Gesture Recognition Using Chipless RFID
Tag Held in Hand

Z. Ali%, N. Barbot?, and E. Perret!-2
1Univ. Grenoble Alpes, Grenoble INP, LCIS, Valence, France

2|nstitut Universitaire de France, Paris, France

30/06/2022 Journée scientifique - « Communication par rétrodiffusion et rétro modulation »

EEEEEEEEE

Groupement < = -
@ GDOR =y SecTererlD o LCIS UCA INP
Ondes coecws  lcbowwie de Conepion  GrenobleAlpes GA




Outline

* Motivation

* Principle of Operation

* Measurements and Gesture Recognition
* Video Demonstrations

* Conclusions

30/06/2022 Journée scientifique - « Communication par rétrodiffusion et rétro modulation »

ol . comom
@Coruumy sgeeo R o~ 2 LCIS UGA Ne

et d'Intégration des Systémes



Motivation For Gesture Recognition

_ Meta Oculus Quest Hand Tracking
 Gaming

e Sign language

 Virtual manipulation

* Daily assistance

* Palm verification

* Human robot interaction

* If hands are hidden ?
* In bad light conditions ?
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Principle of Operation

Mathematical model v
d Dual polarization antenna
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d .
* Syy correspond to tag signal at d, |
d . )
* S, correspond to tag signal at d, Z . ) Chipless RFID tag
» Iyycorrespond to clutter. %
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Principle of Operation

Chipless RFID tag Multilateration

e > (xl’yl,zl)
& \L?’ Y | g d(s)
= \\\ | : Chipless ) /
(e | S3 g x RFID tag ‘/}, ‘ d(l)
\\ oy d(o) , o0 20)
‘\L‘S N ;i}:'/’/
\\\ 0 3
% :

L, =248 mm,L,=21.8 mm, L;=19 mm, L, =16.8 mm,
Le=15mm,w=2mm, g=0.5 mm, and r =4.24 cm.
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Principle of Operation
Multilateration

(x1,¥1, 21)
1= \/ (z+za+@a)® + (Y+ya +ya) + (24 21 + 24)° Y )’ ‘d(?’)

9 5 ’ . Chipless /,’» 153‘
< ’ (2) RFID tag ,/ *x dgl)

Z\/w+wsz+m )+ (Y+ys2 +ya) + (24 252 + 24)

ds= /(2 + 2os + 24)> + (U + Yos + Ya) + (2 265 + 24)°

\ Antenna .. .

<#,9,2> =argmin) (d;—d), (3)
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Principle of Operation

Algorithm 1: 3D localization.

1 Initialization: phase correctjon qbi = 0 at (x9, Yo, 20)

(i)
2 Acquisition of signals: S;jfb (fi), and I, (fs)
3 while ;7 = 1 to acquisition = True do

(i)
4 | Acquisition of signal: Sjib (fi)
5 fori=1toi=>5do
6 Extraction of gby) using (1)
i) — (8 (4)
A = ¢ — ¢
8 if A¢(") > 7 then
o | | ] =6 2
10 else if A¢p(®) < 7 then
11 | ) = 6 4 o
12 i ¢§z) - cby) + ¢
13 Calculation of Adg.i) from (1)
14 Multilateration by solving (2)
15 | Estimation of (x;, y;, 2;) by (3)
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Measurement Setups

3D positioning table Human hand

3D controller 3D positioning table Chipless RFID tag
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|deal Gestures Trajectories

Chipless RFID tag

3D positioning table

F Styrofoam

@ Human hand

(a) x ling = (d) xy circle
—— (b) y line —— (e) yz circle
—— (¢) zline = (f) xz circle

Antenna
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Similarity Metric

Measured trajectory

 Convex hull

—>

 Convex hull

y (mm)
~y (mm)

—6—xy circle (2D)| |

Turning distance = 0

* Turning distance ldeal geometry

— Compares polygons
— Regardless of rotation or scaling /
1 5
1, = ' Da(s+1t) — s) + 0|Pds
& (H / [©als+1) = Op(s) + 0| ) - (4)
0

