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Abstract

We present a voice-based conversational agent that advances beyond reactive dialogue by integrat-
ing speech-to-text transcription with Whisper, emotion recognition, simple policy mechanisms,
and Live2D embodiment. The system delivers supportive guidance either as inline prompts or
card-style recommendations, while empathetic dialogue and expressive avatar cues enhance both
transparency and user engagement. A log-based evaluation across ten sessions showed consistent
stability, with an average latency of 7.1 seconds. This prototype illustrates a practical foundation
for developing emotion-aware, proactive companions aligned with the vision of human-centered
dialogue systems.
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1 Introduction

Large Language Models (LLMs) have achieved remarkable progress in recent years, enabling conver-
sational agents to generate fluent, coherent, and contextually relevant dialogue across diverse domains
[20, 2]. However, most deployed systems remain essentially reactive and respond to user queries with-
out taking initiative. Recent surveys highlight the importance of proactive conversational agents that
anticipate user needs, recommend relevant content, and foster more human-centered interaction [6, 7].
Benchmarks such as ProCIS formalize proactive retrieval tasks and measure both timing and contex-
tual appropriateness [19]. In emotionally sensitive contexts, poorly timed or irrelevant suggestions can
undermine trust, which underscores the role of affect as a critical cue for initiative [11].

Research has approached proactivity in dialogue from multiple directions. Some studies develop
retrieval-augmented methods for anticipatory interventions [19], while others draw on mixed-initiative
principles to balance helpfulness with user autonomy [11]. Human-centered perspectives emphasize
that initiative should remain non-intrusive, particularly in affect-rich scenarios where excessive inter-
vention risks harming trust and long-term engagement [7]. Emotion-aware dialogue systems provide
a promising foundation because affect recognition enables empathetic and context-sensitive responses
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[15]. Nevertheless, most approaches remain reactive and focus on expressing empathy after emotion is
observed rather than leveraging affective cues as triggers for proactive support in real time.

This paper introduces a prototype of a voice-based, emotion-aware conversational agent embodied
through a Live2D animated character. The system integrates Whisper for speech-to-text transcription
[18], affect inference under a compact taxonomy, and proactive suggestion mechanisms governed by
simple policy rules with cooldowns. Embodiment through a visual avatar is intended to enhance trans-
parency and user engagement while mitigating the perceived intrusiveness of unsolicited interventions.

This work makes two key contributions. First, we present an implemented modular prototype that
links emotion recognition with proactive conversational strategies in a voice-based, embodied setting.
Second, we analyze how avatar embodiment mediates unsolicited initiative and identify design levers
that preserve user autonomy while enriching affective human-AlI interaction. By addressing the gap
between reactive empathy and affect-driven proactive assistance, this study advances the development
of more human-centered dialogue systems.

2 Related Work

2.1 Proactive Conversational Agents

Conversational Al has progressed from purely reactive systems toward proactive designs that antici-
pate needs and decide when to intervene. This shift recognizes that effective interaction requires both
answering explicit questions and offering timely, context-aware suggestions. Prior syntheses organize
core challenges and methods in retrieval, dialogue planning, and evaluation [6], while benchmarks for-
malize proactive retrieval and quantify timing and contextual appropriateness [19]. Building on this
foundation, recent perspectives broaden taxonomies and identify open evaluation gaps [8], and mod-
eling of agents’ latent deliberation offers mechanisms for calibrating initiative in multi-party settings
[13]. Together, these directions underscore proactivity as a coupling of computational techniques with
human-centered control over when, why, and how an agent should act.

2.2 Emotion-Aware Dialogue Systems

Emotion is central to social interaction, and affect recognition has been shown to support empathetic,
context-sensitive responses that can improve user experience [15, 17]. Beyond text-only sentiment,
multimodal approaches incorporate speech and visual signals, and avatar-mediated interaction further
situates dialogue in affective context [9]. Extending this trajectory, recent work demonstrates gains
when prosodic and visual cues are explicitly fused, highlighting the value of speech-based affect for
empathy and naturalness [22]. These advances motivate designs where emotion is not only acknowl-
edged post hoc but also informs proactive support.

