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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
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Take profit of light changes
To get dense, real-scale reconstructions 

from monocular sequences.

Our main goal:
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General photometric model
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Simplification: light at optical center
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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

8

Monocular
image

Dense depth
map [cm]

Photometric error

Smoothness 
regularisation

Allow
discontinuities

[A. Rau (2022)]

Optimisation

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



EXPERIMENTAL RESULTS



Simulated colon dataset

Synthetic
image

[A. Rau (2022)]
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[24] A. Rau et al. (2022) Bimodal camera pose prediction for endoscopy.
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Simulated colon dataset

11

Synthetic
image

[A. Rau (2022)]



Simulated colon dataset
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Real colon dataset

13

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

(a) Input frame



Real colon dataset
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(a) Input frame (b) Estimated depth (c) Estimated normals

(d) Cross-section along black line
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[25] Azagra, P et al. (2022). 
EndoMapper dataset of 
complete calibrated 
endoscopy procedures.

3D reconstruction 

(1) We can reconstruct the 3D scene’s real-scale  
     from monocular images. 
          when surface BRDF and   
          camera gain are known.

(2) Depth estimation with 7% error (3 mm).


