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Overview

Native spherical sensing + Spherical gradient feature 

improves wide-FOV depth estimation.



Motivation: Modality Misalignment 

Why ordinary fisheye pipelines are not ideal for spherical data

Problem

• Robots, drones and AR devices need 

compact wide FOV depth perception.

• Fisheye projection maps a sphere to a 

plane, creating severe barrel distortion.

• Planar CNNs and Transformers learn on 

geometry that is misaligned with the sensor.

Goal: align the imaging geometry, 
network representation, and 

learning objective.
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Key Idea 1: Native Spherical Sensing 

From ommatidia to a hemispherical image

Spherical Compound Eye Structure

• Ommatidia are arranged on a hemispherical surface.

• Each ommatidium comprises a lens and a single-pixel 

photosensor, with optical isolation between adjacent 

units to eliminate cross-talk. 

• Every ommatidium integrates light over its own FOV 

into one value (intensity).

• All ommatidial measurements form a hemispherical 

image rather than a planar image.
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Key Idea 2: Depth-Sensitive Gradient Features

Depth Cues

• When the ommatidial FOV α is larger than the 

angular spacing β, adjacent ommatidia overlap.

• At different depths, an object edge contributes 

differently to neighboring ommatidia.

• The inter-ommatidial intensity difference ΔI(d)

decreases as depth increases.



Depth-Gradient Formal Model

Adjacent ommatidia act as a single-pixel stereo analogue, where ΔI(d) replaces conventional disparity.

ΔI(d) decreases as depth increases.



Overlapping FOVs create the depth-sensitive gradient features.

Simulation and Prototype Validation



SCE-Depth Framework



Visualization of the SGFE

SGFE Effectiveness

• SCE gradient maps exhibit clear attenuation as 

depth increases.

• Fisheye gradient maps remain nearly depth-

invariant under the same Sobel operator.

• This confirms that SGFE captures depth-sensitive 

cues specific to SCE imaging geometry.



Datasets

CompoundDepth and paired fisheye data under identical scenes

CompoundDepth Datasets

20,609
individual ommatidia per SCE image

5,456
spherical image-depth samples

4 FOVs
α = 1°, 3°, 5°, 7°



SCE-Depth Design Choices

α = 3°
best clarity–depth trade-off

Sobel
best gradient operator

Both the sensor representation and gradient operators matter

Table 1: Comparison of different ommatidial FOV.

Table 2: Comparison of different gradient operators.



Quantitative Results

SCE-Depth achieves the best depth accuracy on CompoundDepth.

Table 3: Depth estimation performance on FisheyeDepth and CompoundDepth datasets.



Qualitative Results

Sharper geometry and better edge/detail recovery



Omnidirectional Consistency

Native spherical imaging avoids fisheye distortion-induced errors

Quantitative Results Qualitative Results



Generalization and Ablation

Table 5: Ablation study.

Table 4: Depth estimation performance on SynWoodScape and Stanford2D3D datasets.
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