications Co. , Ltd,
Hohhot 010020, China)

Abstract: The gesture recognition with LTE signals is challenged by random phase offsets, which
hinder reliable feature extraction. A Doppler spectrogram-based recognition method was presented. The
ratio of channel frequency responses (CFR) across antennas was first computed to suppress random
phase offsets caused by carrier frequency offset (CFO) and sampling frequency offset (SFO), while the
high-frequency noise was removed. Tangent phase variations were then extracted to capture gesture-
induced propagation path changes. A continuous wavelet transform (CWT) was applied to generate
Doppler spectrograms, and the first-order temporal differentiation was used to eliminate static interfer-
ence. Finally, a convolutional neural network was used to classify gestures from the spectrograms. Ex-
perimental results show that the method effectively mitigates CFO/SFO-induced offsets and precisely
extracts Doppler features. For four gestures at a radial distance of 1.5 m, the average recognition accu-
racy across two scenarios reaches 94 % , demonstrating robust recognition performance.

Key words: LTE signal; Doppler spectrogram; convolutional neural network; gesture recognition



