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Motivation: Attribute a synthetic image’s 
source generator, in an open-set scenario.
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Proposed: A Metric-learning based method

1. Transferable Embedding Initialization
• Camera traces transfer to other forensic tasks

Camera model traces (frequency) [1]      Synthetic image traces (frequency) [2]

2. Embedding Learning

Pi=
𝑒𝑥𝑝(−𝑑 ℎ 𝑥𝑖 , 𝑝 𝑦𝑖 )

σ𝑝(𝑎)∈𝑝(𝐴) 𝑒𝑥𝑝(−𝑑 ℎ 𝑥𝑖 , 𝑝 𝑎 )

• Loss Function: ProxyNCA++

𝐿𝑝𝑟𝑜𝑥𝑦𝑁𝐶𝐴++ = −𝑙𝑜𝑔(𝑃𝑖)

1. Finding Class References

Training:

Inference:

argmax
𝑘

𝑑(ℎ 𝑥 , 𝑟𝑘)

𝑟𝑖 =
σ𝑥𝑖∈Τ𝑖

ℎ(𝑥𝑖)

Τ𝑖

• Compute reference point

• Find nearest point

2. Reject Criteria

• Compute normalized score

• Accept/Reject Criterion

𝜎𝑖 = 𝐸(𝑑 ℎ 𝑥𝑖 , 𝑟𝑖 2) = 𝐸(||ℎ 𝑥𝑖 − 𝑟𝑖||2)

𝑠(𝑥, 𝑟𝑖) =
𝑑(ℎ 𝑥 , 𝑟𝑖)

𝜎𝑖

R(x)= ቊ
𝑔𝑖 ∈ 𝐺 𝑠𝑒𝑒𝑛 , 𝑖𝑓 𝑠(𝑥, 𝑟𝑖) < 𝜏

𝑔𝑖 ∉ 𝐺 (𝑢𝑛𝑠𝑒𝑒𝑛), 𝑖𝑓 𝑠(𝑥, 𝑟𝑖) ≥ 𝜏

Experimental Results
1. Evaluation Metrics

• Seen Generators           

• Unseen Generators

𝑎𝐹1 =
σ𝑗=1

𝑁 𝐹1𝑗

𝑁
, 𝑤ℎ𝑒𝑟𝑒 𝐹1𝑗 =

2 𝑇𝑃𝑗

2𝑇𝑃𝑗 + 𝐹𝑃𝑗 + 𝐹𝑁𝑗

CRR=
|{𝑚𝑖𝑛𝑖 𝑠 𝑥, 𝑟𝑖 >𝜏, ∀𝑥∈{𝑔𝑢∉𝐺}}|

|{∀𝑥∈ 𝑔𝑢∉ 𝐺 }|

2. Results

𝐿𝑖𝑛𝑖𝑡 = − ෍
𝑘

𝑦𝑘𝑙𝑜𝑔( ො𝑦𝑘)

=
σ𝑥𝑖∈𝑇𝑖 ||ℎ 𝑥𝑖 − 𝑟𝑖||2

𝑇𝑖 − 1
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• Pre-train on Camera model classification

• Remove last soft-max layer

Figure 2: Distribution of training set’s embeddings’ normalized 
distance from reference point

Table 1: AUC of aF1-CRR response curve of different CNN models. 
Pre-trainining on camera model significantly improved the 
models generatlizability and performance on open-set scenario.

Table 2: Comparison with other existing approaches (closed-set 
synthetic image attribution, open-set image source identification) 
on open-set synthetic image attribution.  Our method achieve 
outperformed both of them.

• Identify an existing image generator
• Detect the image from an unseen generator
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