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Smart eyewear’s interaction mode has attracted significant research attention. While most commercial devices have adopted
touch panels situated on the temple front of eyeglasses for interaction, this paper identifies a drawback stemming from
the unparalleled plane between the touch panel and the display, which disrupts the direct mapping between gestures and
the manipulated objects on display. Therefore, this paper proposes RimSense, a proof-of-concept design for smart eyewear,
to introduce an alternative realm for interaction - touch gestures on eyewear rim. RimSense leverages piezoelectric (PZT)
transducers to convert the eyeglass rim into a touch-sensitive surface. When users touch the rim, the alteration in the
eyeglass’s structural signal manifests its effect into a channel frequency response (CFR). This allows RimSense to recognize
the executed touch gestures based on the collected CFR patterns. Technically, we employ a buffered chirp as the probe signal
to fulfil the sensing granularity and noise resistance requirements. Additionally, we present a deep learning-based gesture
recognition framework tailored for fine-grained time sequence prediction and further integrated with a Finite-State Machine
(FSM) algorithm for event-level prediction to suit the interaction experience for gestures of varying durations. We implement
a functional eyewear prototype with two commercial PZT transducers. RimSense can recognize eight touch gestures on
the eyeglass rim and estimate gesture durations simultaneously, allowing gestures of varying lengths to serve as distinct
inputs. We evaluate the performance of RimSense on 30 subjects and show that it can sense eight gestures and an additional
negative class with an F1-score of 0.95 and a relative duration estimation error of 11%. We further make the system work
in real-time and conduct a user study on 14 subjects to assess the practicability of RimSense through interactions with two
demo applications. The user study demonstrates RimSense’s good performance, high usability, learnability and enjoyability.
Additionally, we conduct interviews with the subjects, and their comments provide valuable insight for future eyewear design.
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(a) On the temple front.

(b) On the rim.

Fig. 1. Eyewear interaction.

(a) Zoom-in (b) Zoom-out (c) Slide-left (d) Slide-right

(e) Press (f) Tap-left (g) Tap-mid (h) Tap-right

Fig. 2. RimSense supports eight input gestures that are performed on the rim.

1 INTRODUCTION
Smart eyewear, commonly referred to as AR glasses, represents a novel form of smart wearable technology that
employs advanced waveguide technology to project graphical information onto the eyeglass. According to a
recent market report, the public demand for AR glasses is projected to increase considerably in the coming years,
with an anticipated market value of up to 883.4 million US dollars by 2025 [1].

Interactions with smart eyewear have undergone comprehensive research, including gaze gestures [12, 25,
31, 37, 38, 47, 65], facial expressions [28, 29, 46, 49, 60, 71], head movements [22, 53, 75, 77], mid-air gestures
[15, 17� 20, 27, 34, 42, 76], touch gestures [2, 4, 7� 10, 55, 66, 70] and etc. Among these approaches, touch panels
positioned at the temple region of the eyeglass frame, as illustrated in Figure 1(a), have become the predominant
mode of interaction in most commercial AR glasses [2, 4, 7� 10]. However, despite the touch panel's recognition
reliability, it is noticed that the eyeglass temple is not aligned with the same plane as the display. Consequently,
to manipulate virtual objects on display, a user slides the eyeglass templeforward and backwardto make a cursor
shu�e between the left and rightsides and then con�rms a selection by clicking on the panel. That says the slide
direction is perpendicular to the display. This discrepancy disrupts the inherent mapping between gestures and
manipulated objects and goes against the previously established user habits through the use of touch screens on
smartphones and tablets.

This motivates us to introduce an alternative realm of interaction - eyewear rim to address the previously
mentioned discrepancy. As shown in Figure 1(b), the user can navigate the screen betweenleft and rightby
executing aleft or right slide gesture on the upper rim. Furthermore, suppose there are four app icons positioned
on the glass, the user can touch the corresponding locations on the rim to open the target app. This design of
interaction introduces a natural mapping, a principle well-regarded in interaction design practices [52], connecting
the gestures employed for control to the display itself, as the eyewear rim exists within the same plane as the
display.

