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VIO is the backbone for immersive AR experiences. 
Robust and fast initialization of VIO is critical to user 

experience but challenging in real-world scenarios.

Ideal Initialization
● High visual parallax
● Rich texture environment
● Sufficient motion

Real Initialization
● Low visual parallax due to 

small camera baseline
● Textureless environments
● Insufficient motion

Learned Monocular Depth

Lightweight Mono-depth model

Key Insight: Landmarks have large uncertainty in low 
parallax scenarios. Learned monocular depth priors are 
incorporated to significantly reduce landmark uncertainty in 
such challenging cases.

Model yields up to scale(a) and shift(b) inverse depth(d)

Metric inverse depth = ad + b

Methodology Qualitative Results

Key Idea: Depth observations at the same keyframe are 
constrained by scale and shift.

Transform feature depth 
from its base frame i to 
depth observed frame k 

Scaled and shifted 
predicted inverse 
depth at frame k

Keyframes

Edge-aware Residual Weighting
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Outlier Rejection
Cross-frame depth inconsistency check given posed keyframes.
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Quantitative Evaluation
Exhaustive Initialization Benchmark
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Split EuRoC dataset evenly into small pieces for exhaustive 
initialization attempts for different methods.
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