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This supplementary document outlines the implementation de-
tails of the layer-based defocus rendering algorithm and presents
additional results of our method.

1. Implementation details of layer-based defocus rendering
algorithm

Algorithm 1 Layer-based defocus rendering algorithm.
Input: Stylized image I with estimated blur map B, optimal maxi-

mum filter size K, and the range of blur magnitude [bmin,bmax]
in the blur map.

Output: Stylized image Ib with defocus blur
1: t = (bmax−bmin)/(K +1)
2: for l← 0 to K do
3: Ml = (B≥ (bmin + l · t))∧ (B≤ (bmin +(l +1) · t))
4: Il = Ml⊙ I
5: Bl = Ml⊙B
6: bl = Mean(Bl)
7: end for
8: bmin = b0

9: bmax = bK

10: Is = [0]
11: Ms = [0]
12: for l← 0 to K do
13: rl = K · (bl−bmin)/(bmax−bmin)
14: Ml

b = Ml ∗G(rl)

15: Il
b = Il ∗G(rl)

16: Ms = Ms⊙ (1−Ml
b)+Ml

b
17: Is = Is⊙ (1−Ml

b)+ Il
b

18: end for
19: Ib = Is⊘Ms

The step-by-step procedure of our layer-based defocus rendering
is outlined in Algorithm 1. The algorithm takes as input a stylized
image I generated by a style transfer method, the estimated blur
map B, and the optimal maximum filter size K predicted from the
kernel mapping network. In addition, the minimum and maximum
blur magnitudes, bmin and bmax, are derived from the blur map and
provided as inputs to the algorithm.

In our formulation, given a maximum filter size K, the blur map
is quantized into K +1 discrete blur levels, where each level corre-
sponds to a blur magnitude interval of t = (bmax− bmin)/(K + 1).
Each pixel in the content image is then assigned to one of these
blur levels based on its blur magnitude in the blur map. Every blur
level is associated with a Gaussian filter of size ranging from 0 to
K, reflecting the corresponding degree of blur. Collectively, these
K +1 filters constitute the Gaussian filter bank.

Next, in lines 2-7, we construct per-level data for each blur level.
For a given level l, a level mask Ml is generated by identifying
all pixels associated with that specific blur level, that is, whose blur
magnitudes lie within the interval [bmin + l · t,bmin +(l +1) · t]. Us-
ing this mask, we obtain the partial stylized image Il , which con-
tains only the pixels of that level, through Hadamard multiplica-
tion: Il = Ml ⊙ I. We also compute the average blur magnitude bl

for each level. After all levels are processed, the average blur mag-
nitudes at the minimum (level 0) and maximum (level K) levels are
denoted as bmin and bmax, respectively.

Lines 12-18 implement the layer-based defocus rendering, pro-
gressing from the lowest to the highest blur level. Two accumu-
lation buffers, Ms and Is, are maintained to store the progressively
blurred mask and image, respectively. For each level l, the Gaussian
filter size rl is computed as rl = K ·(bl−bmin)/(bmax−bmin). This
guarantees that the minimum blur level is assigned a filter radius of
zero, while the maximum blur level is assigned the maximum filter
radius K. A Gaussian filter with this size is then applied to both
the level mask Ml and the partial corresponding stylized image Il ,
producing blurred outputs Ml

b and Il
b. These are then accumulated

into Ms and Is, restricted to pixels where the mask is nonzero. This
strategy prevents out-of-focus regions from bleeding into in-focus
areas, thereby mitigating blur clipping. After processing all levels,
the final stylized image with defocus blur, Ib, is obtained by nor-
malizing Is with Ms.

2. Additional results

Figure 1-6 present additional results of applying our method
to various existing style transfer techniques, including aesthetic-
aware [HJL∗20] (Figure 1), depth-aware [IM22] (Figure 2 and 3),
attention-aware [ZXW∗24] (Figure 4 and 5), and brushstroke-

submitted to COMPUTER GRAPHICS Forum (12/2025).

https://orcid.org/0009-0001-2847-553X
https://orcid.org/0000-0003-3848-594X


2 of 8 H.-Y. Wang & Y.-T. Wu / Supplementary Material forPreserving Photographic Defocus in Stylised Image Synthesis

based [KWHO21] (Figure 6) approaches. Across all cases, our
method effectively preserves the defocus effects from the origi-
nal content images in the stylized outputs and consistently achieves
lower perceptual error (LPIPS).
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contentstyle/blur map Hu et al. ours Hu et al. ours

