Estimation of Human State Using Indirect
Biometric Information and Its Applications

Estimating human posture and motor states is a crucial technology in fields such as rehabilitation and skill

g acquisition support. Although advanced state estimation using electroencephalography (EEG) holds promise for

Bl future applications, current EEG-based methods still face limitations in noise robustness and real-time e el

= performance, preventing their practical deployment. To address this challenge, the Koike Laboratory focuses on o 1 [ ooy
more stable and readily obtainable indirect physiological signals—such as electromyography (EMG), gaze J ¥l s "_*l
information, and plantar pressure—and aims to develop posture estimation techniques based on these modalities 5 L e -
(Fig. 1). A2 = "=
In this study, we concentrate specifically on plantar pressure sensing and seek to develop a high-precision method t‘ '., .'; L:: -+
for three-dimensional posture estimation using only the information obtained from compact, wearable pressure “w'
sensors. By eliminating the need for costly and spatially restrictive optical motion-capture systems, our goal is to e St et ) € ey L Berate i @ Shasetny
establish a real-time and versatile inference system suitable for practical use in real-world environments. Figl Overview of this entire study

SolePoser: From Foot Pressure to Posture SoleLoadEvaluator: Application to Posture Correction
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In this study, we propose SolePoser, a lightweight and real-time method for estimating full-body three- l{

dimensional posture using only insole-type plantar pressure sensors. Conventional motion-capture systems

require expensive camera setups or the attachment of numerous IMUs, which limits their applicability in "E
daily-life settings and sports environments. In contrast, our method takes the plantar pressure distribution E
obtained from insole sensors as input and estimates the 3D positions of 17 body joints using a Dual-Stream — N e __;
Transformer architecture, SoleFormer. To ensure physically consistent and highly accurate estimation, we :‘: ‘; ‘; n‘,: y s
introduce two key components: a Dual Cycle Loss, which reconstructs IMU signals and plantar pressure b "
from the predicted poses, and a Cross-Attention mechanism that emphasizes the relationships between R P TR
IMU dynamics and pressure patterns. Together, these components enable stable and precise full-body pose Building upon SolePoser, we propose SoleLoadEvaluator, a system that estimates forward-load walking
imati ini i rdware posture using only plantar pressure sensors and provides real-time feedback. Conventional camera-based

methods are sensitive to occlusions and environmental conditions, while multi-IMU configurations impose
substantial wearing burden. In this study, we collected 8 types of load-bearing postures from 12 participants,
constructing a dataset comprising approximately 670K frames.
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ﬁ 4 In quantitative evaluations of posture classification and back flexion angle estimation, the system achieved

ﬁ 72.4% accuracy for 8-class posture classification and a 7.3° error in flexion angle estimation. Furthermore,

ﬁﬁ - - adapting the model to a new user with one minute of personalized data increased performance to 82.4%
Im:::::nn SadciReis SolaFormée Neowa 30 Body Pt accuracy and 4.2° error, demonstrating practical adaptability.

Furthermore, to evaluate posture estimation from plantar pressure, we constructed a new large-scale This system enables safe load-carrying assistance with minimal sensing hardware and low user burden,
multimodal dataset. The SP-S dataset, specialized for sports movements, includes high-difficulty actions indicating strong potential for applications in industrial settings and rehabilitation. This work was presented as
such as skiing, snowboarding, golf swings, and table tennis, comprising a total of 606K frames collected an oral presentation at AHs 2025 [2].
from 28 participants. The SP-E dataset, which focuses on daily activities such as walking and squatting, SOIeAI Coach: M u Iti mOd al CoaCh i n g
contains 302K frames obtained from 10 participants (mean age 25.9 years). Combined, the two datasets In this study, we propose SoleAlCoach, a Coaching Generation
amount to 908K frames, achieving significantly greater diversity and scale than existing datasets such as system that integrates plantar pressure sensing =1 sl ol
TMM. Experimental results demonstrated that our method achieved an average joint position error of 65.3 with a multimodal large language model (LLM) = © A’ head outward at the turn's.

mm for sports-motion data and 51.0 mm for everyday movements, with angular errors of 29.7° and 22.3°, to automatically generate coaching feedback ,,,T::m:\:':::r:u_ °
respectively. The inference speed is 11 ms per frame (on an RTX 3090 Ti), indicating that the system is fully aimed at supporting skill acquisition [3]. While :
. Hesm— Results w/o Elbow and Wrist (13 Joints) Results w/ Elbow and Wrist (17 Joints) conventional coachlﬁg-support systems rely.on SoleCoach L]
o Inference cameras or motion-capture technologies, N

Time (ms) SPS SPE TMM100 [40] sps SPE ThEM100 [40]

SoleAlCoach directly converts plantar-pressure
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In comparative experiments, our method outperformed RGB camera-based approaches such as st ionkigas o Sl bsncsd e v ot bl ity i vt B
. : . hi g itis ient weight u 3 ski nance e
PoseFormer and IMU-based methods including IMUPoser and AvatarPoser, and substantially surpassed the st st AU e i R <ssar g oy B e I il by L .
existing plantar-pressure-based method PressNet. Ablation studies further demonstrated that The dataset proposed in this study is the first coaching =
i i i i i joi iti Q1: Perceived Ability 1o [dentfy 02 Perceived P H q A r
incorporating plantar pressure input improved performance by 17 mm in average joint position error and i M'mv‘w ¥ m.:mc Wepzss‘m dataset in which audio g body posture, =
by 8°in angular error compared to the use of IMU signals alone. We also confirmed that the introduction of - ] = | and plantar-pressure signals are fully synchronized,
Dual Cycle Loss and Cross-Attention contributed significantly to the overall accuracy improvements. o = Y i ~—  comprising 3.1 million frames collected from 22 skiers. -
For real-world evaluation, we conducted validation experiments in alpine skiing and natural outdoor O . E In quantitative evaluations, the similarity between the u
N N " . " . N s o — B
walking environments. As baselines, we compared against Xsens (using 17 IMUs) and third-person video ) < ] generated coaching comments and those provided by expert =
captured using chest- and head-mounted cameras. The results showed that SolePoser achieved | ol . coaches reached 85.2%. User studies further demonstrated =
performance second only to TransPose and PIP, both of which rely on six IMUs, and exceeded RGB-based . | g that participants were able to correct their own posture more =
PoseFormer in skiing tasks. For walking motions, SolePoser matched the performance of PoseFormer, with MU Insole SoleCoach MU Insole SoleCorch  effectively with feedback generated by SoleAlCoach compared =

only a 0.4 mm difference in joint position error. to conventional methods.
These results were presented at the international conference UIST 2024[1].
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