Supplementary Materials
Dataset Information

1.1 Raw Public Dataset

This study uses the UADFV dataset, a public benchmark dataset for image tampering detection released in 2018. The raw dataset can be accessed through its official application channel: https://docs.google.com/forms/d/e/1FAIpQLScKPoOv15TIZ9Mn0nGScIVgKRM9tFWOmjh9eHKx57Yp-XcnxA/viewform. It contains 49 real videos and 49 fake videos, all featuring face-swapped content with Nicolas Cage. The copyright of the raw data belongs to the original publisher, and no secondary modifications have been made by the authors.

1.2 Refined/Cleaned Dataset

The raw video frames of the UADFV dataset were processed as follows: ① Extract 32 frames from each video to preserve real-world variation; ② Perform face detection, affine transformation, alignment, and cropping based on facial keypoints; ③ Exclude 258 invalid images due to corruption, blur, keypoint detection errors, or insufficient resolution after cropping; ④ Finally, 2,878 valid images were obtained and split into training, validation, and test sets at a 7:2:1 ratio. Corresponding real-real and real-fake image pairs were constructed (1,083 pairs each for the training set, 200 pairs each for the validation set, and 156 pairs each for the test set). The refined dataset is used for model training, hyperparameter tuning, and performance validation of the Score-based Likelihood Ratio (SLR) model.

The refined dataset is stored in the GitHub repository at 

https://github.com/guotianli/SLR-deepfake/tree/main, with the processed facial images saved in UADFV/datasets/UADFV and the JSON files recording the file paths and labels of these images deposited in UADFV/preprocessing/dataset_json.

2. Variable Definitions & Transformations

2.1 Core Variables

·Feature dimension: 2048-dimensional fused features extracted by the SRM network (which combines RGB pixel features and SRM high-frequency domain features); all npy files are available under the path: https://github.com/guotianli/SLR-deepfake/tree/main/npy
·Similarity score: The cosine similarity between the features of the test sample and the centroid of the real class (referred to as Scorereal-real for real-real sample pairs and Scorereal-fake for real-fake sample pairs); all similarity scores are located in the directory at: https://github.com/guotianli/SLR-deepfake/tree/main/Result/3METRIC
·Kernel Density Estimation (KDE) parameters: Gaussian kernel function with bandwidths optimized via Silverman's rule (0.019487 for real-real pairs and 0.036780 for real-fake pairs); the entire bandwidth optimization process is available in the directory: https://github.com/guotianli/SLR-deepfake/tree/main/Result/5LR/figures/Train
·Evaluation metrics: Equal Error Rate (EER), Cost of Log-Likelihood Ratio (Cllr), Expected Calibration Error (ECE), and log10LR values

2.2 Variable Transformations

- Feature standardization: Flatten the features of real and fake images into 2D matrices respectively to eliminate dimensional inconsistencies caused by different feature scales while preserving the internal correlations between feature dimensions;

- Similarity score normalization: Map cosine similarity scores to the [0,1] interval to quantify the spatial distance between test samples and the real class centroid;

- LR value calibration: Calibrate the original LR values using the Pool Adjacent Violators Algorithm (PAV) to reduce classification costs;

- Extreme value constraint: Constrain the log10LR extreme values within the range of [-12, 6.5] using the Empirical Lower and Upper Bound (ELUB) method to reduce tail extrapolation errors.

3. Formulae & Statistical Code/Scripts

3.1 Core Formulae

- Class centroid calculation: 
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 (where c=0 represents the real class and c=1 represents the fake class);

- Silverman's bandwidth:
[image: image2.wmf]5

/

1

n

)

1.34

/

,

min(

0.9

h

-

´

´

=

IQR

σ

;

- Likelihood ratio calculation: 
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- Cost of log-likelihood ratio: 
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3.2 Statistical Code & Scripts

- Development environment: Python 3.8+, deep learning framework (PyTorch), and data analysis libraries (NumPy/Pandas/Scikit-learn/Matplotlib);

- Core script functions:

  ① SRM network feature extraction script: Based on the Xception dual-branch architecture, realizing RGB + frequency domain feature fusion and 2048-dimensional feature output (storage path in GitHub: Core script for SRM feature extraction is integrated in UADFV/training/train.py;

  ② Dataset preprocessing scripts:

     -Video frame extraction, face alignment, and image pair construction: 'UADFV/preprocessing/preprocess.py';

     -Rearranging datasets into train/val/test subsets and saving in JSON format: 'UADFV/preprocessing/rearrange.py';

  ③ KDE modeling script: Implementing Gaussian kernel density estimation, bandwidth optimization, and similarity score distribution fitting (relevant functions are included in '4PDF.py');

  ④ SLR model scripts:

     - LR calculation: '5LR.py';

     - PAV calibration: Integrated in the post-processing module of '5LR.py';

     - ELUB extreme value constraint: '9ELUB.py';

  ⑤ Performance evaluation scripts:

     - EER/Cllr/ECE calculation: '3Metric.py';

     - Drawing DET/Tippett/ECE/NBE curves: '7DET.py', '6Tippet.py', '8ECE.py', and '9ELUB.py' respectively;

- Code access: All scripts are open-sourced in the public GitHub repository: https://github.com/guotianli/SLR-deepfake. The repository includes detailed code comments and running instructions to reproduce all experimental results of this study. The pre-trained model weights (srm_best.pth) can be downloaded via the link provided in the GitHub README: https://pan.baidu.com/s/1rH0GsLAF59leJAZ6dYyGcw (Extraction Code: kxd6).

4. Additional Verification Documentation

All experimental results of this study are reproducible via the code in the GitHub repository. Key verification steps:

① Extract features from the refined UADFV dataset using the SRM network (train: UADFV/training/train.py; extract: test_0501_srm_img.py);

② Calculate class centroids and similarity scores (run 3Metric.py);

③ Fit score distribution with KDE and compute LR values (run 4PDF.py, 5LR.py);

④ After PAV calibration and ELUB constraint, evaluate EER/Cllr/ECE metrics (run 3Metric.py, 8ECE.py, 9ELUB.py).

Reproduced results are consistent with Sections 3.2-3.5 of the manuscript.

Detailed instructions (see README.md)

5. Stable Access Link

All codes, refined dataset processing procedures, and experimental reproduction instructions are stored in a publicly accessible GitHub repository with a stable link: https://github.com/guotianli/SLR-deepfake. The link is valid for a long time without access restrictions. Reviewers and editors can directly access all supplementary materials through this link.
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