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ALGORITHM 1 - WEIGHTED PAIRS

BACKGROUND

We built NERVZ to compete in the F1Tenth Autonomous
Racing Competition which is a global engineering challenge
where 1/10-scale cars must navigate a multi-lap racecourse
using a LIDAR sensor. No human control, no GPS. The
race demands split-second decisions: the car must detect
walls and obstacles, plan a path, and actuate its motor and
steering, all in real-time. To win, you need a fast car, a
smart algorithm, and a system robust enough to handle the
unexpected. We designed every part of our car from
scratch to do exactly that.

The Weighted Pairs MMSE algorithm is designed for fast,
smooth racing on open track sections. It scans the LIDAR's
180° forward field of view and identifies symmetric cone
pairs, one left and one right, at the same angle from the car's
centerline.

Each cone pair is weighted by distance (closer pairs carry
more weight) and an MMSE calculation finds the optimal
steering direction that balances all weighted pairs. This
produces smooth, centered path-following without building a

Nvidia Jetson full map.
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HARDWARE / KEY COMPONENTS
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ALGORITHM 2 - FREE SPACE PLANNER (FSP)
The Free Space Planner (FSP) is a custom A* path planner

LiDAR
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DASHBOARD
* Custom 2D Simulator: We built our own Python Dashboard is simplistic, lightweight, and it shows what the
simulator. It replicates the car's physical LIiDAR sees. We have here Weighted Pairs and FSP side
dimensions, turning radius, and speed limits by side.

exactly. The LIDAR model is accurate down to
adjustable noise and faulty scan simulation. To r
test a new track: sketch it on an iPad, run it '

-

Our custom Python simulator is also used to test a new through our image-processing script, and it's
track: sketch it on an iPad, run it through our image- loaded into the simulator in under a minute.
processing script, and it's loaded into the simulator in
under a minute. * Dashboard: Our dashboard visualizes the car's
world in real time: the LIDAR rays and their o
We went from using Gazebo, a slow and clunky 3D weightings, speed and steering radius commands, = =/
S|mullat|on which result(?d n very Ilttlle progress, to average lap time, and algorithm setpoints. It
creating a custom 2D simulation which is fast, light, and . . . R
supports simultaneous dual-algorithm comparison Agm

can take hand drawn tracks made on an iPad and port it
over to our simulation for us to test our algorithms on.

and frame-by-frame replay for debugging.
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