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Abstract

We present PhoMi, an interactive recall assis-
tant that supports dementia reminiscence by en-
gaging users with personal photographs captured
via a live camera interface. Given a photograph,
PhoMi delivers spoken questions and receives spo-
ken responses, creating an accessible reminis-
cence setting with reduced reliance of human ther-
apists. Over repeated sessions, user responses
are incorporated into lightweight adapters of a vi-
sion—language model, enabling progressively per-
sonalized question generation without reprocessing
prior interaction logs. PhoMi serves as a proto-
type toward scalable, lifelong Al companions for
dementia reminiscence.

1 Introduction

Reminiscence therapy leverages sensory cues to stimulate au-
tobiographical recall in individuals with dementia. In clin-
ical settings, personal photographs often serve as anchors
that elicit verbal expression of past experiences [Woods et
al., 2018]. Effective reminiscence sessions, however, typi-
cally rely on human therapists who guide interactions through
questioning and empathetic engagement, making sustained
and scalable support difficult to provide in everyday settings.

Early attempts at automated reminiscence therapy [Cards
et al., 2020; Gamborino et al., 2021] introduced memory
assistance systems based on deep neural networks. How-
ever, these systems generally treat interactions as isolated ses-
sions, without longitudinal personalization across repeated
encounters. Furthermore, prior implementations have re-
lied on chatbot-style interfaces, limiting embodied interaction
through live visual capture and spoken communication.

Recent advances in multimodal large language models
(LLMs) enable more flexible visual-linguistic reasoning. Yet,
when applied to dementia reminiscence settings, existing ap-
proaches still lack mechanisms for incremental, user-specific
adaptation over time. In particular, there remains a gap in in-
ternalizing fragmented dialogue into model parameters with-
out relying on ever-growing context windows.
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Figure 1: Schematic overview of PhoMi.

In this paper, we present PhoMi, an interactive recall
assistant for sustained and personalized dementia reminis-
cence. PhoMi integrates live visual capture with spoken ques-
tion—answer interaction to support multimodal engagement.
Given a personal photograph, the system anchors visual stim-
uli through a real-time camera interface and delivers spoken
prompts to elicit autobiographical responses. To maintain
continuity across sessions, PhoMi estimates whether the pre-
sented photo is familiar to the user and adjusts its prompt-
ing strategy to encourage deeper recall over time [Duan et
al., 2025; Hsu et al., 2025]. Beyond interaction logging,
PhoMi performs memory internalization by distilling accu-
mulated question—answer pairs into parameter-efficient up-
dates of lightweight adapters attached to a vision-language
model (VLM). This adapter-based internalization provides a
warm-start in future sessions, enabling the system to function
as an increasingly personalized recall assistant.

2 The PhoMi Recall Assistant

The schematic overview of PhoMi is shown in Figure 1. The
system is organized into three collaborative layers that jointly
support personalized reminiscence: (i) a multimodal interac-
tion layer, (ii) a perception and management layer, and (iii) a
memory internalization layer. We describe each component
in detail below.
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2.1 Multimodal Interaction

The multimodal interaction layer enables intuitive visual and
spoken communication tailored to individuals with early-
stage dementia.

Live Camera Unlike standalone image-upload models,
PhoMi incorporates a live camera interface to capture pho-
tos in real time. This design makes “looking at a photo” the
primary trigger for initiating each reminiscence session.

Speech-Driven Dialogue To support hands-free interac-
tion, the system integrates speech-to-text (STT) and text-to-
speech (TTS) modules instead of relying on on-screen text.
This allows patients to verbally express memories and receive
natural spoken prompts in return.

2.2 Perception and Management

This layer serves as the bridge between raw visual perception
and internal memory indexing.

Re-Identification. When a photo is captured, the system
employs a visual encoder to extract feature embeddings,
which are stored in a vector database (Vector DB). Using
these stored embeddings, PhoMi performs a similarity search
to determine whether the captured image matches a previ-
ously encountered instance. If the similarity exceeds a prede-
fined threshold, the corresponding ImageID is reused; oth-
erwise, a new identifier is created for the unseen image.

Dual-Database Each ImageID serves as a relational key
linking the visual embedding stored in the Vector DB and
the associated conversational history maintained in a text
database (Text DB). This coordinated design enables consis=
tent referencing of image-specific memory across sessions.