2.3 Embodied Conversational Interfaces

Embodiment augments dialogue by increasing social presence and clarifying intent, complementing the
technical and affective dimensions of interaction. Early studies reported richer protocols and stronger
presence than text-only systems [4]; subsequent work explored expressive avatars, social robots, and
VTuber-style characters that integrate visual performance with conversational intelligence [14], and
showed how representation and agency shape copresence and user experience [16]. More recent syn-
theses in extended-reality contexts examine design choices that influence presence and trust [21],
and broader views of embodied agents argue that virtual and physical forms enable tighter percep-
tion—action loops than disembodied chat alone [10]. In concert, this literature frames embodiment as a
means to render initiative more legible while mitigating perceived intrusiveness.



3 System Overview

3.1 System Workflow

The architecture integrates voice input, emotion recognition, policy evaluation, and embodied output
within a modular pipeline. Figure 1 illustrates the end-to-end workflow, where speech is captured, tran-
scribed by a Whisper-based ASR, analyzed for affect, and processed by the policy engine to determine
whether proactive intervention should occur.

isplay in Chat Interface

@ Display in Chat Interf
Cool Down Regulation :, Trigger ON EL_:Q ‘

@)))4)% e?e _— _:__ et Sgg‘ Tex (Ou\pu\

% > oty |||| |||| @

User Voice Input STT (Speech-To-Text) Emotion Analysis Trigger OFF
Empathetic Respons Voice Output Live 2D Character

Figure 1: End-to-end workflow of the proposed system, showing the pipeline from speech input through
transcription, emotion inference, policy evaluation, and proactive suggestion with embodiment.

Emotion inference follows a compact taxonomy inspired by the East Asian concept of the “Seven
Emotions” (chiljeong, t{ff) described in classical Confucian texts such as the Book of Rites and the
Doctrine of the Mean [5]. This taxonomy was chosen for its cultural grounding and interpretability,
offering a concise yet expressive set of categories that reflect everyday human experience. The module
assigns confidence scores to each category and maintains a dynamic session state that continuously
tracks both immediate cues and longer-term emotional trends throughout the interaction.

The policy engine evaluates this evolving state to decide when to intervene. A cooldown mecha-
nism controls the frequency of proactive actions, ensuring that suggestions remain supportive rather
than intrusive. When trigger conditions are met, the suggestion generator creates lightweight cards
combining affect-sensitive dialogue with actionable resources, such as calming music or short videos.
Each card includes plain text, brief rationale, and one or two external links, delivered as a structured
payload.

The system output is returned to the client, where it can be displayed in the chat interface or con-
verted into synthesized speech through a Live2D avatar. Embodiment reinforces initiative by aligning
visible expressions with dialogue, allowing proactive actions to appear natural and socially grounded.
The modular design emphasizes clarity, reproducibility, and extensibility, demonstrating how minimal
yet well-defined components can operationalize proactive behavior in emotionally sensitive contexts.

Proactive Suggestion Policy

Beyond a simple cooldown heuristic, the policy combines hard guardrails (e.g., minimum intervals
between suggestions, user-defined quiet hours) with a lightweight soft-scoring model that integrates
affect intensity and conversational context. Only when the composite score exceeds a conservative
threshold is a suggestion surfaced; otherwise, guidance remains inline. This layered design helps the
system remain non-intrusive while maintaining interpretability and consistency.



3.2 User Interface

On the client side, the system is embodied through a Live2D character integrated into a web-based chat
interface, as shown in Figure 2. Suggestion cards appear seamlessly within the dialogue bubble and are
accompanied by affect-sensitive responses. Each card contains a concise title, a rationale, and one or
two links for follow-up actions. By embedding these cards directly into the conversation flow, proactive
interventions are perceived as integrated contributions rather than external interruptions.
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Figure 2: Client interface integrating Live2D embodiment with structured suggestion cards, illustrating
proactive support within the conversational flow.

The Live2D avatar synchronizes lip movements and facial expressions with system responses, re-
inforcing the emotional intent of each suggestion. For example, calm or sympathetic expressions are
paired with supportive dialogue. The avatar also enhances transparency by visually embodying the
agent’s initiative, reducing the impression of mechanical behavior. Together, visual embodiment and
structured suggestion cards strengthen user trust, minimize intrusiveness, and encourage sustained
engagement.

4 Preliminary System Evaluation

A lightweight log-based evaluation was conducted to assess the system’s technical feasibility under
demonstration conditions. In accordance with the workshop constraints, no user studies were per-
formed. Instead, three objective aspects were analyzed: latency, proactive behavior, and stability. These
indicators offer a transparent view of the system’s operational performance without introducing sub-
jective bias. Table 1 summarizes the overall results.

