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The research problem
Recent technological advances have seen autonomous vehicles become a reality on roads. The efficiency
and safety of these vehicles is the highest priority in developing the autonomous driving capability, and they
can only be achieved by collaborating with other autonomous vehicles and the road infrastructure through
real-time connectivity. Although a wide range of information is expected to be exchanged between
autonomous vehicles on the road, the ability of predicting future behaviours of surrounding agents such as
pedestrians, bicycles, mopeds, and other vehicles is important but challenging problem. In this project, we
will attempt to solve this problem using networked multi-agent theory and inverse optimal control
techniques.
We assume that the behaviours of road agents can be modelled as a multiphase cost function that is a
weighted sum of specified intentions with phase-dependent weights that switch at some unknown phase
transition points. The cost weights and motion phase transitions will be estimated by a newly developed
inverse optimal control approach that uses a length-adapted window moving along the observed agent
trajectories, where the window length is determined by finding the minimal observation length that suffices
for a successful cost weight recovery. To date, the proposed approach has been applied to single agent
modelling, the inverse optimal control approach will be expanded to handle multi-agent scenarios and
derive conditions for observability.
Once the model is established, it will be first validated in a virtual road simulator with a mixture of
simulated vehicles and other agents. Next, recorded road data will be used for final validation of the
proposed approach and the recorded movements will be used to measure the performance of the model.
The proposed approach can also be applied to modelling of lane-free traffic flow. In many developing
countries, traffic includes a much larger variety of participants, drivers do not obey lane markings or traffic
signals and traffic conditions are rather chaotic as a result. As most of those countries are facing rapid
urbanisation, the accurate estimation and control of traffic flow around their ever-expanding cities is an
important but very challenging problem. However, the current traffic flow estimation in those countries is
still done using models developed in lane-based road conditions from western countries, which inevitably
causes large prediction errors. We believe that our approach will also be able to provide a solution to this
problem, which enables a large-scale traffic simulation for road traffic estimation.

Project aims
The primary objective of the project is to develop a set of heterogeneous models and a model estimation
framework that can describe road behaviours of various agents on the road. The model will then be used
for predicting future trajectories of the agents in real-time path planning for connected autonomous
vehicles. In order to validate the model, a road simulator will be developed, which will be run in an
immersive virtual reality environment. Final validation will be done on recordings of agent trajectories in
real road conditions. The lane-free traffic scenario will also be considered, which will lead to a larger-scale
traffic simulations to estimate traffic flow and congestions.

Expected outcomes
Highlight the expected outcomes of the project including likelihood of patents

The project will develop a methodology for modelling, estimating and predicting multi-agent behaviour and
interactions in challenging traffic settings. This will include algorithm development and characterisation,
and validation in simulation and realistic traffic conditions. We expect that the work will be published in
high quality control and automation journals.

How will the project address the Goals of the above Themes?
Describe how the project will address the goals of one or more of the 6 Themes listed above.

Motion prediction of surrounding agents is one of the primary problems that the autonomous driverless
vehicles face. Also, accurate traffic modelling in urban, lane-free conditions is an important and
challenging problem. This project will contribute fundamental algorithms, modelling and simulation
approaches to address these challenges, in line with the “Advanced computational engineering,
simulation and manufacture” theme.

Capabilities and Degrees Required
List the ideal set of capabilities that a student should have for this project. Be as specific or as general as you like. These capabilities
will be input into the online application form and students who opt for this project will be required to show that they can demonstrate
these capabilities.

1. Control theory (optimal control and multi-agent consensus)
2. Virtual environment (immersive simulation)
3. Mathematics
Degrees: Btech, Mtech, MS, BSc/MSc in Electrical, Electronics, Mechanical Instrumentation Engineering,
Control Systems, Robotics

Potential Collaborators
Please visit the IITB website www.iitb.ac.in OR Monash Website www.monash.edu to highlight some potential collaborators that
would be best suited for the area of research you are intending to float.

Dr Hai Vu at Civil Eng at Monash University
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Transportation and Traffic Engineering and Logistics
Data science, optimisation, algorithms
Computer Simulation
Systems Analysis and Control