2.3 Memory Internalization

A central design principle of PhoMi is shifting personaliza-
tion from transient log retrieval to parameter-level adaptation.
Instead of repeatedly injecting conversational history into the
context window, PhoMi incrementally consolidates accumu-
lated interactions into the model’s parameters via Low-Rank
Adaptation (LoRA) [Hu er al., 2022]. This internalization is
performed as a background process, allowing personalization
to evolve without interrupting real-time interaction.

Data Augmentation To transform fragmented dia-
logue into learnable. supervision, we employ an LLM
(LLaMA-v3-70B) to filter and structure raw Q&A pairs
stored in the Text DB across multiple intent categories (e.g.,
identity, emotion, routine, relationship, meaning, social
memory, temporal context, caregiving, and preference). The
LLM synthesizes semantically grounded fine-tuning targets
with controlled variations, converting conversational traces
into relevant questions.

Memory Consolidation These target questions are used
to train image-specific LoRA adapters (rank 4), applied to
the Wq. k,v,0 projection matrices and attached to a VLM
(LLavA-1.5-7B) [Liu et al., 2024]. Each adapter is also
indexed by a unique ImageID, enabling image-level param-
eter specialization across sessions. Upon re-identification, the
agent activates the corresponding adapter, allowing the VLM

Great! Let’s talk
about this. Please
wait just a moment
for me!

Please put up the
photo or the thing
you’d like to talk
about!

Is the woman in the

picture with you?

Capturing Loading Questioning

Figure 2: User interface of PhoMi.

to immediately condition on previously internalized personal
information without retrieval of historical logs.

3 Demonstration

3.1 Implementation Details

Hardware and Frontend PhoMi is implemented as a na-
tive Android application and deployed on an 11-inch tablet
device (Galaxy Tab S11). A penguin-shaped enclosure and
animated facial expressions, adapted from the MoMo robot!,
are incorporated in our system to provide a friendly interac-
tion setting. As illustrated in Figure 2, when a photo is posi-
tioned under the integrated camera, the UI displays a dynamic
loading frame to indicate visual processing. Once identified,
the system delivers a spoken prompt, capturing and transcrib-
ing user responses in real time via the built-in microphone.

Backend and Software Stack The backend uses an
asynchronous microservice architecture. Gunicorn and
Flask-SocketIO serve as the API gateway, while task
orchestration is managed through Celery with Redis
as the message broker. This enables sequential execution
across workers dedicated to visual encoding (DINO), visual
question generation, dialogue generation, speech recognition
(Whisper-Medium) [Radford et al., 2023], and speech
synthesis (MeloTTS) [Zhao er al., 2023]. For knowledge
management, we utilize a FATSS-based vector DB [Johnson
et al., 2019] for visual features and an SQLite-based text
DB? for conversation logs.

Resources and Training PhoMi runs on a workstation with
four NVIDIA A6000 GPUs: two for the LLM and two for
the VLM, STT, TTS, and visual encoder modules. During
memory internalization, the LLM generates 8 core questions
from accumulated Q&A history, which are expanded into 40
variants and used to train the image-specific LoRA adapter
for 30 epochs.

3.2 Use Cases

We evaluate the practical effectiveness of PhoMi through sev-
eral representative use cases, illustrating the interaction flow

"https://www.whydots.com/en/robot-momo
*https://sqlite.org/
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That bright color looks so cheerful. Does it
remind you of a favorite childhood outfit?
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It seems to be the short-sleeved shirt |
often wore when | was a kid, with a
cute deer pattern on it.

That sounds like a special memory. Did
the deer pattern on your shirt make you
feel happy when you wore it?

Yes. | have loved wild animals
since | was a child.

That's lovely to hear about your affection
for wild animals. Did the woman's hat in
the photo make you think of a particular
outdoor activity you enjoyed as a child?

Let me think about it.. It seems like our
family of three is hiking in the woods? |
can't remember the exact location.

That sounds like a lovely family memory.
Did the woods have a special scent or
sound that you associate with those hikes?

It seemed that there were one after
another chirping of birds, which
attracted our attention.

| remember that deer-patterned shirt you
loved wearing as a kid. What do you recall
about the trail's terrain on that hike?

| remember it seemed to be a muddy
path, and then we walked to this
bridge paved with barbed wire.

O Image 2 | Base LLaVA
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Does this person‘s posture, standing in
front of that appliance, remind you of a
moment in your kitchen?

Standing in front of the microwave was
Amy. A dinner party once at my house.

