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Figure S1. Multi-domain transformations of F-radical data across OES, ToF-MS, and QMS 

diagnostic techniques using the Tri-CycleGAN model. Each row corresponds to a different 

original domain: OES (a-c), ToF-MS (d-f), and QMS (g-i), while each column represents the 

target domain for transformation: OES, ToF-MS, and QMS, respectively. Diagonal subplots (a, 

e, i) show the real data from each domains, while off-diagonal subplots illustrate transformed 

data in the target domains. Solid lines indicate real data, and dashed lines represent transformed 

data. 
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Figure S2. Multi-domain transformations of O2 data across OES, ToF-MS, and QMS 

diagnostic techniques using the Tri-CycleGAN model. Each row corresponds to a different 

original domain: OES (a-c), ToF-MS (d-f), and QMS (g-i), while each column represents the 

target domain for transformation: OES, ToF-MS, and QMS, respectively. Diagonal subplots (a, 

e, i) show the real data from each domains, while off-diagonal subplots illustrate transformed 

data in the target domains. Solid lines indicate real data, and dashed lines represent transformed 

data. 
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Figure S3. Training progress of the Tri-CycleGAN model for F-radical data transformations 

across the OES, QMS, and ToF-MS domains. Sections (a-h), (i-p), and (q-x) show 

transformations between OES and QMS, QMS and ToF-MS, and OES and ToF-MS domains, 

respectively. Columns represent different training stages: initial state (epoch 0), epoch 500, 

epoch 1000, and the fully trained model. In each plot, black lines show the real data, red lines 

indicate generated data, and blue lines represent reconstructed data 

 
Figure S4. Training progress of the Tri-CycleGAN model for O2 data transformations across 

the OES, QMS, and ToF-MS domains. Sections (a-h), (i-p), and (q-x) show transformations 

between OES and QMS, QMS and ToF-MS, and OES and ToF-MS domains, respectively. 

Columns represent different training stages: initial state (epoch 0), epoch 500, epoch 1000, 
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and the fully trained model. In each plot, black lines show the real data, red lines indicate 

generated data, and blue lines represent reconstructed data 

 

 
Figure S5. Comparison of real data, generated data from different source domains and the 

reconstructed data from different transformation pathways for CF2, CF, COF, CO2, and CO 

across OES, ToF-MS, and QMS domains.  
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Figure S6. Logarithmic changes in the loss functions during the training process of the Tri-

CycleGAN model. The left y-axis shows the generator loss, while the right y-axis displays the 

discriminator loss. 


