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PROBLEM STATEMENT
Depth images from RGB-D cameras:

• Noisy
• No fine details
• Missing areas

Goal: Improve the quality of depths

CONTRIBUTIONS
• Propose a novel RGB ratio model to re-

solve the nonlinearity and achieve similar
accuracy to the previous methods.

• Introduce a robust multi-light method
which outperforms the state-of-the-art ap-
proaches without any regularization term.

• First depth super-resolution method based
on photometric stereo.

REFLECTANCE MODEL
Lambertian Reflectance Model
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l: light direction, n: surface normal.
1st-order Spherical Harmonics (SH)
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ϕ: ambient light parameter. SH model ac-
counts for 87.5% real-world illumination.
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Our goal is to acquire z from the SH model.

OVERALL ENERGY
E(s, ρ, z) = Edata(z) +Eshading(s, ρ, z) +Eregu

• Edata(z) = λz‖z − z0‖22 depth data term

• Eshading(s, ρ, z) varies from methods

• Eregu regularization imposed on ρ or z

I ρ I/(s>ñ) Fusion [2] Ratio model
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RGBD-FUSION LIKE METHOD
Modification of RGBD-Fusion method [2].
Eshading = ‖I − ρ s>ñ‖22
Eregu = λρ‖

∑
k∈N ωk(ρ− ρk)‖22 + λl‖∆z‖22

Input depth [3] Pre-processing Refined depth

RGB RATIO MODEL
Red and Green channel:

IR − ρRϕR
IG − ρGϕG

=
ρRl

>
Rn

ρGl>Gn

Nonlinearity has been resolved.

ρG(IR − ρRϕR)l>Gn− ρR(IG − ρGϕG)l>Rn = 0

ρB(IG − ρGϕG)l>Bn− ρG(IB − ρBϕB)l>Gn = 0

ρR(IB − ρBϕB)l>Rn− ρB(IR − ρRϕR)l>Bn = 0

⇒ R(ρ, z) = 0 (RGB ratio model)

Eshading = ‖R(ρ, z)‖22
Eregu = λρ‖ω∇ρ‖22

* We add active lights
to emphasize the differ-
ence among 3 channels
of color images.

MULTI-LIGHT METHOD

Assuming n illumination conditions

Eshading =
∑n
i ‖I − ρ s>i ñ‖22

Erequ = 0

Depth Super-resolution

ASUS Xtion Pro Live can provide:
• 1280× 960 RGB image (after cropping)
• 640× 480 depth image

Goal: 1280× 960 high-quality depth image

Edata(z) = λz‖Kz − z0‖22
K: downsampling operator.

RESULTS
Synthetic Data

RMSE 3.33, MAE 16.30

Simple RGB Pattern Complicated Pattern
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RMSE 3.35, MAE 17.59 RMSE 3.35, MAE 23.48 RMSE 3.39, MAE 35.30
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RMSE 2.87, MAE 17.22 RMSE 2.88, MAE 17.73 RMSE 2.89, MAE 19.64
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RMSE 1.94, MAE 5.06 RMSE 2.91, MAE 17.59 RMSE 3.10, MAE 21.22
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RMSE 2.32, MAE 3.87 RMSE 1.58, MAE 1.73 RMSE 1.84, MAE 2.68

RMSE: root mean square error (in mm)
MAE: mean angular error (in degree◦)

Real Data

RGB Image Input Depth RGBD-Fusion [2] Multi-Light Method
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