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Abstract

Large multimodal models (LMMs) have shown remarkable progress in audio-
visual understanding, yet they struggle with real-world scenarios that require
complex reasoning across extensive video collections. Existing benchmarks for
video question answering remain limited in scope, typically involving one clip
per query, which falls short of representing the challenges of large-scale, audio-
visual retrieval and reasoning encountered in practical applications. To bridge
this gap, we introduce a novel task named AVHaystacksQA, where the goal is
to identify salient segments across different videos in response to a query and
link them together to generate the most informative answer. To this end, we
present AVHaystacks, an audio-visual benchmark comprising 3100 annotated QA
pairs designed to assess the capabilities of LMMs in multi-video retrieval and
temporal grounding task. Additionally, we propose a model-agnostic, multi-agent
framework MAGNET to address this challenge, achieving up to 89% and 65%
relative improvements over baseline methods on BLEU @4 and GPT evaluation
scores in QA task on our proposed AVHaystacks. To enable robust evaluation of
multi-video retrieval and temporal grounding for optimal response generation, we
introduce two new metrics, STEM, which captures alignment errors between a
ground truth and a predicted step sequence and MTGS, to facilitate balanced and
interpretable evaluation of segment-level grounding performance.

1 Introduction

Large Multimodal Models (LMMs) [[1H6] have achieved remarkable progress in audio-visual un-
derstanding. However, they continue to face significant challenges [7]] when it comes to retrieving
and reasoning over large-scale multimedia collections particularly in tasks such as audio-visual
retrieval-augmented generation (RAG) and multi-video temporal grounding. These limitations hinder
their effectiveness in real-world applications, such as querying personal video archives, how-to
repositories, or educational video libraries, where complex queries often require joint processing of
both audio and visual modalities across multiple video segments.

Despite their growing capabilities, to the best of our knowledge, no existing task or benchmark
systematically evaluates LMMs’ ability to identify and integrate salient segments from multiple
videos to construct informative, grounded responses. As a result, there remains a gap in properly
assessing their performance on large-scale audio-visual retrieval and reasoning tasks. Existing
benchmarks [8H11]] are generally limited in scope typically associating each question with only a
single short clip, as shown in Tab. [I, However, real-world information-seeking scenarios often
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Figure 1: A new task and a benchmark. We introduce a novel task AVHaystacksQA, which requires
multi-video linkage and reasoning to generate the most informative answer. To this end, we curate a
new benchmark AVHaystacks comprising 3100 QA pairs obtained through careful inspection.

demand searching through hundreds or thousands of video segments, identifying the most relevant
audio-visual snippets, and synthesizing coherent, evidence-backed answers from them.

To address this gap, we introduce a new benchmark AVHaystacks to facilitate novel task AVHaystack-
sQA. This task is designed to comprehensively evaluate the LMMs ability to perform large-scale,
multi-video audio-visual retrieval and reasoning. Each query in our benchmark is grounded in a
massive collection of up to 500 video clips, requiring models to localise relevant segments both
temporally and across sources and reason over their combined audio and visual signals. This setup
reflects the complexity of real-world information needs more accurately than previous single-video
setups.

A central challenge in building such a benchmark is designing specific, unambiguous questions that
genuinely require both audio and visual understanding and cannot be accurately answered using a
single modality or video clip alone. To address this, we implement a robust data filtering pipeline
that combines the strengths of large language models (LLMs) and human annotators to remove
generic, redundant, or overly broad queries. For instance, questions such as "How do I improve my
strumming while playing guitar?" or "How do you adjust for tightness in your lips to hinder a clear
operatic tone?" are carefully selected and validated to ensure they demand cross-modal reasoning
and temporal grounding within specific video segments.

To enable LMM:s to tackle this challenging task, we introduce MAGNET a novel retrieval-augmented,
multi-agent framework designed to find audio-visual needles within multi-video haystacks. Our
approach integrates multiple specialized audio and video encoders to capture rich multi-modal
semantics, and incorporates a multi-agent framework that scores the relevance of retrieved video
segments with respect to the input query. By tightly coupling retrieval with reasoning, MAGNET
facilitates efficient and scalable exploration of large-scale video corpora. Extensive experiments
demonstrate that our framework significantly enhances both retrieval accuracy and answer generation
performance.

Main Contributions:

(1) We propose a novel task, AVHaystacksQA, and introduce AVHaystacks a new benchmark
consisting of 3100 audio-visual QA pairs drawn from videos across diverse domains (Fig.[T). This
benchmark pushes the boundaries of video retrieval and reasoning by requiring models to navigate
and reason over large-scale video collections. To the best of our knowledge, no existing benchmark
systematically evaluates multi-video keypoint detection and reasoning capabilities.



Dataset Train Test MS TA MVL AVR AVD RQA AVQA LC Avg. Dur (s)

Video Datasets
ShareGPT4Video [12] v X v X X X X X X X 26
Cinepile [13] v v v v X X X X X X 160
NEXT-QA [14] v v X X X X X X X X 48
Video-MME [9] X v v X X X X X X v 1020
LongVideoBench [10] X v v v X X X X X v 480
MovieChat [15] v v X X X X X X X v 420
Audio-Visual Datasets
UnAV-100 [16] v v X v X X v X v X 42
VAST-27M [17] v v v X X X v X v X 20
AVQA [18] v v X v X X X X v X 60
AVlnstruct [19] v X v v X X X X v X 115
Music-AVQA [20] v X X X X X X X v X 10
VGGSound [21] v X X X X X X X v X 10
AVBench+SAVEnVid [22] v v v v X X v X 4 X 182
AVHaystacks (Ours) v v v v v v v v v 738

Table 1: Comparison with prior video/audio-visual benchmarks. MS: Model-Assisted; TA:
Temporal Annotation; MVL: Multi-Video Linkage; AVR: Audio-Visual fine-grained Reasoning;
AVD: Audio-Visual Description; RQA: Retrieval-based QA Answering; AVQA: Audio-Visual QA;
LC: Long Context, where QA context spans over 5 mins.

(2) We conduct extensive evaluations of state-of-the-art audio-visual models on AVHaystacks,
analyzing their performance across a range of multi-video retrieval and reasoning setups. Our
findings reveal that current models perform suboptimally in retrieving relevant videos from large
corpora and struggle to reason effectively across multiple clips to identify the key segments needed to
answer complex queries.

(3) To enable robust evaluation of audio-visual retrieval and grounded temporal reasoning, we
introduce two novel metrics: STEM, which quantifies alignment errors between the ground-truth
and predicted step sequences in multi-video audio-visual answer generation; and MTGS, which
provides a balanced and interpretable assessment of segment-level grounding performance.

(4) Finally, we propose a model-agnostic, multi-agent training strategy, MAGNET, designed to
enhance model performance in identifying key segments across multi-video haystacks. Experimental
results show that our framework achieves up to 89% and 65% relative improvements over baseline
methods on BLEU @4 and GPT-based evaluation scores, respectively, on AVHaystacksQA.

2 AVHaystacks: Audio-Visual Benchmark for Multi-Video Temporal
Grounding and Reasoning

The benchmark curation pipeline consists of five stages: (1) Video curation: Following careful
manual inspection, we collect 500 videos from YouTube spanning 27 diverse categories, including
how-to guides, cooking, travel, musical instrument tutorials, language instruction, and vocal lessons.
Each video is selected to ensure its suitability for audio-visual QA tasks specifically, queries where
answering correctly requires a strong understanding of both audio and visual modalities, with
complementary cues essential for accurate reasoning. (2) Blind question generation: Using OpenAl
03-MINI with custom prompts (details in the supplementary), we generate 50 topic-agnostic questions
per topic. This promotes comprehensive evaluation by introducing diversity in reasoning types,
modality dependence, and task complexity. (3) Transcript cleaning and segmentation: Subtitle
overlaps are resolved, and transcripts are segmented into coherent instructional subtopics to support
fine-grained QA generation. (4) Segment-aware QA prompting: Segment-specific questions are
automatically generated to require multimodal comprehension leveraging audio, visual, and textual
cues. (5) Answer grounding: Answers are constructed in a step-wise manner, referencing at least two
distinct video segments. Additional details are provided in the supplementary material.

Dataset Selection. We apply four filtering criteria for video curation: (1) synchronized audio,
on-screen text, and visual changes; (2) clear procedural step sequences; (3) duration between 5-25
minutes; and (4) availability of English captions.

Grounded Audio Visual Question Answering. Each QA item includes: (i) a free-form question,
(ii) a step-by-step answer, and (iii) a list of (videolD, start, end) references. Unlike prior single-clip
datasets, 82% of our QA pairs require evidence from at least two distinct videos, making them
well-suited for LMMs. Examples of extended answers are shown in supplementary.
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1) Remember that the kit's drumheads and cymbals offer different rebound
levels cumpared to the pad's bounciness (Video H8 [739 - 929 s]) our grip
tension sh‘ghﬂy to accommodate the drum's or cymbaf's give (Video H8 f73q -
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(Video #12 [4+8 - 103 5]). ) Keep the same counting or rudiment exercises
to preserve muscle memory (V[deo H8 [73‘7 -929 s], Video #I15 [8 - 1735]).
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Figure 2: Overview of MAGNET. Given a user query, AV-RAG retrieves the top-K relevant videos
(with audio), which are then processed by dynamically spawned Audio-Visual agents and a meta-agent
aggregator to generate temporally grounded, step-wise responses. An adaptive, modality-agnostic
frame selection module improves performance over baselines (see Tab. [2)).

Multiple Audio-Visual Entity Linkage. To enable fine-grained, cross-video entity grounding
without manual bounding boxes, we generated 3100 QA queries (train/test split 2k/1k) drawing
evidence from a 500-video pool. To facilitate experiments with baseline approaches we curate a
small subset AVHaystacks-50. Instead of box-level labels, each entity is grounded via a sequence
of multimodal spans: (i) textual segments from cleaned transcripts, (ii) audio intervals capturing
distinctive sounds, and (iii) visual frame intervals showing the entity onscreen. These spans often
span multiple videos in a defined order (e.g., steps 1-3 of a recipe across two clips), capturing both
temporal and cross-video dependencies (details in supplementary).

3 Method

3.1 Task Definition: AVHaystacksQA

Given a question ¢ and a collection of N videos V = {V4, ..., Vi }, our framework aims to retrieve
the top-k most relevant videos to support AVLLMs understanding and answering the question q.
MAGNET accomplishes this through a rwo-step retrieval process designed to effectively identify and
reason over relevant videos for each question as demonstrated in Fig[2}

3.2 Audio Visual Preprocessing

AV RAG. We compute similarity scores between the averaged query representation ¢ and (i) fused
audio-visual features (using Hadamard fusion) &, (-) and (if) encoded audio-visual captions ..y (+)
for each video V; € V using cosine similarity, as defined in Eq. m

S(q,V) = cos(&:(q), E£(V5)) Vi eV, )

Here, S denotes the similarity score between query ¢ and video set V; cos is cosine similarity; & is
the text encoder; and £; € {Eqv, Ecap}-

for

We use IMAGEBIND [23]] to encode both the query and audio-visual features. Captions are generated
using Gemini 1.5 Pro [24] and encoded with IMAGEBIND to obtain Ecap(~); all embeddings are
cached in our retrieval database to enable fast similarity computation without runtime re-encoding.
To compute final relevance, we average S(av, ¢) and S(cap, ¢) to obtain Sim,y,, then rank videos in
descending order and select the top-k most relevant videos.