Under the current conservative thresholds, explicit suggestion cards were not triggered; instead,
proactive support appeared as inline guidance with contextual links. This outcome indicates that the
policy prioritized low-visibility initiative during short demo sessions, underscoring the need for thresh-
old calibration in future iterations.



Table 1: Summary of log-based evaluation metrics across ten test sessions

Metric Result Notes
End-to-end latency  Avg. 7.1s (median 6.1s, 90th percentile 9.9s) 10 runs
Proactive outputs Contextual responses with links, no separate Observed in all runs
card display
System stability 100% All runs completed
successfully

System latency, measured from the end of user speech to the display of the system response, aver-
aged 7.1 seconds across ten sessions, with a median of 6.1 seconds and a 90th percentile of 9.9 seconds.
Although longer than typical interactive systems, this delay reflects the cumulative processing of tran-
scription, affect inference, policy evaluation, and rendering within a prototype environment.

Regarding proactive behavior, no standalone suggestion cards were issued. Under the existing
threshold and cooldown configurations, the policy favored inline recommendations rather than sep-
arate card presentation. Nevertheless, the system consistently embedded context-appropriate sugges-
tions (e.g., music links, breathing guidance, or short routines) within responses, demonstrating stable
proactive behavior.

System stability was maintained throughout all ten test sessions without any critical failures, con-
firming that the modular and decoupled architecture reliably handled repeated interactions even under
relatively high latency:.

To illustrate how these outputs manifested in practice, Figure 3 presents an excerpt from the raw
system log. The example captures a representative session in which the user expressed stress, and the
system responded with empathetic dialogue accompanied by a supportive music link. Such instances
connect the quantitative results above with concrete interaction traces.

Original Version Translated Version

“response”: {
“ai_text": "Feeling anxious and suffocated must be really difficult. In times like this,

.youtube. com/watch?v-DWcIFNfawoc™,
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breath?”

Figure 3: Excerpt from a system log showing user input, inferred emotion distribution, and generated
response including supportive content.

While these findings do not directly capture user perception, they demonstrate that the prototype
operated robustly and reliably under repeated trials, providing a clear foundation for refining how
proactive behaviors can be surfaced and evaluated in future work.



5 Discussion

This demonstration shows that lightweight mechanisms, when combined with emotion recognition
and embodiment, can effectively support proactive conversational behavior in practice. As outlined
in the workflow, a modular integration of Whisper-based speech recognition, affect inference under
a compact taxonomy, session state tracking, and policy evaluation enables the system to deliver sup-
portive guidance both within responses and, when appropriate, through structured suggestion cards.
The log-based evaluation further confirms feasibility, with sessions completing at 100% stability and an
average end-to-end latency of 7.1 seconds. Taken together, these results indicate that a clear, decoupled
architecture can provide contextually appropriate assistance under demonstration settings.

A primary strength of the system lies in its modular and interpretable design. Each compo-
nent—from transcription to policy control and Live2D embodiment—can be independently replaced
or extended. This flexibility allows for richer emotion models, adaptive policies, and improved retrieval
strategies without major restructuring. The approach also aligns with human-centered and mixed-
initiative design principles, which emphasize legibility of system intent, explicit control over initiation,
and reproducibility of behavior [7, 11]. Furthermore, proactive retrieval formulations such as ProCIS of-
fer a principled framework for measuring timing and contextuality, suggesting a standardized direction
for future evaluation [19].

Embodiment contributes to reducing perceived intrusiveness while maintaining initiative. Prior re-
search shows that avatars enhance social presence and enable richer interaction protocols beyond text-
only communication [4]. Expressive interfaces, including VTuber-style characters and avatar-based
collaboration, have been found to strengthen engagement and make unsolicited guidance feel more
natural when paired with affective cues [14, 16]. In our prototype, synchronized facial expressions and
voice delivery render supportive intent more understandable, aligning with findings that clarity and
affective signaling are essential for the acceptance of proactive systems [7].

