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𝜕𝜕𝐶𝐶
𝜕𝜕𝑡𝑡 + ∇ ∙ 𝐽𝐽 = 𝑆𝑆 

𝐽𝐽 = 𝐽𝐽𝐷𝐷 + 𝐽𝐽𝐴𝐴 
𝐽𝐽𝐷𝐷 = −𝐾𝐾∇𝐶𝐶 

𝐽𝐽𝐴𝐴 = 𝐶𝐶𝑢𝑢 

𝜕𝜕𝐶𝐶
𝜕𝜕𝑡𝑡 + ∇ ∙ 𝐶𝐶𝑢𝑢 = ∇ ∙ 𝐾𝐾∇𝐶𝐶 + 𝑆𝑆 

Where, 
  𝐶𝐶(𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡): 농도 𝑘𝑘𝑘𝑘/𝑚𝑚3  
  𝐽𝐽(𝑥𝑥,𝑦𝑦, 𝑧𝑧, 𝑡𝑡): mass flux 𝑘𝑘𝑘𝑘/𝑚𝑚2𝑠𝑠  
  𝑆𝑆: Source & Sink 항 

  𝐾𝐾 = 𝑑𝑑𝑑𝑑𝑑𝑑𝑘𝑘 𝐾𝐾𝑥𝑥 ,𝐾𝐾𝑦𝑦,𝐾𝐾𝑧𝑧  𝑚𝑚2/𝑠𝑠 : 확산 계수 
  𝑢𝑢 = 𝑢𝑢𝑥𝑥 ,𝑢𝑢𝑦𝑦,𝑢𝑢𝑧𝑧  𝑚𝑚/𝑠𝑠 : 바람장 
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𝜕𝜕𝐶𝐶
𝜕𝜕𝑡𝑡 + ∇ ∙ 𝐶𝐶𝑢𝑢 = ∇ ∙ 𝐾𝐾∇𝐶𝐶 + 𝑆𝑆 

�̅�𝐶 𝑥𝑥,𝑦𝑦, 𝑧𝑧 =
𝑄𝑄

2𝜋𝜋𝜎𝜎𝑦𝑦𝜎𝜎𝑧𝑧𝑢𝑢
exp

−𝑦𝑦2

2𝜎𝜎𝑦𝑦2
exp

− 𝑧𝑧 − ℎ 2

2𝜎𝜎𝑧𝑧2
+ exp

− 𝑧𝑧 + ℎ 2

2𝜎𝜎𝑧𝑧2
 

 Gaussian Plume model 
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𝜕𝜕𝐶𝐶
𝜕𝜕𝑡𝑡 + ∇ ∙ 𝐶𝐶𝑢𝑢 = ∇ ∙ 𝐾𝐾∇𝐶𝐶 + 𝑆𝑆 

𝜕𝜕𝐶𝐶
𝜕𝜕𝑡𝑡

+ 𝑢𝑢
𝜕𝜕𝐶𝐶
𝜕𝜕𝑥𝑥

= 𝐾𝐾
𝜕𝜕2𝐶𝐶
𝜕𝜕𝑥𝑥2

 (𝑓𝑓𝑓𝑓𝑓𝑓 1𝐷𝐷,𝑤𝑤ℎ𝑤𝑤𝑤𝑤 𝑢𝑢 𝑑𝑑𝑤𝑤𝑑𝑑 𝐾𝐾 𝑑𝑑𝑠𝑠 𝑐𝑐𝑓𝑓𝑤𝑤𝑠𝑠𝑡𝑡.) 

𝐶𝐶𝑡𝑡 = −𝑢𝑢𝐶𝐶𝑥𝑥 + 𝐾𝐾𝐶𝐶𝑥𝑥𝑥𝑥 

𝐶𝐶𝑡𝑡 + 𝑢𝑢𝐶𝐶𝑥𝑥 − 𝐾𝐾𝐶𝐶𝑥𝑥𝑥𝑥 = 𝑓𝑓 

PDE 

Optimization 

𝐶𝐶 −∞, 𝑡𝑡 = 0 
𝐶𝐶 ∞, 𝑡𝑡 = 0 

argmin
𝑤𝑤

𝑀𝑀𝑆𝑆𝐸𝐸𝑓𝑓 + 𝑁𝑁𝑁𝑁 −∞, 𝑡𝑡 − 0 2 + 𝑁𝑁𝑁𝑁 ∞, 𝑡𝑡 − 0 2  

 Loss function 

Loss function Initial & boundary condition 𝑑𝑑𝑠𝑠𝑠𝑠𝑢𝑢𝑚𝑚𝑤𝑤 𝑡𝑡ℎ𝑑𝑑𝑡𝑡 𝐶𝐶 = 𝑁𝑁𝑁𝑁(𝑥𝑥, 𝑡𝑡) 

Boundary condition 
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𝑓𝑓𝑑𝑑𝑤𝑤𝑑𝑑𝑓𝑓𝑚𝑚𝑟𝑟𝑦𝑦 𝑠𝑠𝑑𝑑𝑚𝑚𝑠𝑠𝑟𝑟𝑤𝑤𝑑𝑑  
𝑥𝑥, 𝑡𝑡 

𝑏𝑏𝑓𝑓𝑢𝑢𝑤𝑤𝑑𝑑𝑑𝑑𝑓𝑓𝑦𝑦 𝑐𝑐𝑓𝑓𝑤𝑤𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑓𝑓𝑤𝑤 
𝑥𝑥, 𝑡𝑡 
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𝜕𝜕𝐶𝐶
𝜕𝜕𝑡𝑡

+ 𝑢𝑢
𝜕𝜕𝐶𝐶
𝜕𝜕𝑥𝑥

= 𝐾𝐾
𝜕𝜕2𝐶𝐶
𝜕𝜕𝑥𝑥2

 (𝑓𝑓𝑓𝑓𝑓𝑓 1𝐷𝐷,𝑤𝑤ℎ𝑤𝑤𝑤𝑤 𝑢𝑢 𝑑𝑑𝑤𝑤𝑑𝑑 𝐾𝐾 𝑑𝑑𝑠𝑠 𝑐𝑐𝑓𝑓𝑤𝑤𝑠𝑠𝑡𝑡.) 

𝐶𝐶 

𝑡𝑡 
𝑥𝑥 

<FFT> <FDM> <PINN> 

RMSE FDM FFT PINN 

FDM - 1.11E-6 2.66E-5 

FFT 1.11E-6 - 3.09E-5 

PINN 2.66E-5 3.09E-5 - 

<평균 제곱근 편차(Root Mean Square Error> 
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<𝑢𝑢 = 2 > <𝑢𝑢 = 5 > <𝑢𝑢 = 10 > 
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감사합니다. 

김기범 (rlqja2177@gmail.com) 
허균영 (gheo@khu.ac.kr)   
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