
OBJECTIVES AND OPPORTUNITIES



OBJECTIVE 1

PRODUCTION, ENGINEERING
AND ROBOTICS (PE)

Amy Fulcher, University of Tennessee

George Kantor, Carnegie Mellon

Heping Zhu, USDA-ARS

Md. Sultan Mahmud, Georgia State University

Chris Marble, University of Florida

Lloyd Nackley, Oregon State University

Anthony LeBude, NC State University



OBJECTIVE 1.1A: ANDREW
AUTONOMOUS NURSERY DRIVING 
ROBOT FOR ELIMINATING WEEDS 

Faculty Mentor: George Kantor, Carnegie Mellon University



FIELD TEST AT 
WILLOWAY

Initial testing for drivability and 
visual data collection at Willoway 
Nurseries June 12, 2026

Robot able to traverse all 
experienced terrain

Pot spacing tighter than expected



MAPPING AND 
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2nd Iteration of navigation payload 
completed

Map-building capability confirmed 
in testing at Willoway

Autonomy development in progress 
at CMU
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SPRAYER 
DEVELOPMENT
Assembled summer undergrad team 
led by Billy Hered

Designed boom sprayer with 
individually-addressable nozzles

Developed weed detection vision 
system



NEXT STEPS

Demonstrate self-driving autonomy 
(July 2026)

Complete sprayer subsystem 
(August 2026)

Integrate autonomy and spraying 
(August 2026)

Iterate and improve (Sept. 2026-
Jan. 2027)

Field testing at partner sites (2027)



OBJECTIVE 1.1B 
PIPER 

POT-IN-POT EXTRACTION ROBOT
Graduate Students: Shahriar Ahmed, Ling Chen, Nathan Michalik

Faculty Mentors: Dr. Hao Gan, Dr. Amy Fulcher, University of Tennessee



Objective: Develop An Autonomous Pot Harvesting Robot For PNP 
Nursery Production Systems



Progress

Å Designed and tested an end-effector to securely hold and lift the production pot

Å Developed control circuits and algorithms to automatically detect the contact between the 
end-effector and the production pot, and the control of all linear actuators on the robot

Å Developed computer vision algorithms to detect and locate target pots 

Å Completed the first prototype of the robot and lab testing

Å Participated in the 2026 Farm Robotics Challenge (4 graduate students + 6 Undergraduate 
students)



FUTURE PLAN (2026 т 27)

1. Mechanical Design

2. Electrical and Control System

3. Computer vision

Å Re-design the arm system to overcome current challenges in weight 
distribution and flexibility
Å Field evaluation of the Mechanical Design

Å Develop adaptive control algorithms for more accurate picking of the 
production pot
Å Field Evaluation of the control system

Å Develop a complete navigation stack that include pot detection and 
localization, and autonomous navigation
Å Field Evaluation of the navigation stack



OBJECTIVE 1.1C
TALI (TERRESTRIAL AUTOMATED LASER-

BASED INVENTORY) SYSTEM 
Heping Zhu and Adam Clark, USDA-ARS



TALI MOUNTED AND ROBOTIC VARIATIONS



TALI MOUNTED AND ROBOTIC VARIATIONS



OBJECTIVE1.1D 
A-IPM (ARTIFICIAL INTELLIGENCE PEST 

MONITORING) SYSTEM
FOR JAPANESE MAPLE SCALE 

DETECTION
Graduate Students: Shovit Nepal, Muhaiminul Islam

Faculty Members:Md Sultan Mahmud, Karla Addesso

University of Georgia, Tennessee State University



A-IPM: IMAGE PREPROCESSING AND DATASET PREPARATION

Stitched Image
U2net

17.0 s | FG 4.3% 
isnet

33.9 s | FG 15.5% 

Best segmented
 trunk

Manual Annotation 
on Roboflow Sliding  Window Grid Viz. Example

Patch = 128px, 
Stride=64px
Total: 1124 patches
Pos:143 | Neg:981

Positive(has JMS)

Negative(Background)

