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Note S1: FT-IR analysis of PVC-gel with different PVC:DBA ratios.

Fourier transform infrared spectroscopy (FT-IR) is adopted to analyze the molecular interactions
of pure PVC, DBA and PVC gels with different PVC:DBA ratios. It reveals that the C-Cl
stretching bands of pure PVC appear at 635 cm™ and 692 cm™, and the aliphatic ketone
stretching band (C=0) of DBA 1is observed at 1732 cm™". Critically, all PVC-gel spectra display
both characteristic peaks without new bond formation or peak shifts. These spectral features
demonstrate that the DBA plasticizer physically disperses within the PVC polymer network

rather than forming specific intermolecular bonds.



Note S2: The calculation of voltage output

For a single electrode, according to the equivalent circuit shown in Figure S6 and the Kirchhoft’s

voltage law, the voltage of the electrode can be described as:

R
Vour = Vcouple ) = ¢Y)

1
Rex+Ri+jW—Cd

Here, the capacitor between hand and interface is reckon as a parallel plate capacitor and thus we

have:
Ca=¢c"¢-S/d (2)

where ¢ is the relative dielectric constant, &, is the vacuum dielectric constant of air, S is the

effective area of the capacitor and d is the distance.

Substitute Equation (2) into Equation (1), we have:

d
R.+ . —
R..(R,, + R}) ) ex cgqSw
Vour = Vcouple ) = ldz +J 2 dz 3)
N2 __~ 2 - -
(Rex + R))? + (eeoSW)2 (Rex + R)? + (cegSW)2

In our experiment, the amplitude of the voltage signals is the key parameter. Therefore, the

modulus of the voltage can be solved as:

N2y =
(Rex+R}) +(€£05W)2

Rex
Vout| = |Vcouple| J (4)



Note S3: The frequency resolution of EM signature recognition

To address the resolution of closely spaced frequencies, we systematically evaluated the device's
ability to distinguish similar frequencies. We measured electrical signals generated by sources
with minimal frequency separation. Given that fast Fourier transform algorithm (FFT) with
rectangular windowing provides high frequency resolution, this method was adopted to detect the
minimum distinguishable frequency interval. We used a signal generator to produce two similar
signals (Amplitude: 20 V) at closely spaced frequencies within four bands: 50 Hz, 200 Hz, 1
kHz, and 10 kHz. As shown in Figure S24, the voltage signals were acquired from the OOBI at
varying source distances and analyzed via Fourier transform. From the result we can see that
when the signal is near 50 Hz, 5 Hz differences were resolvable with a 10 cm distance. However,
when the distance achieved 20 cm, the output signal was merged with ambient 50 Hz noise. And
when we increased the differences of frequencies to 15 Hz, the output signal restored
discrimination at 20 cm. Higher frequencies (200 Hz, 1 kHz, 10 kHz) maintained distinction at
minimal frequency differences of 2.5 Hz, 2 Hz, and 2 Hz respectively. This enhanced high-
frequency resolution stems from superior signal propagation with lower attenuation and reduced

susceptibility to 50 Hz mains interference (validated in Fig. 2e).
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Figure S1: Transmittance of the PVC-gel with SEBS.
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Figure S2: Fourier transform infrared spectroscopy (FT-IR) analysis of pure PVC, DBA and PVC
gels with different PVC:DBA ratios (1:1, 1:2, 1:4).
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Figure S3: Stress-strain curve of fabricated membrane with different material composition ratios.
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Figure S4: Comparison of the stretchability, and mechanical stability under cyclic tensile tests of

PVC gels without (a) and with SEBS (b).
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Figure S5: Stretching process of the PVC gels & SEBS.
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Figure S6: Simplified physical model of OOBI with a single electrode.
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Figure S7: Voltage-distance curve of fabricated interface with different PVC and DBA ratios.
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Figure S8: Applied force on the interface under click/slide/light touch/press gestures during
intentional finger interactions.
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Figure S9: Illustration of touching the interface at 11 x 11 grid points.
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Figure S10: Output and calculated ratios when touching the interface.
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Figure S11: Isolines of two different ratios.
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Figure S13: Flow diagram exhibiting the process to solve the touch point using isoline theory.
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Figure S15: Samples of composite images for training and testing.
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Figure S16: Variation of the three key parameters when touch the interface at 5 positions under
different three states (normal state, bent state and stretched state).

