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Abstract

Neural Light Field (NeLF) is an approach that learns the relationship between implicit representations and the color information
of light rays, using this knowledge to reconstruct real spaces or objects. NeLF has been actively researched recently due to its
impressive performance. However, the training performance of NeLF varies depending on the complexity of the target space or
object. In general, the training performance of NeLF for complex spaces is low, and for simple spaces it is high. Regardless of
this trend, it is difficult to predict the level of PSNR before training. This paper studies methods to predict the training
performance of NeLF based on the images used for training, and in particular studies image complexity metrics that are effective
in predicting NeLF training performance. This paper selects six evaluation metrics used to assess image complexity and analyzes
the relationship between the actual PSNR results and the corresponding complexity. The experiment is based on a total of 30
samples, including standard data samples commonly used in NeLF research as well as samples directly captured for this study, to
explore the most relevant image complexity metrics for NeLF performance. The experiment also predicts PSNR for five test
samples and analyzes the prediction errors.
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Fig. 1. Learning Performance for the Complex Space (PSNR: 17dB)
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T2 2. ZHEksE Z7M0f ChEt BHAAS (PSNR: 28dB)
Fig. 2. Learning Performance for the Simple Space (PSNR: 28dB)
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Table 1. Fixed Parameters Used in the Experiment
Parameter Value
Resolution 960 x 540
Number of frames 40
Number of epochs 200
MLP Network size (Depth) 8
MLP Network size (Width) 256
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Fa)eitt. s MLP UIES A& 42H19] light rays 38
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Qg ge}. BE AE vlolH 9] alid s 960 x 540% et
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th. MLP YEH A Z7]|= depth} widthE 747} 8, 25622
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12! 3. nerf_lIff_data #4Z 0|0|X| (flower) T2 4. FF 2st 0|0|X| HO[E] AZ (stairs)
Fig. 3. Sample Image Of nerf_liff_data (flower) Fig. 4. Sample of directly captured image data (stairs)
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28.19dB, 21.57dB, 16.05dB°|H, thAl Z H7IAF 9} 29| 735 items &) orchids % th &2 dl whal, orchids
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I 2. garlic, items, orchids C|OJE{ AZ0i| CHS O|0|X] SXZ NelF &tEMs
Table 2. Image Complexity and NeLF Performance for garlic, items, and orchids Data Samples
Parameter garlic items orchids
Compressed Image Size [KB] 14.05 36.53 59.30
Color Complexity 8.81 9.19 12.39
Edge Ratio 0.053 0.084 0.147
Variance Of Laplacian 3014 1110.2 753.2
Compressed Video Size [MB] 1.07 3.09 5.12
Features Ratio 0.0097 0.0227 0.0387
PSNR [dB] 28.19 21.57 16.05
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Table 3. Linear Regression Analysis Results and R-squared

R-squared
Depth x Width 4 x128 | 6 x192 | 7 x224 | 8 x 256 | 10 x 320 | 12 x 384 | 14 x 448 | 16 x 512

Compressed Image Size 0.687 0.678 0.660 0.696 0.645 0.628 0.630 0.624
Color Complexity 0.545 0.526 0.508 0.522 0.469 0.445 0.453 0.433
Edge Ratio 0.587 0.539 0.515 0.536 0.475 0.468 0.454 0.470
Variance Of Laplacian 0.323 0.303 0.271 0.316 0.271 0.278 0.275 0.308
Compressed Video Size 0.634 0.604 0.582 0.606 0.557 0.557 0.547 0.560
Features Ratio 0.543 0.512 0.508 0.517 0.480 0.475 0.463 0.483
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Table 4. Comparison of Predicted PSNR and actual PSNR of NeLF Learning according to Prediction Model
nutrients forklift hedges vanes playground Avg.
Pred. Actual A |Pred. Actual A |Pred. Actual A |Pred. Actual A |Pred. Actual A A
Compressed Image Size |27.86 3.52|18.86 1.15|20.30 5.23 |26.01 0.05|26.41 442 | 2.87
Compressed Video Size |27.32 4.06 | 20.46 5.89 | 20.92 5.85 | 26.01 0.05(26.75 4.08] 3.99
i 31.38 20.02 15.07 26.06 30.83
Compressed Image Sized |, o, 3.52[19.33 0.69 |20.28 521 [25.99 0.07 | 26.35 4.48| 2.79
Compressed Video Size
All 28.50 2.89(19.78 0.24 120.10 5.03(26.16 0.10 | 26.63 4.20| 2.49
Average 3.50 1.99 5.33 0.07 4.30




ol

]

251

(1]

(2]

B3]

[4]

[3]

[6]

7

(8]

B ATE AR AEHE BAAES ngoE HEs
Ak 7bg 9w o3 mdo] AgEthe
Eo) Wb 92 FFe] 2 ol57t YO, FF o
371 9Is 24

