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Abstract

3D Gaussian Splatting (3DGS) has emerged as a novel view synthesis technique enabling real-time high-quality rendering, and
its application is rapidly expanding across immersive media content production. However, due to its Spherical Harmonics
(SH)-based color representation and reliance on conventional image quality metrics such as PSNR, SSIM, and LPIPS, 3DGS
evaluation lacks a colorimetric perspective in immersive media domains where color reproduction accuracy is critical. This paper
introduces CIEDE2000( A E), the CIE standard color-difference formula, and formalizes a five-stage measurement protocol that
adopts the 24 patches of the ColorChecker as the unit of measurement. The proposed framework enables quantitative assessment of
3DGS rendering color fidelity in human vision - aligned colorimetric units.
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Table 1. Comparison of characteristics between NeRF-family and

3DGS-family models

Category NeRF-family 3DGS-family

reprSsC:r?tZtion Implicit, MLP %(gﬂ:glstlagsD

Rendering method Volume rendering ?;Z?;ﬁggﬁgf
Training speed Slow Fast

Rendering speed Non-real-time Real-time capable

Training memory

consumption Efficient

Increased

Year proposed 2020 (ECCV) 2023 (SIGGRAPH)

Ex: A28 [1], [2], [312 HIECZ MAF M7
Source: Reconstructed by the author based on references [1], [2], and [3]
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(a) 3D Gaussian primitive

383 =82] A319 A43, 202613 7¥ (JBE Vol.31, No.4, July 2026)

(b) Training pipeline

s N
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H H Loss
Opacity ae[0,1] I
Backpropagation
Legend []input []Preprocess [ | Optimize [ ]Output ____ Backprop

T2 1. 3D 7FRAIoH AE2HE! JHR (a) JHY =Z2|0JE|E9| £4

M, (b) End-to-end Z|X3} mo|=z}Ql

Fig. 1. Overview of 3D Gaussian Splatting (a) Attributes of a single primitive, (b) End-to-end optimization pipeline

9 CVPRAAN $FE=EAS $A4H8 Visual Geometry

Grounded Transformer(VGGT)E T J T X o ~uk
o7 tF Al omAERYH UG IRIE SR
A 3?‘31“3], COLMAP 7)%F StM3}9] Bl A7 A= A
A Sl w7 2718 i o] AHilo] vhEA UEbdel
FAHATP. w3 A4 FH= F5 M dAEE
&4 459 e BAsk 7Y SA4d ©E Holdy

3
AN IE AN A7E TN Bd G| &
& 5‘3401]’\1'* g Ao %f?}% 3DGS?| A& S5}

2121, Deformable 3D
Gaussian, 4D-GS, SC-GS, Spacetime Gaussian 5 U324
1 4D Gaussian Splatting 7| E°] ¥3 o5 w2l wz}
NE g2 RS 2ol AE vk Al o] 71&4
A A7 el E‘O]CQP-J THOE o]oA L Sl g
A xgo 1 7Fs8tth= 3DGS

ol

fo u 1o m) nk

2. 3DGS A s o119

|ol
ojn

3IDGSE 7+ 7F¢AJeke] S The RGBEEe] ofd +H
Z3} 34(Spherical Harmonics, SH) A2 Q17 hH,
UNHH © 2 33} SH7F ARE-E o] A AE S 16704 3 48
Me] AG7F A ZFH —31-1;1—91;}[2] o] uolqg XA 945_7&
A wsts LA E JPT 4 YA, 7
UE F7F B AT o] do ' A
Wsh G7tR & sfolgbelE 5 At
323 AE AU 028 S Bl gls) Al
T AAE N AY g AHAM A JRE H A5
Mo gstele &5 ATt JYHEL AUtk SG-
Splatting> AlA ©]&4 A& 32 SH tfAl 9 7H-AIQE
(Spherical Gaussians, SG) 7|RFC. 2 F@lste] dtepv]g
£ SH 4871914 SG 107] 522 ZolANE Ay &
Ae 425 ek 02} SH A4e] Tt ES A
A (color cue)E F-&3l= &3 U3 3Kdensification)
71 Aol 28] FAHA B> GGl 7R F
7F A sk, ElolE A7]1E FolHA L HiHg gl
d F2< MA@ Darmon 5 Robust
Gaussian Splatting> 7} 2} Sfo]EWMH . 21 He} 19
A SO Qg ojwA] 7+ A Wd e BAs] Sl
ol A o}H(affine) A HES RGB tZH o =YTe
22X, AA 2 A s A BUAE o A

B



Z1&A: CIEDE2000 7]} 3D Gaussian Splatting®] A7+ vitje] e 2A® H7t TP YYA 545
(Hyun Suh Kim: A CIEDE2000-Based Framework for Evaluating Color Fidelity of 3D Gaussian Splatting in Immersive Media)

¥ 2.3DGS M EF R Fe o7 8D

Table 2. Comparison of major studies on color representation in 3DGS

Study Approach

Key technique

Main effect

SG-Splatting!"¥ Color representation

Spherical Gaussians + low-degree SH

Parameter reduction, faster rendering

Color-cued

Densification’™ Training process

Oth SH gradient as color cue

Fewer Gaussians, smaller data size

Robust Gaussian Color inconsistenc
Splatting!"® ¥

Per-image affine color transformation

Robustness to white balance and lighting
changes

WildGaussians!"” Uncontrolled capture

Per-image + per-Gaussian appearance
embedding

Robustness to seasonal and lighting changes

Zx: A28 [14], [15], [16], [17]S HIEILE XA RHTA

Source: Reconstructed by the author based on references [14], [15], [16], and [17]
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Table 3. Applications of 3DGS in immersive media domains

. Representative s
Domain sty Key application
Virtual production Kim® LED wall background
via Unreal Engine
Digital human Lee et all"® Sparse-view gvatar
avatar reconstruction
K. Kim and S. Gaze heatmap + 3DGS

Social VR Kim{9! space sharing

EX: HOES (9], [18], (1915 HIE2Z MAF 27
Source: Reconstructed by the author based on references [9], [18] and [19]
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Table 4. Comparison of major image quality assessment metrics

Metric Basis Domain Strength Limitation for color fidelity
PSNR Pixel-wise MSE RGB Simple, widely used Poor alignment YVIth human
perception
- " " -
SSIMI Lumlnar;ireuctuizntrast RGB Reflects :\r/nsila\grtﬂystructural Not a colorimetric measure
LIPS Deep features (VGG/AlexNet) RGB Aligns with human similarity =~ Holistic perceptual metric, not
+ perceptual calibration (deep feature) judgment colorimetric
Simple colorimetric i wo
CIE76 Euclidean distance in CIELAB CIELAB . Perceptual non-uniformity in
measure(AEab) high-chroma and blue regions
CIEDE2000!"? Perceptual color difference CIELAB (uniform) Standardized, interpretable in Colorimetric reference

(CIE standard)

AFE)y, units (proposed)

EX: FOES [10], [11], [12]2 HIEH2E MAL "7

Source: Reconstructed by the author based on references [10], [11] and [12]
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(a) CIELAB 3D coordinates
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Fig. 2. Coordinate system of the CIELAB color space (a) Three-dimensional color space represented by orthogonal L*, a*, b* axes,
(b) the a*-b* plane at L* = 50 with cylindrical coordinates of chroma C* and hue angle h°®
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