In interpreting the evaluation, explicit suggestion cards did not appear in the ten test runs. Instead,
the system consistently embedded contextual recommendations directly into responses, such as music
links, breathing guidance, or short routines. This suggests that current policy thresholds favor inline
guidance over separate visual cards. Looking ahead, a mixed-initiative design could flexibly vary the
form of proactive output: clarifying questions for low-risk entry points, inline suggestions for subtle af-
fective cues, and structured cards for more salient needs [1, 11]. Such variations could be systematically
examined using ProCIS-inspired protocols to quantify timing and contextual appropriateness [19].

Latency remains an important engineering concern. The observed delay reflects the cumulative cost
of transcription, affect inference, policy evaluation, and rendering in a prototype environment. Future
deployments could reduce this overhead through batching and token streaming, partial decoding with
incremental TTS, optimized client-side VAD cutoff, lightweight affect models, and tighter client-server
loops. In addition, retrieval-augmented methods could cache frequently used supportive resources to
minimize external API calls while maintaining contextual relevance [12]. These optimizations comple-
ment the modular structure without sacrificing interpretability.

Policy design illustrates the balance between transparency and sophistication. Simple heuristics are
easy to audit and explain but may overlook nuances in affective interaction. Human-centered design
emphasizes maintaining user autonomy and providing clear rationales for unsolicited initiative [7, 11].
Learning-based strategies—from adaptive thresholds to long-horizon planning—can improve sensitivity
and timing but require interpretability to sustain trust. A practical approach is to combine transpar-
ent rules with adaptive mechanisms: employing clarifying questions under uncertainty and gradually
escalating support when affective and contextual cues align [1].

We also distinguish absolute latency (end-to-end) from perceived latency. While the measured de-
lay averaged around seven seconds, token streaming and early delivery can reduce perceived waiting
and preserve conversational flow. For affect inference, text-based analysis was chosen for simplicity;



future iterations will incorporate prosodic features such as pitch, tone, and rhythm to better capture
emotional nuance. This trade-off represents a pragmatic balance between implementation feasibility
and multimodal extensibility.

Finally, ethical and deployment considerations remain central. Proactive interventions should op-
erate on an opt-in basis, respect interruptibility, and adopt privacy-preserving defaults. Prior analyses
caution that proactive behavior can be perceived as intrusive when rationales or refusal mechanisms
are lacking [3]. Our approach—combining embodiment with inline guidance—aims to balance help-
fulness with autonomy. Future work will extend this approach through configurable disclosure, user-
specific pacing, and local-first content options. As the system evolves toward real-world deployment,
safeguards, standardized evaluation, and transparent reporting will be essential to ensure responsible
development of proactive, emotion-aware agents [6].

6 Conclusion

This work presented a prototype of a proactive, emotion-aware conversational agent embodied with a
Live2D avatar. The system integrates lightweight speech recognition, affect inference, and policy-based
decision logic to demonstrate how relatively simple mechanisms, when carefully coordinated, can yield
transparent and reproducible proactive behaviors. The modular architecture enables each component
to be independently extended or replaced, allowing future incorporation of richer emotion models,
adaptive policies, and advanced retrieval strategies.

Log-based evaluation verified the system’s feasibility, showing consistent stability across all ses-
sions. Although the end-to-end latency averaged slightly above seven seconds and explicit suggestion
cards were not triggered, the agent reliably provided context-sensitive recommendations within its
responses. These findings highlight both the practicality of the current design and key directions for
refinement—namely, latency reduction, policy calibration, and adaptive adjustment for real-world use.

The discussion emphasized modularity, clarity, and embodiment as guiding principles, while under-
scoring ethical safeguards as essential for responsible scaling. Proactive interventions should remain
interpretable, interruptible, and privacy-conscious. From this perspective, conversational assistants can
be viewed not merely as reactive responders but as collaborative partners that anticipate user needs
and support human goals in a socially grounded manner.

Although this demonstration focused on Korean, employing a culturally grounded affect taxonomy,
the architecture itself is language-agnostic and can be localized with minimal modification. This pro-
totype thus serves as a testbed for non-intrusive initiative, where embodiment and affective cues can
be adapted across languages and cultures to enable human-centered and socially appropriate proactive
AlL

In summary, the prototype demonstrates that proactive conversational agents can be developed in
a practical and extensible way without reliance on overly complex pipelines. By combining emotion
awareness with visual embodiment, it establishes a foundation for advancing dialogue systems that are
both technically robust and ethically aligned with human-centered interaction.
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