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ABSTRACT

TelemetRing is a batteryless and wireless ring-shaped key-
board that supports command and text entry in daily lives by
detecting finger typing on various surfaces. The proposed
inductive telemetry approach eliminates bulky batteries or ca-
pacitors from the ring part. Each ring consists of a sensor
coil (the ring part itself), 1-DoF piezoelectric accelerometer,
and varactor diode; moreover, it has different resonant frequen-
cies. Typing shocks slightly shift the resonant frequency, and
these are detected by a wrist-mounted readout coil. 5-bit chord
keyboard is realized by attaching five sensor rings on five fin-
gers. Our evaluation shows that the prototype achieved the
tiny (6 g, 3.5 cm?) ring sensor and 89.7% of typing detection
ratio.
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INTRODUCTION

As wearable devices (e.g., smartglasses and smartwatches) are
being tightly interwoven into our daily lives, an easy-to-carry
and always-available input device is desirable to interact with
these devices [22, 10, 35]. A wireless ring-shaped keyboard,
which supports text entry by detecting finger typing, is one
of the promising approaches [11, 23]. This approach sup-
ports text input anytime and anywhere, since (a) the keyboard
function is implemented within the form-factor of rings and
wristbands, both of which are already widely accepted as ac-
cessories and (b) can be used on everyday surfaces (e.g., desk
and knee).

However, previous wireless ring-shaped keyboards required
batteries attached to each ring device to empower the active
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Figure 1. (a) Overview of TelemetRing. TelemetRing supports text entry
by typing on various surfaces such as (b) hard desk and (c) soft knee.

components (e.g., microcontrollers and wireless communica-
tion modules) [5, 11, 23]. The bulky batteries on the ring
devices make them uncomfortable to wear and necessitate
the users to charge them periodically. To overcome these
challenges, we propose a batteryless and wireless ring-shaped
keyboard named TelemetRing.

RELATED WORK

Wearable Keyboards

Wearable keyboards [10], which enable text input anytime
and anywhere without distracting from daily activities, can be
categorized into two types: hand gesture-based methods (e.g.,
hand waving, handwriting, fist, and pinch) and finger typing-
based methods (i.e., single or multiple finger typing).

As for the hand gesture-based methods, many studies lever-
age computer vision [8, 19, 34]. However, these approaches
require the hands to be in line-of-sight with the camera. There-
fore, various sensor-based approaches for detecting hand ges-
tures have been explored as follows: inductive tracking [9, 15,
16, 28, ?], touch sensing using the body as an electric waveg-
uide [36], electromyography (EMG) [32, 33], bio-acoustic
sensing [14, 18], and inertial measurement of users’ hand [13,
21]. However, these approaches can not detect subtle text-
input action such as finger typing; therefore, long and exag-
gerated gestures, which cause fatigue and slow down input
speed [12], are required.

Meanwhile, finger typing enables high-speed text typing, re-
quires small force, and can be used on various surfaces. Fur-
thermore, prior work proposed wireless ring-shaped keyboards,
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Figure 2. Conventional passive inductive telemetry. It consists of a read-
out coil connected to an impedance measurement system (e.g., a vector
network analyzer) and a sensor coil that passively changes its impedance
based on the sensing target.
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for finger typing without being disturbed by wires. These
consist of i) five rings equipped with shock sensors that can
detect subtle shock waves caused by typing motions and ii) a
wristband equipped with a readout circuit. The output of
the shock sensors is sent to the wristband based on wireless
communication methods such as Wi-Fi [23], body channel
communication [11], or WISP [5] to detect typing. However,
batteries are necessary for each ring to drive the active com-
ponents (e.g., communication modules); this makes the ring
bulky and requires periodic charging.

Wireless Power Transfer

Wireless power transfer from a battery-equipped wristband
transmitter to the batteryless rings seems to be a promising
approach towards achieving a batteryless and wireless ring-
shaped keyboard; it is known that, by leveraging resonant
coils, power can be sent between mid-range distances [20].
However, our preliminary measurements indicated that the
available power transfer efficiency between a 9.0cm diameter
wristband-shaped transmitter coil and a 1.8cm diameter ring-
shaped receiver coil with a distance of § cm is below 1% at
the operating frequency of 6.78 MHz. This is because the
inductive coupling coefficient between these coils significantly
reduces (k : 0.005 ~ 0.006) owing to the size difference and
the long distance between the coils [31]. Since the output
power is restricted by the ICNIRP guidelines [26] and the
power capacity of the wristband is limited, low power transfer
efficiency (1%) makes this approach non-practical.

