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AI vs. ML vs. DL
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Machine 
Learning (ML)

Deep 
Learning (DL)

Artificial 

Intelligence (AI)
Any technique that enables machines 

to mimic human intelligence 

Statistical methods that enable 

machines to learn tasks from data 

without explicitly programming

Neural networks with many layers that 

extract/learn patterns and tasks 

directly from data 



ML vs. DL
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[Canada] thistle 

(Cirsium arvense)
Sugar beet

(Beta vulgaris)

Kazmi et al (2015)

14 Features



X1 X2 X3 … Xp Y

x1,1 x2,1 X3,1 xp,1 y1

x1,2 x2,2 X3,2 xp,2 y2

x1,3 x2,3 X3,3 xp,3 y3

. . . . .

. . . . .

. . . . .

x1,n x2,n X3,n … xp,n yn
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ML vs. DL

Feature (independent variables, predictors) Response

Sugar beet

Sugar beet

Thistle

Thistle

Sugar beet

Thistle

Linear Discriminant Analysis and Multiple Regression gave 95-97% accuracy.

Kazmi et al (2015)



Deep Learning

5

[Canada] thistle 

(Cirsium arvense)
Sugar beet

(Beta vulgaris)

Kazmi et al (2015)

14 Features



Deep Learning
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[Canada] thistle 

(Cirsium arvense)

Sugar beet

(Beta vulgaris)
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Convolutional Neural Network (CNN)

Deep Learning: How does it work?
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No. documents retrieved on Scopus
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TITLE-ABS-KEY(“Deep learning” AND “X” )

Weed number is large (13-18%%) relative to Ag
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Weed/crop classification

dos Santos Ferreira et al 

(2017)

Semantic segmentation

Weed, crop, and soil

(67%-99% accuracy)

Weed density class Weed growth stage

Olsen et al (2019)

Weed type,

Weed vs. crop

Most common 

(62-98% accuracy)

Teimouri et al (2018)

Weedy Examples

Lambert et al (2019)

Classify 5 densities 

of Alopecurus 

myosuroides in 

20×20 m plots

Classify 9 growth stages 

based on number of 

leaves (70% accuracy).



“The more data, the more better” 
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Teimouri et al (2018)

Dyrmann et al (2016)

Olsen et al (2019)

Higley variable

~1000 images

Jonathan Dorsey



Hindcasting: Maternal 

Conditions



Inferring Maternal Conditions

Is there any signature 
of past environment 
in the seed? 

Seed

M
a
te

rn
a
l E

n
v
iro

n
m

e
n
t

13



Inferring Maternal 
Conditions

• Maternal growing 
conditions:

• Normal irrigation (well 
watered)

• Water stress (~30% of 
normal)

• Two populations:

• Kansas

• California

• Total No. plants: 200

14

Palmer amaranth (Amaranthus palmeri)



Seed Collection and Imaging
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6X6X

~
6
5
0
 in

d
iv

id
u
a
l s

e
e
d
s

~
6
5
0
 i
n
d
iv

id
u
a

l 
s
e
e
d
s



Seed Classification with GoogleNet: California Population
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Actual class

WS WW
P

re
d

ic
te

d
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la
s
s

WS
99%

(125)

24%

(30)

WW
1%

(1)

76%

(96)

Overall accuracy

88% 



Identifying Important Regions
Why DL predicts what it predicts? 

17
Grad-CAM: Gradient-weighted Class Activation Mapping
Selvaraju et al (2017)

?

?



Identifying Important Regions
Why DL predicts what it predicts? 

18
Grad-CAM: Gradient-weighted Class Activation Mapping
Selvaraju et al (2017)

Water-Stressed

Well-watered



Remote Sexing



Remote Sexing
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Gender determination in Palmer amaranth using DL

Female Male



Remote Sexing
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Actual class

♀ ♂

P
re

d
ic

te
d
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la

s
s

♀ 60% 9%

♂ 40% 91%

Overall accuracy

81% 



Remote Sexing at Seed Stage 
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Spectral range 400-1000 nm

No. channels 240

Spectral resolution 2.5 nm

Scanned ~600 individual seeds

(Resonon Pika L)

Seeds planted in trays individually

(3 populations: California, Kansas, and Texas)

Gender determination at seed stage? 



