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Abstract

Recognizing human poses, particularly under seated conditions, has become increas-
ingly important due to the widespread adoption of remote work and teleconferencing.
In this study, we present the first attempt to classify sitting poses using active acoustic
sensing based on contact-type piezoelectric devices attached to a chair. Our framework
analyzes multi-channel acoustic responses of known sweep signals transmitted through
the chair and the seated body and captured by a piezoelectric microphone array. To en-
hance classification performance, we introduce two learning techniques tailored to this
setting. Specifically, we introduce ChannelSwap (CS), a data augmentation method that
leverages the geometric symmetry of the sensing system, and Symmetric Consistency
Enhancement (SCE), a learning strategy designed to compensate for real-world symme-
try deviations. Experiments on real sound data demonstrate that our method improves
classification accuracy by 3.6% compared to standard baselines, validating the feasi-
bility and effectiveness of piezoelectric acoustic sensing for sitting pose classification.
Resources are available at https://github.com/yuki10647/Piezoelectr
ic-Acoustic-Sensing-for-Sitting-Pose-Classification.

1 Introduction
Recognizing human pose is a fundamental and long-standing challenge in the field of com-
puter vision and pattern recognition [22]. While early applications focused primarily on
surveillance systems, motion capture, and behavior analysis for marketing purposes, recent
years have witnessed increasing interest in use cases such as attendance management, work-
place monitoring, and healthcare, driven by heightened awareness of work-life balance and
well-being. At the same time, advances in communication technologies, such as telecon-
ferencing systems, and the widespread adoption of remote work have led to a significant
increase in the amount of time people spend seated. This shift has created growing de-
mand for pose recognition in seated conditions. However, most prior studies on human pose
recognition have concentrated on full-body pose estimation in standing or dynamic contexts,
whereas research specifically targeting seated poses remains limited. To address this gap,
this work focuses on the classification of human poses under seated conditions.

Existing approaches to sitting pose estimation have primarily relied on optical sensors [9,
10, 14] or pressure sensors [1, 5, 6, 16, 19]. Optical sensing-based methods, including
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camera-based systems, offer high recognition accuracy and support non-contact measure-
ment. However, their applicability may be constrained in environments with occlusion or
limited fields of view, particularly in typical office settings where objects placed on or around
desks frequently obstruct the line of sight. Furthermore, continuous image capture may
raise concerns related to user privacy and psychological discomfort. Pressure sensing-based
methods estimate the person’s pose by measuring pose-dependent changes in the pressure
distribution, for example on the seat surface. While capable of capturing fine-grained pose
variations, including subtle changes that may not be visually observable, these methods typ-
ically require a high-density sensor layout and are generally compatible with only a limited
range of chair designs. Moreover, due to their reliance on direct mechanical contact, the sen-
sors are prone to misalignment, wear, and physical damage, leading to increased installation
and maintenance costs. In summary, both modalities have proven effective under certain con-
ditions, but each may not always be available in practical use. These considerations motivate
the exploration of further alternative sensing modalities suitable for sitting pose recognition.

In this study, we explore sitting pose classification based on audio information, specifi-
cally within the framework of active acoustic sensing. Active acoustic sensing is a technique
in which a known sound signal is emitted toward a target (e.g., an object, a person, or an
environment), and the resulting acoustic response is acquired and analyzed to extract infor-
mation about the target [2, 3, 7, 11, 12, 15, 17, 20, 21]. This contrasts with passive acoustic
sensing [4, 8, 18], which relies solely on naturally occurring sounds and often suffers from
limited control over signal quality and repeatability. In our scenario, we attach piezoelec-
tric speakers and microphones, which are contact-type acoustic devices, directly to the back
surface of a chair. When the speaker emits a sound signal, the wave propagates through the
chair and into the body of the target person seated on it. As the acoustic properties of the
system, including both the chair and the seated person, vary depending on the sitting pose
of the person, the resulting response contains discriminative information that enables pose
classification. Compared to the optical sensing-based methods [9, 10, 14], this approach
is inherently robust to visual occlusion, shielding, and blind spots, as the sound propagates
through the chair in direct contact with the seated person. Furthermore, unlike pressure
sensors, the piezoelectric acoustic devices do not rely on mechanical deformation, making
them less prone to misalignment, wear, or damage. Their compact size and low cost also
contribute to ease of installation and maintenance.

To the best of our knowledge, the only prior study that applies active acoustic sensing to
human pose classification is the work by Bi et al. [2]. Their approach emits a pilot signal from
a smartphone placed on a desk and analyzes the reflected responses from the target person
to classify six sitting poses. In contrast, our approach is the first to utilize a contact-type
piezoelectric device for this task. While the method proposed by Bi et al. may experience
reduced accuracy when an obstacle blocks the direct path between the smartphone and the
subject, our method avoids this limitation by attaching the piezoelectric sensor directly to
the chair, which enables direct acquisition of the person’s response.

From a technical perspective, we also explore a learning strategy tailored to sitting pose
classification based on active acoustic sensing. While the performance of machine learn-
ing models generally depends on the amount of training data, collecting a sufficiently large
dataset is often costly and time-consuming. To address this limitation, we first introduce
ChannelSwap (CS), a data augmentation technique that leverages the geometric symmetry
of the entire system, including the chair, the human body, and the sensor placement. Specif-
ically, CS synthesizes new training samples by swapping the audio channels of real samples
corresponding to geometrically symmetric positions. To further enhance robustness against
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(a) System Overview. (b) Piezoelectric Speaker (left) & Microphone (right).
Figure 1: Our active acoustic sensing system for sitting pose classification. (a) Overview
of the system. One piezoelectric speaker and eight microphones are attached to the back
surface of the chair at the positions indicated by red circles. All devices are connected to
a laptop via an audio interface; the speaker is additionally connected to a digital amplifier
for output amplification. (b) Piezoelectric speaker (left) and microphone (right). Both are
disk-shaped elements with a diameter of approximately 3 cm.

minor asymmetries, we also propose a learning method called Symmetric Consistency En-
hancement (SCE). Experiments on a real dataset collected using our active acoustic sensing
system demonstrate that our method improves classification accuracy by 3.6%.

Our contributions in this paper can be summarized as follows:

• We present the first study on sitting pose classification using active acoustic sensing
with contact-type piezoelectric devices attached to a chair.

• We propose two tailored learning techniques, namely, ChannelSwap (CS) and Sym-
metric Consistency Enhancement (SCE), that significantly improve classification ac-
curacy.

• We conduct comprehensive experiments on a real sound dataset, showing a 3.6% ac-
curacy improvement over standard baselines and confirming the feasibility and robust-
ness of the proposed approach under various conditions.

2 Related Work
Optical Sensing-based Sitting Pose Recognition. The representative approach to sitting
pose recognition is based on optical sensing, including RGB, infrared, and depth cameras.
Lu et al. use an infrared-based desktop sensor (Leap Motion Controller) to recognize dy-
namic hand gestures through hand tracking [9]. Min et al. utilize a Kinect depth camera
to detect unhealthy sitting poses [10], while Piñero-Fuentes et al. capture upper-body poses
using a webcam mounted on top of a PC monitor [14]. These optical sensors enable high-
accuracy recognition by directly capturing the seated person’s pose. However, most of these
methods assume that the sensor is mounted on a desk with no occlusions between the sensor
and the seated person; in practice, objects placed on or around the desk frequently obstruct
the line of sight, making stable pose recognition challenging in everyday environments.

Pressure Sensing-based Sitting Pose Recognition. Another representative approach is
pressure sensing, which typically involves designing a pressure sensor array in sheet form
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