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Meet the Autonomous Runner Cutter 
1. See

2. Cut

3. Move

Automates manual runner removal





Detecting Where Runners Are

System identifies runners (green) and selects a target to cut (red).

Human View      VS           AI View 



The Speed-Accuracy 
Tradeoff

• Faster → less accurate
– Depth imaging is faster but contains 

larger errors

• More accurate → slower
– Higher spatial fidelity (3D Clouds) 

provides superior accuracy for 
calibration but introduces processing 
delays. 

• We chose accuracy to avoid damage
– Point-cloud Imaging was selected for the 

final field prototype



Performance Summary

• Cutting success: ~84%

• Low bed damage

• ~33 sec per plant cycle

• Reliable actuation



Detection Results

IoU Precision (%) Recall (%) F1 score (%)

Full Segment Full Segment Full Segment

0.5 43.3 76.7 24 43.4 31 55.4

0.3 53.3 86.7 29.6 49 38.1 62.7

0.1 76.7 86.7 42.6 49 54.8 62.7









Simulation to Real 
Transformation 

for Runner Cutter
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Objective: 

Develop a high-fidelity digital 
twin to train robotic systems 
for delicate maintenance 
tasks in commercial 
strawberry beds.

• Field evaluation of a robotic strawberry runner cutter 
at GCREC on February 5, 2026.

• Demonstrating delicate manipulation for clean cuts 
without damaging the underlying plastic mulch.

• High-fidelity digital twin simulations to develop robust robotic control 



Variable Rate Dispensing of Predatory Mites
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Edge computer, power 
supply and electronics box

Electronics board
Top view mite dispenser

Flir Blackfly S cameras
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Methods: Grad-CAM Qualitative Analyses
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Results: Trade-offs

Peak accuracy: 
85%
Peak Speed:
5.7 ms (176 
images/s)
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Results: Key Features for Model Prediction

Healthy- localized regions 
with trifoliate intersection, 
stems, and leaf edges

Moderate- localized regions 
with fruits, stems, and leaf 
edges 

Severe- Broad regions with 
Fruits and leaf edges 

Sites of thrips aggregation
• Leaf surface and veins
• Fruits,
• Flowers 

Highlighted regions
• Leaf surface and veins
• Leaf edges,
• Fruits,
• Flowers 
• Stems
• Background artifacts

Biologically relevant regions
• Leaf surface and veins
• Leaf edges,
• Fruits,
• Flowers 



Methods: Auger Design Considerations
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CEMA Screw Conveyor Engineering Guide Roberts (1999)
ASABE standard EP 389
Maleki et al. 2006

Property Value Consideration

Auger pitch, p
13 mm

Greater than sum of 
bran/vermiculite width and 

length (3.13 + 2.15 mm).

Flight strip depth, d 7.35 mm
Greater than maximum 

vermiculite dimension (3.13 mm)

Fight strip width, w 5.65 mm
Greater than the maximum 

vermiculite dimension (3.13 mm)

Auger ID 20 mm
Greater than drive shaft diameter 

(6 mm)

Auger OD 34.7 mm Less than 5 times the ID

Auger housing clearance 0.55 mm
Smaller than the min width of 

bran (0.71)

Hopper angle 70 degrees
Greater than the angle of repose 

of bran (30 to 45 degrees)

Auger material
3D printing 
PETG plastic

Rapid prototyping and finetuning

Auger Dimensions

p

w

d

ID OD



Methods: Dosage Calibration and Dilution
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Time of rotation (s) Target mite count Measured Volume (mL) Measured Mass (g)

0.5 Healthy (50) 2.08 ± 0.59 0.29 ± 0.08

0.75 Moderate (75) 2.86 ± 1.32 0.4 ± 0.18

1 Severe (100) 3.72 ± 0.76 0.52 ± 0.10

Calibration using vermiculite, microcontroller and 12V 100 
RPM DC motor

Original mite concentration , 𝐶𝑠𝑡𝑜𝑐𝑘 = 50 mites/mL

Desired mite concentration, 𝐶𝑑𝑒𝑠𝑖𝑟𝑒𝑑 =
100

3.72
 mites/mL,

Desired volume, 𝑉𝑑𝑒𝑠𝑖𝑟𝑒𝑑

Stock volume for dilution, 𝑉𝑠𝑡𝑜𝑐𝑘 =
(𝐶𝑑𝑒𝑠𝑖𝑟𝑒𝑑∗𝑉𝑑𝑒𝑠𝑖𝑟𝑒𝑑)

