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Downstream Integration: Symbiotic Fleet
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Downstream Integration: Symbiotic Fleet
Configuration Planning Co-Design + Pipeline

Approach Overview (with Pipeline)
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Motivation

@ Implement an algorithmic oracle to effectively evaluate robot
designs over multiple environments
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Finding designs with desired performance
characteristics

Robot design space
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Finding designs with desired performance
characteristics

@ Iterate multiple designs over a wide space of scenarios

@ Identify parameter combinations with desired performance
characteristics
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Overview
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Design space exploration motivation
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RoCo [1] in the pipeline
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Robot Morphologies

STL files - Visualizing the robot in a CAD software
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Add Devices

@ Compass
@ GPS
@ Motors

@ Microcontroller
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Parameterized robots
Parametrize a given robot morphology
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Design Parameters

Change dimensions for any module on the robot - the change
cascades down the design tree
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Robot Morphologies
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Print and Fold

Each RoCo robot can be folded from a 2D pattern into a robot body!
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Paperbot

A folded, functional Paperbot
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RoCo inputs to Webots (Physics Simulator)
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Environment Exploration Motivation

Roco allows us to explore the space of designs in a flexible modular
way. We want something similar to explore environments.
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Environment Exploration Motivation

Roco allows us to explore the space of designs in a flexible modular
way. We want something similar to explore environments.
Ideally should:
@ Quick to develop and tweak.
@ Express not just one environment, but many with different
variations
@ Able to integrate with simulator to manage simulation and
extract data
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Scenic in the pipeline

User- Defined Inputs

o Parameterized Geometry
o Parameter values
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Scenic Overview

@ Scenic [2] is a probabilistic programming language for modeling
the environments of cyber-physical systems
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Scenic Overview
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Scenic Overview

@ Scenic [2] is a probabilistic programming language for modeling
the environments of cyber-physical systems

@ A Scenic program defines a probabilistic distribution over
physical objects and agents

@ Sampling yields concrete scenes of objects and agents which
can be simulated to produce training or testing data

@ Can also dynamically monitor sampled simulations
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Scenic Overview

from gta import Car, curb, roadDirection
ego = Car

spot = OrientedPoint on visible curb
badAngle = Uniform(1.0, -1.0) * (10, 20) deg
Car left of (spot offset by -0.5 @ @),

facing badAngle relative to roadDirection

Figure 1: Scenic program describing a badly parked car and 4 scenes
sampled from it, visualized in GTA simulator
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Design Pipeline: Scenic Environment

In design pipeline, Scenic is used to:

@ Describe and generate environment
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Design Pipeline: Scenic Environment

In design pipeline, Scenic is used to:
@ Describe and generate environment
@ Record data at various points throughout simulation
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Design Pipeline: Scenic Environment

In design pipeline, Scenic is used to:
@ Describe and generate environment
@ Record data at various points throughout simulation
@ Monitor the environment and terminate simulation when desired
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Speed Bumps Scenario

Toy scenario with 3 primary components:

@ Place two speed bumps of variable size at a variable distance
and fix Paperbot start location/target

@ Require Paperbot remain in arena and terminate when near
target or timeout is reached.

@ At end of simulation, record test metadata.
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Speed Bumps Scenario

Figure 2: Various Instances of the Speed Bump Scenario in Webots
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Speed Bumps Scenario

Bare minimum scenario with very limited randomness. Designed to
detect design choices that a human could also infer, such as...
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Speed Bumps Scenario

Figure 3: Thin robot can pass through speed bumps
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Speed Bumps Scenario

Figure 4: Wide robot will run into speed bumps
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Speed Bumps Scenario

Figure 5: Big wheeled robot can roll over speed bumps
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Bumpy Field Scenario

-

Figure 6: Various Instances of the Bumpy Field Scenario in Webots

-
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Bumpy Field Scenario

In the future, consider more chaotic scenario with substantial

randomness, designed to detect features that a human could not
immediately easily discern.
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Bumpy Field Scenario

In the future, consider more chaotic scenario with substantial
randomness, designed to detect features that a human could not
immediately easily discern.

Must balance:

@ Wheel size for torque, speed, energy efficiency.
@ Robot size and width to navigate through/over bumps

anwchatto@ucla.edu (Anwesha Chattoraj) January 28, 2022 33/45



Bumpy Field Scenario

In the future, consider more chaotic scenario with substantial
randomness, designed to detect features that a human could not
immediately easily discern.

Must balance:

@ Wheel size for torque, speed, energy efficiency.
@ Robot size and width to navigate through/over bumps

The optimal parameters are not immediately obvious to a human,
but can be explored via our pipeline.
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Webots in the pipeline

User- Defined Inputs

e Parameterized Geometry
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Webots simulations

Simulation Set 1
Objective : Iterate through the design space of the robot in different
scenarios in Webots [3]

@ 2-Wheeled Car utilizing a differential-drive PID controller to
reach a target

@ Scenario has 2 speed bumps along the straight line path of the
robot that does not allow cars with certain values of the
geometrical parameters to pass through
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Simulations

Design Parameters
@ Width (Wheelbase) range : (60,120) mm
@ Height (Radius) range : (20,100) mm
@ 5 simulations per design
Simulation environment parameters
@ Simulation time limit = 40.0 s
@ Distance between speed bumps range (0.05, 0.1, 0.15)m
@ Height of speed bump range (0.025, 0.05) m
Test Results Metrics
@ Distance to target: < 0.15m — Success
@ Elapsed Time < 40.0s — Success (max simulation time)
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Webots Simulations

https://www.youtube.com/watch?v=CqoAzELC3B0O
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Results: Radius of Wheel V/s Wheelbase Variation
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Inferences

@ These simulations were run keeping the length constant
(LOOmm)

@ They illustrate some regions of optimal parameters that might
not be immediately obvious to a designer.
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Inferences

@ Larger wheels would be thought of as uniformly good, except
with a small wheelbase and length (proportionally) they often
end up failing

@ Yellow regions are the best, but even green ones could be
useful, since they still succeed, and can help point toward useful
combinations as well, depending on our error threshold, wrt the
performance metrics used (slow and reliable vs fast and
unreliable)
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Oracle generated results: What next?
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Oracle generated results: What next?
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