PASSIVE INDUCTIVE TELEMETRY

To achieve batteryless ring-shaped sensors, we leverage a wire-
less sensing technology termed passive inductive telemetry,
as shown in Fig. 2. This approach uses a sensor coil and a
readout coil, both of which are inductively coupled to each
other [6, 27, 15]. As the impedance variation of the sensor
coil affects the input impedance of the coupled readout coil,
the sensor value can be read out wirelessly by connecting the
readout coil to an impedance measurement system (e.g., a
vector network analyzer). In particular, this impedance change
is most clearly observed near the resonant frequency of the
sensor coil. One of the greatest advantages of the passive
inductive telemetry is that the telemetry does not require the
sensor coil to be equipped with the batteries, which enables us
to design batteryless ring-shaped sensors.

However, there are two key challenges for enabling batteryless
ring sensors using passive inductive telemetry. First, we con-
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firmed that the inductive coupling is very weak (k : 0.005 ~
0.006) when these devices are designed to fit around our
wrists and fingers (ring-shaped sensor coils with a diameter
of 1.5cm~1.8 cm and a wristband-shaped readout coil with
a diameter of 9 cm, placed 8 cm apart). Owing to this weak
coupling, the impedance change observed from the readout
coil becomes extremely small. Unfortunately, conventional
inductive telemetry cannot be applied since it requires a rela-
tively strong inductive coupling (k: ~ 0.1) [17]. Second, for
multiple fingers’ input, our readout coil needs to simultane-
ously read out multiple sensor coils with low latency, since the
shock wave period by typing is so short (< 5ms) [10]. There-
fore, we must implement highly-sensitive inductive telemetry
in a frequency-division multiplexing (FDM) form.

CONTRIBUTION

To achieve FDM links between the rings and the wristband, we
develop a novel passive inductive telemetry system. As will
be discussed later, our telemetry employs the following two
key technologies: distributed reactance compensation (DRC)
and a balanced bridge circuit. DRC enables us to read out the
small impedance changes even under weak coupling condi-
tions, whereas the balanced bridge circuit can construct five
highly-sensitive inductive channels at different frequencies.
Taken together, we can simultaneously achieve the detection
of typing and classification of the typed finger. To examine the
feasibility of our design, we built a prototype shown in Fig. 1,
and evaluated the typing recognition rate with it.

SYSTEM DESIGN

As shown in Fig. 3 (a), our system is composed of three types
of components: 1) five ring-shaped sensor coils that change
their impedance through typing, 2) a wristband-shaped read-
out coil that is inductively coupled with five rings, and 3) an
impedance measurement system comprising a software de-
fined radio (SDR) and a balanced bridge circuit. In brief, our
system performs the following steps: First, the shock wave
caused by the typing changes the impedance of the ring worn
on the typed finger. Next, the impedance change of each ring
induces a small impedance change in the wristband via induc-
tive coupling. Finally, the impedance measurement system
detects this small impedance change on the wristband and
distinguishes the typing fingers through our signal processing.

Ring-shaped Sensor Coil

To realize ring-shaped sensor coils that passively change its
impedance by typing, we design a shock-sensitive variable ca-
pacitor by combining a piezoelectric accelerometer (i.e., piezo)
and varactor diodes (i.e., varactor). Owing to the piezoelectric
effect, the piezo element generates an voltage by the typing
shock, and this reverse bias voltage is applied to the varactors,
which results in changing the capacitance of the varactor. Ad-
ditional parallel capacitors are connected to the varactors to
set the resonant frequency of the default state (i.e., when no
shock is applied). Since each of these five rings has a different
resonant frequency, the readout coil enables to distinguish the
response from each sensor coil.
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Figure 3. (a) System overview of TelemetRing. It consists of 1) five ring-shaped sensor coils, 2) a wristband-shaped readout coil, and 3) an impedance
measurement system. (b) Equivalent circuit model at the resonant frequency of sensor coil #i. (c) Overview of our impedance measurement system.
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Figure 4. Overview of distributed reactance compensation (DRC). DRC
mitigates the effects occurring owing to wavelength and suppresses the
electric energy from the capacitor by inserting multiple series capacitors
into the coil.

