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Road traffic dataset from Delhi and Noida intersections 
(with Vehant and Aabmatica Technologies)
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Road traffic dataset from Delhi and Noida intersections 
(with Vehant and Aabmatica Technologies)

Average hourly traffic density over 40 days



PM dataset collected with low cost platforms in Delhi and Kolkata 
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PM dataset collected with low cost platforms in Delhi and Kolkata 



Particulate Matter dataset collected using low cost platforms mounted on public 
buses and schools/colleges in Delhi and Kolkata 
(with respective Pollution Control Boards and Transport Ministries)



Pollution Exposure and Health Monitoring of Workers
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Where to sense? When to sense? What to sense?
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Where to sense? Motivation

Regional patterns

Hyperlocal patterns



Where to sense? Motivation



Where to sense? Location recommendation problem formulation



What to sense? When is less data useful?



What to sense? When is more data useful?



When to sense? Low cost sensor anomalies detected at bus depots.



Deployment of our 
instrument with road traffic 

camera in Noida

PM 2.5 does not directly peak at vehicle count peaks, but shows a delayed effect

When to sense? Delayed correlations of air pollution with road traffic level



Is there any privacy concern for the data? How to handle these concerns?  

How to ensure integrity of the sensors and the edge computing platforms? 
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Anecdotal evidence after DIMTS deployment: OLA doesn’t want Uber to know its location traces. How to 
aggregate data across fleet companies to train more accurate spatio-temporal air pollution models for 
interpolation and forecasting, preserving a private fleet’s location privacy? 

Organically arising privacy question: concerns of private fleet companies



Privacy Preserving Machine Learning (PPML) optimized for our applications



Examples of application specific research questions for PPML

Can differential privacy balance the utility-vs-privacy trade-offs?



Examples of application specific research questions for PPML

Can differential privacy balance the utility-vs-privacy trade-offs?

What mathematical functions need to be computed for our application?



Examples of application specific research questions for PPML

What neural network architectures are better performant for secure MPC?



Examples of application specific research questions for PPML

What neural network architectures are better performant for secure MPC?

What should be the end to end cryptographic pipeline? Which implementations perform better with same security guarantees?



What to compute at edge? How to balance performance vs. thermal safety?
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Edge computing hardware and software complexity with AI-ML boom



More transparency and control in XILINX embedded FPGA platforms



More transparency and control in XILINX embedded FPGA platforms



Understanding blackbox edge hardware and software for NN acceleration



Counter-intuitive observation 1: GPU with more compute resources is slower

Inference latencies in msecs



Counter-intuitive observation 2: NN compilers are non-deterministic

Inference latencies in msecs

Prediction labels different out of 1000 images



Counter-intuitive observation 3: Generic NN compilers outperform TensorRT

Inference latencies in msecs



Thermal safety on edge GPU platforms



Where to sense? When to sense? What to sense?

Is there any privacy concern for the data? How to handle these concerns?  

How to ensure integrity of the sensors and the edge computing platforms? 

What to compute at edge? How to balance performance vs. thermal safety?
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Ongoing research
System software for 

edge and mobile
Exploit the reducing heterogeneity in the AI-ML compute stack with the growth of foundation 
models. Started trying these for sustainability applications - like air pollution forecasting with 
time-series LLMs. Will try time-series LLM based anomaly detection on personal devices, for 
improved data privacy.

Running foundation model inferences on edge and mobile under thermal and power 
constraints. Keep the system software stack as similar to cloud, as possible.

Non-cryptographic secure and private systems at edge, to reduce computational overhead of 
cryptography, using ARM Confidential Compute Architecture (CCA). Comparison of security 
primitives with Intel TDX, AMD SEV-SNP etc. available for cloud systems.

Ismi and Mehreen have developed cryptographic primitives for multi-party computations 
(privacy) and zero-knowledge proofs (integrity), and optimized these pipelines on edge CPUs.
Currently, examinng the acceleration of these cryptographic pipelines with edge accelerators 
like Nvidia edge GPUs and Xilinx edge FPGAs, for better hardware utilization and security. 