That sounds like a special memory. Did
you enjoy the warmth and laughter of
that dinner party with Amy?

Yeah. We drank and laughed and talked
about how dawn was approaching.

That sounds like a joyful evening. Did
the soft glow of the kitchen lights add to
the warmth of the conversation?

No, we were preparing dinner together.
We drank and chatted elsewhere.

That sounds like a lively moment of
connection in the kitchen. Did you feel a
sense of togetherness as you prepared
dinner together?

Exactly. It was our reunion
after high school.

That sounds like a wonderful memory of
reconnecting with old friends. Did the
aroma of the dinner you were preparing
add to the excitement of the moment?

What | prepared was French toast,
and the aroma really filled the room,
making everyone look forward to it.

Image 3 | Base LLaVA
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Does that mark or decoration on her
face look like something from a special
occasion?

That seemed to be Emma, she just put O
on a helpless expression.

That sounds like a special memory about
Emma. Did you often go on hikes with her,
or was this a rare outing?

The three of us love to go outdoors O
and take photos together.

That sounds like a wonderful way to spend
time together. Did you find that being in
nature helped you feel more connected
with Emma and the other person?

Indeed, we will share the wonderful
moments captured during the trip
with each other.

That sounds like a lovely way to relive the
experience. Did the scenic views on that
hike make you feel more carefree?

Of course, escaping the city temporarily
gave me a sense of relief.

((image1 JLLaVA | Adapter Active ) %
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| remember that lovely hike with your
family in the woods, wearing your favorite
deer-patterned shirt. Did the muddy path
lead you to explore further?

Figure 3: Conversation flow of PhoMi. The actual interaction was conducted via speech.

Raw Questions from Base LLaVA
What is the purpose of the wooden bridge in the image?
What's the name of the little boy in the blue shirt?
What is the relationship between the woman and the child
in the image?
What is the little boy holding?
What is the color of the woman's shirt?
What is the boy wearing?
What is the little boy wearing on his head?
Raw Questions from LLaVA with an Adapter
* Do you remember wearing a shirt with a cute deer design?
Did you hike on a muddy path?
Was this when you went on a hike with birds singing?
Do you remember walking on a muddy path?
Do you remember wearing a deer-patterned shirt when you
were young?
Did this outdoor activity remind you of a specific hat?
Do you remember a hike when birds were chirping loudly?

Figure 4: Generated questions before (top) and after (bottom) mem-
ory internalization.

and the impact of memory internalization on personalized
question generation. A full demo video showing the multi-
modal sensing and real-time interaction process is available
at: https://youtu.be/m6AoiS7m5e0.

Interaction Flow Figure 3 illustrates PhoMi interacting
with a user across three distinct sessions, each initiated by
a novel photograph captured via the live camera. As the
perception layer recognizes the photograph as unseen, the
VLM starts with generating image-oriented questions without
personalized context. For example, it queries noticeable at-
tributes such as a brightly colored outfit, a person in a kitchen,
or distinctive facial features. These generic prompts serve as
entry points for reminiscence, encouraging the user to share

verbal memories, which are transcribed in real time to form
the initial dialogue history.

Memory Internalization Memory internalization marks
the transition of PhoMi from a generic visual assistant to a
persistent personal companion. As underlined in Figure 4,
questions generated with the image-specific adapter are en-
riched with personalized keywords, such as previously men-
tioned participants or locations. Through this consolida-
tion process, personalized information is embedded into the
model’s parametric space, enabling personalized warm-starts
in subsequent sessions without requiring access to prior tex-
tual logs.

Personalized Warm-Start When a previously seen photo-
graph is reloaded through the live camera interface (bottom-
right of Figure 3), PhoMi re-identifies the corresponding
ImageID and activates the image-specific adapter within the
VLM. As a result, the system resumes the interaction from
prior context, incorporating confirmed personal facts (e.g.,
family hiking or a deer-patterned shirt) into the opening ques-
tion.

4 Conclusion

In this work, we presented PhoMi, a multimodal reminis-
cence assistant that internalizes personal memories into para-
metric space, enabling personalized warm-start interactions
without relying on textual logs. By tightly integrating live
perception, speech-driven dialogue, and lightweight adapter-
based memory consolidation, PhoMi transcends static assis-
tive tools and evolves into a self-growing companion. We
envision this paradigm as a foundation for Al systems that do
not merely recall the past, but accumulate it, scaling toward
lifelong, privacy-preserving personalized memory support.
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