LPIPS: 0.6096 LPIPS: 0.4734

LPIPS: 0.5862 LPIPS: 0.4918

LPIPS: 0.7586 LPIPS: 0.5929

LPIPS: 0.7036 LPIPS: 0.5978

LPIPS: 0.6649 LPIPS: 0.6056

LPIPS: 0.7608 LPIPS: 0.5026

Figure 1: Additional results using our method with the aesthetic-aware style transfer approach [HJL∗20]. The first column shows the texture
(top left) and color (top right) style reference images, together with the blur map (bottom) estimated from the content image in the second
column. Columns three and four present the stylized output of Hu et al. [HJL∗20] and our enhanced result, respectively. The final two
columns display the corresponding LPIPS scores and their visualizations.
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contentstyle/blur map Ioannou and Maddock ours Ioannou and Maddock ours

LPIPS: 0.4868 LPIPS: 0.3818

LPIPS: 0.6422 LPIPS: 0.3521

LPIPS: 0.5189 LPIPS: 0.3916

LPIPS: 0.5893 LPIPS: 0.4700

LPIPS: 0.6777 LPIPS: 0.5517

LPIPS: 0.5277 LPIPS: 0.4834

Figure 2: Additional results using our method with the depth-aware style transfer approach [IM22]. The first column shows the style image
(top) alongside the blur map (bottom), estimated from the content image in the second column. Columns three and four present the stylized
output of Ioannou and Maddock [IM22] and our enhanced result, respectively. The final two columns display the corresponding LPIPS scores
and their visualizations.
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contentstyle/blur map Ioannou and Maddock ours Ioannou and Maddock ours

LPIPS: 0.6968 LPIPS: 0.4751

LPIPS: 0.4842 LPIPS: 0.3882

LPIPS: 0.5932 LPIPS: 0.5664

LPIPS: 0.7157 LPIPS: 0.5257

LPIPS: 0.7532 LPIPS: 0.5653

LPIPS: 0.6504 LPIPS: 0.4518

Figure 3: Additional results using our method with the depth-aware style transfer approach [IM22]. The first column shows the style image
(top) alongside the blur map (bottom), estimated from the content image in the second column. Columns three and four present the stylized
output of Ioannou and Maddock [IM22] and our enhanced result, respectively. The final two columns display the corresponding LPIPS scores
and their visualizations.
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contentstyle/blur map Zhang et al. ours Zhang et al. ours

LPIPS: 0.5044 LPIPS: 0.3796

LPIPS: 5270 LPIPS: 0.4078

LPIPS: 0.6133 LPIPS: 0.4605

LPIPS: 0.5649 LPIPS: 0.4388

LPIPS: 0.7112 LPIPS: 0.5202

LPIPS: 0.5874 LPIPS: 0.4053

Figure 4: Additional results using our method with the attention-aware style transfer approach [ZXW∗24]. The first column shows the style
image (top) alongside the blur map (bottom), estimated from the content image in the second column. Columns three and four present the
stylized output of Zhang et al. [ZXW∗24] and our enhanced result, respectively. The final two columns display the corresponding LPIPS
scores and their visualizations.
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LPIPS: 0.7667 LPIPS: 0.5530

contentstyle/blur map Zhang et al. ours Zhang et al. ours

LPIPS: 0.4062 LPIPS: 0.3153

LPIPS: 0.6320 LPIPS: 0.5711

LPIPS: 0.6010 LPIPS: 0.5031

LPIPS: 0.5686 LPIPS: 0.4539

LPIPS: 0.7528 LPIPS: 0.6973

Figure 5: Additional results using our method with the attention-aware style transfer approach [ZXW∗24]. The first column shows the style
image (top) alongside the blur map (bottom), estimated from the content image in the second column. Columns three and four present the
stylized output of Zhang et al. [ZXW∗24] and our enhanced result, respectively. The final two columns display the corresponding LPIPS
scores and their visualizations.
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contentstyle/blur map Kotovenko et al. ours Kotovenko et al. ours

LPIPS: 0.7132 LPIPS: 0.5996

LPIPS: 0.7114 LPIPS: 0.5477

LPIPS: 0.7894 LPIPS: 0.6593

LPIPS: 0.7776 LPIPS: 0.6551

LPIPS: 0.7768 LPIPS: 0.6855

LPIPS: 0.7272 LPIPS: 0.6374

Figure 6: Additional results using our method with the brushstroke-based style transfer approach [KWHO21]. The first column shows the
style image (top) alongside the blur map (bottom), estimated from the content image in the second column. Columns three and four present
the stylized output of Kotovenko et al. [KWHO21] and our enhanced result, respectively. The final two columns display the corresponding
LPIPS scores and their visualizations.
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