JAEGER: Joint 3D Audio-Visual Grounding and Reasoning in Simulated Physical Environments
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Introduction

GL;DR: Using RGB-D vision and 4-channel spatial audio (FO D
JAEGER 1s the first open-source E2E AV-LLM for grounding and
spatial reasoning in simulated 3D scenes.

Main results. JAEGER is the first model integrating RGB-D with 4-channel FOA; no direct baseline
shares its modality setup.

= Current audio-visual LLLMs are confined to 2D RGB video and monaural audio.

- JAEGER — the first open-source end-to-end 3D audio-visual LLM, taking RGB-D vision and
4-channel spatial audio (First-Order Ambisonics, FOA) as input.
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* Neural IV matches BAT on single-source DoA and outperforms it on overlapping audio.
+ « JAEGER performs 3D audio-visual reasoning that 2D omni models cannot.
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Q: Can you identify the source speaker Figure 2. JAEGER architecture. A depth-aware visual stream and a dual-path audio stream (semantic + spatial) are fed Overlap Src. 1925 6.44 14.85 411

for the male voice?

i SpatialSceneQA 61k t
into the AV-LLM for 3D grounding and reasoning.

A: The middle one. o) * Neural IV generalizes better across mismatched train/test source configurations.

= Architecture matters: with identical inputs, a naive fusion baseline collapses on reasoning.

4. Export RGB-D, FOA and metadata

3. Insert visual sound sources

 LLM backbone: Qwen2.5-Omni initialized, LoRA fine-tuned.

- Visual stream: RGB tokens fused with 3D-aware positional encodings; depth back-projects
pixels into a point cloud, adding sinusoidal (x, y, z) encodings. F, = I, + Fxp.

» Audio stream (dual-path): semantic content from the omnidirectional FOA channel W spatial
cues from Classical IV or Neural IV.

Figure 1. Data simulation pipeline: RGB-D + 4-channel FOA + dense 3D annotations, rendered with SoundSpaces 2.0 and

Habitat-Sim over HM3D scenes. Real-World Transfer — STARSS23 Median Error (°)
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= Acoustic sim: SoundSpaces 2.0 renders geometry-aware room impulse responses (reflection,
diffraction, air absorption) for dry LibriSpeech speech.

* Visual scenes: in Habitat-Sim, load HM3D indoor scenes, insert 3D synthetic object meshes,
place a camera, and export RGB, depth, 3D bbox, distance, and camera intrinsics/extrinsics.

= 3D synthetic object meshes: since static HM3D scans lack diverse sound-emitting objects, we
insert 120 loudspeaker meshes (96/12/12 split) generated by Hunyuan3D.
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Get our code, model checkpoints
and dataset on our GitHub repo!

Table 1. Task types in SPATIALSCENEQA 61K with representative Q&A prompts. #Sources: active audio sources (A-B) /

. Figure 3. Classical IV vs. Neural IV. Neural IV replaces STFT with a learnable 1D-CNN on raw FOA waveforms, and the
inserted loudspeakers (C-E).

real-part extraction and Lo-norm steps with an MLP.
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