E. Arkin, L. Chew, D. Huttenlocher, K. Kedem, and J. Mitchell, “An efficiently computable metric for comparing polygonal shapes,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 13, no. 3, pp. 209-216, 1991
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Measurements (3D Table)

50 measured trajectories Confusion matrix

o X oo oo%  00%  00% 0%
Sl 50 0 0 0 0
240 240 240
Bl E El : 92.0% 0.0%
220 220 220 ’
% % % 0 y line 0 0
200 200 200
/ % . 0.0% 8.0%
220 20 20 20 220 20 & zline| ) 4
0 0 0 0 0 0 2
¥ . ., R ) b . = . 0.0% . 100.0% 0.0%
oy, 2007200 o, 2020 @ (i, 20020 Rt g xycircle | " <0 0
; : = 50
7]
= : 0.0% 00%  0.0%
yz circle 0 0 0 0
‘ xy circle ‘ vz circle | xz circle . 0.0% 0.0% 0.0% 0.0%
xz circle 0 0 0 0

z (mm)

240 240 A6
”5220 5220 240 &\{@; Q\& &\{\@ RS A RS
: 20 200 20 . ’ J
220 20 Actual gesture
) . B -~ 2 0

Ty BT @ T, 0T 6, 0w @ Qverall accuracy = 97.33%
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Measurements (3D Table)

50 measured trajectories
m— ) Circle m— ) CirCle

400 z,=10cm 400 Z,=15cm

2 r 2
ﬁj}‘i 3} j bo N k@}‘o} 6?}; 3} J bO N b:oio}
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= 400 3 400 *
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Estimated gesture

Confusion matrix

xy circle 100.0% 0.0% 0.0% 0.0%
4 50 0
xy circle_ 0.0%
Z, 0
xy circle_ 0.0%
Zs 0
Xy circle 0.0% 0.0% 0.0%
4 0 0 0 0
fl 0.0% 0.0% 0.0% 30.0% 0.0%
other 0 0 0 15 0
QJ\
NG 1N NG 1A, NG 1 N 1 S
O <O <O <O
(O (O (O (O
N N N N

Actual gesture

Overall accuracy = 92.50%

4 GRENOBLE

# LCIS UCA INP

Laboratoire de Conception Grenoble Alpes UGA
et d'Intégration des Systémes



Measurements (3D Table)

50 measured trajectories

— ) circle

— 1y Clrcle

240 r,=2cm 240 r,=3cm

m— ) circle

r;=4cm

0
-{ﬁ ..,:_—6 0}
50 50 ) 50 -50 o
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Estimated gesture

Confusion matrix

Xy circle 0.0% 0.0% 0.0% 0.0%
" 0 0 0
Xy circle 0.0% 0.0% 0.0%
" 0 0 0
Xy Circle 0.0% 0.0% 0.0%
"3 0 0 0 0
Xy circle 0.0% 0.0% 0.0% 22.0% 0.0%
"4 0 0 0 11 0
fl 0.0% 0.0% 2.0% 0.0%
other 0 0 I 0
&
AR N N, Ny AN { S
. ,-\CJ . ,‘\CJ Q
(O (O (O (O
N N N N

Actual gesture

Overall accuracy = 80%
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Video Demonstration (3D Table)

Measurement Setup
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Measurements (Human Hand)
Measured trajectories

x line y line z line
240 240 240
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Measurements (Human Hand)

Confusion matrix

20 measured trajectories
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| O/
Overall accuracy = 95%
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Measurements (Human Hand)

Wooden board

Gypsum board

Chipboard

z line

z line
llllllll xy Circle iEEEEEEN xy Circle IEEESE NN xy Circle

z line
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Video Demonstration (Human Hand)
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Conclusions

* Proposed gesture recognition
— Model based
— Real time

— Works within a 3D volume of 10 x 10 x 10 cm?3

— Works under the objects

* Other possible features
— Chipless RFID functionalities
— 3D computer mouse
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https://www.scattererid.eu/

Questions
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