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Research 
Life

• Wireless Communications

• Autonomous Navigation for Air 
and Ground Vehicles

• Bio Signal Processing



• RnD based Startup

• Working on utilizing the benefits 
of AI and IoT to solve the 
problems of daily life



What is AI?

There are many definitions worked by different groups

• US

• European Union

• Others

“A system that learns by solving a lot 
of examples”



AI: What can be Achieved?



AI: How it works?

AI???



AI for Language Translation

Learning 
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A Dilemma 

Trust???





Physics Informed Neural 
Networks



PINNs: Claim

• Provide solutions to partial differential equations

• Uses Neural Networks 

• Enforces Physical Laws governing the system dynamics

• Use much less data as compared to the standard Neural Networks

• Much faster and accurate than the existing classical algorithms



Neural Networks (Ideal Scenario)



PINNs VS Neural Nets
Noisy NN Noisy PINN



PINNs: Generic Architecture



PINNs: System Setup

System Solution 
(Latent)

Non-linear 
differential operator

Model Parameters 
(Given/Latent)

𝑢𝑡 + 𝒩 𝑢 ; 𝜆 = 0,  𝑥 ∈  Ω,  𝑡 ∈ [0, 𝑇] 



PINNs: Type of Models

• Continuous Time

• Discrete Time



PINNs: Type of Solutions

Inference, Filtering, and Smoothing
Given system parameters 𝜆, what can be said about the unknown 
hidden state 𝑢 𝑡, 𝑥  of the system

𝑢𝑡 + 𝒩 𝑢 ; 𝜆 = 0,  𝑥 ∈  Ω,  𝑡 ∈ [0, 𝑇] 

GivenTo be discovered



PINNs: Type of Solutions

System Identification

What are the parameters 𝜆 that best describes the observed data?

𝑢𝑡 + 𝒩 𝑢 ; 𝜆 = 0,  𝑥 ∈  Ω,  𝑡 ∈ [0, 𝑇] 

To be discoveredTo be discovered



PINNs: How the Physical Laws are Enforced?

• In an ordinary NN the final loss function can be given as

𝑀𝑆𝐸𝑢 =
1
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• PINNs loss function can be given as

                                       𝑀𝑆𝐸 = 𝑀𝑆𝐸𝑢 + 𝑀𝑆𝐸𝑓
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𝑓 ≔ 𝑢𝑡 + 𝒩[𝑢]



PINNs: How the Physical Laws are Enforced?
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Physical Laws Governing the System Parameters



PINNs: How the Physical Laws are Enforced?



Example: Embedding the Physical Laws

Burger’s Equation

Dirichlet Boundary Condition



PINNs: Tensor Flow Implementation

Conventional Neural Net

Physics Embedded Neural Net



PINNs: Evaluation of Burger’s Equation



PINNs: Learning Landscape

Conventional 
NN PINN



PINNs: The End?

Limitations

Hard to Train?

Availability of the Data?

What if an accurate system model doesn’t exist?



An Intuitive Conclusion: NN vs PINN
Noisy NN Noisy PINN
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