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1. Embodied AI needs robust activity understanding beyond vision-only.

2. Real environments are sensor-rich (RF, IMU, thermal, audio).

Missing: large, unified, aligned benchmarks across heterogeneous modalities.

Motivation
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12 modalities, multi-view; 41 participants; 62 activities;

67.72M synchronized frames;

High-fidelity 3D pose labels from 

OptiTrack for alignment/supervision;

Supports HAR, 3D HPE, fusion, cross-modal learning, sensor foundation models.

What is OctoNet?



Modalities

Visual

RGB-D (×3), ToF, Thermal (×2), Infrared Array (×5)

RF

mmWave (FMCW×5, SFCW×1), UWB, Wi-Fi

Others

Audio microphones, active acoustic emitter, 
IMU (17 nodes), Heart Rate sensor

3D skeletal keypoints (50 markers).
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• 3 scenes (office, lab, living room); 5 sensing nodes.

• Wi-Fi Rx rectangle; one deliberate NLOS link.

• NTP-based global time; single broadcast start timestamp.

• Activities cover body-motion, H-O/H-C/H-H interactions, medical + aerobics + freestyle.

Collection, scenes & sync
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(a) Data collection setup.

(b) Multi-modality samples. 

(c) Multi-view samples. 
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This PDF shows a single table compiled in NeurIPS 2025 style.

1 Table Example

Table 1: Modality allocation per sensing node (transposed).

Modality Node-X
1 2 3 4 5

RGB-D ↭ - ↭ - ↭
ToF - - - ↭ -
Thermal ↭ - ↭ - -
IRA ↭↭↭↭↭
FMCW ↭↭↭↭↭
SFCW - - ↭ - -
UWB ↭ - - - -
Microphone↭ - - ↭ -
Speaker - - - ↭ -
HR ↭ - - - -
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Figure 2: Overview of our multi-modal data collection setup. (a) Top-down layout, node configuration,
and data collection scenes. (b) Representative raw data samples from different modalities. (c)
Synchronized multi-view captures illustrating concurrent data collection.

Motion-capture system (MoCap). We employ an OptiTrack motion-capture system [45] with 12
Primex 13 cameras. 50 markers are attached to the human body to reconstruct the human skeleton.
We summarize the detailed modality information in Table 2.

3.2 Node-wise modality deployment

As illustrated in Figure 2(a), the overall configuration consists of five customized nodes, with specific
available modalities provided in the corresponding table. Node-1 is positioned to face participants
directly and integrates the most modalities on a single mini-PC platform. The remaining nodes share a
similar hardware architecture but are equipped with different sets of modalities. Following the typical
data collection procedure for Wi-Fi sensing [84], we arrange four Wi-Fi receivers in a rectangular
configuration. Notably, one Wi-Fi receiver (receiver 4) is deliberately obstructed using a 3 cm-thick
wooden board, blocking its direct path to the Wi-Fi transmitter and creating a Non-Line-Of-Sight
(NLOS) condition. Furthermore, we attach three reflective markers to each node (labeled Node-1–5).
These markers are tracked by the motion-capture system to obtain the precise locations of the nodes.

3.3 Time synchronization

To ensure temporal alignment across all nodes and modalities during data collection, we utilize a
synchronization mechanism based on the Network Time Protocol (NTP). A master mini-PC serves
as the central NTP server, distributing a global timestamp reference for all nodes. Each modality
independently aligns its local time with this shared reference, ensuring temporal consistency across
data streams. However, constantly sending synchronization signals would strain the network resources
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Evaluation results

Human Activity Recognition (HAR): 62 daily activities across five categories (body-only, human–object, human–computer,
human–human, medical), class-balanced.
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Evaluation results (cont.)

Human Pose Estimation (HPE): Multi-view, multi-modal data with motion-capture ground truth (3D skeletons) enabling
precise cross-view/cross-sensor training and evaluation on both structured aerobics and freestyle sequences.
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Visualization of human pose estimation

Ground truth skeletons: Predicted skeletons:
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