Remote Sexing 
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Population #Female #Male Total

California 26 (45%) 32 (55%) 58

Kansas 41 (43%) 55 (57%) 96

Texas 27 (42%) 37 (58%) 64

Sum 94 (43%) 124 (57%) 218



Male vs. Female Seed Discrimination

24

Machine Learning Method: Support Vector Machine (SVM)



A Roadside Weed Detection and Mapping 

Technology

Mohsen B. Mesgaran

Weed View

Department of Plant Sciences, UC Davis

mbmesgaran@ucdavis.edu

Kassim Al-Khatib Tong Zhen



Google Street View • 10 million miles of Street View imagery

• Circle the globe more than 400 times

26
Changes in coverage since 2007



Street View Car
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Photo: James Leynsehttps://www.google.com/streetview/explore/#sv-headed



Street View Three-Wheeler
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https://www.fastcompany.com/1733023/googles-trike-fleet-takes-its-street-view-peepers-roadhttps://www.google.com/streetview/explore/#sv-headed



Street View Trekker
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https://blog.google/products/maps/mapping-stories-new-street-view-trekker/https://www.google.com/streetview/explore/#sv-headed



Street View Trolley
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https://kimon.hosting.nyu.edu/physical-electrical-digital/items/show/1036https://www.google.com/streetview/explore/#sv-headed



Street View Snowmobile
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Olivier Maire/European Pressphoto Agency
https://www.google.com/streetview/explore/#sv-headed



Field bindweed

Johnsongrass

Johnsongrass

Google Street View of Weeds

32
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Mapping johnsongrass 

• Primary and secondary roads in CA, 
OR, WA, and NV 

• Total length: 84,000 miles (135,000 
km)

• Number of points (500 m apart): 
320,000

• Number of images retrieved: 
~270,000



Mapping johnsongrass 
Washington

Oregon

California

Nevada

34



Drop sampling points on roads
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Perpendicular view  

36 Google’s 360-degree camera
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Direction of 
Camera
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Retrieve images using Google Street View API

California

Texas

Kansas

Yolo county 
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Look for images with johnsongrass (Sorghum halepense) 

Absence

Presence



Label image (bounding box): ~1000 images
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Train deep learning model (YOLO)

41

Yellow boxes: AI 

Red boxes: Human



42 Yellow boxes: AI     Red boxes: Human



43 Yellow boxes: AI     Red boxes: Human



44 Yellow boxes: AI     Red boxes: Human



But…not perfect yet!
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135,000 km

(84,000 mile)

320,000 points

(500 m apart)

~2000 locations 

with johnsongrass

Mapping johnsongrass 
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Cost comparison

• Safe drive = 500 miles

• 168 days to cover 84,000 miles of road

• Costs per day (accommodation + meal) = 
$25,200 (@ $150 per day)

• Car rental: $9,408 (@ $56 per day)

• Fuel (40 mpg) = $7,350 (2100 gallon @ 
$3.5)

• Total = $41,958 

• Risk of accident?

• Number of points (500 m apart): 320,000

• Number of images retrieved: ~270,000

• Estimated Google price for 1000 images: 

• $7 (≥ 100,000)

• $5.6 (100,000-500,000)

• Total : $1,700

Car survey Google Weed View

• 4226 records in US since 1903 

• 2000 records with lat & long 
over few months

47



Next Scale…
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Thank You!



WeedChat
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WeedChat
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The Way Forward

Weeds are smart with millions of parameters 
and many hidden layers! 

51

ai + Weed Management

AI + Weed Management

Now

Future

active ingredient

Artificial Intelligence
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Neural Style Transfer
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