
• Determine a predicted value ො𝑥 for each pixel 𝑥

• Compute the prediction error:
𝑒 = 𝑥 − ො𝑥

• Select two host prediction errors:
𝑙 = −1 𝑟 = 0

• Insert a data bit 𝑏 ∈ {0; 1} into each pixel with the selected
errors:

𝑥′ =

𝑥 − 𝑏, if 𝑒 = −1
𝑥 + 𝑏, if 𝑒 = 0
𝑥 − 1, if 𝑒 < −1
𝑥 + 1, if 𝑒 > 0
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Eliminate the complex coding of 2D-RDH for embedding
log23 bits/pair without any loss in performance.

PE-HS based RDH

ො𝑥 =
143 + 145 + 130 + 142

4
= 140

• Determine the prediction values ො𝑥 and errors 𝑒;

• Group the pixels into pairs:

Classic fixed pairs Adaptive Pairs

• Insert the hidden data into each pair:

𝑥′, 𝑝′ =

𝑥, 𝑝 + 𝑠𝑥𝑏1, 𝑠𝑝𝑏2 , if 𝑒𝑥 ∈ −1,0 and 𝑒𝑝 ∈ −1,0

(𝑥, 𝑝) + (𝑠𝑥𝑏𝑖 , 𝑠𝑝𝑏𝑖), if 𝑒𝑥 ∈ −2,1 and 𝑒𝑝 ∈ −2,1

𝑥, 𝑝 + 𝑠𝑥𝑏𝑖 , 𝑠𝑝 , if 𝑒𝑥 ∈ −1,0 and 𝑒𝑝 ∈ −2,1

𝑥, 𝑝 + 𝑠𝑥, 𝑠𝑝𝑏2 , if 𝑒𝑥 ∈ −2,1 and 𝑒𝑝 ∈ −1,0

where: 𝑠𝑥 = ቊ
−1, 𝑒𝑥 < 0
1, 𝑒𝑥 ≥ 0

𝑠𝑝 = ൝
−1, 𝑒𝑝 < 0

1, 𝑒𝑝 ≥ 0

(𝑏1, 𝑏2) ∈ 0,0 ; 0,1 ; 1,0 and 𝑏𝑖 ∈ {0; 1}

Pairwise RDH

2 3

1

Replace the three symbol based equation with one based on
the 𝑏1, 𝑏2 bits.

• If 𝑒𝑥 , 𝑒𝑝 ∈ { 0,0 ; (−1,0)}, then insert two bits of data:

𝑥′, 𝑝′ =

𝑥, 𝑝 , if 𝑏1, 𝑏2 = (0,0)

𝑥, 𝑝 + (0, 𝑠𝑝), if 𝑏1, 𝑏2 = (0,1)

𝑥, 𝑝 + (𝑠𝑥, 0), if 𝑏1, 𝑏2 = (1,0)

𝑥, 𝑝 + (0,−𝑠𝑝), if 𝑏1, 𝑏2 = (1,1)

• If 𝑒𝑥 , 𝑒𝑝 ∈ { −1,0 ; (−1,−1)}, then insert one bit of data:

𝑥′, 𝑝′ = ൝
𝑥, 𝑝 + 0, 𝑠𝑝 , if 𝑏 = 0

𝑥, 𝑝 + 𝑠𝑥, 0 , if 𝑏 = 1

• Otherwise use the classic pairwise equations.

Experimental Results

Conclusions

✓ Low complexity & high-fidelity 2D-RDH;

✓ Embeds either 1 or 2 bits per pair;

✓ Slight gain in embedding capacity;

✓ Appropriate for most 2D-RDH approaches.
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Embeds log23 bits/pair into 4 bins
of the 2D histogram

Embeds 2 bits/pair into the most
populated 2 bins


