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Micro-motion Gesture Recognition Based on Multi-channel Frequency

Modulated Continuous Wave Millimeter Wave Radar
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Abstract: A micro-motion gesture recognition method based on multi-channel Frequency Modulated
Continuous Wave (FMCW) millimeter wave radar is proposed, and an optimal radar parameter design criterion
for feature extraction of micro-motion gestures is presented. The time-frequency analysis process is performed
on the radar echo reflected by the hand, and the range Doppler spectrum, the range spectrum, the Doppler
spectrum and the horizontal direction angle spectrum of the target are estimated. Then the range-Doppler-time-
map feature is designed, range-time-map feature, Doppler-time-map feature, horizontal-angle-time-map feature,
and three-joint feature with fixed frame time length are used to characterize the 7 classes micro-motion
gestures, respectively. And these gesture features are captured and aligned according to the difference in
amplitude and speed of the gesture motion process. Then a five-layer lightweight convolutional neural network
is designed to classify the gesture features. The experimental results show that, the range-Doppler-time-map
feature designed in this paper characterizes the micro-motion gesture more accurately and has a better
generalization ability for untrained test objects compared with other features.

Key words: Millimeter wave radar; Micro-motion gesture recognition; Frequency Modulated Continuous
Wave(FMCW); Convolutional Neural Network(CNN)
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FHIME, WRAE2.275F 2,375 11 BRI T sh F
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Time-Map, CA-DTM). i F ¥4 fh 25 - ] &
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GRS, 2r IZREL6MT. 8T, 10T 15 i i 1] 4
&, 54 LI RTERFMENFH 5504 1 CA-RDTM
REAEXT B 1R F A REAE BP0 42, R R A ) 0 B a1
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R 1 FREIREHC B FHER 73 2ERRRITEL (%)
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NT A F S FEFE T RAERE ST, 53 3
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fiE, FHATCNNIZG S, HFHRTM, DTM5
HATMEXA 1) 2 482 BURHIE [ CNNHI N JZ KN
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T e 7 SR R T B R SR X R
XI5y N5 200 be g, v 54 S8 6 R AR il Zk %t
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100, LIF1050 M YIZRAEAFITOO N MNRFEA, 5
B BEALAT L o N AR 28 X 28 3R AT U G AN s
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FINF20T7R

BEE 22 MRS %, 6FhFHEE, THFH
%507k BMEHFEAS ) T A5 S E X SR &I 2RI
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(a)~(g)ITHEFH, LA HTEFHMRDTME:
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I L
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(1)1 33 43 8 B R AN IR T3 18 ~F 347 B - 22 3 8- )
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PR R E R R TR EMEE R L2 iE
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BABR D TMARE B B8 Lb A AT R X 4 7254 8h F
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CA-DTM FUBIECNN 84.57 83.43
CA-RTM HEIECNN 27.14 25.42
HATM FUBIECNN 34.28 30.57
CA-RTM, CA-DTM 5HATMEt& 3iHIECNN 65.14 55.71




170

BT 5 fF B % M

42 %

b ST GO TR R T T 9595 1 s A0
st/ i ShBINFeA, FSME6HR. Fdh, FIREHEIE
: //\/\/ MR TE (IR 15 9 5h 2K T 958 — S LA
2 5 R A2 TR ME BB NERAKR, Hil#0
sl S N, 2T 1 B 1 0 8 B e )
) AR EIE M 5, TR E L A
0 SRS 1 SR 226 T 3 R FRER G, 2R iX

1 2 3 4 5 6 7
FHIMERS

P 3 B I 5 838 T 1 24 ) 25 TR D B £ 1 LEox L

HATMAHFHIE 5 CA-DTMAEFEECNN A 3E 47 18 18 fil
AR R, RS A AT

Xof LR 2 K09 3 7 1] FH AR [ 3 RARFIE AN 49 98 07 1
X554 Y it AN 244 AR X 5 - 4520 SR 2 ]
DAEH, ARSCRTH 2 ERIE R 43 2807 1250 I 258
HAg S REREAR I Gt R o R B 57, (B
SRAE A N R A R O G 4y SRR IAE,
TR iz AL RE e G it — D T =R, —
T AT L% R R A K w5t RIOREAR AT I 2R, 5
— 7 TH 7] LA R B CNN R 45 W S 804t

Fe T AR B I CA-RD TMAFAE X544 I 255

2R T B e M E TR AA 8 BT G 5 B 11 dc f
git, AL NZRRINEAN RAEMOIZ LTy, Fik
R EAGE, HEZ TR IEA S RE. K
I, TE T A B VR B N 1% 3% RS AREAE 2 550 AH AU
YE, TEFHTRAESHOT BB AT L% R 73 B RHIE A
A F AN — L L R AR AR AT IE— P X 5.
4 g

AHEH T —MET ZIBMEFMCW 2 KK &
EIRE)FHRB %, AT R ARIE )
FHRMEESEE Tk B0 T BRHEE G %
TN BRRZF N EE R Z N R 2B E
M4, FHSC-RDTM, CA-RDTM, CA-DTM,
CA-RTM, HATMELKLRTM. DTM5HATMES
S50 T IR RRIE XS LI 7R B T AR AR AT I 4R

® 4 THIEFB S RIVRIBER

TIN5
oo, COTRMRRS O fCRERS AR fRIN HRERER MHEERdE o
L Y . T
g 100 0 0 0 0 0 100
FrFia T £ 58 0 100 0 0 0 0 100
AR £ S E 0 0 100 0 0 0 0 100
SR (EEFET D 0 0 100 0 0 0 100
BRI 0 0 0 98 0 2 98
e e &t LATES) 0 0 0 0 100 0 100
e LD 0 0 0 4 0 96 96
WETHFE (%) 100 100 100 100 96.08 100 97.96 99.14
5 MIXTRA TN FE S LKMREEME
TR 50
vy, ETRIBET BRI frfEl R MHRERTE MHEERE
R ) Y =T
AR 46 3 1 0 0 0 0 92
Sl ] 0 35 15 0 0 0 0 70
g i £ 52 3 13 34 0 0 0 0 68
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