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Abstract

Applying non-photorealistic rendering (NPR) to 3D Gaussian Splatting (3DGS) is challenging due to its lack of
explicit mesh geometry and inherent high-frequency noise, which degrade edge quality in direct screen-space
stylization. We propose a 3-stage real-time NPR post-processing pipeline that decouples color abstraction from
structure extraction. The method abstracts noisy 3DGS appearance into painterly surfaces using a Kuwahara filter,
suppresses splat noise via Gaussian blur-based pre-filtering, and generates stylized results by compositing Sobel-based
edges with the abstracted color image. Implemented in Unity 6 URP RenderGraph, the proposed method effectively
suppresses 3DGS artifacts while maintaining high-quality stylization and real-time performance.
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Figure 1. Overview of the proposed 3-stage real-time NPR
pipeline. The pipeline decouples color abstraction (Stage 1)
and structure extraction (Stage 2) to handle 3DGS artifacts
effectively before the final composition (Stage 3)
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Figure 2. Kernel structure of the Kuwahara filter (5% 5
window example). The filter divides the window into four

overlapping subregions to calculate the mean and variance.
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Figure 3. Qualitative results on the self-captured dataset

(Campus). The proposed pipeline effectively stylizes

real-world scenes captured with a smartphone.

-17-



(b)

Figure 4. Ablation study on Structure Extraction. (a) Edge

detection on raw 3DGS input shows severe noise artifacts.
(b) Proposed method using structure extraction generates

clean and robust edges.
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(a) Roberts

(c) Sobel (Ours)

Sobel
operator (Ours) demonstrates the best trade-off between
detail

Figure 5. Comparison of edge detection algorithms.

preservation and noise suppression compared to

Roberts and Canny.

45 53 AH HMHA

B2 G ok FHHErl olE AU FA/okR
(Zoom In/Out)sh= &4 AFoAe AdPAE FrFstadtt
(Figure 7). 3DGS: 7hd|t7l EAlo] 23 (Zoom-in) 42
223 Y] HAo] oA 5o Utk AF A, Al
3= Kuwahara e o]2idt ~ZY Alo]o] Wl FHs F

W Ager 29 Blending)sto] WA= &3S HilowH,
£ 7|8k A AEL 2~ZYo] e AIHAAME ¢

TET —=

(c)R=9

(d) R=12

Figure 6. Comparison of stylization results according to
Kuwahara filter radius (R).
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Table 1. Performance comparison. Despite the multi-pass
overhead, the proposed method maintains real-time
performance.

Resolution Method ?I",Sg f‘nrzr)ne Time
1920x1080 Raw 3DGS 220 5.0

(FHD) Ours (3-Pass) | 191 5.2

3840x2160 Raw 3DGS 131 7.6

(4K) Ours (3-Pass) | 111 9.0
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Table 2 Comparison with State-of-the-Art 3DGS Stylization Methods
Feature Ours StyleGaussian[11] ReGS[12] StylizedGS[13]
Screen-space 3D Feature Embedding & | Reference-based o
Core Method . . L Stroke-based Optimization
Post-processing Decoding Optimization
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Pre-processing None (Zero-shot) o L Required (Optimization)
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Memory Cost Very Low (Transient) High (High-dim Features) | Moderate Moderate

-20 -




g8akA 9u A4 /N P2 FE AL AYsas o
: g dplzh ok gRAE 3

A AE sl AlgkE 5 Qith

olZ|3t A= At 7ol 3x YA/JH T} screen-space
719k SA4F AHAEAE A AAE AP "l
sttt &, 2 P2 320 AskG glo] AAte s A
4 7besithe AollA A8A4e] =A%, 224 4R 5
HollX= B I3 A2 BAY E2F AS A 7}
Atk wEbx] B Ao 7o BE ARlA s NPR
siHS AlASH= dl vkl ETh 3DGSOl AHeE AAZE &
etdetol o] 7Hede A8AQ oA HoFthe
Atk

