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INTRODUCTION: COORDINATION AT SCALE LAB 2
> CAS Lab started in Fall 2016 at Virginia Tech.
> https://caslab.ece.vt.edu/

> Autonomy in large-scale systems. w

> Study relationships between agent-to-agent interaction CASeL_ABRB

and scalable coordination. Coordination At Scale

> Theory + in-field validation and practical applications.

i : BELLEILE

[UAV Coordination, CAS Lab]
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INTRODUCTION: NIFA PROJECT 3

> CPS: Medium: Multi-Scale Planning in Robot Teams for Persistent Monitoring and
Intervention in Precision Grazing

> Pasturelands are integral to agricultural production in the United States.

> Cover approximately 48 million ha providing forage that supports over 54 million
head of livestock.

From physical grazing environment

Dynamic forage / pollinator / grazing models: to graze reconfiguration

G _ N _Hs
dt

McCall model

How to intervene? Optimal paddock
assignments computed from constrained === to estimated forage map
subset selection problem. ¥ 1 .

7

When to monitor? Optimal temporal
monitoring policy for UAV/ UGV teams )
computed from POMDP formulation.

!

t_ to spatial paddock sampling plan
to temporal deployment plan - t - Spatialp PEngIP=
Monitoring Interval How to monitor? Energy efficient
5 — sequence of paddock monitoring visits S
j computed from constrained MDP. VS
4 i | 'S
: to sequential paddock monitoring plan a7 1/
3¢ [ [ ‘ Time — e UAV  voves UGV —
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2r ' w 3 | 'map generated from robot
(71, Paddock 1) (2, Paddock 1) 3, (73, Paddock 1) & = measurements, forage models, and
b0 02 04 06 08 1000 prior map.

e Where to monitor? Risk-aware adaptive
sampling computed from heterogeneous

generalized Traveling Salesman Problem.

AN
(71, Paddock 2) -~ | ¥ (r, Paddock 2) (73, Paddock 2)
|

[Autonomy in Precision Grazing]
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What are our current problems
and results?

Large-scale monitoring with forage
perception.
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CURRENT PROBLEMS: LARGE-SCALE MONITORING 5

> How do we choose when to deploy a multi-
robot team?

> Necessitated by large-scale, slowly-
evolving process of interest (forage).

> What is the influence of our grassland
management decisions on future monitoring?

> We have proposed a coupled combinatorial
optimization approach.

——
200

(a) At time t =0, ap = 1. (b) At time t = 1, a1 = 4. (c) At time ¢ = 5.

[Intermittent deployment problem]

R

2019 NSF CPS PI MEETING, NIFA WORKSHOP WILLIAMS



CURRENT PROBLEMS:

How to observe processes on large scales?

> Deploy robotic teams to measure forage quality (Co-Pl Pratap Tokekar).

[Forage perception]

Growth from Week 1 - 2 Growth from Week 2 -3 Growth from Week 3 - 4
50th Percentile (%) 100.04 119.76 -65.11
75th Percentile (%) 70.12 84.80 -28.37
90th Percentile (%) 40.72 38.35 -19.72
95th Percentile (%) 20.32 37.95 -32.62
97.5th Percentile (%) 7.04 29.79 -20.13
99th Percentile (%) 3.10 12.99 ~7.65
99.5th Percentile (%) 11.10 16.18 -3.97

[Forage estimation]



What are future directions?

Input from ‘expert’ models and evaluating the
ecological impact of our autonomy.
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FUTURE WORK: EXPERT INPUT 8

How to reconcile expert models with

autonomy?
> Robotic perception is high resolution on large rer e
spatial scale.
> Models for forage systems predict temporal | m
behavior with complex inputs: 0
- GRASIM M
- SPUR .
> DAFOSYM N
> ALMANAC Gaussian process
> PHYGROW .
> How to exploit the ‘big data’ generated by robots E E
while complementing expert models? e
> For our problem, we believe the solution is a . ik
spatial and temporal decoupling. "“;':’::; E i
—— |

[GRASIM]
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FUTURE WORK: ECOLOGICAL IMPACT 9

Think more broadly about what we optimize.

> Ecological intensification of agricultural systems is one of the great challenges of the
21st century.

> With a population projected to exceed 9 billion by the middle
of this century, business as usual in food production will continue to be a leading
cause of biodiversity loss and global pollution.

> These needs are well-known, but the influence of autonomy is unclear.

> For our project, we propose to develop models and algorithms to support
ecologically intensified grazing systems that optimize cattle productivity and
pollinator conservation.

> Led by Co-Pls Megan O’Rourke and Ben Tracy.
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THANK YOU FOR YOUR
TIME.
QUESTIONS-
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