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Abstract

Historical digitized archives, such as newspapers, preserve cultural
memory but remain difficult to explore due to noisy OCR and rigid
keyword-based search interfaces. We present a research demo that
combines retrieval augmented generation with an immersive mixed
reality interface on Apple Vision Pro, where interaction is driven en-
tirely by voice and hand gestures. The system integrates LLM-based
OCR refinement with a RAG pipeline over historical periodicals,
enabling natural language queries, spatial browsing of results, and
inspection of supporting evidence through timeline and geospatial
visualizations. An empirical evaluation analyzes retrieval quality
and system latency, illustrating how evidence-grounded informa-
tion retrieval supports sensemaking in large archival collections.
A video of the demo is provided here:
https://youtu.be/WeGhnDTTJLY
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1 Introduction

There exist many digitized archives, including historical newspa-
pers and magazines, whose access is invaluable to researchers and
the public. However, discovery in existing repositories often relies
on exact keywords, which are further degraded by optical character
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recognition (OCR) errors. Large language models enable two com-
plementary improvements for archival access. First, LLM-based
correction can sanitize OCR output, improving text quality for
downstream tasks. While this has not been systematically studied
for historical archives, our experiments suggest modest improve-
ments. Second, via retrieval augmented generation (RAG), one can
support conversational search that retrieves by meaning, cites pri-
mary passages, and synthesizes information across documents,
enabling questions that significantly extend traditional keyword
search. Beyond improving retrieval, we introduce a new mode of
access by situating these capabilities within an immersive interface
on Apple Vision Pro. Mixed reality provides continuous space for
browsing results, arranging evidence, and posing follow-up ques-
tions through speech. For both professionals and casual visitors,
an interface that listens, retrieves, shows, and explains transforms
archival exploration from passive viewing into active inquiry.

What are the advantages of this search interface. Scholars and
visitors often start with vague intents, not exact strings. They need
to move between overview and detail, compare passages, and see
what supports a generated claim. Immersive space allows parallel
placement of query history, retrieved snippets, full articles and de-
tailed document view. Voice-first input reduces friction for iterative
refinement. Together this supports rapid sensemaking, especially
when sources are long or when screen real estate is a bottleneck
on mobile or desktop.

Contributions. This paper contributes: (i) a prototype system that
couples speech recognition with a retrieval augmented generation
service and a spatial user interface, enabling evidence-grounded
conversational access to historical newspapers and magazines. Such
an immersive interaction allows users to move fluidly between
overview and detail, compare passages, inspect supporting evidence,
and refine queries through voice. By leveraging spatial layout for
parallel presentation of query history, retrieved snippets, and full
articles scans, the system reduces interaction friction. (i) We also
contribute an empirical evaluation demonstrating the retrieval qual-
ity of modern LLMs in the specific archival setting, together with a
detailed latency profile of the end-to-end system.

2 Related Work

Prior work shows that immersive media for cultural heritage im-
proves engagement, interpretation, and learning, while raising
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Figure 1: Overview of our pipeline. Left-side (pre-processing) Pages of the documents are scanned to images, boundaries
are detected, OCR’d, and OCR text is corrected using LLMs. Right-side (information retrieval). On-device, we classify if the
command is intended for the UI or the RAG service to further expedite the system responsiveness.

tradeoffs around immersion, usability, and curatorial control [2, 12].
Museum deployments report increased presence and engagement
alongside cost, maintenance, and sustainability concerns [15, 19],
and comparative studies of AR, augmented reality, and VR versions
of the same exhibit demonstrate effects on experience quality, task
performance, and cognitive load [22]. System-oriented work docu-
ments interaction patterns for immersive storytelling, intangible
heritage, and VR museum systems supporting interpretation and
meaning making [21, 23].

Related research in digital libraries and archives examines inter-
action techniques for exploring historical manuscripts and books
[10], highlighting spatial and temporal encodings such as maps
and timelines as central to sense making in complex corpora. Re-
cent work further explores Al, conversational agents, genAl, and
advanced interaction techniques for libraries, archives, and muse-
ums [6], identifying retrieval augmented generation as a promis-
ing approach for dialog based access to large collections. Several
systems combine retrieval augmented generation with immersive
cultural heritage experiences, including spatially aware RAG for
virtual museums [16], multimodal reasoning and semantic inter-
action frameworks [11], and multimodal RAG for archaeological
provenance analysis [24]. These systems primarily address exhibit
centered or expert use cases, whereas our work targets everyday
archival interaction, emphasizing conversational access, grounding
in retrieved documents, and transparent evidence for reading and
verification.