FS AFo|x= A =HE 74l reprojection®} temporal

=4 A S
view-independent diffuse A&ojv} A% HH depth map,
semantic segmentation JEE At F2 FE9 A
A= FHAZ Bo7t ok B FA FA, AL FA
3}, 29 9ot 22 %3 FEHE SA6tE toon,
painterly, illustrative ~E}dS B} thgatA Alojd 5= Sl
< Zlojth oly3t HoA B A= 44" HF ozt
715}, 3DGSo| &3t AA 7 NPR &89 71543 3

4, R
4 ge ANSE F0o B 4 9ok

accumulationg- Folal,

=
X
rr
w
@]
&
c
3.
g
[@p]
o]
=)
g
oQ
w
@)
)
2]
lo,
k
N
_L;,L
b
o,

o8 9lsf 7] screen-space 7]%} H]
AxF AT H(NPR) 719 AR AL37] Afdoe #AE

ZFAFsHColor Abstraction) @} #+% &
(Structure Extraction)2 2|3t 304 AA7F NPR ZAE
z R A4 Fholzelle Al kst
AlF 71> WA Kuwahara ZEE ©]83te] 3DGSY A+
A= AR Wor FAA3eta, olF ZRAIQE B8 7
i 2 25 dAE B 1 AE =o|2E JAI
5, Sobel 7|vt &|&M HE AF}E FASE MG FH}
T oEN HFT NPR 42 A4Sk o8 &3 98
3DGS 2ol AH g AE2S 48T o %
719k o]= ofe|HEE Fo|al, Hr} HHAHQ AEYEto]
A AFE 45 & AUtk
A A3 A 712 3DGS 579 AFAFS kol=2E
o7 gl E 8 AXY FHE KA 9
et od, stetrle 285 S8 AYUst BAE
FA3E Atole] 7S AT £+ IS
t FHD % 4K s =oA 25 AA Ass /A
J¢tete oA 2AE Z2AY 72
SFANMNE AdEHoR &§ 7S EAth

T2 gols AW AAE ATEHAL ARHAA %

[o

L 1R fol i
LT T
2o X

A
off

¢

fr o g O
o~
o{og
oo =~
oy 2

e
o
o
o

1%, 4993 Ay dAA EA] FLR 753 zero-shot
NPR 3lo]=Ze}elS AA = o Atk 71=9 dlojy F
A et etolAlo)ld 7 Eol =2 3k dAAS AlFst

Al F71491 g B A3} b8 87 AN
o mrg oW Es =

7 2Rl AR 22 38 Fopll Ajtsl |
T3t Unity 6 URP RenderGraph 7]¥F 82 53 tichA
Ael JAHY T PAanE BEFHOR AToEHN, F4

oA SHE S
, B 3= 3DGSY "olE A EAL wEsh A

—L

)
Z,
2®)
=S)
H
[>
[m
[k
u
>
oX,
12}
o
[kl
)
o
filo
2
2
ol
=
N
ox
>

v

2 IA(ZHE)E 20259
AMYPoz ZARISEMES] AU
A A DA A(RISE) 2] 279 U th(2025-RISE-10-009)

References

[1] B. Kerbl, G. Kopanas, T. Leimkiihler, and G. Drettakis,
“3D Gaussian Splatting for Real-Time Radiance Field R
endering,” ACM Transactions on Graphics, vol. 42, no.
4, pp. 139:1-139:14, 2023.

[2] G. Chen and W. Wang, “A Survey on 3D Gaussian Sp
latting,” arXiv preprint arXiv:2401.03890, 2024.

[3] H. Winnemdller, S. C. Olsen, and B. Gooch, “Real-time
Video Abstraction,” ACM Transactions on Graphics, vol.
25, no. 3, pp. 1221-1226, 2006.

[4] J. E. Kyprianidis, H. Kang, and J. Doéllner, “Image and
Video Abstraction by Anisotropic Kuwahara Filtering,”
Computer Graphics Forum, vol. 28, no. 7, pp. 1955-196
3, 2009.

[5] T. Saito and T. Takahashi, “Comprehensible Rendering
of 3-D Shapes,” Computer Graphics, vol. 24, no. 4, pp.
197-206, 1990.

