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BACKGROUND MMWAVE BASED VIBRATION SENSING

e Industry 5.0 B Technical Principles Current mmWave radar-based vibration sensing methods primarily focus on 1D
» Higher requirements are placed on the efficiency P radial vibration or 2D vibration trajectories.
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an early sign of potential safety incidents.

_ _ _ _ _ The transmitted and received signal. Relationship between phase change and vibration
» Vibration sensing allows for real-time tracking of

equipment status.

e Existing Vibration Sensing Technologies f

» Contact-based Method: Attaching vibration sen- 1. High Cost
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e Wireless Vibration Sensing Solutions
» RFID and UWB radar: Low-frequency vibrations
with relatively large amplitudes.

Multi-Radar Solution Single-Radar Solution
e Objective: Use a single radar to recover the 3D vibration trajectory of the target.

e Challengel: Radar lacks tangential sensitivity, limiting 3D vibration recovery.

» mmWave Radar: High-frequency, weak vibra-
tions of industrial equipments.

e Challenge2: Radar echoes complicate 3D vibration mapping due to complex superpositions.

SYSTEM DESIGN

B Solution

MOTIVATIONS AND SOLUTIONS

e Motivations
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Target Multipath and Multi-Point Signal Reflections. An Encoder-Decoder architecture is employed to extract features and reconstruct the 3D vibration trajectory.
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> Utilize multiple paths-points-antennas to expand Input : Multi-view Radar Phase Data Network Architecture: TriVFormer Output : 3D Vibration Trajectory

information dimensions.

» Use Al based approaches to learn the 3D vibra-
tion mapping relationship.

EXPERIMENT CONCLUSION

B Performance Comparison » In this paper, we propose 3DVidar,. a contact-
free 3D vibration sensing system using a single

Performance under different learning-based methods.

i | Scenario II:
( Generated Data Generated Data Generated Data . . .
S e e o mmWave radar. We develop multi-point multi-
| Washing %
| Machine [ . -
| —— path signal enhancement and virtual antenna
W e Se1§sor r‘\g’ 0 r‘\é; X E’ O i i
P combination methods to fully expand the radar
; e -0.2 0 -0.2 0 -0.2
54, . 0 . 0 . - . . . .
-—c R|ada1' | Y(mm) e " X(mm) Y(mm) 02 " X(mm) Y(mm) 02 " X(mm) I n fO r m a t I O n frO m d I ffe re n t V I eWS .
(a) DecpVib. (b) E-DeepVib (¢) 3D-VRNet. » Then, we propose a 3D vibration reconstruction
TABLE III
ABLATION STUDY. |: THE LOWER THE BETTER. Scenario | netWOrk (3 D_VRNet) to |ea 'n the Com pleX rela_
: AAFE CDF 1 AAPPE CDF AAFE AAPPE ] ] _ ]
Formulation AAFE(Hz)] AAPPE(mm)/ 1 | s anwenes e 8t 1 02f : t I0NS h I b etwee N t h e ra d ar In for ma t ION an d t ne
- -
3DVidar (w/o TB) 5.3517 0.1171 _ - o B Al S S ] ] ]
3DVidar (w/o MP2SE&MADE) 1.2985 0.1421 - | p _ = 6 v ' " "
ar (wio MPASE&N 12985014 ) X : £ 3D vibration trajectory. We implement 3DVidar
3DVidar (w/o MADE) 0.5306 0.0387 “oaf ) “oaf i ’ . £4 g 01 .
SDVidar (Ours) 04811 00303 | - ew R : : on a commercial mmWave radar. The results
02 ~ == =E-DeepVib|] 0.2 . == =E-DeepVib|] < < 0.0
° . e e 2e 0 [|mmmmm 3D-VERNet r ———— 3D-VENet . .
Network ablation studies demonstrate the effectiveness of the self- 0 o —— ) O demonstrate that it can effect|\/e|y reconstruct
attention mechanism, while architectural ablation experiments Error (Hz) Error (mm) B DecpVib IIE-DeepVib []3D-VRNet ] ] ] ] ]
validate the contribution of multi-point and multipath signals. (2) AAFE CDF. (b) AAPPE CDE (¢) Overall mean error. 3D vi brat|on traJectones Of d |ffe rent ta rgets un-
: : : TABLE IV " 141 I I -
QUANTITATIVE COMPARISON OF AAFE AND AAPPE ERRORS UNDER DIFFERENT SCENARIOS AT VARYING CDF PERCENTILES. THE BEST RESULTS ARE o d e r Va r I O u S CO n d It I O n S 7 a C h I eVI n g | OW m ea n e r
HIGHLIGHTED IN BOLD. |: THE LOWER THE BETTER. Scenario Il
\l/ [ ] L |
1 AAFECDE | AAPPECDE AAFE AAPPE rors in both frequency and amplitude.
Scenario Metric Method Mean | e e e 95% ol - os ‘.*"“ - —- 121 0.06 | ] . .
- Trad-Factorization [41] | 43886 | 30239 92467 122109 139364 ' ' R = 0.05| ® CO N ta Ct us via:. Z h an gy u | @ Mmal | . d | u t . ed u.cn
AAFE (Hz)| TriVFormer [1] 0.6931 | 02611 08337  1.5560  2.4837 Yy Y , T £
3D-VRNet 0.4811 | 0.2029 0.6129 1.2235  1.7674 2 0T 2 , 3 5004 e N
Scenario | Trad-Factorization [41] | 0.3363 | 0.3450 0.4685 0.4956 0.5166 o 04 ._-: o 0.4 V4 é’ E 003} E =='.E=-=. * :E-E.-.E: E
AAPPE (mm)] TriVFormer [1] 0.0425 | 0.0242 0.0747 0.1066  0.1391 B : / — B = fes 2% 2377327 Cued
3D-VRNet 0.0303 | 0.0161  0.0401 00812  0.1144 oo - =~ —DeaVib |, oali 2 —oeve | 5 Eo002} g 5°58" ofef ofitue"els oxthe S25°0.
Trad-Factorization [41] | 3.8703 | 0.8871 64389 152057  17.5289 f eeen 3DVRNet R ¢ eeen 3DVRNET “ootl Rfe_ 2 Sn= mEae AR Fme: TEEK mes
AAFE (Hz)| TriVFormer [1] 20884 | 0.6765 3.2950 64437  9.0714 0 . ; N I ; ' Er o e of oB82° .2
3D-VRNet 19771 | 0.6662 32132  6.0379  8.1600 0 5 10 15 0 002 004 006 008 01 0
Scenario II Trad-Factorization [41] | 02102 | 02038 02628 03010 03441 Error (Hz) Error (mm) Bl DeepVib [ E-DeepVib [ 13D-VRNet
AAPPE (mm)] TriVFormer [1] 0.0155 | 0.0121 0.0259 0.0325 0.0384
3D-VRNet 0.0149 | 0.0115  0.0252  0.0303  0.0364 (a) AAFE CDE (b) AAPPE CDE (¢) Overall mean error.