Salient Frame Selector Module (SFS). Long videos often contain sparse but crucial moments
relevant to a query. To efficiently localize these key events, we introduce a salient frame selection



Algorithm 1 SFS Algorithm 2 STEM: Step-wise Error Metric

Input: m total frames, target count k, Input: Ground Truth Steps: {G1,...,G,}, Predicted Steps:

matrix Q {P1,..., P}, Text Similarity Threshold: 7, = 0.5.
Output: Selected frame indices Output: Missing Step: Sas, Hallucinated Step: Sz, Wrong Step
1- Initialize: C’[O m] [O k] “ Order: So, Step wise Video ID False Positives and Negatives:

Srp, SrN, Step-wise IoU on time intervals: Sieu, Similarity
Matrix: Mim, Step Similarity Function: Sim(-), Hungarian
backtrack[0...m][0.. k] « —1 . Matching Algortlctxltlm:tl-)l(?ng(), Matched Steps: GT', P
. 11 M + Sim(G7™, P;™) > Compute similarity matrix
3: forje{l,...,k} do 2 & P Hung( M- o p Obtain matched bai
4 for i c {j _..m} do : G, P <+ Hung( sim, s, Gy ) > ain matched pairs
5.
6

0o, C[0][0] + 0
2: Initialize:

forpe{j—1...i—1}do 3: for matched pairs (G, P;) do

) . _— 4: if ¢ # j then
oulil <l e~ VTS Socsou > Wrong Step Order
) jC’ a1 Clolli 6: for groundings (vpred, then, 7<) in P; do
7 1 . [Al] « Clplls - 7: if Vpred € {vg € G} then ‘
]+ Qlpl[i] . 8: Spp — Spp + 1 > Video ID Mismatch
8: backtrack[il[j] < . else
P _ 10: Stov 4= 10U ([t i), 11, €251
9: Initialize: result < [], j <+ . o ety
kiem 11: for groundings (vg, L, t5,4) in G do
10: W7hile S 0do 12: if vy € {vprea € P;} then
11: J It dli 13: SrN < Sen +1 > Video ID Mismatch
) result.appen (2) q . 14: for unmatched (G — G); do
12: i < backtracklil[j], j <7 — s Sar — Sas + 1 > Missing Step
13 1 ¢ It 16: for unmatched (P — P); do
: return result.reverse() 17: Sy +— Sy +1 > Hallucinated Step

module that focuses on visually and semantically important content. This ensures attention is directed
to both the right content and the right time, facilitating efficient reasoning.

We begin by uniformly sampling m candidate frames without any prior. The objective is to select k
representative frames that are both visually diverse and temporally dispersed.

Let I; denote the ¢-th sampled frame, and z; € R its (Hadamard) fused audio-visual embedding
from ImageBind. We compute the pairwise cosine similarity between all frame pairs:

Z;r Zp
Izall2 - llzb]l2"
To discourage temporally adjacent selections, we apply a temporal separation penalty to frame pairs,
where ~y is the separation penalty factor:

Twp = Va,b € {1,...,m} 2)

1

Agp = -1 3
’ ’y<sin(g|a—b|)+1 ) ©)
The total affinity matrix is defined as Qg = I'p + Aqp. We then select a sequence of k frame indices
T ={t1,ta,...,tp}suchthat1 <t; < ... < ¢, < m and the total pairwise similarity is minimized

(process detailed in Algorithm I]) using the following ekqulation:
T =ar min " 4
ch{l,...,m}ZthltHl )

ITI=k *=

3.3 Grounded Question-Answering with Audio-Visual agents

Once the potentially relevant videos are shortlisted (i.e., those likely to be helpful in answering the
given query), we deploy a dynamic agentic setup based on an AVLLM backbone. Due to its recent
success in fine-grained audio-visual comprehension, we utilise Qwen 2.5 Omni [25] as the backbone
for our AVLLM agents. For each shortlisted video, a dedicated instance of Qwen 2.5 Omni is spawned
to process that video independently. Each agent analyses its assigned video and predicts the most
relevant temporal segments along with a response that may contain an answer to the query. The
outputs from all individual AVLLM agents, the identified time windows and corresponding partial
responses are then aggregated by a meta-agent. In our setup, GPT-40[26] acts as the meta-agent,



which ingests the agent responses and synthesises a coherent, contextually grounded final answer for
the input query.

4 Experiments

4.1 Metrics
We utilize a set of 4 metrics to evaluate the outcomes of our approach which are as follows:

Response Alignment Scores. We evaluate the semantic alignment between the summarized outputs,
comprising step-wise responses to a given query, and the corresponding ground truth using a com-
bination of automated and human-centric metrics. For automated evaluation, we employ standard
text-based similarity metrics such as BLEU@4 and CIDEr. Additionally, we utilize the GTE-L
model [27] to extract sentence embeddings for both the predicted response and the ground truth, and
compute their cosine similarity. Beyond these, we adopt the GPT-as-a-Judge framework to score
the predicted responses against the ground truth on a 10-point scale, subsequently normalizing these
scores for consistency. Finally, we include human evaluation scores (on a scale 1-5 with 1 being
lowest) as a complementary metric (averaged across 20 evaluators) to assess the alignment and overall
quality of the predicted answers with respect to the ground truth.

Retrieval Evaluation Scores. To evaluate how well our system retrieves relevant videos from the
haystacks, we present recall values using R@ ], R@3, and R@5. These metrics help us assess the
video retrieval accuracy by examining the presence of relevant videos within the top few ranks.

Matched Temporal Grounding Score. To evaluate the alignment between predicted and ground
truth temporal segments (along with video IDs), for each query, we propose the Matched Temporal
Grounding Score (MTGS). This metric measures the average temporal overlap (IoU) between
predicted and ground truth time intervals, but only for video instances where the video IDs match. If
a video ID is not present in both prediction and ground truth, it is excluded from the computation.
Furthermore, for each matched video ID, we compute the temporal IoU over the union of all
corresponding intervals. This ensures that the metric reflects segment-wise grounding accuracy at
the video level. Formally, let V¢ and Vp denote the sets of video IDs present in the ground truth

and predicted outputs, respectively. Let Vyr = Vi N Vp be the set of matched video IDs. For each

v € Vi, let Gy = {(t54, 12 1)} be the set of ground truth intervals and P, = {(t5es, ")} be the set

of predicted intervals. We define the temporal IoU for video v as: IoU, = Dug‘:;‘;ﬂg?ég;fg;fgc;;;” )

where the intersection and union are computed by merging overlapping intervals across G, and
P,, and Duration(-) computes the total length of the resulting intervals. The final MTGS is then
computed as the mean IoU across all matched video IDs: MTGS = ﬁ ZU Vs IoU,. In cases

where there is no matched video ID between prediction and ground truth (i.e., |Vas| = 0), we define
MTGS = 0. This metric provides a balanced and interpretable evaluation of segment-level grounding
performance, with sensitivity to both partial and full overlaps, while ensuring fairness by averaging
over matched video contexts. We report the average value of this score MTGS,, in Tab.

STep-wise Error Metric. The Step-wise Error Metric (STEM) quantifies alignment errors between a
ground truth step sequence and a predicted step sequence in instructional or procedural data (detailed
in Algorithm2). Given Ground truth steps: {G1,Go, ..., Gy}, Predicted steps: {P1, Ps, ..., Py},
Text similarity threshold: 7, € [0, 1], typically set to 0.5, we begin by computing a similarity matrix
M € R™ ™, where each entry is given by a cosine similarity function Sim(G'™', P;**') computed
between the step-wise text embeddings. We obtain a set of valid matched pairs of predicted and
ground truth steps via Hungarian matching [28] which minimizes the total dissimilarity. If ¢ # 7,
the prediction is out of order, contributing to the wrong step order count. Subsequently, to assess
grounding mismatch, for each matched step, we compare video IDs and compute corresponding loUs
between prediction and ground truth. Finally, unmatched ground truth steps add to the missing step
count, and unmatched predicted steps are considered as hallucinated steps.

4.2 Baselines

In our experiment, we have evaluated several open and closed-sourced Audio-Visual models on the
retrieval and AVHaystacksQA performance. We extensively evaluate AVHaystacks on VideoRAG
[8]], Video-RAG [29]], Qwen 2.5 Omni [25]], Unified 102 [4], Video-SALMONN [30]]. We suitably
adopt Video-RAG, VideoRAG for our task. To accommodate videos in Qwen-2.5-Omni, Unified-
102, Video-SALMONN for AVHaystacks-50 we sparsely sample frames and downsize them to low
resolution and also compress audio using [31].



AVHaystacks-50 AVHaystacks-Full

[ \

Method | B@4 1 Crt Text SimT GPTEvalt HEvalt | B@4 1 Crt Text SimT GPT Evalt HEval 1
VideoRAG [8 43.16  119.78 5.31 6.32 342 41.59 11597 5.15 6.13 332
Video-RAG [29 42.64 117.86 5.23 6.20 3.37 40.67  112.12 4.99 5.97 3.23
Qwen2.5 omni [25] 10.84 28.59 1.90 2.11 1.07 - - - - -
Unified 102 [4] 11.64 34.28 2.15 240 1.02 - - - - -
VideoSALMONN (301 11.90 32.32 2.07 2.39 091 - - - - -
MAGNET .videosaALMONN-zs | 29.11 83.60 3.93 4.66 2.59 27.37 76.19 3.69 4.30 2.45
MAGNET 4Unified 102-28 28.78 81.79 3.85 4.52 2.54 27.95 76.1 3.69 4.35 2.45
MAGNET 4Qwen 2.5 Omni -ZS 30.54 85.56 4.01 4.73 2.64 28.49 81.74 3.85 4.57 2.54
MAGNET .vigeosaLMOoNN-FT | 5230 144.40 6.20 7.46 3.96 49.24  136.86 5.96 7.19 3.81
MAGNET Unified [02-FT 53.66  146.38 6.28 7.58 4.00 5145  142.56 6.12 7.34 391
MAGNET 4Qwen 2.5 Omni-FT 55.82 153.98 6.53 7.84 4.15 53.69 146.30 6.28 7.56 4.01
MAGNET .+Gemini 1.5 Pro | 57.67 157.72 6.69 8.03 425 | 5580 153.95 6.53 7.80 4.15

Table 2: Response Alignment Scores. Our proposed MAGNET offers significant gains over baselin
approaches (first section) and our adapted baselines (second section) across multiple objective and
subjective metrics on two dataset splits. B@4: BLEU @4, Cr: CIDEr, H Eval: Human Evaluation.
Closed source model: as a reference for upperbound.

[ AVHaystacks-50 | AVHaystacks-Full Nethod T T
Method MTGS,e 1 | SM| SH SO| SFP| SEN| | MTGS. 1 |SM| SH| SO| SFP| SFN| ctho! [ VLT AYSRC AT
MAGNET 048 | 035 034 035 031 025 045 | 04l 033 043 036 033 |R@3t R@57|R@3T R@5T
MAGNET 0sl |03 031 031 032 022 | 042 |04 03 037 037 09  ImaeeBndRAG[ | 7822 8257 | 6041 6613
MAGNET . 05 | 037 028 03 028 021 | 049 | 043 034 039 033 027 qefLin ot sasr | c6st 760
MAGNET vowrr | 081 012 016 019 018 011 075 | 0.3 018 023 019 014  Video.RAG 8506 8852 | 69.83 73.52
MAGNET 1ot 102.FT 0.79 014 016 017 018  0.14 0.72 015 018 020 021 0.8 VideoRAG 8557 8979 | 7043 7496
MAGNET squenzeomurr | 083 | 041 013 014 015 009 | 079 | 003 016 019 019 012 - g - -

Ours 90.68 93.17 73.15 79.20

MAGNE Gemini - 0.85 0.09 0.12 0.14 0.10 0.07 0.81 0.12 0.14 0.17 0.12 0.09

Table 3: Grounding evaluation and Step-wise error results 1able 4: Retrieval Evaluation
on AVHaystack-50 and AVHaystack-Full datasets using MTGS Scores on AVHaystack-50 and
and STEM (SM, SH, SO, SFP, SFN) metrics respectively. AVHaystack-Full datasets.

4.3 Main Results

Audio Visual QA. Experimental results in Tab. [2| demonstrate that among FT models MAGNET
+Qwen 2.5 Omni-FT, achieves best performance across all automatic and human evaluation metrics. On
both AVHaystacks splits, it achieves the highest scores outperforming both ZS and fine-tuned variants
of MAGNET combined with other AVLLMs (e.g., VideoSALMONN, Unified 102).

Grounding Evaluation and Step-wise Error Assessment. Tab. [3|indicates that our approach
substantially improves the grounding capabilities and reduces step-wise error rates of the open-source
AVLLMs, as reflected from the MTGS oy and STEM values, respectively. To robustly validate our
proposed STEM, we conduct a human evaluation and observe a strong correlation between human
judgments and the metric. Refer to supplementary material for more details.

