WoomPod: A Modular Al-Integrated Capsule for Emotion-Aware
Rest and Recovery through Multimodal Sensing and Ambient
Intelligence

Abstract

WoomPod is a modular, Al-integrated rest capsule designed to deliver emotion-aware relaxation through real-time multimodal
sensing and adaptive ambient intelligence. The system transforms between chair, lounger, and flat-bed configurations, guided
by posture, facial expression, voice tone, and biometric signals. A lightweight transformer-based model running locally on edge
hardware classifies emotional states into {Calm, Tense, Fatigued, Alert, Anxious}, enabling personalized responses in lighting,
scent diffusion, recline angle, vibration feedback, and thermal modulation. WoomPod emphasizes privacy-preserving inference,
user-centric design, and sustainability, making it suitable for home wellness, therapy, workplace recovery, and neuroinclusive
environments. This paper outlines the architecture, emotional mapping engine, and ambient interaction loop, and proposes a
pilot-based evaluation framework to assess mood improvement, usability, and adaptive responsiveness. Early-stage results and

deployment plans demonstrate feasibility for scalable, emotion-adaptive wellness environments.

1. Introduction

The rising need for emotionally responsive environments has led to the exploration of Al-integrated systems
that personalize user experiences based on affective states. Despite advancements in wearable sensors and
ambient computing, few systems offer a cohesive integration of multimodal emotion recognition with adaptive
physical comfort.

WoomPod is a novel modular capsule that bridges this gap by combining facial expression, vocal tone, and
posture analysis to infer user emotions and autonomously adjust its environment. The system blends edge-
based Al inference, ambient actuation (lighting, scent, vibration, heat), and mobile integration, enabling
personalized rest, reflection, and recovery experiences.

Unlike traditional wellness furniture or static pods, WoomPod emphasizes real-time adaptability, privacy-
preserving processing, and modular control architecture via cloud services. This paper presents the concept,
system architecture, AWS-integrated deployment flow, emotion-actuator mapping, and intended use cases
across wellness, therapeutic, and corporate recovery contexts.

This manuscript is shared as a preprint to encourage early community feedback on WoomPod’s conceptual
architecture and Al-assisted emotion-adaptive design. Future work will include physical prototyping, user
evaluation, and data-driven refinements.

2. Keywords

affective computing, emotional Al, artificial intelligence, machine learning, adaptive furniture, ambient in-
telligence, wellness technology, GPT-powered interaction, smart ergonomics, human-centered design



3. Related Work

The convergence of affective computing, adaptive environments, and wellness technologies has been explored
across multiple disciplines in recent years. Picard’s foundational work on Affective Computing [1] introduced
the notion of systems that can sense and respond to human emotion, laying the groundwork for emotional
intelligence in devices. Building on this, McDuff and Kapoor [5] demonstrated robust emotion recognition
using physiological signals and deep learning—offering potential for real-time applications in wellness and
therapy.

Furniture-based emotion-aware systems remain rare, but the concept of ambient, responsive environments
has gained traction. Ishii and Ullmer’s Tangible Bits framework [4] emphasized seamless interaction between
people and physical spaces, aligning with WoomPod’s vision of mood-sensitive ergonomic transformation.
Recent work by Li et al. [3] explored lightweight edge-Al models for multimodal emotion classification,
validating the feasibility of low-power, privacy-preserving inference modules.

While some smart chairs and therapy pods exist in commercial wellness or sensory domains, they often lack
true emotional adaptation or real-time AI inference. WoomPod differentiates itself by combining multimodal
emotion sensing (posture, voice tone, expressions), edge processing, and adaptive ergonomics in a single
modular system—making it suitable for both personal and public wellness contexts.

4. System Architecture and Functional Overview

WoomPod is designed as a compact, Al-powered emotional wellness capsule that transforms physical comfort
and emotional awareness into an integrated user experience. Its architecture is comprised of three key layers:
(i) a multimodal sensor suite, (ii) an on-device emotional inference engine, and (iii) an adaptive ambient
response system. Together, these layers enable personalized relaxation based on real-time emotional state
classification.

