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Introduction: Color correction for noisy images
Color correction process
Step 1: Train color correction matrix
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Training color samples

sRGB 𝑸𝑡

Least-squares regression
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Color correction 
matrix 𝑴

Step 2: Apply color correction matrix

Noise-free 
case

Camera RGB 𝑷𝑖

Apply the matrix
𝑸𝑖 = 𝑴𝑷𝑖

Corrected RGB 𝑸𝑖

Noisy case
(Our focus)

Camera RGB 𝑷𝑖
′

Apply the matrix
𝑸′𝑖 = 𝑴𝑷𝑖

′

Corrected RGB 𝑸′𝑖

Noise is
amplified

Linear color correction (LCC) [1]

𝒑𝐿𝐶𝐶 = 1, 𝑝𝑟 , 𝑝𝑔, 𝑝𝑏
𝑇

𝒒𝐿𝐶𝐶 = 𝑴𝐿𝐶𝐶𝒑𝐿𝐶𝐶

Polynomial color correction (PCC) [2]

𝒑𝑃𝐶𝐶 = 1, 𝑝𝑟 , 𝑝𝑔, 𝑝𝑏 , 𝑝𝑟𝑔, 𝑝𝑔𝑏 , 𝑝𝑏𝑟 , 𝑝𝑟2 , 𝑝𝑔2 , 𝑝𝑏2
𝑇

𝒒𝑃𝐶𝐶 = 𝑴𝑃𝐶𝐶 𝒑𝑃𝐶𝐶

Use high-order terms (Our focus is 2nd-order PCC)𝒑𝑖: 𝐶𝑎𝑚𝑒𝑟𝑎 𝑅𝐺𝐵 𝑣𝑎𝑙𝑢𝑒

Color bias
LCC (𝜆 = 0) PCC (𝜆 → ∞)

SmallLarge

𝜆 = 1.0 × 10−4 𝜆 = 2.0 × 10−3 𝜆 = 4.0 × 10−2

LCC (𝜆 = 0) PCC (𝜆 → ∞)𝜆 = 1.0 × 10−4 𝜆 = 2.0 × 10−3 𝜆 = 4.0 × 10−2

Noise standard deviation
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Color correction error analysis 
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Ground-truth
sRGB

Calculate variance
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RGB 𝑸′
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Proposed tunable color correction (TCC)

Tune the color correction matrix between 

LCC and PCC models and optimize the 
balance of the trade-off.

Proposed tunable color correction (TCC)
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Data term Constraint term
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෡𝑴 𝜆 = 𝑴𝑙𝑐𝑐 | 𝟎
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෡𝑴 𝜆 = 𝑴𝑝𝑐𝑐

Element-wise productCost function of training matrix Key properties of TCC Optimized matrix of TCC

𝑴𝑇𝐶𝐶 = ෡𝑴 መ𝜆

መ𝜆 ∶ 𝑂𝑝𝑡𝑖𝑚𝑖𝑧𝑒𝑑 𝑡𝑢𝑛𝑖𝑛𝑔
𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑣𝑎𝑙𝑢𝑒

𝑸𝑡 −𝑴𝑷𝒕 =

𝑞𝑅
𝑞𝐺
𝑞𝐵

⋯⋯ −𝑴3×10

1 𝑝𝑅 𝑝𝐺 𝑝𝐵 𝑝𝑅𝐺 𝑝𝐺𝐵 𝑝𝐵𝑅 𝑝𝑅
2 𝑝𝐺

2 𝑝𝐵
2

⋮
⋮

𝑇
Data term

0 0 0 0 1 1 1 1 1 1
0 0 0 0 1 1 1 1 1 1
0 0 0 0 1 1 1 1 1 1

1 𝑚1,𝑅 𝑚1,𝐺 𝑚1,𝐵 𝑚1,𝑅𝐺 𝑚1,𝐺𝐵 𝑚1,𝐵𝑅 𝑚1,𝑅2 𝑚1,𝐺2 𝑚1,𝐵2

1 𝑚2,𝑅 𝑚2,𝐺 𝑚2,𝐵 𝑚2,𝑅𝐺 𝑚2,𝐺𝐵 𝑚2,𝐵𝑅 𝑚2,𝑅2 𝑚2,𝐺2 𝑚2,𝐵2

1 𝑚3,𝑅 𝑚3,𝐺 𝑚3,𝐵 𝑚3,𝑅𝐺 𝑚3,𝐺𝐵 𝑚3,𝐵𝑅 𝑚3,𝑅2 𝑚3,𝐺2 𝑚3,𝐵2

𝑾 ∘𝑴 = ∘

Constraint term: Constraint on the 2nd-order terms of the matrix 𝑴.

Simulation results with different parameter values for SG chart 
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Optimize tuning parameter value

RMSE

LCC PCC
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𝑐𝑜𝑙𝑜𝑟 𝑏𝑖𝑎𝑠 2 + 𝑛𝑜𝑖𝑠𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒

Find the optimal parameter value in terms of RMSE

The optimal value is calculated based on the MSE calculation 
model we derived (see the paper for details).

Camera RGB 𝑷𝑡

Training color samples

sRGB 𝑸𝑡

Estimation based on 
MSE calculation model

መ𝜆

𝑴 𝜆 Noise level

Experimental results

Setups
Training data: SG chart (96 patches)
Test data: SG chart (96 patches)

Hyperspectral images (30 scenes) [3]

Illumination: CIE A
Camera sensitivity: Olympus E-PL2 [4]

σ LCC PCC TCC LCC PCC TCC

0 6.37 4.81 4.81 11.30 10.65 10.65

2 9.91 9.24 9.17 13.61 13.24 13.29

4 16.45 16.49 16.13 18.91 19.00 18.83

6 23.62 24.17 23.41 25.40 25.92 25.32

8 31.00 31.99 30.81 32.37 33.30 32.25

10 38.43 39.88 38.23 39.57 40.94 39.44

SG chart - HyperspectralSG chart - SG chart

Numerical comparison: Average RMSE

(Training data – Test data)

Visual comparison for hyperspectral images:

RMSE map (𝜎 = 2)
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