Notably, in both Tabs. [2|- (3] to provide an upper bound, we incorporate a strong closed-source model
with powerful generative capabilities such as Gemini-1.5 -Pro [32] within multi-agent framework
MAGNET, coupled with Salient Frame Selector module and report its performance. We observe that
our best model MAGNET .Qwen 2.5 omni-FT almost reaches the upper bound values for .

Audio Visual Retrieval. Our method sets a new benchmark on AV retrieval task across both
the dataset splits (Tab. [)). Compared to existing approaches, it achieves the largest margin of
improvement in R@3 and R@5, particularly on the more challenging AVHaystacks-Full, where gains
over strong baselines like VideoRAG and Text-RAG are 2.7 points in R@3 and 7.6 points in R@5.
These improvements indicate that our approach retrieves more relevant samples consistently and
scales effectively to larger retrieval spaces. The results also highlight the benefit of leveraging richer
modality integration and adaptive reasoning in our model over static retrieval pipelines.

The above results (Tabs. [2]- ) demonstrate that employing our multi-modal RAG pipeline not only
improves retrieval quality but also aligns better with human judgments.

4.4 Ablations

Importance of modalities. The results in Tab. [5] show that performance is generally best when
both audio and visual modalities are used, highlighting the benefit of multi-modal information.
Gemini-1.5-Pro consistently outperforms Qwen-2.5-Omni across all retrieval and response alignment
scores metrics, indicating the benefits of MAGNET in formulating coherent and information-rich
responses. Qualitative assessment indicates a strong correlation across tasks, underlining the utility
of our RAG pipeline.

Sampling strategy. For both backbones, using SFS significantly improves performance across all
metrics. For Qwen2.5-Omni-FT, switching from Uniform to SES increases BLEU @4 score by 0.17



Method Audio Visual BLEU@41 TextSim{ GPTEval{ HumanEvalf  Method Uniform  SFS BLEU@41 TextSim{ GPTEvalt Human Eval
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Table 5: Performance of MAGNET Table 6: Effect of sampling strategy. We systemati-
under different modality settings on cally analyse our design choice replacing the sampling
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and Human Eval score by 1.03. A similar trend is observed with Gemini 1.5 Pro where the best
results are obtained with our proposed sampling strategy as seen in Tab. [6} These results underscore
the advantage of semantically guided sampling over uniform strategies, as SFS more effectively
captures informative segments, leading to better grounding, coherence, and human preference.

Penalty hyperparameter. Fig. |3|demonstrates a steady rise in performance across all metrics as
v increases, although a slight dip in performance is observed at v = 25, notably in BLEU@4 and
Human Eval for MAGNET + Qwen-2.5-Omni-FT, potentially indicate the onset of overfitting or
increased parameter sensitivity in that region. The varying magnitudes of the dip across metrics
indicate that the effect of + is not uniform across different aspects of model performance.

4.5 Qualitative Results

Fig[4] showcases our system’s ability to retrieve the most relevant videos and accurately localize
temporal segments needed to answer a query using audio-visual cues. The meta-agent effectively
highlights key instructional moments e.g., forming the fulcrum (Video 1), handshake shaping (Video
8), and diagonal pivoting (Video 1) in alignment with expert references. It also merges comple-
mentary segments from Videos 8 and 18 to describe finger placement, demonstrating robustness
to redundancy and variation. Overall, MAGNET excels at retrieving, grounding, and synthesising
evidence across videos into coherent, temporally aligned responses compared to a recent baseline —
which fails to retrieve suitable videos and subsequently fails to temporally ground the salient regions.

Additional qualitative and quantitative results are provided in the supplementary material.
5 Related Works

Video QA Benchmarks. Video Question Answering (VidQA) involves answering natural language
queries using visual content alone or in combination with other modalities like audio [33H36]. Early
benchmarks such as MovieQA [37] relied heavily on subtitles, with minimal visual grounding
[38]]. Datasets like ActivityNet-QA [39] and How2QA [40] target visual understanding in daily and
instructional contexts. More recent efforts, including NeXT-QA [41]], Perception Test [42], STAR
[43]], and AGQA [44], emphasize spatio-temporal and causal reasoning. EgoSchema [45] extends
VidQA to long-form egocentric videos using LLM-generated questions. Other benchmarks address
longer video reasoning [46 36] and specialized domains like instructional [47, 48] and egocentric
content [49-H52]]. Despite progress, most VidQA datasets are constrained by limited modalities or
fixed time windows. Our work enables large-scale, cross-video retrieval and multimodal reasoning,
bridging VidQA and broader audio-visual understanding.

MLLMs for Video Understanding. Open-source LLMs [53155] have enabled Video MLLMs
that connect visual encoders to LLMs via projection bridges [56) [34} 157, |58]]. While effective on
short clips, they struggle with long videos due to context limits and temporal complexity [[L1]. To
address this, long-context LLMs [59-62] and token compression [[63) [15}164]] scale input capacity
and support agent-based decomposition and retrieval [65H67]]. MovieChat [15]], for example, uses
hierarchical memory for frame-level summarization. However, these models lack the ability to reason
over audio-visual content across multiple videos and generate coherent responses. Our multi-agent
framework addresses this gap.



(What are the essential knife skills for different vegetables to ensure uniform cuts and safety?
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How to hold a snave drum stick—the best way to teach students how to hold a stick is one stick at a
time. Take the stick, divide it into three equal parts, and grip the stick between the thumb and index|
finger on the bottom third of the stick. This is called the fulcrum. Use the teeter-totter analogy—that|
this is where the stick will pivot in the hand. It is very, very important that the student places their
thumbprint on the stick ...

... Okay, so the first thing we've going te do—1'm going to put the stick down. Okay, I'm going to take|

my hand and put it eut like I'm genna shake somebody's hand. Okay, I'm gonna make a gun with it,
point it at gou—don't worry, it's not loaded. Okag, now from my wrist, I'm gonna turn it to my left.
MNow F'en gomna lay the gun barvel down just above the pad. Okay, now l'm going to take my stick.
MNow, in the first joint of my finger—man, | need some hand eream, these fingers are pretty dry.
That's okay, it’s cold ...

[ Grcnend Truth
(1) Divide the stick into thivds and create a
fulcrum between gour thumb and index finger
(thumbprint against the stick, not the nail).
[Video 1. (0017s—01465)]. &) Form a velaxed
handshake shape, laging the stick so it rests
naturally above the pad or druwm. [Video 8
(0O455—0099s)] (3] Lightly wrap the
remaining fingers around the stick, leaving no
lavge gaps. [Video & (00995-02755) & Video
18 (01125-0131s)] (4] Keep the grip loose
enough to allow wnatural vebound but secure
endugh to maintain control. [Videa 8 (00995—
02755)] 5] Maintain a slight angle across the
hand for proper pivot and allow the back
fingers to guide and control the rebound. [Video

... Geyman grip is like bouncing a basketball —the hands are positioned over the sticks, a

move them up and down using the natural hinge at your wrist. French grip, on the other hand, is like
twisting a doorknob—you bring your hands inwards and under the sticks and simply rotate your|
hands back and forth. A great way to practice each of these grips is to play simple patterns and|
gradually move thew back and forth from the German position to the French. This allows gou to feel

1 (001 75s—01465)]

[(eta agent cutpue |
.’}\. Split the stick into three equal sections and
position your thumb and index finger to form
a pivet point (ensure the thumbprint—not
the nail—contacts the stick). [Video 1
(00145-01505)] 2.) Shape your hand as if
initiating a relaxed handshake, allowing the
stick to settle waturally above the drum or
pad. [Video 2 (00425-00985)](3) Gently curl
the remaming fingers avound the stick,
making sure there are no large gaps between
them and the stick. [Video 8 (01015-02785)
& Video 18 (01155-0124)] &) Maintain a
grip that is loose enough to permit natural
rebound, yet firm enough to retain control.
[Video & (01015-02.785)] (5} Hold the stick at
a slight diagonal across your palm to ensure
smooth pivoting, with the back fingers helping
to guide and regulate the vebound. [Video 1

AN

(00145-015058)]

cut how each position ...

[ides-sarmonn_)
(@) Break the stick into a few parts and use your fingers to wake a turning point. Z,) Close your other fingers around the drum stick loosely.(3) The
grip should not be too tight but also not too loose.

\ J

Figure 4: Qualitative results. Powered by efficient video retrieval pipeline and multi-agent configu-
rations of MAGNET +Qwen-2.5-Omni-FT demonstrates strong reasoning abilities by first identifying
the key videos followed by audio-visual temporal grounding to localise the salient regions across
multiple videos when subjected to a how-to question.

Retrieval Augmented Generation (RAG). RAG improves generative models by integrating retrieval
to inject external knowledge [68H73]]. While well-studied in text domains [[74H79]], recent efforts
have extended RAG to vision-language tasks [80H85]. MuRAG [81] uses non-parametric multimodal
memory, and MIRAGE [82] employs CLIP-based retrieval. Other methods convert images to text
via OCR, captioning, and detection before dense retrieval [86}[79]. Multimodal RAG has also been
applied in domains like healthcare [87}188]], leveraging images as contextual input. While prior models
focus on text or vision alone, MAGNET integrates off-the-shelf models with a custom retrieval-fusion
pipeline for scalable audio-visual-language retrieval and generation.

6 Conclusions and Future Work

We introduced a novel benchmark and framework for evaluating LMMs in audio-visual retrieval
and reasoning an area less explored than image or single-video based settings. Our task targets the
challenging problem of retrieving relevant audio-visual segments from large video corpora, requiring
joint temporal, auditory, and visual reasoning, akin to real-world multimedia search. To tackle this,
we proposed MAGNET, a scalable retrieval-augmented generation system that identifies key moments
across multiple videos and synthesizes grounded responses. It combines a sampling strategy, off-
the-shelf models, and a multi-agent relevance scoring mechanism to extract and fuse salient content.
Experiments show substantial gains over baselines, underscoring the promise of retrieval-augmented
methods in audio-visual reasoning. We hope this work inspires richer benchmarks that push LMMs
toward dynamic, temporally grounded multimodal understanding.

While MAGNET and AVHaystacks advance AV multi-video reasoning, several future directions
remain. Replacing off-the-shelf components with end-to-end trainable modules could improve
retrieval and frame selection. Enhancing agentic reasoning with collaborative mechanisms (e.g.,
planning or voting) may boost interpretability and performance. Lastly, integrating personalisation
(e.g., user-driven retrieval) would support real-world applications like education and assistive tools.
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NeurlIPS Paper Checklist

The checklist is designed to encourage best practices for responsible machine learning research, addressing
issues of reproducibility, transparency, research ethics, and societal impact. Do not remove the checklist: The
papers not including the checklist will be desk rejected. The checklist should follow the references and follow
the (optional) supplemental material. The checklist does NOT count towards the page limit.

Please read the checklist guidelines carefully for information on how to answer these questions. For each
question in the checklist:
¢ You should answer [Yes] , ,or [NA].

¢ [NA] means either that the question is Not Applicable for that particular paper or the relevant
information is Not Available.

* Please provide a short (1-2 sentence) justification right after your answer (even for NA).
The checklist answers are an integral part of your paper submission. They are visible to the reviewers, area

chairs, senior area chairs, and ethics reviewers. You will be asked to also include it (after eventual revisions)
with the final version of your paper, and its final version will be published with the paper.

The reviewers of your paper will be asked to use the checklist as one of the factors in their evaluation. While

"[Yes] " is generally preferable to " ", it is perfectly acceptable to answer " " provided a proper
justification is given (e.g., "error bars are not reported because it would be too computationally expensive" or
"we were unable to find the license for the dataset we used"). In general, answering " "or "[NA] " is not

grounds for rejection. While the questions are phrased in a binary way, we acknowledge that the true answer is
often more nuanced, so please just use your best judgment and write a justification to elaborate. All supporting
evidence can appear either in the main paper or the supplemental material, provided in appendix. If you answer
[Yes] to a question, in the justification please point to the section(s) where related material for the question can
be found.