[6] O. Wegen, W. Scheibel, M. Trapp, R. Richter, and J.
Déllner, “A Survey on Non-Photorealistic Rendering Ap
proaches for Point Cloud Visualization,” IEEE Transactio
ns on Visualization and Computer Graphics, vol. 31, no.
9, pp. 4511-4533, 2025.

[71 Z. Yu, A. Chen, B. Huang, T. Sattler, and A. Geiger,
“Mip-Splatting: Alias-free 3D Gaussian Splatting,” Proce
edings of the IEEE/CVF Conference on Computer Visio
n and Pattern Recognition, pp. 19447-19456, 2024.

[8] M. Kuwahara, K. Hachimura, S. Eiho, and M. Kinoshit
a, “Processing of RI-Angiocardiographic Images,” in Dig
ital Processing of Biomedical Images, pp. 187-202, 1976.

221 -



[9] Y.-H. Huang, Y. He, Y.-J. Yuan, Y.-K. Lai, and L. Ga
0, “StylizedNeRF: Consistent 3D Scene Stylization as St
ylized NeRF via 2D-3D Mutual Learning,” Proceedings
of the IEEE/CVF Conference on Computer Vision and P
attern Recognition, pp. 18342-18352, 2022.

[10] K. Zhang, N. Kolkin, S. Bi, F. Luan, Z. Xu, E. Shec
htman, and N. Snavely, “ARF: Artistic Radiance Fields,”
Proceedings of the European Conference on Computer V
ision - ECCV 2022, pp. 717-733, 2022.

[11] K. Liu, F. Zhan, M. Xu, C. Theobalt, L. Shao, and S.
Lu, “StyleGaussian: Instant 3D Style Transfer with Gaus
sian Splatting,” in SIGGRAPH Asia Technical Communi
cations 2024, pp. 21:1-21:4, 2024.

[12] Y. Mei, J. Xu, and V. M. Patel, “ReGS: Reference-ba
sed Controllable Scene Stylization with Gaussian Splattin
g,” Advances in Neural Information Processing Systems,
vol. 37, pp. 4035-4061, 2024.

[13] D. Zhang, Y.-J. Yuan, Z. Chen, F.-L. Zhang, Z. He,
S. Shan, and L. Gao, “StylizedGS: Controllable Stylizati
on for 3D Gaussian Splatting,” IEEE Transactions on Pa
ttern Analysis and Machine Intelligence, vol. 47, no. 12,
pp- 11961-11973, 2025.

[14] Y. Wu, “gsplat-unity,” GitHub repository, 2025. Availa
ble: https://github.com/wuyize25/gsplat-unity

[15] 1. Sobel and G. Feldman, “A 3x3 Isotropic Gradient O
perator for Image Processing,” Stanford Artificial Intellig
ence Project, 1968.

[16] Unity Technologies, “Universal Render Pipeline Docum
entation,” Unity Manual. Available: https://docs.unity3d.c
om/Packages/com.unity.render-pipelines.universal@17.0/ma
nual/index.html

[17] J. T. Barron, B. Mildenhall, D. Verbin, P. P. Srinivasa
n, and P. Hedman, “Mip-NeRF 360: Unbounded Anti-Al
iased Neural Radiance Fields,” Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recog
nition, pp. 5470-5479, 2022.

[18] L. G. Roberts, “Machine Perception of Three-Dimensio
nal Solids”, Ph.D. thesis, Massachusetts Institute of Tech
nology, 1963.

[19] J. Canny, “A Computational Approach to Edge Detecti
on,” IEEE Transactions on Pattern Analysis and Machin
e Intelligence, vol. 8, no. 6, pp. 679-698, 1986.

2.

(R X270 )
ERIL

« 2021 g FHATZE o] At

« 2024~8A) st sty HFE T A4}

o Foddok e 1~ NPR

* https://orcid.org/0009-0006-5369-1038

AAA

+ 1996 ety AFE 8 shAt

+ 1998 wEtf ety AFE T AL

+ 2003 ety AFE T uat

+ 20004 o]~k Tel-Aviv thetw A9
+ 2004 59 RWTH-Aachen 81
HRIALS O g

2005~ A st n HFE 2 ety
Piwok AFH 2, TP EAEA,
udAY g <y A

* https://orcid.org/0000—-0002-8663-4578