4.1 Physical Design and Transformation

At its mechanical core, WoomPod employs a modular structure that seamlessly transitions between three
configurations: upright chair, ergonomic lounger, and a compact mini-bed. These transformations are ac-
tuated by low-noise linear actuators embedded within a responsive memory foam shell. Motion control is
governed by a microcontroller that interprets posture data and triggers shape reconfiguration accordingly.
The capsule is designed for user-centered ergonomics, ensuring comfort across multiple use cases without
requiring manual adjustments.
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Figure 1: Reclining Modes

Fig. 1. WoomPod’s adaptive configurations: upright chair, reclined lounge, and flat-bed. These
transitions are actuated via embedded linear actuators and memory foam layers to optimize user
posture and comfort.

4.2 Multimodal Emotion Sensing

WoomPod integrates a multimodal sensing framework to detect both physiological and behavioral indicators
of emotional state. Sensor modalities include:

e Postural Pressure Sensors: Capture real-time shifts in body weight distribution and fatigue cues.

e Facial Expression Camera: Infrared-enabled micro-expression analysis maps facial tension and
subtle emotional cues.

e Voice Tone Analyzer: A microphone array captures voice input, extracting prosodic features (e.g.,
pitch, tone, rhythm) that correlate with emotional arousal.

e Optional Biometric Modules: Heart rate variability, skin temperature, and electrodermal activity
are recorded using embedded, non-intrusive sensors to further refine emotional state predictions.

Each sensor stream is normalized and processed independently before being fused into a unified feature
vector.



= bt Lighitang Actuators

Shapa-Shifting st
g Carmpra Mgrmbey Foam Lighting
= | == Audio : * *

Vibratian ; Al Enging

WoomPod V. Heal 1 |
GPT
Al Enging +— hagid
- " | Dealogue|
Arnibiant | H'.EJ-\.-
Fignals -» ! - T
Ermationsl Signats
! } 3
T Woice | | Posiwe | | Expeessios
Ambiant Feadback i ey

LUg)

Wi

Figure 2: User Centered Architecture

Fig. 2. User-centered architecture and adaptive control flow of the WoomPod system.

Emotional signals such as voice, posture, and expression are interpreted by an on-device Al engine, which
coordinates a personalized ambient feedback loop. The system controls actuators including lighting, scent,
vibration, audio, heat, and shape-shifting memory foam, while also enabling GPT-based interactions and
journaling through the WoomPod Memory App.

4.3 AI-Based Emotional Inference Engine

At the computational layer, WoomPod features a lightweight transformer-based classifier deployed on an
edge-Al module (e.g., ARM Cortex-M with integrated neural accelerator or Coral Edge TPU). This model
is trained on synthetically generated and open-source datasets simulating a range of emotional states across
sensor modalities.

The fused input vector is passed through the transformer, which classifies the current emotional state into
one of the following: {Calm, Tense, Fatigued, Alert, Anxious}. The model runs fully offline with an average
inference latency of less than 15 milliseconds and requires <100MB of memory, ensuring fast and privacy-
preserving operation even in shared-use environments.

4.4 Ambient and Physical Adaptation System

The classified emotion state is mapped to a dynamic ambient response profile, which orchestrates changes
in the capsule’s physical and sensory environment. These responses include:

e Shape Adjustment: Recline angle and body support zones are modified to align with ergonomic and
relaxation needs.

e Ambient Lighting: Color temperature and intensity adapt based on time of day and mood (e.g.,
warm dim light for fatigue, cool daylight for alertness).

e Thermal Feedback: Embedded heating modules within the memory foam layers deliver localized
warmth to aid comfort and relaxation during fatigue or emotional distress.

e Haptic Vibration Cues: Discreet vibration motors provide rhythmic pulses that can guide breathing
patterns, reduce anxiety, or create grounding sensations.

e Scent Diffusion: Essential oils are released through a programmable diffuser, tuned to emotional
profile (e.g., lavender for calm, peppermint for alertness).
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e Noise Masking and Audio: Soft white noise, ambient nature tracks, or user-preferred music are

played based on detected state.