IMPORTANT, please:

¢ Delete this instruction block, but keep the section heading ‘“NeurIPS Paper Checklist'',
* Keep the checklist subsection headings, questions/answers and guidelines below.

* Do not modify the questions and only use the provided macros for your answers.

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the paper’s
contributions and scope?

Answer: [Yes]

Justification: We have tried to be thorough while presenting the primary contributions of this work.
We will provide more details in the supplementary

Guidelines:
* The answer NA means that the abstract and introduction do not include the claims made in the
paper.
* The abstract and/or introduction should clearly state the claims made, including the contributions

made in the paper and important assumptions and limitations. A No or NA answer to this
question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how much the
results can be expected to generalize to other settings.

« It is fine to include aspirational goals as motivation as long as it is clear that these goals are not
attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: We add limitations and future work in the conclusions section
Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that the paper
has limitations, but those are not discussed in the paper.

¢ The authors are encouraged to create a separate "Limitations" section in their paper.
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The paper should point out any strong assumptions and how robust the results are to violations of
these assumptions (e.g., independence assumptions, noiseless settings, model well-specification,
asymptotic approximations only holding locally). The authors should reflect on how these
assumptions might be violated in practice and what the implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was only tested
on a few datasets or with a few runs. In general, empirical results often depend on implicit
assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach. For
example, a facial recognition algorithm may perform poorly when image resolution is low or
images are taken in low lighting. Or a speech-to-text system might not be used reliably to provide
closed captions for online lectures because it fails to handle technical jargon.

* The authors should discuss the computational efficiency of the proposed algorithms and how
they scale with dataset size.
If applicable, the authors should discuss possible limitations of their approach to address problems
of privacy and fairness.
* While the authors might fear that complete honesty about limitations might be used by reviewers
as grounds for rejection, a worse outcome might be that reviewers discover limitations that
aren’t acknowledged in the paper. The authors should use their best judgment and recognize
that individual actions in favor of transparency play an important role in developing norms that
preserve the integrity of the community. Reviewers will be specifically instructed to not penalize
honesty concerning limitations.

3. Theory assumptions and proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and a complete
(and correct) proof?

Answer: [NA]

Justification: We don’t provide any theoretical results. Our method and benchmark are explained in
detail, and we back every claim with empirical results.

Guidelines:

* The answer NA means that the paper does not include theoretical results.

¢ All the theorems, formulas, and proofs in the paper should be numbered and cross-referenced.

» All assumptions should be clearly stated or referenced in the statement of any theorems.

¢ The proofs can either appear in the main paper or the supplemental material, but if they appear in
the supplemental material, the authors are encouraged to provide a short proof sketch to provide
intuition.

* Inversely, any informal proof provided in the core of the paper should be complemented by
formal proofs provided in appendix or supplemental material.

* Theorems and Lemmas that the proof relies upon should be properly referenced.

4. Experimental result reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main experimental
results of the paper to the extent that it affects the main claims and/or conclusions of the paper
(regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: We have tried to be thorough while explaining our approach, and we will publicly release
the code and dataset upon acceptance

Guidelines:

* The answer NA means that the paper does not include experiments.

« If the paper includes experiments, a No answer to this question will not be perceived well by the
reviewers: Making the paper reproducible is important, regardless of whether the code and data
are provided or not.

* If the contribution is a dataset and/or model, the authors should describe the steps taken to make
their results reproducible or verifiable.

* Depending on the contribution, reproducibility can be accomplished in various ways. For
example, if the contribution is a novel architecture, describing the architecture fully might suffice,
or if the contribution is a specific model and empirical evaluation, it may be necessary to either
make it possible for others to replicate the model with the same dataset, or provide access to
the model. In general. releasing code and data is often one good way to accomplish this, but
reproducibility can also be provided via detailed instructions for how to replicate the results,
access to a hosted model (e.g., in the case of a large language model), releasing of a model
checkpoint, or other means that are appropriate to the research performed.
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* While NeurIPS does not require releasing code, the conference does require all submissions
to provide some reasonable avenue for reproducibility, which may depend on the nature of the
contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how to
reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe the
architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should either be
a way to access this model for reproducing the results or a way to reproduce the model (e.g.,
with an open-source dataset or instructions for how to construct the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case authors are
welcome to describe the particular way they provide for reproducibility. In the case of
closed-source models, it may be that access to the model is limited in some way (e.g.,
to registered users), but it should be possible for other researchers to have some path to
reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instructions to
faithfully reproduce the main experimental results, as described in supplemental material?

Answer: [Yes]
Justification: We will publicly release the code and dataset to ensure reproducibility
Guidelines:

¢ The answer NA means that paper does not include experiments requiring code.

* Please see the NeurIPS code and data submission guidelines (https://nips.cc/public/
guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be possible,
so “No” is an acceptable answer. Papers cannot be rejected simply for not including code, unless
this is central to the contribution (e.g., for a new open-source benchmark).

¢ The instructions should contain the exact command and environment needed to run to reproduce
the results. See the NeurIPS code and data submission guidelines (https://nips.cc/public/,
guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how to access
the raw data, preprocessed data, intermediate data, and generated data, etc.

¢ The authors should provide scripts to reproduce all experimental results for the new proposed
method and baselines. If only a subset of experiments are reproducible, they should state which
ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized versions (if
applicable).

* Providing as much information as possible in supplemental material (appended to the paper) is
recommended, but including URLSs to data and code is permitted.

6. Experimental setting/details

Question: Does the paper specify all the training and test details (e.g., data splits, hyperparameters,
how they were chosen, type of optimizer, etc.) necessary to understand the results?

Answer: [Yes]
Justification: We have tried to add all such details
Guidelines:

* The answer NA means that the paper does not include experiments.

¢ The experimental setting should be presented in the core of the paper to a level of detail that is
necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental material.
7. Experiment statistical significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate informa-
tion about the statistical significance of the experiments?

Answer: [NA]
Justification: Not applicable for us
Guidelines:

¢ The answer NA means that the paper does not include experiments.
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8.

10.

e The authors should answer "Yes" if the results are accompanied by error bars, confidence
intervals, or statistical significance tests, at least for the experiments that support the main claims
of the paper.

» The factors of variability that the error bars are capturing should be clearly stated (for example,
train/test split, initialization, random drawing of some parameter, or overall run with given
experimental conditions).

¢ The method for calculating the error bars should be explained (closed form formula, call to a
library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

¢ It should be clear whether the error bar is the standard deviation or the standard error of the
mean.

* Itis OK to report 1-sigma error bars, but one should state it. The authors should preferably report
a 2-sigma error bar than state that they have a 96% CI, if the hypothesis of Normality of errors is
not verified.

¢ For asymmetric distributions, the authors should be careful not to show in tables or figures
symmetric error bars that would yield results that are out of range (e.g. negative error rates).

* If error bars are reported in tables or plots, The authors should explain in the text how they were
calculated and reference the corresponding figures or tables in the text.
Experiments compute resources

Question: For each experiment, does the paper provide sufficient information on the computer
resources (type of compute workers, memory, time of execution) needed to reproduce the experiments?

Answer: [Yes]
Justification: We will add these details in the supplementary
Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster, or cloud
provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual experimental
runs as well as estimate the total compute.

e The paper should disclose whether the full research project required more compute than the
experiments reported in the paper (e.g., preliminary or failed experiments that didn’t make it into
the paper).

. Code of ethics

Question: Does the research conducted in the paper conform, in every respect, with the NeurIPS Code
of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]
Justification: We do
Guidelines:

¢ The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a deviation
from the Code of Ethics.

¢ The authors should make sure to preserve anonymity (e.g., if there is a special consideration due
to laws or regulations in their jurisdiction).

Broader impacts

Question: Does the paper discuss both potential positive societal impacts and negative societal impacts
of the work performed?

Answer: [NA]

Justification: We don’t deal with any sensitive information. The collected samples are under appropriate
licence and free to be used

Guidelines:

¢ The answer NA means that there is no societal impact of the work performed.

* If the authors answer NA or No, they should explain why their work has no societal impact or
why the paper does not address societal impact.

20


https://neurips.cc/public/EthicsGuidelines

11.

12.

13.

» Examples of negative societal impacts include potential malicious or unintended uses (e.g.,
disinformation, generating fake profiles, surveillance), fairness considerations (e.g., deploy-
ment of technologies that could make decisions that unfairly impact specific groups), privacy
considerations, and security considerations.

* The conference expects that many papers will be foundational research and not tied to particular
applications, let alone deployments. However, if there is a direct path to any negative applications,
the authors should point it out. For example, it is legitimate to point out that an improvement in
the quality of generative models could be used to generate deepfakes for disinformation. On the
other hand, it is not needed to point out that a generic algorithm for optimizing neural networks
could enable people to train models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is being used
as intended and functioning correctly, harms that could arise when the technology is being used
as intended but gives incorrect results, and harms following from (intentional or unintentional)
misuse of the technology.

« If there are negative societal impacts, the authors could also discuss possible mitigation strategies
(e.g., gated release of models, providing defenses in addition to attacks, mechanisms for monitor-
ing misuse, mechanisms to monitor how a system learns from feedback over time, improving the
efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible release of
data or models that have a high risk for misuse (e.g., pretrained language models, image generators, or
scraped datasets)?

Answer: [NA]
Justification: Our work doesn’t contain such risk
Guidelines:

* The answer NA means that the paper poses no such risks.

* Released models that have a high risk for misuse or dual-use should be released with necessary
safeguards to allow for controlled use of the model, for example by requiring that users adhere to
usage guidelines or restrictions to access the model or implementing safety filters.

» Datasets that have been scraped from the Internet could pose safety risks. The authors should
describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do not require
this, but we encourage authors to take this into account and make a best faith effort.
Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in the paper,
properly credited and are the license and terms of use explicitly mentioned and properly respected?

Answer: [Yes]

Justification: We duly cite and refer to parts that has been used as a part of our study. We will further
acknowledge all the baselines in the final version of the paper

Guidelines:

* The answer NA means that the paper does not use existing assets.

» The authors should cite the original paper that produced the code package or dataset.

» The authors should state which version of the asset is used and, if possible, include a URL.
* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

» For scraped data from a particular source (e.g., website), the copyright and terms of service of
that source should be provided.

« If assets are released, the license, copyright information, and terms of use in the package should
be provided. For popular datasets, paperswithcode.com/datasets|has curated licenses for
some datasets. Their licensing guide can help determine the license of a dataset.

* For existing datasets that are re-packaged, both the original license and the license of the derived
asset (if it has changed) should be provided.

« If this information is not available online, the authors are encouraged to reach out to the asset’s
creators.

New assets

Question: Are new assets introduced in the paper well documented and is the documentation provided
alongside the assets?

Answer:
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14.

15.

16.

Justification: We will release the data and code publicly and will add the documentation
Guidelines:

¢ The answer NA means that the paper does not release new assets.

* Researchers should communicate the details of the dataset/code/model as part of their sub-
missions via structured templates. This includes details about training, license, limitations,
etc.

* The paper should discuss whether and how consent was obtained from people whose asset is
used.

* At submission time, remember to anonymize your assets (if applicable). You can either create an
anonymized URL or include an anonymized zip file.
Crowdsourcing and research with human subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper include
the full text of instructions given to participants and screenshots, if applicable, as well as details about
compensation (if any)?

Answer: [Yes]
Justification: We will add this in the supplementary
Guidelines:
¢ The answer NA means that the paper does not involve crowdsourcing nor research with human

subjects.

* Including this information in the supplemental material is fine, but if the main contribution of the
paper involves human subjects, then as much detail as possible should be included in the main
paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation, or other
labor should be paid at least the minimum wage in the country of the data collector.

Institutional review board (IRB) approvals or equivalent for research with human subjects

Question: Does the paper describe potential risks incurred by study participants, whether such
risks were disclosed to the subjects, and whether Institutional Review Board (IRB) approvals (or an
equivalent approval/review based on the requirements of your country or institution) were obtained?

Answer: [Yes]
Justification: Our work doesn’t involve any risk
Guidelines:
» The answer NA means that the paper does not involve crowdsourcing nor research with human
subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent) may be
required for any human subjects research. If you obtained IRB approval, you should clearly state
this in the paper.