Distributed Reactance Compensation

Next, we explain how to increase the impedance change at
the readout coil, even under weak inductive coupling condi-
tions. To better understand this challenge, we first explain
how each sensor coil affects the impedance of the readout
coil. Since each sensor coil has different resonant frequen-
cies (fj:i=1,---,5), and each ring significantly affects the
readout coil only when operated at the resonant frequency
of itself, the other four sensor coils off-resonance can be ne-
glected. Note that f]--- f5 are assigned to five sensor coils
as follows ( fi: 12.16 MHz, f>: 13.46 MHz, f3: 14.46 MHz,
fa: 12,76 MHz, and f5: 13.96 MHz). Therefore, the circuit
model can be simplified, as shown in Fig. 3 (b) when operated
at the resonant frequency of the i-th sensor coil, f;. Thus, at
angular frequency ®; (= 27f;), the input impedance of our
readout coil, Zi, (f;), can be expressed as follows:

(:M)?

Zin (ﬁ) = Zreadout + (1)

Zscnsor_i

where M (= k v/LyeadoutLsensor_i> k : 0.005 ~ 0.006) is the mu-
tual inductance between the readout coil and the sensor coil
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#i. Based on Eq. (1), the change of Z;, (f;), induced by the
change of Zgnsor i can be expressed as follows:

(o)

Zsensor_i

oz (1) =4 @
Eq. (2) shows that this variation can be enlarged by increas-
ing wM. However, the weak inductive coupling (k : 0.005 ~
0.006) makes M small, and thus, AZ,(f;) is hard to observe.
While it can be solved by increasing Lieadout @and Lgensor, the
inductance is limited because the short-wavelength restricts
the number of turns at higher frequencies.

To address this issue, we employ DRC [25, 24] for both the
readout coil and the five sensor coils. As shown in Fig. 4, DRC
mitigates the effects occurring owing to wavelength (stray ca-
pacitor etc.) by inserting multiple series capacitors into the
coil; this enables a larger number of turns and consequently, a
higher inductance. Furthermore, the voltage applied to multi-
ple capacitors becomes 1 /N (N: the number of capacitor) for
the input current /, and thus, the electric loss of each capacitor
becomes 1 /N2 [25]; this means that DRC can mitigate the
electric field interference between the coil and the dielectric
human hand, even at the high frequency. So far, DRC has been
used in the field of wireless power transfer (WPT) to build
large transmitter coils, which were not available owing to the
effect of wavelength [24]. In contrast, TelemetRing applies
DRC to i) increase the inductance of the sensor coils and the
readout coil and ii) suppress the electric field interference with
the human hand.

Impedance Measurement System

Finally, we proceed to the impedance measurement system. To
measure such a small impedance change, and moreover, dis-
tinguish the typed finger, TelemetRing employs an impedance
measurement system consisting of an SDR and a balanced
bridge circuit, as shown in Fig. 3(c). The SDR emits multiple
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unmodulated carrier signals (i.e., f1 + f> + f3 + fa + f5) and
processes the corresponding output of the bridge circuit to ob-
serve the impedance change of the readout coil at each carrier
frequency. Since the bridge circuit is designed to be highly
sensitive, the SDR can obtain the clear impedance change at
each carrier frequency based on a phase spectrum. Following
the phase spectrum, a peak detection algorithm [29] is applied
to distinguish the typed finger by detecting the sudden phase
change at each carrier frequency.

Here, we explain the working principle of our balanced bridge
circuit, which is a variation of the standard Wheatstone bridge
circuit [7]. This circuit has the following advantages: 1) a high
signal-to-noise ratio and 2) the ease in the implementation
since it requires only one reference impedance, whereas the
standard bridge requires three reference impedance within 1%
error. Regarding Fig. 3(c), Vo of the balanced bridge circuit
at f; can be written as follows using Eq. (1):

- Vin(f))  Van(0)
Vout(fi) = —lamp (Zbridge B Zin (fl)) (3)
Zolf) ey )

= —V7. —_—
" Zin(f) Zoridge

where Vi, (fi) denotes the input signal at f;, ramp is the gain
factor, and Zpigge is the reference impedance of our balanced
bridge circuit.