In this study, our goal is to propose and evaluate a proof-of-concept design that makes the rim of an eyeglass
interactable. A potential hardware con�guration for this design is to incorporate a touch panel,e.g., utilizing thin
thread [36] in the shape of an eyeglass rim. However, fabricating slender touch-sensitive material to accommodate
diverse rim shapes while simultaneously upholding stable recognition accuracy is challenging. Furthermore,
the thin structure could be susceptible to wear and tear from prolonged usage, thereby potentially leading to
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degraded recognition performance. Therefore, we propose to convert the eyeglass rim into a touch-sensitive
surface via an external stimulus source rather than add extra material directly onto the already slender rim.
Drawing inspiration from previous research [54], we choose piezoelectric (PZT) transducers as the facilitators for
our concept. The sheet-like shape of PZT transducers is well-suited for seamless integration with eyeglasses.
Moreover, recent advancements in material science have showcased the feasibility of transparent PZT sensors
[58, 59], thereby mitigating potential vision obstruction issues. As shown in Figure 3, our prototype incorporates
two compact PZT transducers a�xed to the eyeglass. One transducer is responsible for generating imperceptible
vibrations, while the other is tasked with reception to detect touch gestures. The underlying principle is that
the two sensors, in conjunction with the eyeglass, form a vibration system with a structural signature - channel
frequency response (CFR) shown in Figure 3 - during vibration. A user's touch on the rim results in a modi�cation
in this structural signature, the pattern of which depends on the touch manner. Therefore, the touch gesture can
be recognized by detecting and classifying this changing pattern.

To realize such a system, we encounter two major challenges: waveform design for stimulus source,i.e., probe
signal, and algorithm design tailored for real-time gesture detection. In the �rst aspect, our goal is to have a
waveform with both noise resistance and high sensing granularity. However, in existing relevant works [54, 67],
these two objectives generally contradict each other. That says, it is common to use a damping window (such as the
Hanning window) on the probe signal to reduce the impact of impulse noise caused by sudden frequency jumps
between successive probes. Unfortunately, this approach inevitably limits the e�ective sensing bandwidth and
reduces sensing granularity. Drawing inspiration from waveform design in the communication domain [21, 40],
we adopt a bu�ered chirp design to incorporate gradual frequency changes between successive probes instead of
applying a damping window. This approach allows us to maintain a wide sensing bandwidth while e�ectively
reducing impulse noise. In the second aspect, we �rst design a set of gestures to ful�ll interaction requirements
on the eyeglass rim, as illustrated in Figure 2. Compared with the detection of static grasping gestures in [54],
we notice that interaction gestures on the eyeglass rim inherently have varying durations. For instance, in our
real-world experiments, tapping actions (Figure 2(f)-(h)) might only take 0.5 seconds, whereas zooming actions
(Figure 2(a)-(b)) could last for up to 3 seconds. Moreover, di�erent users might exhibit diverse tendencies in
terms of gesture speed. An intuitive approach for detection is to utilize classi�cation techniques, such as random
forest, alongside a sliding detection window. However, producing a single prediction within a �xed detection
window does not yield a satisfactory real-time interaction experience for gestures with varying durations. This
is because using a long window sacri�ces detection latency for short gestures, while a short window sacri�ces
detection accuracy for long gestures. To overcome this dilemma, we propose to enable �ne-grained timestep-level
prediction that avoids gesture prediction on a window basis. The proposed scheme predicts the gesture for every
timestep and subsequently derives a reliable event-level prediction for each gesture event. This approach makes
it more adaptable to gestures of arbitrary durations. For long gestures, we can aggregate features from relevant
timeslots to achieve high detection accuracy. For short gestures, we can detect the concluding timeslot promptly
to provide an instantaneous interactive response. Furthermore, the �ne-grained timestep-level prediction greatly
supports the measurement of each gesture's duration. This broadens the design scope of the gesture set, as the
same gesture with di�erent durations can function as distinct gesture inputs. For instance, a long tap and a short
tap can be programmed to execute di�erent control tasks.