* We recognize that the procedures for this may vary significantly between institutions and
locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the guidelines for
their institution.

* For initial submissions, do not include any information that would break anonymity (if applica-
ble), such as the institution conducting the review.

Declaration of LLM usage

Question: Does the paper describe the usage of LLMs if it is an important, original, or non-standard
component of the core methods in this research? Note that if the LLM is used only for writing,
editing, or formatting purposes and does not impact the core methodology, scientific rigorousness, or
originality of the research, declaration is not required.

Answer:

Justification: We don’t involve the usage of LLM other than for experimental and data preparation
purposes

Guidelines:

* The answer NA means that the core method development in this research does not involve LLMs
as any important, original, or non-standard components.

¢ Please refer to our LLM policy (https://neurips.cc/Conferences/2025/LLM) for what
should or should not be described.
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@ MAGNET: A Multi-agent Framework for Finding
Audio-Visual Needles by Reasoning over Multi-Video Haystacks

Supplementary Material

The supplementary is organised as follows:

Supplementary Video
Dataset Statistics

Qualitative Results

[DIMore Ablation Results
[ElHuman Evaluation on STEM
[FlMore Details on Benchmark Construction
SFS Prompt

Failure Cases

[ Implementation Details

More Related Works
[K|Human Study Details

A Supplementary Video

In the supplementary video, we elaborate on our proposed task AVHaystacksQA with illustrative examples and
demonstrate the intricacies involved in a multi-video linked QA setting. The video shows how the given question
involves referring to multiple videos to obtain a comprehensive answer, followed by the meta agent summarising
the responses to come up with the final answer. We also highlight the salient components of MAGNET and
discuss the end-to-end flow. The use of headphones is recommended for a better audio-visual QA experience.

B Dataset Statistics

In this section, we provide additional details about AVHaystacks. Tab. [B]summarizes the topics from which the
samples are collected, along with the number of questions per category and the corresponding video-to-question
ratio. The benchmark comprises 103 hours of video content from 500 video samples across 27 diverse
categories, accompanied by carefully annotated QA pairs that temporally ground salient segments within the
videos. To the best of our knowledge, this is the first benchmark of its kind, as no prior work provides
multi-video linked audio-visual QA pairs.

Fig.5|and 6] depict the distribution of total video hours across the various categories included in our benchmark.
As shown, the samples are well distributed and sourced from a wide range of scenarios. A significant portion is
drawn from Travel Destinations, Education and Language Learning, Music and Performing Arts, and DIY and
Creative Hobbies—domains that demand strong audio-visual comprehension for effective temporally grounded
AV QA.

Fig.[T]illustrates the distribution of sample durations (in minutes) within AVHaystacks. Most video samples fall
within the 6-15 minute range, posing substantial challenges for temporal grounding tasks. Evaluation models
must handle long context windows and effectively manage the increased complexity of processing extended
multimodal sequences (vision and audio).

Additionally, Fig.[§]shows the distribution of the number of videos associated with each question. As observed,
the majority of questions require referencing two or more videos to determine the answer, further emphasizing
the complexity and richness of AVHaystacks.

Finally, it is to be noted that: (i) Our dataset annotation process requires manual inspection to ensure complete
correctness. Although the sample curation process is automated, to ensure strict sanity we manually validate
each sample, which is both tedious and time-consuming. (ii) The models evaluated in our study are already
audio-visually informed, and we fine-tune them efficiently using LoRA adapters. Our salient frame selection
module enhances context by focusing on key frames. With LoRA, we require fewer samples to fine-tune our
audio-visual agents, as they are heavily pre-trained on audio-visual data. Importantly, we are only fine-tuning
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Figure 5: Number of hours of videos per topic category in AVHaystacks benchmark.
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Figure 6: Number of videos per topic category in AVHaystacks benchmark.

the agents, not training the entire retrieval pipeline. Notably, the SFS module can be used with a closed-source
model where finetuning was not done. As seen in Tables[2]and 3] these methods demonstrate strong performance
even without any fine-tuning. Similar observations were made in recent literature demonstrating that
employing LoRA enables these models to perform well even with limited samples.
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200 188
w
S
< 150
>
oo
[}
S 100
S
g
S
2 50
S 1
0 " ;
« -
)‘o‘b 60‘J~

Figure 7: Distribution of videos based on their duration AVHaystacks benchmark.
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Distribution of Questions Across the Number of Videos Used to Answer
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Figure 8: Number of videos referred to in each question AVHaystacks benchmark.

Topic # Videos # Questions Ratio Videos:Questions
General Cooking Tutorials 20 117 1/6
Learn Vocals 20 51 2/5
Learn English 20 127 1/6
Learn Arabic 20 174 1/9
Learn Chinese 20 115 1/6
Learn Urdu 20 247 1/9
Travel Turkey 10 78 1/8
Travel Brazil 20 78 1/4
Travel UAE 20 105 1/5
Travel Hawaii 20 105 1/5
Travel USA 20 106 1/5
Travel Italy 20 106 1/5
Sing Beatbox 20 129 1/6
Learn Opera 20 123 1/6
DIY 20 187 1/9
Learn Sketching 20 89 1/4
3D Printing 20 189 1/9
Public Speaking 20 97 1/5
First-Aid 20 125 1/6
Self Defense 20 126 1/6
Soccer Analysis 20 139 1/7
News - Tornado 20 112 1/5
Sign Language 20 107 1/5
Hiking/Backpacking 20 151 177
Playing Music - Drums 20 80 1/4
Playing Music - String Instrument 5 34 177
Playing Music - Piano 5 50 1/10
Total 500 3147 1/6

Table 7: Distribution of videos and QA pairs across different topics.
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(What are the essential knife skills for different vegetables to ensure uniform cuts and safety? )

'd [T )
1) Keep knives sharp to winimize risk and
preserve ingredient quality. [Otxt (01365—
01935)] (2] For onions, leave the root intact to
reduce tearing: position three fingers on top,
tilt the knife slightly, and use a quick slicing
wotion. [1ixt (00025-0068s)] (3 For
wiushrooms, apply a “one finger forward, two
behind"' guided wiotion, slicing steadily in a hot
pan if needed. [4.Ext (0O535-00885) & O.txt
(01365-01935)] () For lecks, split lengthwise
inte quarters, rinse off dirt, and slice evenly.
[+txt (oO53s-00885)] (5 Malntain  a
confident grip and keep fingers behind the
knife spine for safety. [4.txt (0O5Zs—00O8&5)]

{__maemto )

and that brings me to my next tip: have sharp knives. There's a common misconception that slmrp
knives are dangerous, when in fact dull kmm are even more dangerous. You have to put more
) » slip and cut gourself. IF your knife isn't skarp Gou

ean learm how to shavpen it—we did a video on fhus channel. Try to Fmd a knife that's comfortable in
your hand. It should be super shavp

pressure on a dull knife, and you're mor

.
.
.
.
.
.
.
.

you don’t struggle while cuttis

(Meta agent Qutput

(1) Sharp knives are essential for safety amd
maintaining  ingredient  integrity.  [O.txt
(0129:-0190%)].(2) When cutting onions, keep
the voot attached to avoid ivvitation; adopt a
claw grip and wake swift, angled euts. [1.txt
(0004:—00615)]. (3 For wushrooms, use a

Il to hold it firmly in place. Use the wi

.

M

i to -

H u g he base of the root. Then, turn it around and use an up-and -down guided slicing method—advance one finger|

M motion to continue choppmg What we're left with is just the voot—no waste. And look at that: a while keeping two behind for control, especially

M really wnice, finely chopped onion. Now, basmati vice—the king of all vices—light, fluffy, and delicious. in a heated pan. [4.txt (0O575-00835) &
I'm going to show gou how to cook it perfectly .. Otxt (0130s-0185%)]. (4 To clean and cut|

leeks, slice them Izngthwm into quarters, rinse,
thovoughly to rewove divt, and chop evenly.
[4.txt (0OS5Os—00225)]. (5) Maintain control by
holding the knife securely and tucking fingers
away from the blade. [4.txt (00485—0084925)]

(videe-sarvionn )
Sharp fnfves ensure safety and preserve
ingredients. When cutting onions, keep the root|
intact to reduce ivritation, use a claw grip, and
cut quickly at an angle. For mushrooms, guide

front, two behind—and then use an up-and-down wotion to and ev the knife with one finger forward and two
the water cnw\mg out of the mus&\moms Next, finely chop a Fa! clove of garhc mn prepare gaur behind for control, especially in a hot pan. To
leeks: just take your knife and go down through the center, turn it over, and slice again into quarters prepare leeks, quarter them lengthwise, rinse
This cpzns them up nicely —rinse the raps to remove any potential dirt or sand. They'll break up inte well, then chop evenly, Alwags hold the knife
nice little quarters. Add all that leek inte the mushrooms —beautiful ... firmly and keep fingers tucked away from the
g blade.
\- ~/

Figure 9: Performance comparison of MAGNET and Video-SALMONN on cooking video tutorial.

C Qualitative Results

The qualitative examples in Fig.[9]to Fig.[[3]showcase a variety of scenarios, including cooking demonstrations,
language-speaking tutorials, and 3D printing lessons. In these examples, we compare the responses generated by
baseline models with those produced by MAGNET. As illustrated, AVLLMs enhanced with our retrieval and
multi-agent audio-visual reasoning modules consistently outperform the baselines on AVHaystacksQA. While
the baseline models often struggle to identify and retrieve the most informative video segments, our method
accurately selects the most relevant videos for each question, exhibiting strong audio-visual comprehension and
reasoning capabilities. Furthermore, the temporal windows identified by our approach are generally precise and
focused, reflecting a nuanced cross-modal understanding and effective temporal grounding across videos.

D More Ablation Results

Top-k Video Selection. The top-k selection experiment on AVHaystacks-Full shows (Tab. that both
Qwen-2.5-Omni-FT and Gemini-1.5-Pro achieve peak performance at k = 6, where BLEU4, Text Similarity,
GPT Eval, and STEM-Missing metrics all indicate optimal retrieval and generation quality. Gemini-1.5-Pro
consistently outperforms Qwen across all k£ values, demonstrating stronger contextual understanding and output
coherence. While increasing k generally improves performance by reducing missed content, values beyond
k = 6 offer slightly diminishing returns and may introduce noise. Further, it leads to an increase in compute
(since more AVLLM agents are required). These findings highlight the importance of selecting an appropriate k
and leveraging more capable language models like Gemini for effective multimodal retrieval.

Meta Agents. Tab. [0 analyses the impact of different meta agents within the MAGNET framework on the
AVHaystacks-Full benchmark. Across both base models: Qwen-2.5-Omni-FT and Gemini-1.5-Pro performance
consistently improves as stronger meta agents are used, with Gemini achieving the best results in all metrics
(BLEU4, Text Sim, GPT Eval, and STEM-Order). Notably, Gemini, as both the meta agent and core model,
yields the highest overall performance, highlighting its superior capability in segment selection, coherence,
and multimodal reasoning. These results underscore the critical role of the meta agent in guiding high-quality
content synthesis.

Frame Sampling Function. Tab. compares the effect of different frame sampling functions (SFS) on
the AVHaystacks-Full benchmark using two base models: MAGNET .Qwen-2.5-0mni-FT and MAGNET Gemini-1.5-Pro-
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(How can conscious jaw movement improve English vowel clarity? )

g 216 313 rm\

=11 R ) 1 X [ (T Loosen the jaw so each
vowel (eg., “ah” “er”)
resonates  fully.  [1O.txt
(021s-44s)] (2] Practice
opening slightly wider for
low wowels like “father,”
aligning  wwouth  corners

t to,
it becomes “‘what's tM weather tadayP bzcausz it's su-v\prg EASILY. Srmrian‘g mszead ol" crzan‘g sagmg CREETL [P (P:”'BS_
‘Do you want to go for a walk? —which sounds like you just started learming English—they might say, 01775)] :?‘ Sustain f'a,':h
‘D'you wanna go for a wall? That sounds more native. Another thing you might notice...... vowel in words fike
“doctor” or  “water,”
focusing  on  jaw  drop.
[17.txt (01155-03895)] 4.
Record and compare with
native samples, adjusting
Jaw temsion for maximum

otherwise, they're lying. It takes practice. And on thic video, and on my other videos on this channel, (Fy Relax the jaw to enhance

clavity.[1.txt (O1205—
. 019495)]
: oo Our bodies are just not used to making these sounds. As [ say in all my videos, in order to master
M these American sounds, we need to practice thew over and over and over again—Ilike going to the
* gym. Think of me as your personal trainer. There's ne way around it, and if anybedy tells you [eta Agent Qutput
.
.
.

that's exactly what we're going to do. If you haven't yet, subscribe to my channel so you can get vesonance for each vowel
aceess to these videos to get you one step closer to mastering ... sound, such as “ah” or
. J Ter’  [1Otxt (0255
155 6:39 O555)]. (&) Open the wouth

— —we - slightly more for  low

-y TR vowels like in “father,”

MER
ACCENTS o= o
Video 17 % 3 !

