F14%6 Hx M IR AR (P ) Vol. 14No. x
20252 H Journal of Radars Feb. 2025

ET BB 4w B 2k T B BRI FHIEAR U S Wi- FUR HI B IR &R i B A 2

wom®  mE#YY H e %% zex” BEmY x s
2250 #®mEY 1 oRPY oz w0
VhaksEhheBEELHRE H%  210000)
Ot KM 2K T 100084)
VT A F EHRARBRAR T S (FERE) LT 100084)

FEEE: Bl Wi-FUR AN R OR AR B (g 5E M DU AT 2 2R, ) s v T 1 200 0 g e A5 g ke 1 DX )
R LE I S AT 9 (IR B I, A G BRI R S8, XA 2R, NG esEmE. A
RLXFIX — PR, 1ZSCHR T bR T [ g L 2 T A B R A R SR T 1 I B AR I B RAAE B ()
SRR T o] A OB AR SES, T B W-FUB AR 42 . NIz sc it 7 — 3k B 40~ 360° 4 AR A 1
) B8 7 PR IS [ e B 3R T S0 IE T %07 SR PIAT . SR 45 AR W], BRI A W15 5 B8 B4 M LR B N\ A8 B
fiE, HRANRHEEREAR, FACEIE R, H RS R A M s M . %07 VR Ry Wi-FUd R B R i £
RAESRAL T —Fh Q3T H T 1T ik 7 &

XA Wi-FUBA: B mid R : SaREAE R BB LeNet /M4

FESHES: TN820 XHEIFRIREG: A NERS: 2095-283X(2025)x-0001-11
DOI: 10.12000/JR24247

SIAAET: BRii, BoCE, (i, 4. JE T I 8] g i B 2 T A0 R 48] R AE AL DL 5 Wi- FLUB R B SR A B A 2 [ ). 7RI
SR (R3PS0, AR AR doi: 10.12000/JR24247.

Reference format: CHEN Shaonan, GU Jiaming, XU Chao, et al. Fall feature simulation and wi-fi sensing
dataset construction based on time-domain digital coding metasurface[J]. Journal of Radars, in press. doi:
10.12000/JR24247.

Fall Feature Simulation and Wi-Fi Sensing Dataset Construction Based
on Time-Domain Digital Coding Metasurface

CHEN Shaonan® GU Jiaming®?® XU Chao®® SUN Yimiao?® WANG Siran®
CHEN Zhanye®  LIU Shuo® LI Huidong®  DAI Junyan*®
HE Yuan®® CHENG Qiang*?

Wk 3 2024-12-11; emIESY: o WIS IR 2025-0exx

*EEEH: WIARE junyand@seu.edu.cn; FE3E giangcheng@seu.edu.cn

*Corresponding Authors: DAI Junyan, junyand@seu.edu.cn; CHENG Qiang, giangcheng@seu.edu.cn

HETH: EXRESFRT(2023YFB3811502); EXRAHEER¥EESTH (62225108); H S m K& AR & 9 L 0% &
(2242022160003); [E 5% 4 SR FHFFE 4:(62288101, 62201139, U22A2001); TLH 4 BiIE 51 S AT BB A% 1 (BK20212002); 117548 5 FH
BT (BK20233002);  H Je i A 3 ARl 55 9 % 101 %5 4 (2242024RCB0005, 2242024K30009);  “111” TWiH (111-2-05)

Foundation Items: The National Key Research and Development Program of China (2023YFB3811502), The National Science Foundation
(NSFC) for Distinguished Young Scholars of China (62225108), The Fundamental Research Funds for the Central Universi-ties
(2242022k60003), The National Natural Science Foundation of China (62288101, 62201139, U22A2001), The Jiangsu Province Frontier
Leading Technology Basic Research Project (BK20212002), The Jiangsu Provincial Scientific Research Center of Ap-plied Mathematics
(BK20233002), The Fundamental Research Funds for the Central Universi-ties (2242024RCB0005, 2242024K30009), The 111 Project (111-
2-05)