𝐶𝑠𝑡𝑜𝑐𝑘

Extra vermiculite to add = 𝑉𝑑𝑒𝑠𝑖𝑟𝑒𝑑 − 𝑉𝑠𝑡𝑜𝑐𝑘

Home Depot
Home DepotNatural Enemies

The end effector calibration directs the vehicle 
speed- Assuming the average plant diameter of 
12 inches,  maximum vehicle speed will be 12 in/s 
(0.3 m/s)



Methodology: Indoor Experiment
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• 3 runs (randomized pot positions)
• 20 Potted Plants
• 15-inch spacing (length)
• 12-inch spacing (width)
• Vehicle speed 40 ft/min (0.2 m/s)

Evaluation Metrics
• Case A- Identified and fully sprayed (within 80% of 

plant area)
• Case B- Plant Identified and partially sprayed (on 

plant but not completely within 80% of area)
• Case C- Plant Identified but target missed
• Case D- Plant not identified (so not sprayed)
• Case E- False positive target is sprayed

Precision = 
𝑆𝑢𝑐𝑐𝑒𝑠𝑠

𝑆𝑢𝑐𝑐𝑒𝑠𝑠+𝐹𝑎𝑖𝑙𝑢𝑟𝑒
=

𝐶𝑎𝑠𝑒 𝐴 + 𝐶𝑎𝑠𝑒 𝐵

𝐶𝑎𝑠𝑒 𝐴+𝐶𝑎𝑠𝑒 𝐵+𝐶𝑎𝑠𝑒 𝐶+𝐶𝑎𝑠𝑒 𝐸

Recall = 
𝑆𝑢𝑐𝑐𝑒𝑠𝑠

𝑁𝑜 𝑜𝑓 𝑃𝑙𝑎𝑛𝑡𝑠
=

𝐶𝑎𝑠𝑒 𝐴 + 𝐶𝑎𝑠𝑒 𝐵

𝑁𝑜 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠

Partel et al. 2019



Results- Indoor Testing
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Metric Description Value

Prototype 
Precision

Total number of targets sprayed/ total 
number of successfully sprays

100%

Prototype Recall
Total number of targets sprayed/ total 

number of targets
96.7%

Fully Sprayed 
Targets (FST %)

Percentage of fully sprayed targets: case 
A/ No. of targets

88.3%

Half Sprayed 
Targets (HST %)

Percentage of half sprayed targets: 
case B/ No. of targets

8.3%

Missed Spray 
Targets (MST %)

Percentage of missed spraying targets: 
case C/ No. of targets

0

Missed Targets 
(MT %)

Percentage of missed targets:
 case D/ No. of targets

3.3%

Outcome
Cause of Failure

Vehicle 
Alignment

Plant Tracking 
Model

Plant 
Morphology

NA

YES 0 0 0 53

PARTIAL 2 0 3 0

NO 0 2 0 0



Methodology: Outdoor Experiment
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• 2 runs on 2 strawberry beds (585 plants)
• Morning and Evening
• 15-inch spacing (length)
• 12-inch spacing (width)
• Vehicle speed 40 ft/min (0.2 m/s)



Results- Outdoor Testing
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Metric Description Value

Prototype 
Precision

Total number of targets sprayed/ total 
number of successfully sprays

95.0%

Prototype Recall
Total number of targets sprayed/ total 

number of targets
96.4%

Fully Sprayed 
Targets (FST %)

Percentage of fully sprayed targets: case 
A/ No. of targets

86.6%

Half Sprayed 
Targets (HST %)

Percentage of half sprayed targets: 
case B/ No. of targets

9.7%

Missed Spray 
Targets (MST %)

Percentage of missed spraying targets: 
case C/ No. of targets

3.5%

Missed Targets 
(MT %)

Percentage of missed targets:
 case D/ No. of targets

0.2%

Outcome

Cause of Failure

Vehicle 
Alignment

Prototype 
Design

Plant 
Tracking 
Model

Vehicle 
Speed

Environmen
tal 

Conditions
NA

YES 0 0 0 0 0 499

PARTIAL 5 0 1 1 49 0

NO 1 14 1 0 5 0

WEED 0 0 0 0 0 9

Red values indicate 
suboptimal performance



Key Takeaways

• Robotic runner cutting is field-feasible 

• Variable-rate biocontrol enables plant-level 
precision application 

• Vision remains the primary bottleneck in real 
environments 

• Integrated multi-module platform is the next 
step 
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