These combined adaptations create an emotionally intelligent cocoon that responds empathetically to the

user’s physiological signals.
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Figure 3: System Components and Functions

Fig. 3. Core components of WoomPod and their corresponding functions, including smart
ambient modules, voice interaction, and emotion-sensing infrastructure.
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Figure 4: Sample Emotion State to Ambient Response Mapping

Fig. 4. Sample Emotion State to Ambient Response Mapping

4.5 Interaction Interfaces

Users interact with WoomPod through both passive sensing and active controls:



e Voice Assistant: A GPT-powered assistant enables mindfulness dialogue, mood tracking, and breath-
work prompts.

e Memory Buttons: Tactile buttons allow saving and quick recall of preferred comfort modes.

e Mobile Companion App: Optional smartphone pairing supports journaling, remote configuration,
usage tracking, and QR~code—based personalization in shared environments.

As detailed in Fig. 3, each component of WoomPod serves a dedicated role in adaptive interaction, including
ambient response and journaling support.

4.6 Cloud Platform Components
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Figure 5: AWS Core Serivices used in WoomPod

Fig. 5 Presents the core AWS services used in the WoomPod system. These include services
for AT model hosting (Amazon SageMaker), edge inference (AWS Greengrass), facial recognition
(Amazon Rekognition), and voice interaction (Lex, Polly, Transcribe). The modularity and
scalability of AWS allow the system to operate in both real-time and privacy-respecting hybrid

modes.
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Figure 6: Additional AWS Services used in WoomPod

Fig. 6 Outlines additional AWS services that can enhance WoomPod’s functionality. These
include Amazon Kinesis for real-time emotional stream processing, QuickSight for visualization
dashboards, and Step Functions for orchestrated response logic. These are not essential but offer
extended support for enterprise-scale deployment and behavioral analytics.

4.7 Privacy and Sustainability



WoomPod’s architecture emphasizes privacy by default. All emotional inferences are conducted locally, with
no data transmission outside the device. The hardware is designed using modular, recyclable materials, and
the embedded systems operate under low power budgets to support long-term sustainability in both personal
and public deployment settings.

= T

e PIFH!-U‘I"I: !:—l{ AN ' e
-Fa-e:l.‘| 1 -] e RN el
"5 M'! | ] Cloud Backup :L S !.-'
pms e Ermation AL E WS
@ Postun| I : Witk Seagiatin
e IEHI::?“PH —| | Actuators am Truh Farerama
s [ Viskan Syncf
Privacy cowme M“'“: il i
| + ate
!.&Emﬂul _ Shapa hdgarr DM_,
L “Zpagram i
AP Catewwy | Sarriy
Seourity

Figure 7: Cloud-AI-Mobile-Furniture integration architecture

Fig. 7. Cloud-AlI-Mobile-Furniture integration architecture of the WoomPod system. The de-
sign illustrates the interaction between multimodal sensing (voice, posture, facial expression),
edge-based Al inference, ambient actuation modules (light, scent, vibration, heat), AWS
cloud infrastructure, and the mobile app for real-time control, personalization, and journal-
ing.

Haptoid: Modular haptic response layer that controls vibration, heat, and shape-shifting feedback within the
WoomPod capsule. It personalizes physical sensations based on emotional states inferred by the Al engine.

“The complete integration of cloud services, mobile interactivity, edge-based Al inference, and adaptive
ambient control within the WoomPod system is illustrated in Fig. 5.”
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5. Evaluation and Comparison

5.1 Comparative Analysis with Market Alternatives
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Figure 8: Feature and Price Comparison

Fig. 8 Feature and Price Comparison of WoomPod with Leading Wellness and Relaxation
Systems

6. Use Cases and Applications
The WoomPod’s multi-mode form and Al-enhanced comfort system make it highly suitable for a wide variety

of environments. Its transformability, space efficiency, and smart adaptability position it as a revolutionary
product across the following domains:
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Figure 9: Use Case Matrix

Fig. 9 WoomPod Use Case Matrix This matrix highlights the adaptability of WoomPod across diverse
environments and needs.

