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Changsha 410073, China)

Abstract: A radar human behavior perception system has penetration detection ability, which gives it a wide
application prospect in the fields of security, rescue, medical treatment, and so on. Although the development
of deep learning technology has promoted radar sensor research in human behavior perception, it requires more
prompted dataset availability. This paper provides a four-dimensional imaging dataset of human activity using
ultra-wideband radar, UWB-HA4D, which uses three-dimensional ultra-wideband multiple-input multiple-
output radar as the detection sensor to capture the range-azimuth-height-time four-dimensional activity data of
a human target. The dataset contains the activity data of 2757 groups for 11 human targets, including 10
common activities, such as walking, waving, and boxing. It also contains penetration and nonpenetration
detection experimental scenarios. The radar system parameters, data generation process, data distribution, and
other information of the dataset are introduced in detail herein. Meanwhile, several deep learning algorithms
that are based on the PaddlePaddle framework and are widely used in the computer version field are applied to

this dataset for human activity recognition. The experimental comparison results can be used to provide
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references for scholars and facilitate further investigation and research on this basis.

Key words: Ultra-wideband radar; Four-dimensional imaging dataset; Human activity recognition; Deep

learning; PaddlePaddle framework
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Tab. 1 Radar system parameters

ZH L7
T AR 1.78~2.78 GHz
fF5 % 1 GHz
55 ] BG5S
(EREw i) 4 MHz
ik 2 55 A 10 Hz
REMETTHL 10R 104 (MIMO)
BT R E 20 dBm (100 mW)
RGN 60 cmx88 c¢m
A FEA R B, ARB EL K. REIESE

I Z4EEIEHMIMOE 15 R4
Fig. 1 Three-dimensional UWB MIMO radar system
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Fig. 2 Two-dimensional MIMO array
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Fig. 3 Data collection and processing flow
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(a) Unobstructed scene S1
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(b) Scene with plastic board blocked S2 (c) Scene with brick wall blocked S3
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Fig. 4 Dataset collection scenes
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Tab. 2 Dataset collection scene information
Y5 TR Ygede kL
S1 TCAERY v J
S2 3 cm 2R R, X J
S3 27 cmhik i IERY X J
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Fig. 5 Activity types
R 3 TREIFMERNEIRR (4H)
Tab. 3 The amount of data for different actions (groups)

i1 HE Sum I S175 I S237 5 M S35 s8¢
1 TE XU 149 40 40 40 269
2 EIES 155 40 40 40 275
3 Al 156 40 40 40 276
4 B 158 40 40 40 278
5 AR 155 40 40 40 275
6 b 156 40 40 40 276
7 iy 157 40 40 40 277
8 A4 156 40 40 40 276
9 A 158 40 40 40 278
10 PEF 157 40 40 40 277
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Fig. 6 Projection of three-dimensional images
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H, 64x64x644E = AEFIEERBGIIRAN, P =4
MG R A — G R E . [FR, AR
P T ANPRIE SO “train_labeltxt” . “test
S1 labeltxt” . “test S2 label.txt” . “test S3
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Tab. 4 Human target information
Hipgs H(em) fhE(kg) SUzR  SmHt S3gHt
Hi1 175 70 N X X
H2 172 72 N X X
H3 178 68 N X X
H4 182 85 N X X
H5 170 5 N X X
Hé6 179 74 N N N
H7 165 60 N X X
H8 169 65 N N N
H9 162 53 N X X
H10 186 80 N X X
Hi11 171 67 N X X

& 5 NMFEERRS
Tab. 5 Human activity labels
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Al FEXUEE 0 A6 pRYA 5
A2 kS 1 A7 A i 6
A3 Al 2 A8 ) 4 7
Ad B 3 A9 A& 8
A5 AR 4 A10 F 9

AN TR BE 22 S En R J5 i, e AR Geah iR
T AR TR UL RS T VER BT I 23
SR TP BT 561 UL BRER 1R T 1
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& RBYE S B AN [F] T LA g 4G B 42 0 4%
(Two Dimensional Convolutional Neural Net-
works, 2D CNN)HJT7VE. BT =GP 4 2%
(Three Dimensional Convolutional Neural Net-
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B, PR TE FSRAR BORS A SRR, 2 00 45
XA R BB R B A BOREI IS
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Fig. 7 TSN structure
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Fig. 8 The core structure of TSM network
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