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ANDREW: Autonomous Nursery Driving Robot for Eliminating Weeds

Accomplishments:

ÅConducted pot-in-pot geometry modeling

ÅDeveloped driving simulator for pot -in-pot blocks

ÅAnalyzed clearance requirements for available robotic driving platforms



ANDREW: Autonomous Nursery Driving Robot for Eliminating Weeds 

Accomplishments:

Å ´´XªMӃXT ³­M­º ´X«´ «z J«T N­ª°Äº «z °JÉӃ­JT Ǝ ŸXŸŵ  º´ żM³J «ŽƏ

ÅDemonstrated 3D mapping and 2D navigation map creation on 
CMU camps

Payload for sensing, mapping, and navigation 3D map created by payload
2D navigation map  that will be used 

for autonomous navigation



ANDREW: Autonomous Nursery Driving Robot for Eliminating Weeds

Next Steps (Y2 goals):

ÅAddress clearance challenges with novel Amiga configurations

Å Implement autonomy architecture on Amiga platform

Å Identify and integrate spraying subsystem (building on protoype )

ANDREW autonomy and interface architecture Candidate novel Amiga configuration
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Accomplishments:

ÅTwo prototypes (figs. a, b) designed in 2023 Ɖ 24 

ÅA Farm Ng Amiga robot (fig. c) has been purchased to replace the 
previous prototype (2025)

ÅPhD student and MS student have been hired to work on the project

Pot-In-Pot 
Extracting Robot 
(PIPER)
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Pot-In-Pot 
Extracting Robot 
(PIPER)

Next Steps (Yr 2 Goals):

ÅDesign a new mechanical structure for harvesting using the Amiga as 
the robot base

ÅDevelop sensing systems and software for automated recognition of 
trees and contacting points for harvesting



Gazebo Simulation Environment

TALI: Terrestrial Automatic Laser-based Inventory System

Accomplishments

Å Built a virtual simulation environment 
for counting trees

Å Developed real-time tree detection 
and counting algorithms within the 
simulated environment



Human-Machine 
Interaction Interface 

Laser-based
point cloud 
visualization

Control and 
parameter 

setting 

Simulation 
camera view

Tree counting 
status 

TALI: a Terrestrial Automatic Laser-based Inventory System

Accomplishments

Å Developed a human-machine interface program

- Counting trees

- Saving laser data

- Starting or stopping control

- Setting parameters, etc



TALI: a Terrestrial Automatic Laser-based Inventory System

Non-target interference

Stakes

Closed canopy interference

Closed canopies Trees without obvious trunks  

Tree morphology interference

Complex Environments



Accomplishments

Å Hardware Integration and Image Data Collection: developed first prototype

A-IPM Artificial Intelligence Pest Monitoring 
Imaging System to Detect Scale Pests



Accomplishments: Tree Segmentation

Raw Images Depth Image (Depth SAM) Segmented Tree Portions Masked Tree Portions

Full Tree (Stitched)



Slicing using SAHI (SAHI: Slicing 
Aided Hyper Inference)

Detected Scale (blue colored)

Stitched Image

Zoomed Image

Accomplishments

Å Processing of Collected Images (Scale Detection)

A-IPM Artificial Intelligence Pest Monitoring 
Imaging System to Detect Scale Pests



Enhance the prototype

- Integrating a weather-sealed A-IPM unit powered by a Jetson Orin module

ÅProcessing and analyzing existing data

ÅConduct more data collection trips

ÅEvaluate multiple machine learning and deep learning models for effectiveness in 

detecting Japanese maple scale

- Comparative performance analysis

A-IPM Artificial Intelligence Pest Monitoring Imaging System to 
Detect Scale Pests



Herbicide Application Technologies Evaluation

Determine baseline efficiency
- Least to most efficient (hypothesized)

Granular

ÅHandshaker
ÅGravity flow -type granular spreader
ÅBelly grinder
ÅVortex type spreaders (air driven)
ÅGandy or air driven tractor spreaders
ÅDrone



Herbicide Application Technologies Evaluation

Liquid
ÅPump-up backpack
ÅBattery powered backpack
ÅHand-wand motor-driven type sprayers (e.g. turf 

equipment with hose)
ÅBoom sprayers (standard types) 
ÅAir assisted boom

Side-by-Side Comparison
ÅHandshaker vs. Belly grinder
ÅBackpack vs. Boom



Accomplishments 
Å Baseline efficiency data collected from 4 

nurseries
Å Liquid boom (standard), Spred-Rite, belly-grinder, 

drone (granular)

Å IRB approval (exemption) granted for 
- In-person surveys
- 2 herbicide application surveys for nursery 

growers
- General herbicide application survey

Å Why equipment was chosen
Å Improvements achieved by adopting any 

new/different equipment
Å AirTec Application Technology

Herbicide Application Technologies Evaluation



Å Cont. baseline efficiency data collected 
from nurseries

Å Controlled application volume study (20 vs 
100 GPA)

Å Administer surveys
- In-person surveys
- General herbicide application survey
Å AirTec Application Technology

Herbicide Application Technologies Evaluation



Irrigation controllers 

Å Long range wireless radio communication

Fertilizer Applicators and Irrigation Control Technologies Evaluation



Irrigation controllers 

Å BT communication

Fertilizer Applicators & Irrigation Control Technologies Evaluation



Socioeconomics (SE): Increase the adoption of automation and 

technology (ANT) in the US nursery industry through the 

development of socioeconomic information and tools to help 

firms make informed decisions about automation adoption

Margarita Velandia, Alicia Rihn, Le Chen
Agricultural & Resource Economics, University of Tennessee

mvelandi@utk.edu 
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Sub-obj. 2.1: Assess the economic viability of potting machine systems, 
individual and whole-row pruners, and select low-cost technologies.

