Tunable Color Correction Between Linear and Polynomial Models For Noisy Images
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Introduction: Color correction for noisy images

Tune the color correction matrix between

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

qQrcc = MicePrcc qpcc = Mpcc Ppcc

Color correction process

T T
PrLcc = [1' Pr» pg' pb] Pprcc — [1' Pr» pg' Pb, prg' pgb' Pbr, Pr2, pgzi pbz]

p;: Camera RGB value

Step 1: Train color correction matrix

Use high-order terms (Our focus is 2"9-order PCC)

Least-squares regression

Color correction
matrix M

: 2 . .
arg min||Q; — MP.||5 Color correction error analysis
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Step 2: Apply color correction matrix : RGB P & Q' = MP 1 RGB Q
| LCC (A = 0) /1_10><10—4 A=20x10"3 A1=4.0x%x10"7 PCC (1 — o)
Noise-free Apply the matrix | Ground-truth Color bias
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Noisy case Apply the matrix Noise is :
(Our focus) C " RGB P! Ci=MP; C | 3 amplified l Calculate variance Noise variance LCC (A = 0) A=10x10"* =20x107% A1=4.0x%x10"2 PCC (A — o)
amera DT ¢ | Noise standard deviation
Proposed tunable color correction (TCC) Experimental results Numerical comparison: Average RMSE
Cost function of training matrix Element-wise product ~ Key properties of TCC Optimized matrix of TCC Setups (Training data — Test data)
1 l llm M(/‘D [M ‘ O] M — M(i) Training data: SG chart (96 patches) SG chart - SG chart SG chart - Hyperspectral
/i _ : 2 2 — lcc TCC
M(A) = arg m]l/lln HQt — MPtHF T z |W o MHF A0 5 ot Test data: SG chart (96 patches) 0 LCC | PeC | T6L | LeC | PCC | TEC
A )Pm M(,‘{) — : Optimized tuning Hyperspectral images (30 scenes) 3] 0 6.37 4.81 4.81 11.30  10.65  10.65
Data term Constraint term —00 parameter value Numination: CIE A 2 9.91 9.24 9.17 13.61  13.24  13.29
______ e 4 1645 1649 1613 | 1891  19.00  18.83
.. . Camera sensitivity: Olympus E-PL2 [4] 6 23.62 2417  23.41 | 2540 @ 2592  25.32
Data term . Optimize tuning parameter value : 3.00 3199 3081 | 3237 3330  32.25
0 MP 4R ‘ Iy 1 pr PG PB PrG PGB PBR PR PG PB Find the optimal parameter value in terms of RMSE 10 3843 3988 3823 | 3957 1094 39.44
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4B ol Visual comparison for hyperspectral images: TCC can balance the trade-off
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Color bias

A = arg m/lin MSE (A1)

= arg m/lin((color bias)? + (noise variance))

RMSE

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