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Why study plant disease?

YIELD LOSSES ACROSS MAJOR FOOD CROPS*

FOOD SECURITY FARM PROFITABILITY

Less available food Lower yield, higher inputs,
and a less stable supply and reduced margins

Earlier, scalable, precise detection

*Combined effects of pests and pathogens across five major crops. Sources: FAO; Savary et al., 2019.

Cyber-Agricultural Intelligence
and Robotics Laboratory

$220B+

ANNUAL ECONOMIC LOSSES FROM PLANT DISEASES

CONTROL BURDEN HEALTH & ENVIRONMENT

Repeated scouting and treatments Poorly targeted control can
consume labor and resources harm people and ecosystems

protects yield * reduces unnecessary intervention




PhytoPatholoBot v2 (PPBv2)

GNSS Antenna
Sparkfun SPK6618H

p)

Dual GNSS Receiver
MJRTK UM982

Robot Base

Farm-ng Amiga

Computing Unit
Raspberry Pi 5 (for navigation)
NVIDIA Jetson AGX Orin
(for imagery data collection and analysis)

Imaging System
PhenoStereo (strobe light) &
FLIR BFS U3 (RGB cameras, stereo setup)
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PPBv2 Navigation
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PPBv2 Imaging System and Sample Data

image Reconstructed Depth  Reconstructed Point Cloud (0-3m)

W \ Y ¥
K i
3 B iy o,
o - Wt

Imaging System
(Strobe light + RGB cameras)

image (L) image (R)

Foundation

Stereo

C A I R Cyber-Agricultural Intelligence Bowen Wen, Matthew Trepte, Joseph Aribido, Jan Kautz, Orazio Gallo, Stan Birchfield. 6
and Robotics Laboratory “FoundationStereo: Zero-Shot Stereo Matching”, CVPR 2025



Weekly PPBv2 deployment

Network Module

["] 5V devices [112V devices
* PPBv2 robots based autonomous system e | NowokSuich o irlss Rovte
L A_A
® ATV— b a S e d SySte m Navigation & Control Module ’—‘ Data Acquisition Module
. s Y\ 2
(shared data acquisition module) ercnite 2 SR | o Mopcortler
pberry Pi 5 Jetson AGX Orin
A GNSS + yaw ‘RGB Trigger signals
v data $ N
Dual GNSS .
Roporpese || Receter TR emere | | Sheteoe)
& L J

_ Autonomous navigation + Data acquisition

o = y
The strobe light (to enhance foreground-background contrast) and cameras
operate at 2 FPS, but not every flash is visible in the video due to the mismatch
between the video frame rate and the strobe timing.
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Data Distribution of Grape Disease Phenotyping

* The imaging system can control data distribution on the sensor side, but

not the domain shift on the plant side...
™

| also want a PM model, but the\
symptom in Minnesota doesn’t
look like that in CA...They are
sparse, scattered, gray-white
powdery spots with diffuse,
low-contrast boundaries. /

Can you train an Al model to identify
powdery mildew (PM) for me? They
are dense, yellow powdery patches
with high visual contrast.

)

Dr. Summaira Riaz
USDA-ARS

PM sample in Minnesota

PM sample in California

Cyber-Agricultural Intelligence
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Challenges in Powdery Mildew Segmentation

 Data Annotation * Appearance Variation
* Domain knowledge required * |rregular shape
* Time and energy consuming * Various color

Hard to model the irregular visual

Small annotated image dataset ) -
features in a unified manner

Whiteish, small spot

Yellowish, banded patch

Grayish, large lesion

4 Y :
Cyber-Agricultural Intelligence 9
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SAM-CLIP Model for Disease Segmentation

Before text regulation (image only)

e D Appearance-driven PM subclusters
&[] trainable module (1) Vanilla (2) PEFT — Adapter (3) PEFT — LoRA
3:&[ | frozen module 8
module from SAM Transformer Transformer Transformer| |Transformer )
|:] module from CLIP Block Block Block i Block i+1 3
image embedding g ) o : 3:..;\ o .
text embedding m :_ .\\ o .:.;_3 e 3
.| merged embedding update all parameters update Adapter blocks update LoRA blocks 5 ‘t_n__,,-’
Image Encoder - T T ) Same disease, . e
o PP S . A o % o™
SAM-CLIP) .-* e L Tec : 2 AT L
SAwR) ,. fragmented by %AW
Input Image M*Iﬂmage ; Segmentation ) dREEANECS ¢ tissue
5 Encoder Ty MR el T Inference 0 2 E L i
- 1 ¢ : After text regulation (image+text)
] & Mask T 1 H
ext-aligned semantic PM clusters
MLP Decod
O ... O] 5 > ecoder ) _ )
% (SAM) Text anchor: “powdery mildew
Image ] ’ L
|5 Encoder > | ’ /,.r-". ::..;-;.\
e b TR
n g a \\\“ ® X .-’,‘/
e : | | |7 Healthy
s tissue
Input Text 3 (SAM) “« o °
Text = s a® s ® o
" T ow" » Encoder . ) ) o.:g. .2:. oo o
Powdeny midew cup) = : Semantic alignment .’
-> clearer separation
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Model performance of SAM-CLIP and baseline