. explores key traits of three American accents. The New York aceent (s known for

ensuring horizontal mouth
alignment. [19.txt
(0110s-017495)] (3) Foeus
on  jaw  movement when
sustaining vowels in words

at the end or in the middle of words (e.g., “water” becomes “wata,” “park’ becom ank T New '—\ like “doctor’ or “water.”
York" becomes “New Yawk) and changing the “AL" and “OR" sounds to “aw" (e “tallk” becomes
nging (eg. [17.txt (01205—-03385)] (7

“tawk," “call" becowes “caw'). Reductions are also common—"you'"" often becomes “ya." The Boston d h d
accent shares these features, especially dropping “R"s (e.g.. “car” becomes “cal’’) and changing “OR" R,ec.clr GRID SRR LI
sounds to “aw' (2.4, “force’ becomes “Ffawee"). It alse features an upward inflection at the end of "’ﬁml ﬂl.’T.'ICMRI‘.'IDV\I by
sentences. Meanwhile, the Southern drawl ic slower and stretehes out vowels by turming short vowel adjusting jaw tension to
sounds into diphthongs, often adding a schwa (e.g., “have” becomes “ha-uv'")... match native
pronunciations. [1.txt
(01175-01475)]

l Unified 102 1
Loosen your jaw to I'W\provz
vowel sounds. Open  your
wouth  wore for certain

Videa 19

explaing the glottal stop, a feature comumon in casual or regional Amevican English. Instead of vowels, maintaining
proncuncing the “T" sound in words like button or wountain, speakers often replace the “T with a alignment. Notice Jaw
quick pause or break This is different from the flap T, where the "T" sounds like a soft “D" (as in movement  when  holding
butter — budder). With the glottal stop, the “T dicappears entively—button sounds like bu'own, and sounds. Use recordings to

mountain (ike mour'ain. This feature is especially noticeable in fast, informal speech, ...

fine -tune your articulation.

hN

Figure 10: Performance comparison of MAGNET and Unified IO2 on english pronunciation tutorial.

Across both models, we observe that the proposed SFS function (highlighted), which dynamically scales
dissimilarity using an inverse sine function, consistently outperforms cosine and exponential alternatives. For
instance, with Qwen-2.5-Omni-FT, the proposed SFS achieves the highest scores across all metrics. Similarly,
when paired with Gemini-1.5-Pro, the same function yields the best performance, achieving high BLEU4 and a
notable MTGS,y;. These results suggest that the sinusoidal-inverse-based SFS is more effective at capturing
temporal importance for reasoning tasks, likely due to its sharper penalisation of semantically redundant or
temporally proximal frames. This indicates that thoughtful frame selection plays a critical role in enhancing
downstream multimodal generation quality.

Number of Video Frames Selection. Tab[IT|analyzes the impact of varying the number of uniformly sampled
frames m on AVHaystacks-Full using two base models. Across both models, performance consistently improves
as the number of frames increases from 15 to 75. For instance, with Qwen-2.5-Omni-FT, BLEU @4 rises from
45.89 to 53.61, and MTGS,,, improves substantially from 0.43 to 0.83, indicating that denser frame sampling
leads to more accurate and temporally grounded responses. Similarly, Gemini-1.5-Pro shows a consistent
upward trend, reaching its peak performance at m = 75. These results suggest that richer frame coverage
provides stronger contextual grounding for both models, reinforcing the need for higher temporal granularity in
multi-video audio-visual reasoning tasks.

Text Similarity Threshold.

Tab. [T2] presents the effect of varying the text similarity threshold 7, used in frame filtering on AVHaystacks-Full.
For both methods, performance peaks at 7, = 0.5, with BLEU@4, Text Sim, and GPT Eval achieving the
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( When reading a Quranic phrase, how do | shift from the “light” alif to a “heavy” letter

fmmediately after?

1:15
EEEEEEEEEER

1:31

-

L

-

e &
. LA T

EEEEEEEEENEEN
Agent 10

-\
Graund Truth

[T, Let the alif remain neutral and
kéep the vocal tract lightly open.
[12.txt (061-024s)] Z.) Prepare
for the heavy letter (eg.. &) by
tensing the back of your tongue

which is light and easy—often said with a smile. In contrast, hea
and produce a fuller, more resonant sound. These ..

segiment introduces the concepts of tafkheem (heaviness) and tarqeeq (lightness) in Arabic
pronunciation. Tafiheem vefers to letters that are pmmunczd with a heavy, thick sound, while
targeeq vefers to soft, light-sounding letters. The speaker gives zxampfe,sj such as the letter “b
ier [etters require rounding the lips

[10txt (075-0915)] & Shift the
tongue root wupward just before
producing  the heavy sound
[1otxt (075-091s) & 17.txt
(046 -047s)] 4 Practice short
recitation segments to smooth

1:24

pgert1z

out the tramsition. [10.txt (O75-
0a15)]

(bteta Agent Cutpu
1) keep the alif neutral with a
gently open vocal tract. [12.txt

by

helping learners distinguish between these similar-sounding letters
peints of articulation.

.. segment explains how several Arabic sounds are produced from the throat, an area commonly
challenging for non-native speakers who may confuse these sounds. To clarify their pronunciation, the
throat is divided into three main regions: the upper throat (despest point, near the erag), the middle
throat (slightly above that), and the lower thioat (at the ctart of the throat). The lesson focuses on
understanding their exact

057-0815)] (2) engage the back
of the tongue to prepare for
heavy letters like & [10.4xt
o70-0825)] (Z) slightly raise the
tongue root Just before
articulating the heavy comsonant.

. learning Arabic, specifically focusing on a set of Arabic letters: o) (kaf), ) (Lam),

x\r‘rz. g (W

Y, and

and practiced. ..

a (M),

y (Nan)

< (YA The first letter discussed is & (KAF), which is likened ec the “K”" sound
in English, such as the k in "cat” The teacher emphasizes focusing on the sound, not the Englich
letter used to spell the word (since “cat” starts with a C, but sounds like it starts with a K). The
explanation alse hints that different forms of the Arabic letter (isolated and positional) will be shown

[1otxt (073-089s) 4 17.txt
041 -0eos)] @) rehearse short
Wecitation  passages to  ensure
kmoother  transitions.  [10.txt
©73-0905)]

Qutn-Crvni -2 5

Keep the vocal tract relaxed and
neutral. Use the back of the
tongue for cevtain heavy sounds.
Slightly (ift the tongue root
before these consonants. Practice
lshort passages for smoother flow.

"

Figure 11: Performance comparison of MAGNET and Qwen-2.5-Omni on Urdu pronunciation tutorial.

( What are the steps to correctly articulate consonants and vowels during a voeal exereise?

)

P

=)

.

E warticulation warm-up routine that's both simple and effective for improving clarity in speech. The

. routing begins with something mfuml—gawmmg. ..... but challenging pattern: tongue twisters and

M repeated phrases like “paga bord gay pday gag.” Though the ... the importance of accuracy over

M breath control—tension in the lips, jaw, or ton should be ava(ded, and breathing will follow

. naturally if avticulation is prioritized ... articula museles, imaking speech sound charper and
more confident. Daren encourages daily vepetition, whether for social conversations or
professional......

build awareness and control. This practice not enly trains precision but alse helps the speaker

develop
foundation for fluent speech. ...
these foundational drills can be used to build inte wore advanced speaking or singing
ease....

a move resonant and expressive voice—shaping individual consonants and vowels builds the
minimal strain, and clear focus. As you become wore consistent,
contexts with

J

(1) Warm up the wouth and face with light
movements (e.g., gentle yawns, lip stretches). [3.txt
(03035-03365)] 2. Practice lip or tongue trills to
loosen  articulators. #.txt(0466s-057és)] (3) Use
focused articulation drills, like veciting comsonant
sounds (e.g., ‘Buh, 'Tuh') and shaping vowels (Ah,
Ee, Oh, Qo) separately. [4.ixt (0O01s-0035%)] 4.
Keep winimal jaw and tongue movement—aim for
open space and smooth transitions between vowels.

& Practmz sn'mpfz phrases  or  short scales,
ing  crisp ts  and rzsurmnt,
unstmmed vowels, [B.txt(0446s—04835)] (&) Build

speed gradually with tongue twisters or repmtcd
patterns.  [3txt{0336s-0377s)] (7) Check for
tension fn lips, jaw, and tongue, releasing it if
detected. [3.txtH{04465—04835)] (8] Integrate these

»

refined sounds into somgs or longer phrases.
[ txt{O466s—0576s)]
et Agtnt Qutpur

Llbegin with light facial and mouth movements such
as gentle yawns or lip stretches to activate the
articulators. [3.txt (02985-03515)] (Z perform lip
or tongue trills to further loosen the muscles, [4.Ext
fo44qs—ossss)] (3, use articulation drills—recite
comsonants like “Bub” and “Tuh,” and shape vowels
(Ah, Ee, Oh, Od) distinctly. [4.txt (0004s-00485)]
[4) wainimize jaw and tongue movement to maintain

Vides A
Start with gentle facial and wouth wovements to warm up. Loasen wmuscles with lip or
tongue trills. Practice clear consonants and distinct vowels. Keep jaw and tongue relaxed for
swooth transitions. Use short phrases and gradually inevease speed with exereises. Release

any tension, and apply these technigues when singing full phrases.

and fluid vowel transitions. 5 rehearse
short phrases or scales, focusing on clear consonants
and relaxed, resonant vowels. [3.txt (04315-04765)]
&) gradually increase speed using tomgue twisters or
vepeated phonetic patterns, [3.txt (03225-03705)]
(7) wonitor for and release any tewsion in the lips,
jaw, or tongue. [3.txt (0439s-0475%)] (8, apply
these vefined techniques while singing full phrases.

[4.txt (04585-05645)]

Figure 12: Performance comparison of MAGNET and Video-RAG on vocal exercise tutorial.
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(rn first lager calibration, how does proper bed leveling and wozzle height adjustment influence overall print success? )

4 [ B
@) The first layer is crucial for strong adhesion to
the bufld surface[letxt (0O695—01&65))] (2)
Using a feeler gauge or paper test ensures the
nozzle is at the corvect distance —too close causes
squished layers (elephant’s foot), too far leads to
poor  adhesion[1etxt  (OO69s-o166s))] (3)
Once slicing is complete, users can preview how the printer will extrude each layer, starting with a Manual  adjustwment  through cormer  screws
skirt to prime the noz.zlz followed by pzww\ ers and infill. Once satisfied, the file is saved amd achieves am even gap across the bed. [o.txt
—a vital step that trips up many begi The (02575-10968)] &) A proper first layer prevents

of h subsequent layering issues, ensuring consistent

a piece of paper to énsure gven spacing b
A Preh atmg the bed and Jr\amm_g he printer allows for this adjustment.,. layer bonding.[16.txt (00695—01665))]

PP

[Meta Aaent Dutyut

(T ensure the initial layer is well-formed, as it
provides essential adhesion to the print bed
[16.txt (0OT6s—-0174s)] (Z) use a paper or feeler|
gauge test to set the nozzle height—too low results
in a compressed base (“elephant's foot”), while tool
high weakens adhesion. [1é.txt (O071s—01685)]
(3, manually level the bed by adjusting cormer|
serews to maintain an even gap across the surface
[t (0842s-10115)] 4) a well-executed fivst|
layer supports consistent bonding in later lagers,
munimizing print defects, [16.txt (00665-01595)]

The first layer is critical for ensuring s
it causes squishing, surface damage, fa 2
properly. To aveid this, a 0.2 wm elearance gauge ean be used aFfzr homing and heating the printer,
zmsunmg the right nozzle -to- bzd gap. A succzssfu! test print confirms optimal setup.
right alse prevents layering defects and improy mensional accuracy in the final pr

(amE )
Start with a solid first layer for good bed adhesion. Set nozzle height carefully to avoid base issues. Level the bed evenly by adjusting cormers. A
strong first layer helps ensure consistent, defect-free printing.