Finally, device specific analyses characterize Apple Vision Pro as
a mixed reality platform with video see-through, high-resolution
displays, and hand- and eye-based input [5, 7]. Although not fo-
cused on archival retrieval, they motivate design choices relevant
to our system, including speech driven queries, spatial information
organization, and balancing focused reading with peripheral aware-
ness. Our emphasis on grounding generated responses aligns with
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broader efforts to promote transparent Al-mediated interaction,
with answers coupled with the related evidence which can help
mitigate misinformation [1, 18].

3 Retrieval Augmented Generation on Digital
Archives

Information Retrieval. Our system operates on the digital archives
of the cantonal library of Lausanne, Switzerland, comprising news-
papers and magazines spanning more than 300 years. An existing
system (https://www.scriptorium.ch) provides keyword-based ac-
cess but does not support semantic or conversational search. We
adopt a retrieval augmented generation pipeline that enables free
text queries. Documents are embedded in a semantic, multi-lingual,
space using a large language model, and user queries are mapped
into the same space. A k-nearest-neighbor search retrieves candi-
date documents, which are reranked to remove less relevant results.
The remaining documents are passed to the LLM to generate an an-
swer grounded in retrieved content. We further apply LLMs in the
data processing phase to sanitize the raw OCR text, and our experi-
ments show that this improves downstream retrieval performance
(see Tables 1, 2, 3).
User Interaction. The interface leverages the gesture and augmented-
reality capabilities of Apple Vision Pro. Interaction is primarily
speech driven, with optional keyboard input, using on-device speech-
to-text, eye gaze for selection, and hand gestures for clicking, sliding,
and zooming. Lightweight on-device intent detection implemented
with Apple’s CoreML resolves on-device the commands intended
for the interface (e.g., "filter results for year 1955" or "show map"),
without invoking the remote RAG service.

The full pipeline of the system is illustrated in Figure 1 and can
be broken down in the following stages.

(1) Speech capture and dictation, streaming partials to keep
latency low.
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OCR k=1 k=5 k=10 OCR k=1 k=5 k=10 OCR k=1 k=5 k=10
Raw OCR 65.09 | 72.55 | 80.64 Raw OCR 36.06 | 43.63 | 48.75 Raw OCR 44.01 | 61.84 | 56.68
OCR with LLM | 66.43 | 74.44 | 82.20 OCR with LLM | 38.92 | 45.03 | 48.92 OCR with LLM | 49.76 | 61.91 | 59.73

Table 1: Answer Faithfulness (%)

(2) Intent identification of the query; if intended for the Ul it is
resolved directly, otherwise it is sent to the RAG service.

(3) Receiving the text query, it is mapped into an embedding
space.

(4) kNN results are retrieved, reranked, and filtered

(5) Answer generation from the kNN results

(6) Packaging of evidence snippets, thumbnails, and metadata
for spatial layout.

Combining RAG with spatial interfaces enables new interaction

practices, such as treating retrieved evidence as manipulable objects
that persist across conversational turns, rather than transient search
results. Users can spatially cluster, reorder, and revisit evidence
while refining queries through speech, supporting sensemaking
as an embodied and cumulative process rather than a sequence of
isolated searches.
Interface and Visualization. The interface provides a persistent
search bar and supports English and French speech-to-text. Gener-
ated answers are presented alongside two visualization paradigms.
A timeline-based evidence board arranges retrieved snippets with
source metadata and supports expansion to full articles. In aug-
mented reality mode, the map can be pinned to a physical surface,
and geospatial references extracted from retrieved articles are used
to place documents in space. Evidence items are represented as
cuboids, whose height reflects the multitude of articles referencing
a location (see Fig. 2).
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Figure 2: Interacting with an AR map anchored on the table

Table 2: Answer Correctness (%)
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Table 3: Answer Relevancy (%)