To enhance the sensitivity for the impedance change of the
readout coil (AZ;,(f;)), our balanced bridge circuit employs
the LCR-based matching circuit for the readout coil (i.e.,
Zridge = Zreadout) Similar to [27]. With this, Vi of the bridge
circuit at frequency f; can be expressed as follows using Eq. (2)
and Eq. (4):
AZ;, (fl )
Vi i) = —Tamp————=Vin (fi 5
out(f) amp {Zin( l)} m(f) ( )

Using FFT, both magnitude and phase spectra of V,; can be
obtained as follows:
AZin (fl)
|V0ut (ﬁ)' = Tamp ———Vin (ft) (6)
{Zin (fz ) } ?

Wou(f) = = (40Zu( £) = AZu( R + 2Vl £) (D

As  will  be  described later, Zn(fi) s
R: 50Q, L: 4.1uH, C: 33pF and |AZ(fi)| is ap-
proximately 0.8 Q. Based on these numerical values, the
phase spectrum (Eq. (7)) is suitable in detecting the small
impedance change of the readout coil since AZ,(f;) can
be appeared clearly through the phase change of Vyu(fi).
Therefore, by tracking the time-series phase of Vou(f;) at each
carrier frequency, the finger typing actions can be detected
independently.

IMPLEMENTATION

We describe the implementation of three hardware compo-
nents of TelemetRing: the five ring-shaped sensor coils, the
wristband-shaped readout coil, and the impedance measure-
ment system, as shown in Fig. 1(a).
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Figure 5. (a) Our ring-shaped sensor coil. The circuitry is covered
by copper tape and connected to the ground of the sensor coil for
electromagnetic shielding. (b) Our wristband-shaped readout coil and
impedance measurement system.

Ring-shaped Sensor Coil

Fig. 5(a) and Fig. 6(a) shows the prototype and the circuit
model of our ring-shaped sensor, respectively. The circuit
parameter can be summarized in Tab. 1. It consists of a
Sekonic 110B piezoelectric accelerometer (Cpiezo), @ SKy-
works SMV series [4] varactor diode (Cyaractor), @ tightly
wound coil (Lgensor), and a 3D-printed base. The coil is com-
posed of 9-turns of ¢0.5 cm copper wire. The base (16 mm X
13mm x 10mm) is composed of a polypropylene-like material,
which was 3D printed using a multimaterial 3D printer (Strata-
sys Objet260 Connex). The resonant frequency of the five
sensor coils was tuned by using varactors and lumped ca-
pacitors (Cuning)- The circuitry was covered by copper tape
connected to the ground of the sensor coil for electromagnetic
shielding. The implemented ring weighs 6 g, is 1 mm thick,
and 13 mm long, and can be used at all times and on a daily
basis. Moreover, the measured coupling coefficient between
the five sensor coils and the wristband coil were 0.006 (#1),
0.005 (#2), 0.005 (#3), 0.005 (#4), and 0.005 (#5) from thumb
to little finger; |AZi, (f;)|| was about 0.8 Q.

Herein, we explain how much capacitance (i.e., impedance)
of the sensor coil changes by typing. Since the shock wave
propagating on the finger is reported to be 4G ~ 8G and
under 100 Hz [11], the circuit of Fig. 6(a) can be simplified
as Fig. 6(b) at such a very low frequency. With this, the bias
voltage induced by typing (Viyping) can be calculated as follows
based on the principle of charge conservation:

Y
Viyping = Co”

piezo

(Cpiczo > 4 X Cyaractor +2 X Ctuning) (8)

where Q is the electric charge caused by typing, whereas
Cpiezos Cvaractor, and Cuning are the capacitance of the piezo,
varactor, and capacitor for tuning. The measured Viyping When
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Figure 6. (a) Circuit diagram of our ring-shaped sensor coil. The simpli-
fied circuit diagram (b) at the frequency of the shock wave.

Lsensor F'sensor Filter Cyaractor Cpiezo Cluning
22uH~2.5pH  2.0Q 100kQ SO0pF~65pF 1.5nF ~5pF

Table 1. Circuit parameter used in Fig. 6(a).

typing on the soft knee was approximately 100mV, which
contributes to lowering the capacitance of each varactor [4]
approximately4 pF. The total capacitance (Csepsor) Of our sen-
sor coil can be approximated as follows:

Ciii
Csensor = Cvaractor(vtyping) =+ tu;mg ©

Note that the piezo can be neglected at the carrier signal since
rer 18 very high (100k€). Based on Eq. 9 and the measured
Viyping. it can be estimated that the capacitance of the sensor
coil is lowered by approximately 1 pF (4 j3Q) by typing.