Our resulting system, named RimSense and depicted in Figure 4, has three modules. In the probe signal
generation module, we utilize an FMCW signal with a bu�ered chirp design as the probe signal. This signal is
applied to one PZT transducer, transforming the eyeglass rim into a touch-sensitive surface. In the CFR extraction
module, we apply signal processing to the received signal from the other PZT transducer. This processing is
aimed at extracting CFR features relevant to gestures. In the real-time gesture recognition module, we design a
deep learning-based classi�er to generate predictions at the timestep level using the extracted CFR features. In
contrast to conventional classi�ers like random forest and SVM, deep neural networks o�er greater �exibility
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(a) No gesture. (b) With gesture.

Fig. 3. Sensing principle.

for adapting to the requirements of timestep-level prediction. In particular, RimSense's classi�er (Figure 10)
incorporates CNN blocks to capture features from CFR amplitude and phase and GRU blocks to generate features
for each timestep, facilitating timestep-level prediction. In addition, self-attention blocks are used to relate the
CNN blocks and GRU blocks. Furthermore, data augmentation techniques are implemented to enhance classi�er
performance and ease the demand for extensive training dataset collection. Building upon the timestep-level
predictions, we develop a Finite-State Machine (FSM) algorithm (Figure 12) to achieve event-level prediction.
This approach ensures real-time gesture recognition that delivers a satisfactory user interaction experience.

Our contribution can be summarized as follows. The main contribution is that, to the best of our knowledge,
this study is the �rst to showcase the feasibility of utilizing the eyeglass rim as a new interaction space for smart
eyewear. We present a proof-of-concept interaction system based on PZT sensors that transform the slim rim
into a touch-sensitive surface, enabling the recognition of eight distinct touch gestures on the eyeglass rim.
These gestures, including zoom-in, zoom-out, slide-left, slide-right, press, tap-left, tap-mid, and tap-right, as
depicted in Figure 2, are selected to align with the common experiences when interacting with a smartphone1.
Additionally, we adopt the probe signal with a bu�ered chirp to ful�l the need of both sensing granularity
and noise resistance (Section 3.1). Furthermore, we propose transitioning from window-level to timestep-level
prediction granularity to suit the interaction experience for gestures with varying durations. We devise a deep
learning-based gesture recognition framework for timestep-level prediction, integrated with an FSM algorithm
to enable event-level prediction to support real-time gesture inference (Section 3.3). Lastly, we implement a
functional eyewear prototype that integrates two commercial PZT transducers into eyeglasses with real-time
operation. We conduct two studies to evaluate RimSense's performance: an o�ine study involving 30 participants
to assess gesture recognition accuracy using leave-one-subject-out validation (Section 5), and a user study
involving 14 participants to evaluate usability across two demo applications (Section 6). The results demonstrate
RimSense's high accuracy (F1-score of 0.95 and 11% relative error in gesture duration estimation), high usability,
learnability, and enjoyability. In addition, our interviews with the subjects provide valuable insight into the future
development of smart eyewear.

2 SENSING PRINCIPLES
When subjected to external probe signals, an object exhibits di�erent damping factors across di�erent probing
frequencies, depending on its shape and structure. In other words, each object generates its own signature
response given a probe source. This distinct signature response is regarded as its channel frequency response
(CFR). Conversely, if we can detect an object's CFR, we may be able to infer its structural characteristics [57].
RimSense leverages this principle to sense touch gestures. As illustrated in Figure 3, when human �ngers touch

1In this research, we restrict the tap and slide gestures to be performed only on the upper side of the rim.
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