ÅIrrigation Control Systems  Ɖ We have collected baseline data from one small 
TN nursery (<$200,000 in annual sales, three full-time, and two part -time 
workers). Over 11 weeks, an average of 18% ­Z ªJ«JzX³´Ż ÇXX¦ӃÉ º ªX  ´
spent watering, with a minimum of 0% and a maximum of 38% of weekly time  
´°X«º ÇJºX³ «zŸ 8M¤XNº ÆX ǎŻ´ ºXJª  ´ N­ӃӃXNº «z TJºJ JM­Äº º|X Ä´X ­Z º|X
irrigation controller. Working with  Amy Fulcher.

ÅHerbicide Applicators Ɖ We have completed the profile of a large FL Nursery 
operation (> $1 million, 135 full -time workers, 75 part -time workers). We will 
visit this operation on July 22 to complete the data collection and assess 
changes in costs and labor distribution associated with transitioning from 
granular application to Over -The-Top liquid application . The nursery provided 
baseline data and cost changes. Estimated 28% input cost savings, and 15% in 
labor savings. Conducted the first interview with a large OR nursery operation. 
Working with Chris Marble and Lloyd Nackley.

ÅAIRTEC Survey - We developed a survey to assess changes in costs and labor 
use associated with the use of Airtec, as well as benefits and challenges 
related to the use of this technology. The survey will be shared with AB for 
feedback before distribution. Working with Chris Marble.

Socioeconomics



ÅIrrigation Control Systems - Complete case study for TN nursery operation assessing economic feasibility of adopting 
irrigation control systems (To be completed by Spring 2026). Conduct interviews with NC nursery operations testing 
irrigation control systems (To be completed by Fall 2026).

ÅHerbicide Applicators  Ɖ Complete case study for FL nursery operations assessing economic feasibility of adopting 
herbicide applicators (To be completed by Fall 2025). Complete case study for OR nursery operations assessing the 
economic feasibility of adopting herbicide applicators (To be completed by Summer 2026).

ÅHerbicide Applicator Surveys  - Complete Airtec survey data collection (To be completed by Spring 2026). Complete 
the Herbicide Applicator survey instrument and share it with AB for feedback, and conduct the survey in early Spring 
2026.

ÅFertilizer Applicators Ɖ Complete at least one case study describing the economic feasibility of adopting herbicide 
applicators (To be completed by Fall 2026).

ÅPotting machine and whole -row pruners Ɖ Develop protocols to collect data from case studies to assess the economic 
feasibility of adopting these technologies (To be completed by Summer 2026).

Sub-obj. 2.1: Assess the economic viability of potting machine systems, 
individual and whole-row pruners, and select low-cost technologies.

Socioeconomics



Protocols to collect data will be 
developed in the Fall of 2026.

Socioeconomics

Sub-obj. 2.2: Measure changes in employee 
productivity, health, happiness or satisfaction 

related to adopting specific ANTs. 



Behavioral Adoption of 
Automation & Technology

Objective 3

Laura A. Warner, Alicia Rihn,Susan Schexnayder, Anthony LeBude, Vashti Tatman 



Understand and accelerate adoption 
of automation technologies

Objective Team

If people are not willing to adopt, 
potential impact of automated 

technologies will be limited



Understand and accelerate adoption 
of automation technologies

Rationale for this Objective Team

If people are not willing to adopt, 
potential impact of automated 

technologies will be limited



Objectives

Develop routes to ANT adoption for 
firms in DOI categories

5J° z³­ÇX³Ż´  «Z­³ªJº ­«-sharing networks that accelerate adoption 
for those connected



Key Findings

ÅGrowers were using 25% of the technologies appliable to their system 
(Warner et al. 2022)

ÅStrong perceptions of observability and relative advantage (Warner et al. 
2022)

ÅCompatibility the most important predictor of adopting automated nursery 
technologies (Warner et al. 2022)

ÅSocial norms and attitudes among the most important characteristics in 
disseminating automated nursery technology adoption (Warner et al. 2022)



Protocol development for interviews with 
irrigation timer non -adopters

Current Progress

Working on manuscript

Recruitment documents created

Submitted all IRB documents 



Next Steps

1. Finalize IRB approval process

2. Complete manuscript introduction, theoretical 

framework, and methods

3. Begin recruitment activities 



Objective 4- Consumer 
Preference 

ÅBumgarner, Rihn, Ruth, Palma, 
Collaborator Knuth

ÅResearch and Extension Interwoven in 
Objectives

Hypothesis: Consumers value and are 
willing to pay for practices that support a 
safe and fulfilling work environment for 
employees and improve sustainability. 



The Consumer Plan

ÅDetermine what they know and will pay for and design 
educational materials that both enhance their knowledge 
and valuation of nursery crops

1) Survey nationwide for perception, valuation

2) In person eye-tracking to assess willingness to pay
in 3 to 4 states

3) Develop tailored messaging for key consumer          
audience segments  



Objective 4.1. Assess awareness, 
perception, and consumersô 
willingness-to-pay for plants 
produced using automation that 
improves employee well-being.

ÅTwo key aspects

ÅAwareness and perception baseline survey

ÅWillingness to pay- Discrete choice experiment 



The Big Picture 

ÅConsumers are quite disconnected 
from the realities of plant production 

ÅWhile true for food crops, and 
floriculture crops, nursery crop 
systems are even less known 

ÅWe have to understand knowledge 
and attitudes before we can even 
begin to assess willingness to pay


