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1. Introduction
The study on 3D Gaussian splats for mobile aims to investigate the format, compression, and rendering of 3D Gaussian Splatting (3DGS) content. A critical component of this study is the definition of quality factors and the establishment of a common methodology for evaluating the performance of different representations. Currently, the Technical Report contains placeholders for metrics and reference implementations. MPEG has recently developed a specific software tool, mpeg-gsc-metrics, to compute objective quality metrics.
2. Reason for Change
To ensure consistent, comparable, and reproducible results across different proponents within the study, it is essential to define an objective evaluation pipeline. The attached software addresses this need by providing:
-	Image-based: The tool enables the calculation of objective image-based metrics, establishing a common baseline for comparing source and decoded 3DGS content.
-	Metrics: It supports the calculation of the main image quality metrics commonly used in the industry (such as PSNR, SSIM, IVSSIM,…).
-	Viewpoints: It offers an easy and flexible way to manage the views to be tested, ensuring that the evaluation allows reusing the exact camera parameters or defining specific testing scenarios.
This contribution proposes to update the TR to include a description of attached objective metrics software, the definition of the supported metrics, and practical usage examples to guide the working group.
The proposed software is a fork of the MPEG metrics software and can be stored in the 3GPP git repository to facilitate its use and enable its updating, improvement, and use for future experiments.
3. Conclusions
Adopting the 3DGS metrics software as the reference tool for objective quality evaluation will facilitate the technical work by ensuring all contributions are measured against the same baseline. It is recommended to capture the description and usage of this tool in the Technical Report.
4. Proposal
It is proposed to agree the following changes to 3GPP TR 26.958 v0.1.1.

[bookmark: _Hlk61529092]* * * First Change * * * *
[bookmark: _Toc214542889]6.4	Metrics
6.4.1 Objective metrics
To evaluate the objective quality of 3DGS representations, specific image-based metrics are computed by comparing rendered views from the source (reference) content and the decoded (rendered) content.
The evaluation methodology relies on a consistent rendering pipeline provided by the 3DGS-Metrics. This reference software supports the following objective metrics:
-	PSNR and MSE: Calculation of Peak Signal-to-Noise Ratio and Mean Squared Error in both RGB and YUV color spaces, including weighted averages.
-	Object Masked (OM) Metrics: Variants of PSNR and SSIM computed only on valid pixels defined by the union of object masks from the source and decoded content.
-	Perceptual Metrics: Structural Similarity (SSIM) and Information Content Weighted SSIM (IVSSIM).
-	Geometric Statistics: Occupancy rate measurement indicating the percentage of valid pixels coverage.
To ensure both performance and reproducibility, the software implements a dual-mode rasterizer:
-	CPU rasterizer: A software-based implementation ensuring bit-exact rendering output regardless of the hardware or operating system. This mode is recommended for generating official normative quality results.
-	GPU rasterizer: An OpenGL-based implementation for accelerated rendering, suitable for visual inspection and rapid experiments.
The evaluation process typically involves:
-	Viewpoint generation: Defining a set of camera positions (read from the original PLY file or generated explicitly) to cover the object geometry.
-	Rendering: Using a standardized rasterizer (CPU or GPU) to produce 2D images for both source and decoded point clouds.
-	Metric computation: Calculating the previously mentioned metrics on the rendered pairs.
This software can be downloaded from 3GPP repository. More details on how to use this software and its options may be found in section 12.5.  

* * * Next Change * * * *
[bookmark: _Toc214542923]12 	Reference implementation
[Editor’s note: Placeholder for the description of the reference implementation]
[bookmark: _Toc214542924]12.1	Capture 
[bookmark: _Toc214542925]12.2	Transmission 
[bookmark: _Toc214542926]12.3	Rendering
12.4	Objective metrics
The attached metric tool 3DGS-Metrics is command-line based and supports various configurations to adapt the evaluation to different use cases. Below are examples of command lines for typical evaluation scenarios.
12.4.1	Basic metric computation
To automatically compute metrics between a source (src.ply) and a decoded (dec.ply) 3DGS file using default parameters:
./3dgs-metrics.exe -a src.ply -b dec.ply
12.4.2	Evaluation using embedded camera parameters
The software allows rendering views using camera parameters stored directly within the 3DGS PLY file, enabled by the --useCameraPosition option.
These view parameters are typically inserted as comments in the PLY header by content preparation tools using training information derived from photogrammetry software like COLMAP. This feature ensures that the rendering uses the exact camera intrinsics and extrinsic parameters from the original capture or training set without needing external configuration files.
./3dgs-metrics.exe \
  -a src_embedded.ply \
  -b dec_embedded.ply \
  --useCameraPosition=1
12.4.3	Evaluation with loaded viewpoints 
To ensure the metrics are computed from specific camera poses (e.g., training views), a viewpoint file can be loaded. The following example also forces CPU rendering for bit-exactness:
./3dgs-metrics.exe \
     -a src.ply \
     -b dec.ply \
     --viewpoint ./config/viewpoints.txt \
     --cpu 1 \
     -v
12.4.4	Video generation for visual inspection 
The tool can generate video sequences of the rendered views (Source, Decode, and Butterfly comparison) alongside the metric computation. This is enabled by the -s (save) flag:
./3dgs-metrics.exe \
     -a src.ply \
     -b dec.ply \
     --save=1 \
     -v 1
12.4.5	Example of output results
Upon completion of the rendering and evaluation process, the software outputs detailed statistics to the standard output. This includes per-frame results as well as a global average for the entire sequence. The report covers Mean Squared Error (MSE), Peak Signal-to-Noise Ratio (PSNR), and Structural Similarity (SSIM) for both RGB and YUV color spaces.
The following text block illustrates a typical execution summary obtained when evaluating a frame of the Bartender sequence at 1920x1080 resolution:
./3dgs-metrics.exe  \
        --source=frame_%04d.ply \
        --decode=decode_%04d.ply \
        --startFrame=0 \
        --frameCount=1 \
        --width=1920 \
        --height=1080 \
        --useCameraPosition=1 \
        --cpu=0 \
        --computeIvssim=0 \
        --verbose=1
...
Metric Average for 1 frame:
Mse RGB           =       0.730915       0.435011       0.883929
Psnr RGB          =      49.501907      51.748233      48.694952
Psnr RGB (avg)    =      49.794799
Mse YUV           =       0.280831       0.242114       0.262811
Psnr YUV          =      53.650965      54.312580      53.944616
Psnr YUV (avg)    =      53.955399
SSIM (avg)        =       0.998386
Occupancy         =       100.00%
Total time: 91.210 seconds

* * * End of Changes * * * *