J

Figure 13: Performance comparison of MAGNET and VideoRAG on 3D printing tutorial.

highest scores, while the STEM-Missing and STEM-Order errors are minimized. Specifically, Qwen-2.5-
Omni-FT sees improvements in BLEU@4 from 51.32 to 53.61 and a drop in STEM-Missing from 0.15 to
0.13 as 7, increases from 0.3 to 0.5. Similarly, Gemini-1.5-Pro reaches optimal performance at 7, = 0.5,
with the best overall textual coherence and minimal temporal grounding errors. However, setting 7, = 0.7
degrades performance across metrics, suggesting that overly strict filtering removes useful context. These
findings highlight the importance of balancing informativeness and precision in frame selection by carefully
tuning the similarity threshold.

E Human Evaluation on STEM:

Tab. [T3] presents a comparative evaluation of various MAGNET model configurations using both automated
STEM and human evaluation metrics averaged across 20 raters (Cohen’s x = 0.82). In particular, the
fine-tuned MAGNET .+ Qwen 2.5 omni-fT model achieves strong overall performance, outperforming other models
in most categories. Specifically, it ties for the lowest SM, achieves the lowest SH, and second-lowest SO
scores under STEM, indicating improved semantic and syntactic alignment. It also performs competitively
in human evaluations, with HM, HH, and HO scores close to or better than all other non-proprietary models.
Although MAGNET .+ Gemini 1.5 Pro demonstrates slightly superior performance across several metrics. These results
underscore the efficacy of fine-tuning with Qwen 2.5 Omni, particularly in aligning model outputs with human
judgments.

Method | K | BLEU@41 TextSim1 GPTEval? | STEM-Missing |

1 46.67 4.67 5.37 0.29
MAGNET couen2somist | 6 | 3361 628 73 0.13

10 53.38 6.18 7.36 0.14

1 49.80 4.84 5.04 0.27
AT s | 3 B oB S| b

10 55.63 6.41 7.64 0.12

Table 8: Top-k selection on AVHaystacks-Full.

F More Details on Benchmark Construction

In this section, we provide further details on AVHaystacks construction. We outline the steps involved in data
preparation in Fig.[T4] The complete benchmark creation pipeline details.
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Method | Meta Agent | BLEU@4 1 TextSimt GPT Eval t | STEM-Order |

Reka 5138 591 6.88 025
Qwen-2.5-Omni-FT 51.98 5.98 6.96 0.24

MAGNET +Qwen-2.5-Omni-FT Claude 52.29 6.05 7.34 0.22
GPT 52.93 6.11 737 0.20

Gt 53.61 6.28 7.53 0.19

Reka 54.89 6.02 6.80 0.22

Claude 55.02 6.13 7.09 0.20

MAGNET +Gemini-1.5-Pro GPT 55.32 6.20 7.48 0.19
T 55.87 6.53 7.81 0.17

Table 9: Effect of meta agents on AVHaystacks-Full.

Method ‘ SFS Function ‘ BLEU@4 1 TextSim? GPTEvalt MTGS,, T
Aap =7 (cos (Zla—b[) =1); y=10 52.85 5.93 7.24 0.79
MAGNET squen-25-0mi-FT | Agy =y (Mol —1); y =10, =5 53.18 6.03 7.47 0.81
= (m =) ) iy =20 53.61 6.28 7.53 0.83
=7 (cos (Zla—b]) —1); v=10 55.20 6.01 7.33 0.80
MAGNET +Gemini-1.5-Pro Agy =7 (eMetl 1), y=10,A=5 55.79 6.15 7.62 0.82
Ay =7 (W = 1) iy =20 55.87 6.53 7.81 0.85

Table 10: Effect of different frame sampling functions on AVHaystacks-Full.

Method | m | BLEU@41 TextSim1 GPTEval] | MTGSyy 1

15 45.89 4.46 5.10 0.43
MAGNET +Qwen-2.5-Omni-FT 50 49.27 5.19 6.03 0.62

75 53.61 6.28 7.53 0.83

15 47.36 4.92 5.44 0.51
MAGNET 4Gemini-1.5-Pro 50 51.56 5.81 6.62 0.69

75 55.87 6.53 7.81 0.85

Table 11: Effect of number of frames selection on AVHaystacks-Full.

Method | 7o | BLEU@4 1 TextSim.t GPTEvalt | STEM-Missing | STEM-Order |

0.3 51.32 5.75 6.68 0.15 0.24
MAGNET ,Qwen-2.5-0mni-FT | 0.5 53.61 6.28 7.53 0.13 0.19

0.7 50.67 5.52 6.43 0.19 0.22

0.3 54.13 6.31 7.56 0.13 0.22
MAGNET 4+Gemini-1.5-Pro 0.5 55.87 6.53 7.81 0.12 0.17

0.7 53.95 6.30 7.51 0.17 0.20

Table 12: Text similarity threshold on AVHaystacks-Full.

F.1 Dataset Examples

Please find example videos with QAs from different categories as shared in the supplementary zip (refer to
the ‘AVHaystacks-dataset-samples’ folder). The video files are compressed to fit within the supplementary
material size limit. Samples are collected from different areas (how-to, musical lessons, news etc) making our
benchmark extremely diverse and considerably challenging for the models. The purpose of curating samples
from such diverse sources is to robustly evaluate every model on their generalization capabilities.
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| STEM \ Human Eval.

Method |SM| SH| SO||HM| HH| HO|
MAGNET ,VideoSALMONN-ZS 0.41 0.33 0.43 0.39 0.37 0.41
MAGNET Unified 102-ZS 0.49 0.39 0.37 0.46 0.35 0.36

MAGNET +Qwen 2.5 Omni -ZS 0.43 0.34 0.39 0.45 0.37 0.42
MAGNET ,videoSALMONN-FT 0.13 0.18 0.23 0.15 0.17 0.21

MAGNET 4Unified 102.FT 0.15 0.8 020 | 019 023 022
MAGNET ,Qwen 25 omnikr | 013 0.16 019 | 017 018 0.16
MAGNET +Gemini 1.5 Pro 0.12 0.4 017 | 0.14 0.18 0.13

Table 13: STEMvs Human on AVHaystack-Full dataset. SM: STEM- Missing, SH: STEM-
Hallucination, SO: STEM- Order, HM: Human Eval - Missing, HH: Human Eval. - Hallucination,
HO - Human Eval. - Order

Transcript Scripts Blind Questions Generation  Transcripts Segmentation Segments Questions Generation Question Answer Pair

You(D)

I Transcripts II
Transcripts

What are
different 50
questions that
must be
answered by

generate precise,
instructional, and
comprehensive
answers for each
question by

Transcripts

Subtitles Download

> Go over each

Overlapping video and Segment Bl file one by one

Transcripts audio and can fMtf'il'ES and create a

into !

1 not be e | question for
Convert answered by

MinsSec => Seconds text about each
Sub-Topic 0 |

meticulously
extracting and
synthesizing
information solely
from the provided
transcripts

@ 03 -mini @ o1

instructional
<TOPIC> focus segment

Merge Simmilar
Starting/Ending time

Another 4x Merges
and Fixes @ O

Clean Transcript
in Seconds

Figure 14: Steps involved in benchmark data collection.

F.2 Pipeline overview

Our multi-step data collection strategy is as follows in sequence: (1) download and curate 500 videos that
satisfy the four-modality filter (Dataset Selection); (2) issue 50 blind prompts per topic (Listing [I) to GPT
without revealing transcripts to encourage cross-video reasoning; (3) repair caption timing (Alg. 1) and convert
HH:MM:SS—sseconds for uniform indexing; (4) segment transcripts into sub-topics (Listing ) and create one
segment-aware question each (Listing [2); and (5) assemble QA pairs whose answers cite at least two videos
(Listing ).

F.3 Question-pipeline specifics

(i) Blind phase: prompt GPT with Listing[T} discard any question whose answer is general knowledge information
or an answer that does not depend on audio and visuals; (ii) Segment phase: To expand the number of questions,
we used segmented-phase questions. For each sub-topic, prompt GPT with Listing [2} ensure the generated
question references audio, visual, and caption tokens.

Listing 1: Blind questions generation prompt

I am collecting data about how to <TOPIC>.
What are different 50 questions

that must be answer by a video, audio

and can not be answered by text only?

Listing 2: Segments-based questions generation

Go over each file one by one and create
a question for each segments
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F.4 Caption repair and segmentation

(1) Overlap fix: downloaded subtitles had mis-matched intervals which needs to be fixed (example in Listing 3);
(2) Normalization: map all times to seconds and drop duplicate caption lines; (3) Segmentation: apply the
template in Listingand retain segments whose duration lies in [15, 120] s.

Listing 3: Transcripts timing mismatches

00:00:00 --> 00:00:**Q3x*
hi everyone welcome to my youtube channel
00:00:*%xQ1x*x --> 00:00:05
about parrots. i am david. i’m here with

Listing 4: Transcripts segmentation output format

Segment [Segment Number]
Time: [Start Seconds] --> [End Seconds]
Title: [Concise Title]
Details:
- Instructional Focus: Brief description
- Key Steps and details:
- [Step / Detail 1]
- [Step / Detail 2]
- [Step / Detail 3]
- [Step / Detail 4]
- [Step / Detail 5]
- Audio Cues: Audio elements description

F.5 QA-pair generation

After transcripts are segmented, GPT is prompted to produce a triple consisting of (i) the question itself,
(ii) a step-by-step answer, and (iii) a list of (videolD, start, end) references that support each step. Crucially,
every answer must draw evidence from multiple videos, making cross-clip reasoning a core requirement of
AVHaystacks (see Listing[5).

Listing 5: Question-Answer pair output format

Question 1?

Answer:
1) step
2) step
3) step
4) step
5) step

References:
1.txt 0017s > 0074s, 8.txt 0045s > 0270s,
2.txt 0050s > 0100s, 3.txt @110s > 0150s

g w N =

G SFS Prompt

Below, we add the prompt used to select the key frames using the SFS algorithm. We provide step-by-step,
clear instructions about the task, the reasoning process, and the expected output. Among various other prompts
employed, this one produces the best results.
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( How to blend violin with cello for a balanced and harmonic texture and emotion? )
P

Meta Agent Output
Violin leads with

melody; cello
supports  with  soft
arpeggios. Clear

The violin leads with the melody, while the cello plays soft arpeggios underneath. There's a clear . :
separation in register between the two instruments. The counterpoint between them contributes to a g€y ister &34 arat,?“
balanced timbral texture...... and CDMV\t@V‘pOIV\‘L’

create timbral
balance.

[1.txt(0112-01365)]
@) Call-and-response

phrasing adds
. " dynamic  interplay.
M There's a kind of call-and-response happening here—that phrasing creates a dynamic interplay Matchimg articulation
M between the parts. The articulation is really well matched, which helps unify the overall tone. At the unifies tone while EQ
M same time, the EQ is doing work to keep each part distinct in the mix...... ..
: keeps them distinct.

0:01 0:14 [2.txt(2-10s)] ©)
L] o . v
Close harmonies in
similar  range  use
bowing contrast for
clarity. Natural
reverb adds spatial
separation. [3.txt(1-

.

The harmonies are really close and sit in a similar range, but there’s contrast in the bowing—that
helps keep things clear. The natural reverb in the space adds a bit of separation between the parts,
giving each voice its own place. .... 14s)]

Figure 15: Failure case of MAGNET.

