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Project Vision
Goal: 
● To design and develop a software tool including AI-based Volt-VAR 

optimization (VVO) for ensuring the voltage profiles on the feeders are 
within the prescribed threshold bands, particularly in the case of high 
penetration of Distributed Energy Resources (DERS) integrated into the 
distribution grid

Benefits: 
● The AI algorithms and software tool will provide an interactive tool for 

utility operators to enhance the reliability and voltage stability for 
distribution grids, especially those with a large number of DERs. 

● The AI-VVO tool monitors the real-time data from sensors of DERs and 
the distribution grid SCADA system, providing intelligent decisions such 
as setpoint controls to control the DERs and VAR devices. 2



History and Evolution of Project

● Machine Learning 
Algorithm: Q Learning 
with Pandas

● Text-based output
● No database backend

● No support for 
Distributed Energy 
Resources

● Machine Learning 
Algorithm: Deep Q 
Learning with Pytorch

● Map-based grid display
● PostgreSQL and 

InfluxDB for backend
● Support for Distributed 

Energy Resources
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Requirements
● Functional:

○ Map-based power grid display for DER-integrated distribution grid
○ Real-time AI-VVO tool for generating setpoint controls for DERs and Var 

devices in the grid
○ Interactive AI-VVO tool visualization by plots and tabular data
○ AI-VVO tool capable of archiving power grid data from the simulations

● Non-Functional:
○ Aesthetically pleasing UI
○ Ease of use for novice and experts
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Conceptual Design Diagram

Databases

Backend

Web Server

ML Algorithm

Frontend

Grid Simulator

5



System Design: Frontend
● Tasks:

○ Add algorithm selection to main page
○ Add map-based power grid display
○ Implement data passing and configuration options through power grid 

nodes on map display
○ Add voltage information of nodes to grid display page
○ Increase readability for future teams

● Technology and Frameworks
○ ReactJS
○ React-Leaflet
○ Axios
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System Design: Backend

● Tasks:
○ Fix PostgreSQL connections
○ Integrate InfluxDB
○ Increase readability for future teams

● Technology and Frameworks
○ Django
○ PostgreSQL
○ InfluxDB
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System Design: Machine Learning

● Tasks:
○ Functional decomposition, 

system architecture and 
software architecture
■ AIVVONet.py
■ GridController.py
■ main.py 

● Technology and Frameworks
○ Pytorch
○ torch.nn.module

Data from 
Backend

main.py

AIVVONet.py
GridController.py
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Design Complexity

● Continuation of last year’s team
○ Considered trade-off of switching technologies

● Design Decisions
○ ReactJS for frontend
○ Map-based power grid display using react-leaflet libraries
○ PostgreSQL and InfluxDB for backend
○ Pytouch based Machine Learning algorithm.  
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Project Plan Tasks
● Frontend:

○ Algorithm selection
○ Map-based grid display
○ Display voltage information
○ User registration

● Backend:
○  Fix PostgreSQL connection
○ Integrate InfluxDB
○ Easy connection for stored data 
○ Ability to store user info

12



Project Plan Tasks

● Machine Learning:
○ Higher test set accuracy with a new Machine Learning algorithm
○ Deep learning model that's not over/underfitting data
○ Segment data into:

■ Training set
■ Test set
■ Dev set
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Schedule

October November December
Spring 
2022

Research

Development

Integration

Testing

Final Product 
Showcase

● Each feature has 
specific requirements

● Development and 
Integrations include:
○ Frontend
○ Backend
○ Machine 

Learning
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Risk and Mitigation Plan

● Risks
○ Learning curve with new technologies and frameworks
○ Virtual collaboration and development
○ Backend issues from previous team

● Mitigation Plan
○ Utilize Git
○ Agile methodology
○ Separate into different data into different databases
○ Regular meetings
○ Separate Discord channels for each team
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Test Plan

● Testable Units
○ Machine Learning API
○ Downloadable output
○ User registration
○ Machine Learning algorithms

● Using Unit Tests
○ Looking and input/output
○ Run with incorrect input to 

test fail cases
○ Add new unit test for new 

features
● Tools

○ Frontend: Jest
○ Backend: Pytest
○ Machine Learning: Python 

asserts and Pytest
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Test Plan

● Interface/Integration Testing
○ Refer to high level diagrams 

to indicate how components 
will interact

○ Incremental top-down 
approach

○ Test Docker communication

● System Level/Acceptance Testing
○ API communication
○ Test system response to test 

inputs
○ Communication tests
○ Combination of unit testing, 

prototypes and demos
○ Client is heavily involved in 

demos and give regular 
feedback

17



Prototype Implementation - Frontend

● Map-based grid 
display
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Prototype Implementation - Frontend

● Custom 
markers and 
icons with 
pop ups
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Prototype Implementation - ML
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Prototype Implementation
● Video
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Conclusion

● Started Implementation Stage
○ New Machine Learning 

algorithm with higher set 
accuracy

○ Upgrade database by 
utilizing PostgreSQL and 
InfluxDB

● Individual Contribution
○ Jaden: route highlighting 

between icons
○ Demetrius: Implementation 

of InfluxDB and PostgreSQL
○ Evan: Communication 

between backend and ML 
loop

○ William: Writing class files 
from new ML algorithm

○ Megan: Created new Docker 
plan to connect all aspects

○ Rachel: Implement 
react-leaflet maps and pins

○ Derrick: Map display and 
custom icon

● Next Semester Plan
○ Finish implementation of 

requirements previously 
stated
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