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Figure 2 

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

Extracting visual features from the visual appearance data based on depthwise separable convolution and 
squeeze-and-excitation modules

Projecting the visual features, the geometric direction information, and the spatial positioning coordinates into a 
common vector space

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

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

Performing gaze estimation prediction based on the fused features using a fully connected layer

Converting the gaze estimation prediction into a normalized three-dimensional gaze vector based on coordinate 
conversion
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Figure 4 

Initialize subject-specific 6-dimensional 
calibration embedding vector

Collect minimal calibrationsamples from 
target subject

Update only calibration embeddings and 
final FC layer parameters

Request additional calibration samples 
from subject

Validate calibration performance on test 
samples

Deploy personalized gaze estimation 
model for target subject

Are sufficient
calibration samples

available?

NoYes

Aggregate neighbor features using 
weighted attention coefficients

Is this the first GNN
layer?

Apply LeakyReLU activation and softmax 
normalization to attention scores

Compute attention coefficients for all 
node pairs using linear projections

Initialize six graph nodeswith projected 
feature embeddings

Reduce node features to 32 dimensionsExpand node features to 256 dimensions

Flatten and concatenate all node features 
into unified representation

Apply second layer GNN processing

Output final graph-level feature vector for 
fusion

NoYes
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Figure 6 

Build rotation matrix from orthonormal 
basis vectors

Is camera coordinate 
transformation required?

Construct orthonormal coordinate frame 
using cross-products

Normalize resulting 3D vector to unit 
length

Convert spherical coordinates to Cartesian 
using trigonometric transformation

Output gaze vector in original coordinate 
system

Transform gaze vector into camera 
coordinates using rotation matrix

Generate parametric ray with 3D eye 
center as origin

NoYes

Receive predicted gaze pitch and yaw 
angles from regression module
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