4 Experiments

We used a corpus of 145,000 articles from 16 newspapers and period-
icals in the archival collection of the Lausanne Library, dating back
to the eighteenth century. Embeddings were stored using a Chroma
index. Although we experimented with a range of large language
models, including OpenAl [17], Google Gemini [9], Qwen [4], and
Mistral [14], as well as multiple OCR systems, namely Tesseract
[20], EasyOCR [13], and Apple Vision OCR [3], space limitations
prevent a full comparison. In this work, we therefore report results
obtained using OpenAI GPT 4.0 as the backbone language model
and Apple Vision OCR, provided by macOS, which achieved the
best empirical performance. All experiments and the RAG service
were executed on a Synology 923+ data server equipped with a 2
core 3.10 GHz CPU and 20 GB of RAM.

Answer Quality. We evaluate retrieval quality using an offline
evaluation with RAGAS [8], which applies an LLM-as-a-judge

to evaluate three information retrieval metrics. Faithfulness (=

|Claims supported by context|
| Total claims in the answer]|

the generated answer and retrieved context. Therefore, it checks

if there are claims in the answer not supported by the documents
retrieved, suggesting the the LLM used its own internal knowledge
to answer parts of the question. Correctness combines semantic
similarity and factual accuracy by comparing the generated an-
swer to ground truth (Correctness = wy - (Semantic Similarity) +
wy - (Factual Similarity)). Relevancy (= % i % ) captures
query alignment by generating n synthetic questions ¢; from the
answer and averaging their cosine similarity with the original query
q.

We evaluate the proposed pipeline on 130 curated queries, with
respect to LLM-refined OCR and retrieval depth k € {1,5,10}.
As shown in Tables 1-3, the LLM model benefits from increased
retrieval depth and LLM-refined OCR, achieving peak correctness
and faithfulness when retrieving more evidence. LLM-based OCR
preprocessing consistently improves relevancy, highlighting the
importance of semantic refinement for complex queries.

) measures factual consistency between
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Figure 3: Mean Total Response Time (with std) and time spent
across the subcomponents of the retrieval service

The system’s temporal performance was evaluated across 130
queries to establish a baseline for real-time interaction. As illus-
trated in Figure 3, the end-to-end latency is primarily driven by the
answer generation phase, followed by the kNN search, and Query
embedding.
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la nouvelle Mazda 626.

Figure 5: Using the AR-driven geospatial visualization

5 Demonstration

We review the three cases that we show in the demo video.
Query 1: Price of a Mazda 626 in year 2000. This numerical
query retrieves a relevant advertisement through the RAG system
and produces a precise price of 28,950 Swiss francs (Figure 4). The
system allows users to drill down to the exact periodical issue
that supports this result, thereby providing direct evidence for
the provenance of the answer. For comparison, posing the same
question to ChatGPT 5.1 yields an estimated price range of 18,000
to 25,000 francs based on web search results.

Query 2: Féte des Vignerons events in the 1900s. The Féte des
Vignerons is a multi-day celebration honoring Swiss wine mak-
ers, held approximately every 25 years. The results for this query
illustrate the usefulness of the timeline view, which highlights pub-
lications from 1905, 1927, 1955, 1977, and 1999, corresponding to
the years in which the celebration took place.

Query 3: What do you know about Garibaldi before 18807
This question refers to Giuseppe Garibaldi’s 1860 military campaign
in Sicily, a pivotal episode in the unification of Italy. Newspapers
from the 1860s present the events in contrasting tones, reflecting
the political and ideological divisions of the period. The interface
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emphasizes these documents through a timeline displaying sources
from May and June 1860, illustrating how perceptions evolved as
Garibaldi advanced through southern Italy (Fig. 5). This is com-
plemented by the geographic map view, which shows the Italian
regions mentioned in the articles and helps relate journalistic cov-
erage to the specific locations involved in the campaign.

6 Conclusion

Our demo combines modern information retrieval and RAG-based
search with the interactive flexibility of immersive spatial comput-
ing on Apple Vision Pro, enabling the discovery of digital archives
and the synthesis of answers. Beyond highlighting a novel user
experience through new interface paradigms, the application also
demonstrates the full workflow, from query to grounded answer.
We hope that tools like this contribute to fact checking and help
combat misinformation by making grounded historical evidence
more accessible.
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