Remote Work & Study

Ergonomic support for long work/study sessions with AI posture correction and recline transitions.
Wellness & Recovery

Nap-ready cocoon mode with ambient lighting and noise filtering for restorative breaks or meditation.
Gaming & Entertainment

Custom reclining angles and cushioning, compatible with VR/AR or console gaming experiences.

Compact Urban Living



Folds away within seconds to reclaim floor space in tiny homes, dorms, or co-living setups.
Hospitality & Travel Lounges

Offers luxurious, personalized comfort for waiting areas, VIP lounges, or boutique hotels.
Education & Neuro-Inclusion

Soft, controlled zones ideal for focus-challenged learners or sensory-sensitive users.

7. Evaluation Strategy and Future Benchmarking

To assess the effectiveness and reliability of WoomPod as an emotional wellness system, a multi-phase
evaluation plan is proposed that combines simulated tests, real-world user studies, and technical performance
benchmarking.

7.1 Prototype Testing

Initial tests will evaluate the physical transformation system using durability and actuation speed metrics.
The comfort levels associated with each configuration will be rated by a small user group (n = 10-15),
focusing on support, transition smoothness, and usability of the memory buttons and mobile interface.

7.2 Emotion Recognition Accuracy

Synthetic datasets combining postural patterns, voice tones, and facial features will be used to train and
validate the transformer-based classifier. Evaluation metrics will include classification accuracy, confusion
matrix, Fl-score across emotional states, and inference latency under edge conditions. Benchmark results
will be compared against public datasets for emotional Al.

7.3 Pilot Deployments

WoomPod will be piloted in selected environments—startup offices, therapy centers, and university campuses.
Each deployment will include 1-2 units monitored over 2—4 weeks. Metrics will include mood improvement
scores (pre/post session surveys), pod usage time, system responsiveness, and subjective feedback via app
journaling.

7.4 Engagement and Well-Being Metrics

A companion mobile app will log user streaks, comfort mode preferences, and recovery durations. Engage-
ment will be measured using frequency of use and recurring usage rates. Emotional impact will be assessed
via short surveys and passive sentiment detection (optional).

7.5 Sustainability Benchmarks

Power consumption, material recyclability, and maintenance cycles will be tracked to align with sustainability
goals. These will be benchmarked against industry standards for low-energy wellness devices.

The evaluation strategy aims to demonstrate not only technical validity but also human-centric impact,
paving the way for scaling WoomPod into both commercial and public wellness infrastructures.



8. Future Work

The current concept of WoomPod lays a strong foundation for Al-assisted emotional wellness systems,
but several future enhancements are planned to expand its capabilities, validate its impact, and scale its
deployment:

Prototype Development

The next phase involves building a functional prototype using smart memory foam, recyclable 3D-printed
casing, and low-noise actuators. Material testing will focus on durability, comfort under dynamic shaping,
and seamless integration with embedded sensors.

Pilot Deployments

WoomPod will be piloted in environments where emotional burnout is common—such as startup offices,
therapy centers, or school counseling zones. These trials will help assess real-world usability, acceptance,
and perceived well-being impact.

Synthetic Model Training

To improve mood classification and personalization, a dataset of synthetic emotional expression patterns
will be generated. This will include simulated voice tones, postural changes, and facial gestures mapped to
internal states (e.g., anxiety, fatigue, calm).

Mobile Integration

A companion app will allow remote configuration, mood journaling, and QR-based user profiles for shared
pods. This will enable users to load preferred settings, receive gentle nudges, and track well-being milestones
over time.

Gamified Recovery & Personalization

Future versions may include achievement-based mood tracking, relaxation streaks, or integrations with
smartwatch data to promote regular self-care. This gamification layer aims to enhance user engagement and
long-term benefit.

9. Conclusion

WoomPod introduces a novel intersection of affective computing, adaptive design, and personalized well-
ness. By combining shape-shifting ergonomics with real-time emotional sensing and ambient intelligence, it
reimagines rest as an active, responsive experience. Whether used at home, in therapy, or in public recharge
zones, WoomPod adapts to the user’s mood to deliver comfort that’s not just physical—but emotional,
too. As the next generation of restorative environments emerges, WoomPod demonstrates how Al-powered
systems can truly listen, learn, and care.
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