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Obtaining multimodal heterogeneous data related to and complementary for gaze direction estimation, wherein
the multimodal heterogeneous data comprises visual appearance data, geometric direction information and
spatial positioning coordinates
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Extracting visual features from the visual appearance data based on depthwise separable convolution and
squeeze-and-excitation modules
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Projecting the visual features, the geometric direction information, and the spatial positioning coordinates into a
common vector space
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Constructing a graph structure, wherein the graph structure comprises a plurality of nodes representing the
multimodal heterogeneous data or features corresponding to the multimodal heterogeneous data

Processing the constructed graph using a multi-head attention graph neural network having a two-layer
architecture to obtain graph-level features, wherein a first layer of the two-layer architecture expands
dimensionality of node features, and a second layer of the two-layer architecture reduces dimensionality of the
expanded dimension
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Aggregating the graph-level features and fusing the aggregated graph-level features with the visual features, the
geometric direction information, and the spatial positioning coordinates
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Performing gaze estimation prediction based on the fused features using a fully connected layer
v
Converting the gaze estimation prediction into a normalized three-dimensional gaze vector based on coordinate L~ S8
conversion
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Figure 4

2/9




Receive predicted gaze pitch and yaw
angles from regression module
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Convert spherical coordinates to Cartesian
using trigonometric transformation
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length
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Input Node Embeddings
(Face, Left & Right Eye, Head
Rotation, Eye Positions )

Fully Connected Graph Construction
- 6 Nodes
- Static Topology (all-to-all)
- Learnable Edge Weights

Multi-Head Attention Mechanism
- Linear transform of source/target features
- Attention score computation with learnable
parameters
- Parallel attention heads

Attention Coefficient Normalization (per node)
- Exponential scaling of scores
- Softmax across neighbors
- Ensures weighted influence of each connected node

v

Node Feature Aggregation (per node)
- Weighted sum of neighbor features
- Non-linear transformation applied
- Output retains original node dimensionality

Multi-Head Attention Processing
- Multiple parallel attention heads
- Independent parameter sets per head
- Aggregated via concatenation

Two-Layer Graph Reasoning Block
[Layer 1] - Node features — Intermediate
[Layer 2] - Intermediate — Output Embedding
- Both layers apply full attention mechanism
- Enables hierarchical feature refinement
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(
Graph-Level Feature Generation
- All six updated node embeddings
- Flattened and concatenated into a single vector
- Produces structured graph representation
\_ J
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LightGazeNet Deployment System
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