Model Dataset mloU" mloUP [1oU® [oUC"Y [oUCP
PM-SAM-CLIP PM NY 2019 59.63  64.12 21.51 2640 30.25 |
_ PM-SAM PM NY 2019 46.69  50.11 3.46 6.45 14.03
E DeepLab v3+ PM NY 2019 25.89 29,12 0.00 0.44 0.63
3 SegFormer PM NY 2019 21.41 2554  0.00 0.00 0.00
! Canopy-SAM-CLIP Canopy_NY 2020 9559 97.15 65.70 77.95 83.02

g Human Scouting: 0-5 score ] [ Robot Scouting: % -> 0-5 score ]
Score: 0 Score: 1

DeeplLab v3+

Score: 2 Score: 3

Score: 4 Score: 5

raw masks combined masks raw masks combined masks
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Requests Never Stop...

| am a plant pathologist, | A

want to study all these
diseases in my vineyard.
And faster is better! )

Can you build a model for downy mildew
(DM)? We can annotate some DM for you.

Dr. Katie Gold
Cornell

Dr. Medeline Oravec
Cornell

Can you build a A

_ : model for black rot
g n A ) (BR)? We canalso
~ ™ annotate some BR. )

" Dr. Surya Sapkota
USDA-ARS

J ’
s n
i 3
. . e
Bhas e e
VR \ -5

Downy mildew sample

: Wait...
t <[ ai
mdaly

OD)

Black rot sample
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Disjoint Single-Class Supervision

. . Hierarchical overlap:
* Single-Class annotation datasets and Powdery Mildew are on Canopy

Image Mask - Canopy (C) Mask - Downy Mildew

Mask - Berry (B)

Cyber-Agricultural Intelligence
and Robotics Laboratory



Real-Time Edge Deployment Constraints

Keep high resolution input Robotic Precision Spraying* Grower Decision Making*

for small disease lesion detection

[ ]

vL Onboard Computing J

Embedded GPU constrain

Cyber-Agricultural Intelligence 14
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Multi-Teacher Knowledge Distillation for Continual Segmentation

The student model needs to be

Knowledge Distillation 1. Light-weight for real-time

Canopy-SAM-CLIP Berry-SAM-CLIP

2. Multi-class segmentation

3. Future expansion

DM-SAM-CLIP PM-SAM-CLIP
Student Model

Multi-Teacher Single-Student

Our climate is different.
We have new disease
different with other sites.

New disease!!?? | want
to study all these

diseases in my vineyard. i
Class-Incremental Learning

(Continual Learning)

o J
Dr. Katie Gold
Cornell

Dr. Anne Fennell
SDSU

Cyber-Agricultural Intelligence 15
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Sequential Teacher-to-Student Integration

Multi-modal
Encoder
Teacher 2 - SAM-CLIP

emb prob prob emb
map map
ME::Lndo:,al Mask Decoder Mask Decoder
Teacher 1 - SAM-CLIP eacher 1 - SAM-CLIP eacher 2 - SAM-CLI
S I
p |
Image Encoder Mask Decoder Mask Decoder
Student - EdgeSAM Student - EdgeSAM eacher n - SAM-CLI
[ Prototype - 22 o ;’g
\Msc1, Hsc2, Mscp)<---emb emb

Wsp based on
previous teachers

Multi-modal

Encoder
Teacher n - SAM-CLIP

Cyber-Agricultural Intelligence
and Robotics Laboratory
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Progressive Category Integration

Image

Image

Cyber-Agricultural Intelligence
and Robotics Laboratory
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Real-Time Inference

. L Full Image (4096*3000) onboard Inference: 5.8 FPS
Field Image Acquisition: 2 FPS Patch (1024*750, batch=16) Inference: 93 FPS

Student Model

NVIDIA Jetson
Orin 64GB

-

ke

I 20% Frame Acquisition 63% SM/Tensor 76% Encoder (TRT)
Core Compute \

\

21% Memory
Bandwidth Bound

12% Synced

8% Decoder (TRT)
Metadata I/0O

6% Camera 4% Postprocess

1ol ;
\(12 Cores) 1 I Logging
\ 7 1
N ’ 1

<N 4% ROS2
> 80% Idle A5 \ Overhead
N = e l-—\(

7 3% GPS Handling

_ — 2% Render/I0

8% Copy
\/ Engine
/

~
~

/
6% Preprocess

55% RGB

Image 1/0 "\ 4% H2D/D2H Copy

7’
AN 8% ldle/Sync
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Geo-Referenced Data Mapping

