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Reconstruction
Outside vs. Inside the human body
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Inside

• Monocular images

Outside

• Stereo images

[KITTI (2013)] [EndoMapper (2022)]

⚠ Scale problem

[26] A. Geiger et al. (2013). Vision meets Robotics: The KITTI Dataset.
[25] P. Azagra et al. (2022). EndoMapper dataset of complete calibrated endoscopy procedures.



Reconstruction
Outside vs. Inside the human body
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Inside

• Monocular images

• Lighting changes with 
camera movement

Outside

• Stereo images

• Constant static 
ambient light

[KITTI (2013)] [EndoMapper (2022)]

⚠ Scale problemPreviously, lighting changes were dismissed…

● Assuming constant illumination

● Using invariant feature points



General photometric model
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[25] P. Azagra et al. (2022). EndoMapper dataset of  
complete calibrated endoscopy procedures.

Endoscope calibration

Prediction error [grey levels]
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Depth estimation
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[A. Rau (2022)]

Optimisation

[10] R. A. Newcombe et al. (2011) DTAM: Dense Tracking and Mapping in Real-Time.
Huber loss



Real colon dataset
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[25] P. Azagra et al. (2022). EndoMapper dataset of complete calibrated endoscopy procedures.

(a) Input frame
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3D reconstruction 



LightDepth: Single-View Depth 
Self-Supervision from Illumination Decline
Javier Rodríguez-Puigvert, Víctor M. Batlle, J.M.M. Montiel, 
Ruben Martinez Cantin, Pascal Fua, Juan D. Tardós, Javier Civera



Single-view self-supervision

19

3D reconstruction



LightDepth
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① Normals from Depth ② Albedo prediction ③ Normals from highlights

Key ideas

H

S

V =1



Results inside the human colon
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Comparison

• LightDepth (TTR) is the closest to Depth GT supervision 
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LightNeus: Neural Surface Reconstruction in 
Endoscopy using Illumination Decline
Víctor M. Batlle, José M. M. Montiel, Pascal Fua, and Juan D. Tardós



What if we want…
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• A dense model
• From a whole section
• Globally optimized



What’s NeuS?
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Mildenhall et al. (2020). NeRF: Representing scenes as neural radiance fields for view synthesis.
Wang et al. (2021). NeuS: Learning neural implicit surfaces by volume rendering for multi-view reconstruction.



NeRF inside the
human colon? How?
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• Watertight surfaces.
• Co-located illumination decline.

Image of a human colon from a CT scan. 
Source: Nevit Dilmen @ Wikipedia

Key ideas



LightNeuS
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NeuS vs LightNeuS
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Partially observed regions
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Short camera 
trajectory

Unseen area
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Future work
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Make it work in real-time!

Automatic report writing
Real-time directions to

unexplored areas Full deformable model
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