Lygus Bug Detection Using Machine Learning for Pest Management
NASGA 2023 Meeting and Conference

Abbas Atefi, Ph.D.

Senior Production Automation Engineer

Mojtaba Ahmadi, Ph.D.
John Lin, Ph.D.

California Strawberry Commission, San Luis Obispo, California, USA
California Polytechnic State University, San Luis Obispo, California, USA

San Luis Obispo, CA, March 2023

CALPOLY CALIFORNIA

g Strawberry Center ST RAWB ER RY

COMMISSION




 Lygus bug is major pest of strawberries
 Cat-faced strawberries
* Annual damage around $1OO 200 m|II|on USD
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Bug Vacuum

https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=19630

https:, //organlcgrower info/article/california-betters-its-bug-vacuums-for-lygus/

Q4| CAL POLY \
<> Strawberry Center : 2 B
@ i Introduction '



Insect detectlon usmg deep Iearnlng technigues

The objective of this research was to detect adult and nymph Lygus using deep learning
In lab settings.
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Field sample
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NIR image (850 nm)
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Experimental settings in
the lab

* Adult and Nymph Lygus,
other insects, plant debris

« Sample moves ~40 mph
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Deep learning pipeline for Adult and Nymph Lygus detection

Input Image Masterful Al Model Prediction Output Image
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Total number of 1800 images

Training, validation, testing datasets (90%, 10%, 10%)
Training models: faster_rcnn and ssd_mobilenet
Evaluation metrics: Precision, Recall, and F1-score
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A_Lygus and N_Lygus detection using two training models on test dataset (IoU=0.5)

ssd_mobilenet v2 faster_rcnn_resnet50 vl
Object Name
P R F1-score P R F1-score
A Lygus 0.75 0.84 0.80 0.89 0.84 0.87
N_Lygus 0.82 0.80 0.81 0.77 0.91 0.83

« Both models could accurately identify the Lygus bugs (F1-score > 0.8)
« The accuracy of faster_rcnn is higher than ssd_mobilenet
 faster_rcnn is a two-stage object detection model, while ssd_mobilnet is one-stage detector
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A_Lygus and N_Lygus detection using two training models on test dataset (1oU=0.5)

ssd_mobilenet v2 faster_rcnn_resnet50 vl
Object Name
P R F1-score P R F1-score
A _Lyqgus 0.75 0.84 0.80 0.89 0.84 0.87
N_Lygus 0.82 0.80 0.81 0.77 0.91 0.83

« Nymphs have a substantial variation in size and shape

« Nymphs show more green color objects

« Nymphs have more physical and intensity similarities to plant debris/small flies in gray-scale
Images
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Confusion matrix for Lygus detection using ssd_mobilenet v2

. Predictions
Background Object Name
oredicted as A Lygus N _Lygus  Background
Lygus and vice A Lygus 119 8 14
Versa Actual N_Lygus 8 125 24

Background 31 20 0

Confusion matrix for Lygus detection using faster _rcnn_resnet50 v1

Predictions

Object Name
A Lygus N _Lygus  Background

A _Lygus 119 15 7
Actual N_Lygus 3 143 11
Background 12 28 0
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Background was predicted as Lygus bugs or vice versa
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Confusion matrix for Lygus detection using ssd_mobilenet v2

More incorrect
predictions
than missing

ONes

Object Name Predictions

A Lygus N Lygus Background

A _Lygus 119 8 14
Actual N_Lygus 8 125 24
Background 31 20 0

Confusion matrix for Lygus detection using faster _rcnn_resnet50 v1
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_ Predictions
Object Name
A Lygus N _Lygus  Background
A _Lygus 119 15 7
Actual N_Lygus 3 143 11
Background 12 28 0

Results and Discussion



Email: aatefi@calstrawberry.org
Cell phone: 8052343901
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 Field team (Andrew Molinar, Miriam Mendez, James Reid, Jasmine Rodriguez, Carolina Lobo)
« Entomology team (Dr. Sarah Zukoff, Jose Alvarado Rojas)
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