22



—R1
——R2

——— Sum
0.84
m 0.44 &

Original Bending radius 4cm Stretching 10%

Y. Y . VSO, S

0.0

0 5 10 15 20
Time (s)
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Figure S18: Variation of the three key parameters when touch the interface stably or slightly
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Figure S19: EM noise at different distances (orange, green, purple and yellow) from various
equipment and environments. And the blue part indicates the noise output under proper shielding

measures (By grounding the interface and circuitry).
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Figure S23: FFT spectrum of the signals exhibited in (a) Figure 5d, (b) Figure Se, and (c) Figure
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Figure S24: Fourier transform analyze the voltage of OOBI at varying distances from the source
(Two similar signals produced from a signal generator; amplitude: 20 V; frequencies: closely

spaced frequencies ( A f=2~15 Hz) within four bands: 50 Hz, 200 Hz, 1 kHz, and 10 kHz).
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Figure S25: Voltage variation of OOBI when the finger approaching the interface under 1 kHz
EM signals. The result indicates that the response time from non-contact model to contact model

was about 0.6ms, which is enough to achieve seamless dual-modal switching.
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full response within 10 ms under rapid light-touch scenarios.
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Table S1: Comparison of existing state of the art contactless perception e-skins

If self- Respons Position Position | Sensing Tactile Force _ Types of If If
Works Source powered e time dimension resolution | range sensing resoly‘gpn, Mechanism gestures transparen| stretchabl
(ms) (mm) (mm) sensitivity t e
Humidity
He et sensitive
al[1] 110V, 2 kHz x 400/500 3D 0.2 10 v N/A luminescen N/A x N
ce
Wang
etal, |T00KHZLCR| | 359 1D N/A 6 V| ooy s | capacitive | N/A x x
2] meter . a
. Contact N/A, .
LU electrificatio | ¥ | N/A 1D 0.05 20 4 | os7q |Hectostaticl 5 x J
al.[3] n o Effect
Duan Corjtlactl Electrostatic
et | electrificatio v N/A 1D N/A 12 x N/A N/A x x
Effect
al.[4] n
Giant
Ge et magneto-
al[5] DC voltage x <75 2D 5 N/A v N/A resistive N/A x x
: sensing
array
Tang Temperatur
et DC voltage x 31 3D >20 175 v 0'3’2'&95 e sensing N/A X x
al.[6] M array
Zhuet| qoot®ol v | <so0 | ap N/A 200 x N/ (Electiostaticl ya x x
al. [7] n effect
Contact .
Du[8] | electrificatio| N/A 3D 1 70 x N/a - |Flectiostatic) x J
n effect
Zhou
et | 100kHz x N/A 3D 0.005 100 J N/A | Capacitive | N/A J J
al[9] square wave
Wu et |1 MHz signal "
al[10] | generator x N/A Near 3D N/A 40 v N/A Capacitive 7 v N
Zhou Contact Electrostatic
et | electrificatio v N/A 3D <5 250 x N/A effect 16 x N
al.[11] n Array
Contact .
Ye et e 0.5 g, 19.5 |Electrostatic
al[12] electrglcatlo N 50 1D N/A 80 v Mpa ! offect 5 x x
Body
This Multiple 0.05N, coupled
works sources J <10 3D 0.2 200 v 3418 N electromag 38 v N
netic wave
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Table S2: Parameters of simulation

Parameter Value
Area of Al electrode 3 x 3 cm?
Distance between Al electrodes 40 cm
Source 1 20 Vpp, S0Hz
Source 2 20 Vpp, 1000Hz
Source 3 20 Vpp, 2000Hz
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Movie S1.

Demonstration of real-time calligraphy level high-resolution 2D tactile sensing.

Movie S2.

Demonstration of object-oriented interaction: object selection.

Movie S3.

Demonstration of object-oriented interaction: multi-object operation.
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