THEEG: BREZ  Corresponding Editor: CHEN Yan

©The Author(s) 2025. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses /by /4.0/)


http://radars.ie.ac.cn/CN/10.12000/JR24247
http://radars.ie.ac.cn/CN/10.12000/JR24247
http://radars.ie.ac.cn/CN/10.12000/JR24247
mailto:junyand@seu.edu.cn
mailto:qiangcheng@seu.edu.cn
mailto:junyand@seu.edu.cn
mailto:qiangcheng@seu.edu.cn

K AR (R D)

®(State Key Laboratory of Millimeter Waves, Southeast University, Nanjing 210000, China)
®(School of Software, Tsinghua University, Beijing 100084, China)

®(Tsinghua National Laboratory for Information Science and Technology, Beijing 100084, China)

Abstract: With the widespread application of Wi-Fi sensing technology in intelligent health monitoring,
constructing high-quality perception datasets has become a key challenge. Particularly in monitoring abnormal
behaviors, such as falls, traditional methods rely on repeated human experiments, which not only poses safety
risks but also raises ethical concerns. To address these issues, this paper proposes a time-domain digital coding
metasurface-assisted data acquisition method. By simulating the Doppler effect and micro-Doppler
characteristics of the human body, the time-domain digital coding metasurface can effectively replace human
experiments and assist in constructing Wi-Fi sensing datasets. To verify the feasibility of this method, we
develop a time-domain digital coding metasurface with 0°-360° full-phase modulation capability. Experimental
results show that the signals generated by the metasurface retain the motion characteristics of the human body,
complement real samples, reduce the complexity of data collection, and finally improve the monitoring accuracy
of the classification model significantly. This method provides an innovative and feasible solution for data

acquisition for Wi-Fi sensing technology.
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Fig. 1 Schematic diagram of human fall behavior feature simulation based on time-domain digital coding metasurface



4 K AR (R D)

14

IV R4 Bl (2 S A RS g, (1)
¢Mw=—%f“+w“ijMU (4)
EWIL-FURA S, WEINE 5 22MaE
BACE SH&MEZ . Be] I — “SF8R
Gum N AEARR A NAR SO B AR I 25 G R -

K
Hhuman = Zﬂk (t) ei¢k(t) — ﬁei(b(t) (5)
k=1

IR R B0 25 20 458 B8R Hyyanan E B BT AL D9 — M AH
KLt [ A2 AL [ A 5

SEIB ST, T TE) 2 i R T T FELRE 38 (%) R 428 L
PR[EIFE AT AR A () BITE R X T — AN A7 4
Y I R) G AR R TR, 42 BNEHUN £ R B E S
E; (t) = Agellrfetred TR, R RIS 5 1
AT KR N

E,. (t) = | (t)] Aget2nfettlei(O)+er (0]} (6)

Hrr, A\ I (8) |70 MR ANIHE S S R EdRIE,
©i () Flop, (t) FIRE LRI AR AR o B4 B RFAE
I, BRI AL o, (¢) 7T DLSEBIE & 2 LR )
o [FIS(5), RN A]E 2R 1 ) 2R SR B H et ¢
E, (1)
E; ()

X T AR AL Y ) BL IS (Rl g RS R R 1T, AR AT
] SR v 1 SRR, @ E AR | L (¢)| N EEE,
B ()] = |- TR 8] 2 RLh e 2 THI 1) 28 G003 «
E, (t)
E; (1)

M) LLE B, AAKRBh A 24200 B Hypyan
55 R R G S H o AR RETEA . B
I, @RI AR IZ ) 51 AR AL S DL Sy
Bl VT 8 2 T8I 114 S SR AH 36 2 LA R 26 AR I

Hyeta = = |F (t)| ej%(t) (7)

