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Geometric Sound Profile:

Multipath-Time-of-Flight

Fingerprint for High-Accuracy Acoustic Localization

Yukiya Mita Hiroaki Murakami
The University of Tokyo The University af Tokyo
Tokyo, Japan Tokyo, Japan

mita@akg.tu-tokyo.acjp murakami@akg.t.u-tokyo.acjp

Abstract—High-accuracy indoor positioning systems provide
various location-aware applications, enhancing our daily ex-
periences. The Global Navigation Satellite System is difficalt
to use indoors, leading to the development of various indoor
positioning methods. Among these, acoostic fingerprint-based
positioning, which utilizes widely available speakers and mi-
crophones, provides robust performance in Non-Line-of-Sight
(NLOS) environments that are common due to stroctoral ob-
stacles and furniture. These approaches typically use Received
Signal Strength Indicator or Power Spectral Density as location
fingerprints but face challenges in achieving high positioning
accuracy. In this paper, we propose Geometric Sound Profile
(GSP), a temporal feature of complex reflection waves, enabling
high-accuracy localization with a single speaker. GSP, defined
as the envelope of cross-correlation between the transmitted and
received signals, starting from the transmission time, serves as
a highly informative feature encapsulating the multipath-Time-
of-Flight. Additionally, we implement a Convolutional Neural
MNetwork for the estimation of the user’s position nsing GSP. We
generated a high-resolution pre-trained model in the simulation
and fine-tuned it with measurement data, allowing accurate po-
sitioning with minimal measured training data. Our experiments
demonstrated that the median positioning error was 0.14m
and the 90th percentile error was 1.23m in the Line-of-Sight
environment, and the median positioning error was (.09 m and
the 90th percentile error was 1 14m in the NLOS environment.

Index Terms—Indoor Localization, Acoustic Sensing, Finger-
print, Time-of-Flight, Convolutional Neural Network

I. INTRODUCTION

Accurate indoor location information can significantly en-

L . (. (AL S S (. . [ .

Yoshihiro Kawahara
The University of Tokyo The University of Tokyo
Tokyo, Japan Tokyo, Japan
sasatani @akg.tu-tokyo.ac.jp kawahara@akg.t.u-tokyo.ac.jp

Takuya Sasatani

in Non-Line-of-Sight (NLOS) scenarios, as it does not rely
on strict distance measurements. This makes it well-suited for
indoor spaces where obstructions are common.

In indoor environments, multiple reflection waves from
walls, floors, and other objects result in varying multipath
propagation times based on the positions of the speaker and
user, making them important for position estimation. Tradi-
tional location fingerprints such as Received Signal Strength
Indicator (RSSI) [1] and Power Spectrum Density (PSD) [2]
are affected by these multipath effects. Still, they do not
directly leverage the multipath propagation time specific to the
user’s position, thus challenging high positioning accuracy.

We propose a novel location fingerprint named Geomet-
ric Sound Profile (GSP), which encapsulates the multipath
propagation time and enables fingerprint-based high-accuracy
localization using a single speaker. GSP is defined as the
envelope of the cross-correlation between transmitted and
received signals, starting from the transmission time. The
independent peaks in GSP correspond to the multipath Time-
of-Flight (ToF), making GSP a highly informative indica-
tor. Despite GSP's straightforward concept, its application to
acoustic localization has been challenging due to the difficulty
of estimating the transmission time from the speaker using
a smartphone. Recent advancements in research have made
this possible, enabling the use of GSP for high-accuracy
positioning.

We employ a Convolutional Neural Network (CNN) to
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Evaluation of localization performance (vs. PSD) — NLOS
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Delicate Jamming Grasp: Detecting Deformation of
Fragile Objects Using Permanent Magnet
Elastomer Membrane

Ho Enomoto *“, Matthew Ishige

Abstract—Jamming grippers can grasp objects of various shapes
with simple control. However, grasping fragile objects is challeng-
ing, as a secure grasp requires firm pressing, which can potentially
damage delicate objects. Thus, it is important to achieve an appro-
priate pressing distance for damage-free grasping. Consequently,
the detection of the deformation of objects during grasping is
required. In this study, we introduced a tactile sensing method
using a Per t Magnet El (PME) membrane to detect
the initial deformation of grasping objects. During pressing, the
transition occurs from a phase in which the gripper primarily
deforms to a phase in which the object deforms exposing the object
to damage. This phase transition can be detected from the inflection
point in magnetic field data, and objects, such as roll cakes or
potato chips, can be grasped without being damaged. Moreover,
we showed that using multiple magnetometers enables the detection
of local deformations of the PME membrane, enabling the gripper
to determine the parts of the grasping object that are likely to be
deformed. This study enables jamming grippers to delicately grasp
fragile objects without damaging them, thus extending their use in
sectors, such as the food industry.

Index Terms—Grippers and other end-effectors, soft robot
applications, soft sensors and actuators.

1. INTRODUCTION

RIPPERS capable of grasping various objects without

causing damage are in increasing demand in industries,
such as the food sector [1]. Soft grippers are advantageous
in this context because of their high compliance [2], [3]. In
particular, jamming grippers can grasp objects of various shapes
with simple control [4]. However, grasping fragile objects, such
as sponge cakes, is challenging. Jamming grippers require firm
pressing against the grasping objects to achieve secure grasping,

, Takuya Umedachi
and Yoshihiro Kawahara

, Mitsuhiro Kamezaki ',
, Member, IEEE

Stop pressing and
vacuum at Xcp.

=

X< Xgp Grasping

o o Detect the initiation of
“a[ Threshold ‘@[ Threshold deformation of grasping
object from A?B;=0.

Pressing distance Pressing distance

Before grasping

Fig. 1.  (a) Depiction of a roll cake being grasped using our jamming gripper
with PME membrane. By detecting the pressing distance Xcp at which the
grasping object begins to deform, our gripper successfully grasps roll cake
without damaging it. (b) Appearance of the roll cake before and after grasping.
Grasping at X¢p results in inflicting minimal deformation on the roll cake.

which can damage delicate objects. Thus, it is important to
attempt grasping with a pressing force that does not damage the
grasping objects. Various studies [5], [6], [7] have investigated
the relationship between pressing and grasping forces. A recent
study reported on a monotonic relationship [8], and Kremer et al.
[9]1 demonstrated that the relationship between these forces was
dependent on the particle fill ratio.
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Primary energy' is based on the substitution method® and measured in terawatt-hours’.
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Note: In the absence of more recent data, traditional biomass is assumed constant since 2015.
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