Wristband-shaped Readout Coil

As shown in Fig. 5(b), our readout coil is implemented on
flexible PCBs (thickness: 0.1 mm, the number of turns: 5, di-
ameter: 9 cm, line width: 1 mm, spacing: 1 mm), whereas the
wristband is 3D-printed. The more number of turns increases
the inductance, the wider the wristband becomes; this might
impair the wearability of our wristband. For DRC, 10 ca-
pacitors (330 pF) were soldered on the flexible PCBs and the
inductance was 4.1 pH. To decide the value of the capacitor
used in DRC, first, we measured the inductance value of the
readout coil at the lower frequency (i.e., 1 MHz), at which
the readout coil is not affected by wavelength. Based on this
value (i.e., 4.1 uH), we calculated the capacitance value. Note
that the impedance of our readout coil does not almost change
whether with hand or without hand because DRC lowers the
electric energy, as described in SYSTEM DESIGN section.
Furthermore, 49 Q chip resistor was added to the readout coil
in series, to satisfy Zpigge=Zreadout-

The resonant frequency of our readout coil was set to
13.56 MHz, which is one of the ISM bands. Basically,
the higher frequency of ISM band (i.e., 27.12MHz and
40.68 MHz) enables to increase the sensitivity ( i.e., AZi,).
However, we confirmed that our bridge circuit cannot work
properly because the operational amplifier used in the circuit
oscillated at such a high frequency. Thus, 13.56 MHz was
chosen as the resonant frequency of our readout coil. Also, the
resonant frequencies of our five sensor coils were tuned near
13.56 MHz. To avoid the inductive interference between the
adjacent sensor coils, the five frequencies were determined by
using LTspice circuit simulation [1].
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Figure 7. (a) Orderly Typing Chord Input. Chord pattern is [Thumb,
Index, Middle, Ring, and Little], and the number is typing order ([.]: no
type). (b) Example of typing detection when UIST was input.

Impedance Measurement System

As shown in Fig. 5(b), our impedance measurement sys-
tem is comprised of an SDR (USRP N210 [2]) and the bal-
anced bridge circuit. The bridge circuit is implemented by
OPA656 [3] (a very wideband operational amplifier, gain band-
width product: 500 MHz) (See Fig. 3(c)). The amplifier gain
Famp 18 set to 100 Q considering the gain bandwidth product
of the OPA656. Zbridge (Lbridge :4.1 HH7Cbridge : 33pF, Tbridge *
50Q) is implemented using a 4.1 uH + 20 Q chip inductor, a
33 pF capacitor, and a 30 Q resistor connected in series. In
total, the maximum impedance error between Zyigge and Zj,
is below 5%. The power consumption of the USRP N210
and the balance bridge circuit is 7.8 W (= 6.0V x 1.3A)
and 0.5W (= 10.0V x 0.05A), respectively. While the cur-
rent impedance measurement system employs the bulky and
power-hungry USRP N210, we will implement a portable, low-
powered, and stand-alone impedance measurement system in
the future work.

EVALUATION

This section describes the series of user studies for evaluat-
ing the typing recognition rate of TelemetRing. Note that we
conducted the user studies with only one participant (i.e., first
author) owing to activity limitations associated with COVID-
19. It is assumed that the typing recognition rate is mainly
affected by 1) interference between multiple inductive chan-
nels (e.g., the impedance change of the sensor coil causes
the impedance change of the adjacent sensor coils and the
impedance measurement system wrongly recognizes the typ-
ing of the adjacent fingers) and 2) the crosstalk caused by
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typing other fingers (e.g., the shock wave caused by the typ-
ing of users’ middle finger propagates to the rings worn on
other fingers [10]). To observe the effect of the above two
factors, we conducted two experiments. In these experiments,
the ground of the impedance measurement system is sepa-
rated from the common ground using transformers; this is
necessary since TelemetRing is separated from the common
ground in real-world operations. Also, prior work shows that
the crosstalk can be mitigated by using sharp bandpass fil-
ters (BPF) of 30Hz ~ 100Hz [10]; therefore, we process the
phase data via a digital BPF of 30Hz ~ 100 Hz.