Hmeta = = |F| ej¢T(t) (8)

or(t) = ¢ (1) )
ASE R ) P ] 2 1 A A 8 2 BROW -
Fi/gRN I8 s A KAl

3 SLENERITEBEHOLE
3.1 BEREAIEBFT

N T AT IR Y 0 35 T I T G 8 2 1T 110 N A
IEENFHIEA T & B LA RE, AT IEH & T
— Pl 56 4% 52 IL3.6 0 A7 32 88 18 ] FrD BRF [ 4 A b 3
M, HEjusdmmE2(a)fin. ZEARRTHTE
RS 2 14 45 J& 4 LA K Hh 18] ) A J5i 2 (F 4B, e, = 3.0,
tand = 0.0015) 4. <)@ FERRL TR I,

e I A A i ) O 2 PR SISO AL R B A )3
BOLEESHESE: L=24mm, W=12mm, H=
5mm, P=5.6 mm, @ = 1.2 mmo,
BETzam, P R4 CST Mi-
crowave StudioXf HLITHET 1 & . i1,
FE BT oMy 7 [ B A 56 AF N “Unit Cell”
1277 n) W E A Floquetdi . E2(c) 7 Al &R 1 fr
BTHAEO~30°AN [F] N\ ST 76 2 170 11 s S 08 2 55 S 33
FRAL R ] AR oG Rl 2. 25 SRRW], R
THIFE0~30° A FEIE Bl A A8 DR KR 40 e e S i FEE 1) [
i, FTSEEL0°~360° AR EA AL AR . LALZS TN
Bt 2 7 — AN 12x L6 1 I [A] i b BB R TRIAE: i, 5K
YranE2b) . SEPRNASE R SR, BRI KR
SF I 52 R s ik A7 B 42 ) R R R ARk Ok R &1 2(d)
FT7 o JRAET I 1) 2 L 78 262 T ot ) R FEE AR S T 1 1
SEIE FTREAR, (HAE0°~30° M NS MYaRE W,
RETRIF360° 1A A W H], IR ANE T
Wi-Fift EAG 7 5, iEH TR .

32 IRFESIRAR

SR 6 UE R FH BT 1) 24 0 8 R TR ASS UL AR k4345 5
AT IE S E R, A% T — D2 aE KM%,
ZM AL NRBENX — G 5, R GINT
AP HAD S AIZ V. GEIE. B, HOLAEZ. X
Lo A m PEAARR Y, L HAE TS AR AP
NE, BAEPAT IR A B R . A
I, XL EAL ST G S bR N 3 5%, B R 0N
WEREAERE S e . @i gE— AT
IEBNFHIE M M4, A B TEm AR A RS
SRR, PR S AR & A .

(1) HEARFE AR A

R () MER, HRREHRNEEZF ™4
S BNHFE, 1ENERE 5 IR . 8T 5 80t
W, ASOHREARE B O “CBIIREAR” o SERR
SUEB ()T T B KPR b g /b PR 55 R 26 0]
KRG TR, 55 RELEMPEIE = FdtiT. R
L FEY, REMBBCRA(PXTe-5841) 18 1 f #E
MW\ R 28R BB 55, FREERT(AA3 s BIRH
SESLAEFE R 43 mAk, FELERAE AN 58— IR E
HE. ATHREIER ZFEE, LR ER
, B EEEEIPITEANNEIR, AR
WA T 20020 3 Z AR FE AR

(2) HEFEARSE

Bk, RENRIZIINCSIFEAR, HTS
AR T ASHE ST X b, A SOR P28 5 2 SUh
CREMEAR” o fEARSE Y, FIHPicoScenest H



Fx

Wi/ Al 25« 2 T 1] i B 0 28 T 1) Bk AR A ASE DL 5 W PR R e ol S i B A 2 5

4JEZ @ SMV-2019
AE M 0.1pFHRE

ol

T~

(a) BRI ¥ BT L5

(a) Unit structure of metasurface

800
600
400 =
=
200
_8 1 1 1 0
0 4 8 12 16
WEEE (V)
0 10°

(c) SLIf FL&5H

(c) Simulation results of S11

(b) HRE RN T34

(b) Physical objects of metasurfaces

800
600
) N >
S —_— N
400 =
= qer e
lUéﬁ_ =<
200
0
fE B E (V)
200 — - 30°

(d) S1154s
(d) Measurement results of S11

P 2 I 5] 2 s T 1 05 ) e L L e 1

Fig. 2 Structure and electromagnetic characteristics of time-domain digital coding metasurface
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