Salient Frame Selection Prompt

Task: Given a question and a set of key frames extracted from a video, identify the
most relevant frames that best support answering the question.

Step 1: Reasoning Process Explain your selection by considering the following
factors (in order of importance):

1) Presence of objects or actions explicitly mentioned in the question

2) Scenes that clearly align with the question’s context

3) Visual elements directly related to the question details

4) Location or background context, even if the main object/action is not visible
5) Semantically related or typically co-occurring objects

6) Human motion or activity suggesting relevant events

Step 2: Output List the selected image indices using the format: [idx1, idx2, idx3,
.1

The objective is to select visual evidence useful for answering the question, not
to answer the question itself.

H Failure case

Fig. [[3]illustrates a failure case of MAGNET. Owing to the visual and auditory similarity between a violin and a
cello, the retrieval module fails to accurately identify segments where both instruments are played simultaneously.
As shown, the selected segment from the first video features only the cello, omitting the presence of the violin.
The other two retrieved videos result from incorrect retrieval, leading to erroneous temporal grounding and
highlighting a limitation of the system in distinguishing between acoustically and visually similar sources.

I Implementation Details

Training is done for 5 epochs on 4 A100 GPUs and the best checkpoint is selected for evaluation. Following the
success of Low-Rank Adaptation (LoRA), we apply it with a rank of 8 and an alpha value of 32 for fine-tuning.
AdamW is used as optimiser with a learning rate of 1e-4. We use a per-device batch size of 1 and a gradient
accumulation step of 16. A cosine learning rate scheduler is employed with a warmup ratio of 0.05.
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Dataset MS TA MVL AVR AVD RQA AVQA LC

Video Datasets
Video-Bench [[116] v X X X X X X X
EgoSchema [45] v X X X X X X v
MVBench [34] v X X X X X X v
MMBench-Video [117] X X X X X X X v
Audio-Visual Datasets
AVOdesseyBench [118] v X X X X X v X
OmniBench [119] v X X X X X v X
LongVALE [120] v v X X v X v v
AVHBench [121] v X X X v X v X
AVHaystacks (Ours) v v v v v v v v

Table 14: Comparison with prior video/audio-visual benchmarks. MS: Model-Assisted; TA:
Temporal Annotation; MVL: Multi-Video Linkage; AVR: Audio-Visual fine-grained Reasoning;
AVD: Audio-Visual Description; RQA: Retrieval-based QA Answering; AVQA: Audio-Visual QA;
LC: Long Context, where QA context spans over 5 mins.

J More related works

Large Multimodal Models. Large Multimodal Models (LMMs) have advanced significantly in understanding
and reasoning over single and multiple images [92, |93 24} |94, |95]], expanding vision-language capabilities
across diverse tasks and domains [96H99]. Their strength lies in large-scale cross-modal alignment and powerful
language modeling. However, LMMs still struggle with scaling to large image or video collections [82,|100] due
to computational and representational challenges. Retrieval-based approaches address this by enabling efficient
access, processing, and reasoning over extensive multimedia content, including video and audio.

(Audio)Video Benchmarks. We compare AVHaystacks with recent audio-visual and video QA benchmarks
in Tab. E} As shown, most existing benchmarks do not offer multi-video linked QA annotations, making
AVHaystacks the first of its kind and inherently more challenging. Our data collection framework introduces a
scalable, semi-automated, and richly annotated pipeline in real-world settings, providing significant advantages
for future research. We hope this benchmark will inspire the community to explore and advance work in this
promising direction.

Audio-Visual Learning. Powered by improved models and high-quality annotated data, audio-visual learning
has advanced significantly in areas such as cross-modal generation [101H104], representation learning [[1055108]],
multimodal large language models [109, 12} 110,30, 57,16, [111]], and cross-modal integration [112+114]. Recent
works have contributed to cross-modal generation by leveraging visual and/or language context to generate
coherent, complex audio [101}[102]. The work on active audio-visual separation and embodied agents highlights
the role of motion and egocentric perception in learning robust representations. These ideas extend naturally to
audio-visual LLMs [[115} 2], where perceptually grounded models interact with dynamic environments.

K Human Study Details

We conducted a human study involving 20 participants to evaluate the following: (i) the correctness and reliability
of the samples collected in AVHaystacks, (ii) the quality of responses generated by MAGNET, and (iii) the
correlation between the proposed metric STEMand human evaluation. Application details are presented in
Fig.[I6] and user consent information is provided in Fig.[T7]

Each participant received detailed instructions outlining the goals of the study and their specific tasks. They
were shown several samples obtained through our semi-automated data collection strategy and asked to rate the
quality of each sample on a scale from 1 to 5. The aggregated ratings indicate high relevance and correctness,
with an average score of 4.6/5 for the collected samples. Participants also evaluated the responses generated by
MAGNET on the proposed AVHaystacksQA, as discussed in the main paper.

The user study protocol was approved by the Institutional Review Board (IRB). No personal information was
collected, stored, or shared at any stage of the study.
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Institutional Review Board

USER STUDY APPLICATION

1. Abstract:

This study locuses Dl’l lhe evaluation 0’ the qua]lty of collected samples for abenchmark dataset, results
for ject titled * MAGNET A Multi- agenl Framework for Finding

Audio-Vi 'Needle by ing Multi-Video y he quality of the
proposed metric. We mainly use this ique for Al red audio-vi
is done by ici to rate the quality of the samples and model responses

2. Subject Selection:

. Recruitment: Hidden for anonymity

Eligibility Criteria: Anyone with normal hearing and vision, is at least 18 years old, and is
proficientin English is eligible. Participants with corrected-to-normal hearing and vision will also be
eligible.

‘We have two screening questions. Our screening question are 1) “Do you have normal
hearing / corrected-to-normal hearing?” 2) “Are you proficient in English?". The
participant who answers yes to both these questions will be allowed to continue with the
survey.

L4

Rationale: Evaluations from people without normal hearing will bias our study results.
Participants also need to be at least 18 years old and need to be proficient in English to
understand the speech contents being played.

d. Enroliment Numbers: 50 people max

e. Rationale for Enroliment Numbers: This number gives reliable statistical results
3. Procedures:

Using a headset s ibly by videos 9 f
«each of them. Theexpectednmslo msh he pi dureds 30 mi . We P i
y willonly compi W K eligibilty and
y > ‘We will delete eligit .’wemi"is
anewers for ineligit You need to perform the following three tasks.

First, the procedures involve you golng over series ol videos and assess the quallty of the
samples in f videos and
aresponse to it. Your task is to go over them carefully and rate |he quahly ofthe samplesona
scale of 1-10 with 1being the lowest. The samples are from diverse scenarios involving how-to,
travelviogs, new reading etc.

Secondly, you model and rate them b their accuracy,
order, cohrence th the question asked.
Page 10f3 Revised: 05/01/2025
Finally, you need the quality of our and rate thi pe

hallucmatlon ovderand missing steps.

4. Risks:
There are no known risks.
5. Benefits:

There are no direct beneﬁts to participants. Thls study will provide researchers from
a better of how good the multi-video linked QA pipeline
works and also evaluate them on various challenging cases.

6. Confidentiality:

‘We do not collect information that can identify the participants. Any data collected will be
stored on a password protected computer and will be securely wiped in 2 years from the
day of creation. Only the investigators of this study have access to the data.

7. Consent Process:

In our online study, we will first present i lions before ing to ensure
that ineligible participants are not enrolled in your study. Then we present consent
information to our participants, and they need to read and click a button that says “|
agree” to indicate their consent and continue to our questions. We request a waiver of
written consent for our online study based on following facts:

(1) Our research only requires subjects to listen and view to videos, which involves no more
than minimal risk to the subjects

(2) We present ici with consent it i i before the study.
Subjects can choose to not continue if they do not give their consent. The waiver of
written consent will not adversely affect the rights and welfare of the subjects.

) The research could not practicably be carried out without the waiver or alteration
because we need to collect responses from people in other regions in the .....

and will not be able to collect signatures from each subject.

(4) We will provide our contact information during the study and encourage the
subjects to contact us with any questions or concerns and they will be provided with

pertinent i ion after
(5) Participant can save their signed consent form. For a fair comparison, we will not
use any deception.

8. Conflict of Interest:
No conflict of interest.

Page 20f3 Revised: 05/01/2025
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9. HIPAA Compliance:
Not Applicable.

10. Research Outside of the United States:
Not Applicable.

11. Research Involving Prisoners:
Not Applicable.

12. SUPPORTING DOCUMENTS
Your Initial lication must include a Initial Part 1 (On-Line
Document), the information required in items 1-11 above, and all relevant supporting
documents including: consent forms, letters sent to recruit participants, questionnaires

completed by participants, and any other material that will be presented, viewed or read
to human subject participants.

The consent forms in your approved |IRBNet PACKAGE must be used. When creating or
editing your consent form, please provide the most recent IRBNet package number at the
bottom, right corner of the consent form. This ensures you are using the most “uptodate”
version of the form.

To find your IRBNet package number, go to the MY PROJECTS tab and click on the
title of your project. In the PROJECT OVERVIEW page, your IRBNet package
number will be listed at the top, next to your project title.

Figure 16: User study guidelines.

CONSENT TO PARTICIPATE

Project Title A Multi-agent Framework for Finding Audio-Visual Needles by
Reasoning over Multi-Video Haystacks

Purpose of the Study This research is being conducted by ..... at
...... We are inviting you to participate in this research project because
40(1 have normal or corrected-to-normal hearing and visual abilities.

he purpose of this research project is to evaluate the quality of our
dataset, model response and correctness of our proposed metric.

Procedures The procedures involve going over samples ooleded in the dataset and validate
the comectness of the annotatin. You wil be presanted wit setof questins along
‘Some videos and some 1osponses relevant for them. You have o rale therm
asct otk selovies, vt and oiher aspects. You aso noed lo go over the
model response and evaluate its accuracy and provide
o rate the goodne: :so/ammbyvaodum Thow go0d the scoro roporiod by the
lm:nllqneswihvm.l thini response. Theepoaodhmelo
finish the procedure is o3 minuton w-mwaskmmm s first and we wil
not collect survey data from M#Ie Pparticipants. We mﬂ delete eligibility
screening answers immediatoly for ineligible participan

Potential Risks and There are no known risks from participating in this research study.
Discomforts
Potential Benefits There are no direct benefits from participating in this research. We

hope that, in the future, other people might benefit from this study
through improved understanding of how to generate more realistic
virtual sound for speech related applications.

Any potential lass of mnﬁdonbal:ly will be minimized by storing data
tled computer. No identifiable information will be
oollscrsd and Ihe will be the only to have
access fo the data.

If we write a report or article about this research project, your
identity will be protected. Your information may be shared with

representatives of the ... if you or someone else is in danger
or if we are required to do y law.
Pagelof3 IRBNet Package: 1986481-1 Initials: Date:
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Compensation

[na

Right to Withdraw and
Questions

Participant Rights

Your participation in this research is completely voluntary. You may
choose not to take part at all. If you decide to participate in this
research, you may stop participating at any time. If you decide not to
participate in this study or if you stop participating at any time,

you will not be penalized or lose any benefits to which you otherwise
qualify.

If you decide to stop taking part in the study, if you have questions,
concerns, or complaints, or if you need to report an injury related to
the research, please contact the investigator:

Placeholder for anonymity

If you have questions about your rights as a research participant or |
wish to report a research-related injury, please contact:

Removed for anonymity

For more information regarding participant rights, please visit:
removed for

This research has been reviewed according to the ... IRB
pprocedures for research involving human subjects.

Page 20of3 IRBNet Package: 1986481-1 Initials: Date:

Statement of Consent |

By clicking “I agree”, you indicate that you are at least 18 years of
age, you have normal or corrected-to-normal hearing, and you are
proficient in English; you have read this consent form, or have had it
read to you; your questions have been answered to your satisfaction
and you voluntarily agree to participate in this research study. Please
download or save a copy of this form for your records.

If you agree to participate, please click I agree”.

Page 30f 3 IRBNet Package: 1986481-1 Initials: Date:

Figure 17: User consent application.
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