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Mapping pupil-based gaze vectors into three-dimensional world coordinate system for evaluating eye-hand 
coordination during naturalistic object manipulation.
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Our findings validate the integration of eye-tracking and motion-capture data
for precise spatial localization. The consistency of results across various tasks
confirms that this methodology effectively bridges the gap between raw gaze
vectors and meaningful 3D behavioural metrics, for advanced studies in
naturalistic eye-hand coordination.
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Accurate assessment of eye-hand coordination in natural settings is
essential for understanding the complexities of human visuomotor
behavior.

Shared timing references to align data 
streams without temporal offset

Temporal Spatial

Mapping both datasets into the same 
3D world coordinate system

Gap: Current research is hindered by a lack of robust methods for 
effectively mapping gaze data into three-dimensional world space[1].

This study evaluates a dual-stage synchronization framework[3] for eye-
tracking and motion capture to support the investigation of eye-hand
coordination during object manipulation.

Methods

Figure 4: Difference 
between the length 
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Sample Size 7 (3 Females / 4 Males)

Age 29.0±3.8 years

Spherical equivalent 
refraction

Right eye (OD): -1.25±0.77 D
Left eye (OS): -1.25±0.79 D

Eye-tracking and motion capture are powerful tools but typically used
independently. Combining them requires solving two synchronization
challenges[2]:

Study Population
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Experimental Paradigm

Spatial Synchronization Gaze coordinates → 3D world coordinates
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Linear Error Across Tasks

Angular Error Across Tasks

Task Angular (deg)

Task 1 1.8 ± 0.6°

Task 2 1.7 ± 0.7°

Task 3 2.1 ± 1.3°

Task 4 1.6 ± 0.9°

Task 5 4.3 ± 5.9°

Task 6 3.2 ± 1.5°

Task Linear (mm)

Task 1 40.3 ± 12.7 mm

Task 2 24.0 ± 18.4 mm

Task 3 40.3 ± 18.1 mm

Task 4 23.5 ± 19.9 mm

Task 5 50.6 ± 66.6 mm

Task 6 54.4 ± 25.4 mm

Figure 5: The 2 graphs In the top and bottom represent Linear and 
Angular error respectively across all tasks for all participants.

Figure 2: 3D 
representation of the 

output gaze vector 
intersecting with the 

table surface

Temporal Synchronization Aligning internal clocks between systems

Experimental Setup

Figure 1: Schematic representation of experimental setup
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