=>

Frame 1 |:{> robot orientation Frame ° camera position eo—e planting row
M B BNl disease severity —> camera optical axis =e= grapevine
row-based A camera FOV w=e grapevine panel
spatial o o
discretization PM infection severity quantification o—m "—I—-—o
mask X Berry mask . I I - - multi-view
. . pixel # of PM e - H I L I L L
bat.:k-prOJectlon _ oixel # of X I . r I ] I I Al N |
to Iimage space (- +x+ x) )
frame 1 quantification on planting row robot scanning south side
Frame N o .
= ¢ _ _ - — *
robot scanning north side @ vine 1 vine 2 vinei  vine i+1
H  HEn . :
® L —0.—. --------------- > vine-level severity
overlapping region combination
frame frame frame ' '
v 2 e——cpemp om - BRE R EEEE . globalspatial
. N = max(lEN, . ) i
local disease L ~ J aggregation
quantification frame 2 quantification on north side H . ] N Level "
L e | | =—————— - anel-level severi
- n _ EE B . . Y
. Il _fr_ame 1 quantification on north S|de-
l I frame 1+2 quantification on north side - panel 1 panel | -
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3D Reconstructed Point Clouds and Disease Map

GNSS and approximate
camera-to-vehicle extrinsics
=> global alighment

FoundationStereo SuperPoint + LightGlue + PnP
=> Depth =>» relative camera poses

Cyber-Agricultural Intelligence 20
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Spatio-Temporal Disease Map

* Frequency?
* Throughput?

wn A PM infection severity map (%)
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Quantitative Trait Locus (QTL) Analysis on PM Resistance

2023

2024

20 /| Human Score (9/13)
Model Score (9/20)

Model Score (10/12)
15

10

LOD Score

5 - 10% Genome-wide LOD threshold

VR

} ALl I MQ A //*/ﬂ ‘\/“ ’r/\ w

b |
,f“' ’ f f ’ | " ) " ;
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Chromosome Position (cM)

Human- Score (8/29)
Model- Score (8/15)
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10% Genome-wide LOD threshold
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PhytoPatholoBot Next Generation (PPB-NG)

GNSS Antenna
Sparkfun SPK6618H

In-view White Reference (for Hyper-spectral cameras)

= Hyper-spectral Cameras
Specim SWIR & Specim FX10e (VNIR)
Dual GNSS Receiver
MJRTK UM982

o ComelAgrifech

e et nchens oo otr

SWIR Power Control Unit !

Specim PCU \ |
e - = |
i - l

W

Computer for Data Acquisition
Vecow ECX-3200 (M12)

Stabilization Mount
SOMAG RSM 400

Thermal Camera
FLIR A6701 (MWIR)

Computer for Navigation RGB Camera
Raspberry Pi 5 FLIR BFS-U3-123S6

Robot Base

Farm-ng Amiga

Cyber-Agricultural Intelligence 23
and Robotics Laboratory




PPB-NG Modular Design Sample Data

S

Navigation and Control Module

5V devices 24V devices
e [ 112V devices 128V devices
Micro-controller ‘_ Computing Unit |
B TR e Network Module
¢ CAN mes=ags TGNSSa-yw.mll v
Dual GNSS ;
Robot Bace Receiver Network Swich o, Router
GNSS & yaw, roll | T
i SErear SN
l vy v
HSI
Hyper-spectral Hyper-spectral RGE
Camera Camera k] :C.:er_‘Er?!F.C_ — ?:GB C_.am_e_rfﬁ
- ) HSI
&00-1000 nm. T i i
Stabilization Mount Gimbal pilch,rol "= Thermal Camera

In-view white reference

1000-2500nm SWIR (false-color composite)
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Al Agent Orchestrated Field Robotic Swarm

* Shared dynamic field state enables 1) concurrent sensing, 2) selective
Inspection, and 3) targeted intervention.

PPBV2 Al Agent PPB-NG

visible disease detection disease infection severity heatmap invisible disease detection

PPB-OTR-UTC ° I I I PPB-SB
\_ [ J \_ [1 Y,
—— ] > —S—

Prescription Map Prescription Map
\ J Epidemiology Path Planning & \ 4
o Prediction Motion Planning .
prescription map-based prescription map-based
UV treatment for infected grapevines | spraying for infected grapevines
[ Shared State -+ Capability-Based Coordination * Asynchronous Replanning

Cyber-Agricultural Intelligence 25
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More Robot Applications

e Autonomous UV treatment

Robot mowing

Leaf instance segmentation * Budbreak detection

* Grape berry color QTL analysis .
for leaf size estimation
QTL Scan with CIELAB b* Mean (B)
25 Marker: 2_17347640  LOD: 23.53 © Moans S
E Effect: 3.61 CIELAB b* PVE: 11.0%
20 {| |LOD 23.53; PVE 11.0% 30
e, | -
2 gjl 20
a
3" | 5
FL AR BN W N W 5% threshold | 10
f &, ' X n ' Juy :
PRV VGl 0 WO T VA ot WY WP ) ) )
12345 6 7 8 9 101112 13 14151617 18 19 BC BD AC AD
Chromosome Peak-marker genotype
26
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Thanks for your attention!

Yiyuan Lin #R8HE

Center for Agricultural Intelligence and Robotics
Email: yl3663@cornell.edu

Personal Website: https://yiyuanlinxx.github.io/
CAIR Website: https://www.cair.cals.cornell.edu/

My Robots About Me

Cyber-Agricultural Intelligence
and Robotics Laboratory
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