In the first experiment, we investigated the interference be-
tween multiple rings. First, we prepared two types of ring-
shaped sensor coils: sensor coil with piezo (S1) and sensor
coil without piezo (S2). Then, the first author wore one S1 on
the typed finger and four S2 on the other four fingers; ideally,
only the channel with S1 will react to the typed finger. The
first author typed 100 using the finger equipped with S1. Fur-
thermore, the first author conducted a typing trial on both the
desk and the knee; the strength of the shock wave is dependent
on the softness of the typing surface (i.e., hard desk: 8 G, soft
knee: 4 G), so this data was used to adjust the thresholds of
typing detection. Overall, the total trial is 1000 times (100
typing, 2 types of surfaces, and 5 fingers). Tab. 2 shows the
typing recognition rate of five channels. The average recog-
nition rate was 95.9% on both the desk and the knee, which
indicates that there exists little interference between frequency
channels.

In the second experiment, we examined the recognition rate
of various typing chords considering both the interference be-
tween multiple inductive channels and the crosstalk caused
by other fingers’ typing. Similar to the previous ring-shaped
keyboards [11, 10], TelemetRing supports text entry by simul-
taneously typing some of five fingers based on a typing chord,
as shown in Fig. 7(a). To examine the recognition rate of each
typing chord, all the 31 chord patterns that can be represented
by one-stroke typing were tested (See the chord column in
Tab. 3). The first author typed each chord 100 times on the
hard desk. Note that the typing surface was only the hard desk
since there is little difference between the recognition rate on
the hard desk and the soft knee, as shown in Tab. 2.

Tab. 3 shows the typing recognition rate for 31 chord patterns.

It is confirmed that the four chords ([11.1.], [.1.11], [111.1],
[11.11]) result in the very low recognition rate. This is because
these typing chords are difficult to type owing to the skeleton
of our hand [30]; for example, the typing using both middle
and little fingers inevitably induces the typing of the ring
finger. Therefore, our chord pattern that assigns the input
commands (A-Z characters, numbers, etc.) to the typing
chords are similar to [10]) since it eliminates chord patterns
that are difficult to type. With 27 chord patterns excluding
the above 4 chord patterns, TelemetRing achieves the chord
input with 10.3% error and enables to input text “UIST” (See
Fig. 7(b)).

While TelemetRing enables to input short words (e.g., uist
or hello) accurately, the input of long sentences (e.g., this is
a pen.) without mistakes is difficult with 10.3% recognition
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place thumb (f;) index (f3) middle (fs) ring(f2) little (fs)

desk 95% 95% 96% 93% 100%
knee 100% 96% 93% 94% 97%

Table 2. Recognition rate for fingers and typing surfaces.

chord chord chord

mIMRL 9% mimry 9% momery  desk
L. 93% 1.1] 89% 1.11 84%
1. 97% 1.1 85% 11 93%
. 96% L11] 96% AL1 59%
L 90% LL1] 82% 111 55%
[..1 96% 1] 87% 111 91%
11... 90% 111.] 98% [1111. 91%
L1 89% 11.1] 78% [111.1 61%
1.1. 89% 11..1] 90% 11.11 25%
1.1 93% L11] 91% 1111 87%
A1 91% 1.11] 88% A111 87%
11111 80%

Table 3. Recognition rate of 31 chord pattern. the number (1) of typing
pattern [Thumb, Index, Middle, Ring, Little] is the typed finger and [.]
means no type.

error. This error might be mainly attributed to the digital
BPF, which can not completely suppress the noise caused by
the variation of both the inductive coupling and the coupling
with the body. The recognition rate could be improved through
optimized signal processing (e.g., short-time Fourier transform
filter).

LIMITATIONS AND FUTURE WORK

TelemetRing has some limitations and future work. First, the
typing recognition rate is evaluated with only one person. To
understand the recognition rate independent of individuals,
we must conduct user studies with more than 10 participants,
similar to previous ring-shaped keyboards [11, 23]. Such a
evaluation will help us to set parameters that can be used
by anyone regardless of gender and age. Another limitation
of the current implementation is that the equipped off-the-
shelf high-sensitive piezo makes the base of the current ring
cumbersome. The development of small and self-powered
MEMS shock sensors is a promising candidate for substituting
this cumbersome sensor and will lead to a truly miniature ring.

CONCLUSION

This paper proposed TelemetRing, a batteryless and wireless
ring-shaped keyboard that supports text entry by detecting
finger typing. The keyboard leverages the passive inductive
telemetry to enable batteryless ring-shaped sensors. With the
combination of the DRC and the balanced bridge circuit, our
passive inductive telemetry can detect typing actions with a
recognition accuracy of 89.7%. We envision that our passive
inductive telemetry system can be applied to other wearable
devices in addition to TelemetRing.
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