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Abstract: As a noninvasive and contactless sensing technology, millimeter-wave radar has attracted
considerable attention because of its broad application potential in human-computer interaction, smart homes,
and virtual reality. Existing deep learning models achieve strong performance in recognizing gestures from
trained users owing to their powerful feature extraction capabilities; however, their recognition accuracy
degrades significantly when applied to new users with different gesture habits and hand sizes. To improve
model generalization in cross-user scenarios, this paper proposes a millimeter-wave radar gesture recognition
network that integrates end-to-end learning with a state space model. The proposed method directly processes
raw radar data cubes and incorporates a Mamba module to capture long-range spatiotemporal dependencies.
This enables the adaptive extraction and robust representation of user-independent gesture features.
Experimental results show that the proposed end-to-end architecture effectively captures discriminative gesture
patterns that are invariant across users. On the cross-user test set, the proposed method achieved an average
recognition accuracy of 94.28% with a standard deviation of 2.55% across 11 folds, while the highest single-fold
accuracy reached 97.50%. These results substantially outperform those of conventional deep learning methods

and validate the generalization capability of the proposed method in cross-user application scenarios.
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Fig. 1 Architecture of the millimeter-wave radar system
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Fig. 5 Confusion matrices comparing the proposed method with other methods
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Tab. 2 Ablation results of different components
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in the LOSO experiment
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Fig. 7 Comparison of raw radar echoes from the two participants

650
600
550
500
450
400
350
300

AR

exhibiting the largest gesture differences in the test set

BOUEFR R AR R AR B 2 . XK BT
P2 AT 2 3] T A B 2k A 0 o 47 2 S AR R R
G TR IR EUIRARAE, AT SRAS B s R MR R .
T E B IR A ST A S TAL B R AR A, 3R
134T T A& Gi45 5 A B 77 4R i RDAFIRDRAEEL
PEAE NS N T LE s, 45 RaR4AFTR. M
SRTTLLEH, fERDFAIE NGNGB 2% T8
AL B 5 vE R E R R 90,24 % R T+ &2
92.33%, #2m 12.09%; fERDAFHIENTARS,
PUAITER R FH92.61% 52T+ & 93.78%, 2 T 1.17%.
GERRY, LGE SRR A ERS
B 2 L IRDAIRDARAE, (HILAFR R 3
HomE R e ny, MELARTE T N F R IRITES
HATHEN A, M2, ASCRA R 2] T
QPRI HR DAL S DF T AT WIUa A, [FIBS A 7E R
28I ik B AR 23 S O 14T s )it SE T, [RIUk
REf% B 70 70 i R B R ik 5 T 952 01 0 ) A DR R BE
B AN A B

5 “hiE

ASCHR T — Pl b A i B i 2 > IR A A A
R KB E A ANFHRRNARG. A0kt T —
ANALEE S AL AR, T N B RIEAE 5hig
A M 2 4 FAREAE, 5T A T Mamba-
FuseidE AT TR A . i 4 REW] . M T3R5
BERF 7V, AT VEFE11HTLOSO A A X IRAIF
HHELAS 94. 28 % 11 351 15 1 HE A R 12,55 % 11 b HE
#, FARRIT U R N97.50%, BT AT HR G
5 NRIE SR ANESS S, AR B
PEREUERE T H OB RAZILEE . BRI S, Mamba-
Fusefé A R 3R o8 B3 I T A 4HE, A28
HAMS B, LU TRDASRDMES B AT 3
e Rk, AT RA B T o 3 uh A2 I8
FEAE A E R R F AN BRI N . fEA R
TAE, BATEH—SY BEIEE, 5INHRKFER
PR EIRE, TR ER o ARz e
56, DAEE AT b Pl BT 7 VA TE ESE N 3 s )
M.

* 3 HIEREIRE S RENEELRER

Tab. 3 Quantitative comparison of inference time and model

complexity
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DSTFF 58.77 14.69 22.33
PLCN 62.24 15.56 21.48
DCS-CTN 183.32 45.83 54.67
AITT 65.47 16.37 30.12
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Tab. 4 Comparison results of network inputs generated by different preprocessing methods(%)
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