Trunk Segmentation Performance Comparison
MiDaS + SAM

3.5 s | FG 1.9% 



A-IPM: AI MODEL PERFORMANCE

GT Overlay Instance Segmentation Output

Metric Training Validation Test(Mean)

Dice 0.81 0.798 0.712

IoU 0.78 0.70 0.673

Precision ~0.81 ~0.81 0.735

Recall ~0.81 ~0.81 0.694

GradCam 
Overlay

(What Model Sees)
Probability 

Map
Ground 

Truth
Predicted 
Instances

GT:17 Spots

Predicted: 19 Spots
Dice: 0.705
IoU:0.672



NEXT PLAN: FIELD TESTING AND VALIDATION FOR RELIABLE DECISION SUPPORT SYSTEM 

Conduct field 
testing and 

deploy the robot 
for autonomous 

navigation.



OBJECTIVE 1.2.1 EVALUATION OF 
HERBICIDE APPLICATION EQUIPMENT

Graduate Student: Maria Rodriguez

Faculty: Chris Marble

University of Florida



ACCOMPLISHMENTS

Å Application equipment (efficiency, uniformity, distribution patterns) have 
been evaluated at 8 FL container nurseries during regularly scheduled 
herbicide applications

Å Data generated on multiple methods (5) and forms of application 
equipment (belly-grinder/rotary spreader, drone, multiple types of boom 
sprayers) ӛ Labor hours used, pots treated, etc. 

Å Completed case study with Obj. 2 on equipment modification and resulting 
savings (Cherrylake Nursery)

Å 2 surveys (w/Obj. 2) created to assess grower use and savings associated 
with AirTec sprayers and herbicide application equipment in general



ACCOMPLISHMENTS
Å Hired M.S. student (Jan 2026)

Å Evaluated application volume and 
canopy penetration trials (liquid 
Dimension) 

Å Efficacy effects w/ and w/o 
immediate irrigation following 
treatment

Å Effect of application volume on 
canopy penetration of multiple shrub 
types

Å Assessed application patterns (single 
pass, one direction vs. back and 
forth) to assess canopy penetration
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2026-2027 PLANS: EQUIPMENT EVALUATIONS/DATA GENERATION

Å Continue to evaluate equipment 
advantages/disadvantages at nurseries in FL, GA, 
AL, and OR: seeking out advanced/unique cases

Å Surveys 

Å Disseminate survey - 21 AirTec customers

Å General Herbicide-Focused Survey to gain broader 
data on practices and potential improvements in 
efficiency ӛ all growers

Globus pruning machine modified to spray herbicides in addition to 

pruning ($350 modification) - ~$100K in annual chemical savings



2026-2027 PLANS:

ÅSurvey workers that apply both 
granular and liquid

Å Preference and perceptions of accuracy, 
efficiency

ÅPublish latest (2025-26) work in 
multiple peer-reviewed and extension 
outlets

ÅANDREW evaluations after finalization



OBJECTIVE 1.2.2 EVALUATION OF 
FERTILIZER APPLICATION EQUIPMENT

Faculty and Staff: 

Lloyd Nackley, Clint Taylor, Oregon State University

Amy Fulcher, Jareth Beeler, Karl McKim, University of Tennessee

Anthony LeBude, Anna Senter, N.C. State University



OREGON FERTILIZER APPLICATOR 
1.2.2 CURRENT

Å Trial scope: Four methods tested at two nurseries:

Å Fertil backpack with wand
Å Fertileeze pump action tube
Å Scotts broadcast spreader
Å Spoon & bucket

Å Best hand applicator: Fertileeze was fastest and most 
consistent.

Å Highest throughput: Broadcast spreader was fastest at 
scale, with more refill stops than Fertileeze.

Å Ergonomic finding: Fertil's trigger lever caused hand 
fatigue at both sites 

Photo credits: Clint Taylor



FERTILEEZE PRO-35 VS SPOON & BUCKET
EASY TREE NURSERY, ROCK ISLAND, TENNESSEE

Speed: 100% faster #2 container, 70% faster #3 container
Impact on Nursery: Workers chose to use the Pro-35 after the study; Owner bought ~8 more