He TR Bl ARAC BANEE A, B

Jz ©

AEE 9] 19 Neural Light Field 7 §4 A% <dSol 349l ojmx % H7AF &3 A+ 701
(Yundong Kim et al.: Effective Image Complexity Measurement for Predicting View Synthesis Performance of Neural Light Field)

BErt EYTh HAEL S
]_ [}

2 Az

s

1w 2 o

E
N
o
4
ok
oo

g 437 ®
QA7 A4 Ak,

o
9

| 4
H
392 BEREE I A1 Lambertian

il
fo o o

N E

olr

2
oS RS Tl AFAHsE =0l Ae AT
3}

=

# 1 & 8 (References)

K. Chen, Y. K. Lai, & S. M. Hu, “3D indoor scene modeling from
RGB-D data: a survey,” Computational Visual Media, Vol. 1,
pp.267-278,2015.

doi: https://doi.org/10.1007/s41095-015-0029-x

B. Mildenhall, P.P. Srinivasan, R. Ortiz-Cayon, N.K. Kalantari, R.
Ramamoorthi, R. Ng, A. Kar, “Local light field fusion: Practical view
synthesis with prescriptive sampling guidelines,” ACM Trans Graph,
Vol. 38, No. 4, pp.1-14, 2019.

doi: https://doi.org/10.1145/3306346.3322980

S. C. Chan, H. Y. Shum, & K. T. Ng, “Image-based rendering and
synthesis,” IEEE Signal Processing Magazine, Vol. 24, No. 6,
pp.22-33, 2007.

doi: https://doi.org/10.1109/MSP.2007.905702

B. Mildenhall, P. P. Srinivasan, M. Tancik, J. T. Barron, R.
Ramamoorthi, & R. Ng, “Nerf: Representing scenes as neural radiance
fields for view synthesis.” Communications of the ACM, Vol. 65,
No.1, pp.99-106, 2021.

doi: https://doi.org/10.1145/3503250

E. H. Adelson, & J. R. Bergen, “The plenoptic function and the
elements of early vision,” in Computation Models of Visual
Processing, M. S. Landy and J. A. Movshon, Eds., Cambridge, MA,
USA: MIT Press, pp.3-20, 1991.

doi: https://doi.org/10.7551/mitpress/2002.003.0004

M. Levoy, & P. Hanrahan, “Light field rendering,” in Proceedings of
the 23rd Annual Conference on Computer Graphics and Interactive
Techniques., pp.31-42, 1996.

doi: https://doi.org/10.1145/237170.237199

S. J. Gortler, R. Grzeszczuk, R. Szeliski, and M. F. Cohen, “The
lumigraph,” in Proceedings 23rd Annual Conference on Computer
Graphics and Interactive Techniques., pp43-54, 1996.

doi: https://doi.org/10.1145/237170.237200

Z. Li, L. Song, C. Liu, & J. Yuan, “Neulf: Efficient novel view

(9

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

synthesis with neural 4d light field,” arXiv preprint arXiv:2105.07112,
pp.1-11, 2021.

doi: https://doi.org/10.48550/arXiv.2105.07112

B. Attal, J.-B. Huang, M. Zollhofer, J. Kopf, and C. Kim, “Learning
neural light fields with ray-space embedding networks,” in
Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern  Recognition (CVPR), New Orleans, LA, USA,
pp-19819-19829, 2022.

doi: https://doi.org/10.1109/CVPR52688.2022.01920

M. Suhail, C. Esteves, L. Sigal, and A. Makadia, “Light field neural
rendering,” in Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR), New Orleans, LA, USA,
pp-8269-8279, 2022.

doi: https://doi.org/10.1109/CVPR52688.2022.00809

J. Jin, J. Hou, H. Yuan, & S. Kwong, “Learning light field angular
super-resolution via a geometry-aware network,” In Proceedings of the
AAAI conference on artificial intelligence, Vol. 34, No. 07,
pp.-11141-11148, April, 2020.

doi: https://doi.org/10.1609/aaai.v34i07.6771

S. Wanner and B. Goldluecke, “Spatial and angular variational
super-resolution of 4D light fields,” in Proceedings of the 12th
European Conference on Computer Vision (ECCV), Florence, Italy,
pp.608-621, 2012.

doi: https://doi.org/10.1007/978-3-642-33715-4_44

A. Klinger and N. A. Salingaros, “Complexity and visual images,”
Technical Report, University of California, 1998, http://www.cs.
ucla.edw/~klinger/image complexity 7 1 97.html.bak (accessed July
15,2024).

J. Rigau, M. Feixas, and M. Sbert, “An information-theoretic
framework for image complexity,” in Computational Aesthetics in
Graphics, Visualization, and Imaging, Girona, Spain, pp.177-184,
2005.

doi: https://doi.org/10.2312/compaesth/compaesth05/177-184

J. Perkio and A. Hyvirinen, “Modelling image complexity by
independent component analysis, with application to content-based
image retrieval,” in Artificial Neural Networks - ICANN 2009: 19th
International Conference, Limassol, Cyprus, pp.704-714, 2009.

doi: https://doi.org/10.1007/978-3-642-04277-5_71

M. Ivanovici, R. M. Coliban, C. Hatfaludi, and I. E. Nicolae, “Color
image complexity versus over-segmentation: A preliminary study on
the correlation between complexity measures and number of
segments,” Journal of Imaging, Vol. 6, No. 4, pp.16, 2020.

doi: https://doi.org/10.3390/jimaging6040016

S. Athar and Z. Wang, “A comprehensive performance evaluation of
image quality assessment algorithms,” IEEE Access, Vol. 7,
pp-140030-140070, 2019.

doi: https://doi.org/10.1109/ACCESS.2019.2943319

M. W. Marcellin, M. J. Gormish, A. Bilgin, and M. P. Boliek, “An
overview of JPEG-2000,” in Proceedings DCC 2000. Data
Compression Conference, Snowbird, UT, USA, Mar. pp.523-541,
2000.

doi: https://doi.org/10.1109/DCC.2000.838192



702

W88 =24 #2078 A5E, 20243 92 (JBE Vol.29, No.5, September 2024)

[19] G.J. Sullivan, J. R. Ohm, W. J. Han, and T. Wiegand, “Overview of the

high efficiency video coding (HEVC) standard,” IEEE Transactions on
Circuits and Systems for Video Technology, Vol. 22, No. 12,
pp.1649-1668, 2012.

doi: https://doi.org/10.1109/TCSVT.2012.2221191

[20] B. Zhou, S. Xu, and X. X. Yang, “Computing the color complexity of

images,” in Proceedings of the 2015 12th International Conference on
Fuzzy Systems and Knowledge Discovery (FSKD), Zhangjiajie,
China, pp.1898-1902, Aug, 2015.

doi: https://doi.org/10.1109/FSKD.2015.7382237

[21] H. Yuand S. Winkler, “Image complexity and spatial information,” in

Proceedings of the 2013 Fifth International Workshop on Quality of
Multimedia Experience (QoMEX), Klagenfurt, Austria, pp.12-17,
July, 2013.

doi: https://doi.org/10.1109/QoMEX.2013.6603194

[22] V. Maksimovic, M. Petrovic, D. Savic, B. Jaksic, and P. Spalevic,

“New approach of estimating edge detection threshold and application
of adaptive detector depending on image complexity,” Optik, Vol. 238,
pp.166476, 2021.

ey . - ORCID : https://orcid.org/0009-0002-8119-323X
22 - RBAEOF: AT, BFE HIE
He

-
=

(=}
AR

- 2018 3 ~ A : MSne7|Eetm MAHTOIC 0

- 20144 28 : Hs|Cystm MAIMTFZStE StA}
= - 20161 28 MSCstm M7 |HEZHE AA}
- 20201 88 : MSCHEtT M7 (KBTS bhA}
- 20231 38 ~ B : MSTEP|STistm Ad)

- ORCID : https://orcid.org/0000-0001-821

o=, oo

(23]

[24]

[25]

[26]

(27]

AN A AW

doi: https://doi.org/10.1016/j.ijle0.2021.166476

J. Canny, “A computational approach to edge detection,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol.
PAMI-8, pp.679-698, 1986.

doi: https://doi.org/10.1109/TPAMI.1986.4767851

M. Amin-Naji and A. Aghagolzadeh, “Multi-focus image fusion using
VOL and EOL in DCT domain,” arXiv preprint arXiv:1710.06511,
pp.728-733,2017.

doi: https://doi.org/10.48550/arXiv.1710.06511

J. Chen, L. H. Zou, J. Zhang, and L. H. Dou, “The comparison and
application of corner detection algorithms,” Journal of Multimedia,
Vol. 4, No. 6, pp.435-443, 2009.

E. Karami, S. Prasad, and M. Shehata, “Image matching using SIFT,
SURF, BRIEF and ORB: performance comparison for distorted
images,” arXiv preprint arXiv:1710.02726, p.1-5, 2017.

doi: https://doi.org/10.48550/arXiv.1710.02726

N. Ozbek and T. Tunali, “A survey on the H.264/AVC standard,”
Turkish Journal of Electrical Engineering and Computer Sciences, Vol.
13, No. 3, pp.287-302, 2005.

SR, 2R HIE

=25t} StA}

= =

EICTEYSE Y Zus
-5842
/\EII;':‘I-D | |:| 0.|(7 |.AI-34A | =7 I—éiAEI, |:H| E_|-|j-[¢),

[hl}



