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Introduction

Precision agriculture is the adjustment of crop management based 
on spatial variability.

Requires the means to measure spatial variability.

Requires the means to alter management at a suitable scale.

Measurement technologies (remote sensing, proximal imaging) 
have a range of applications, including precision agriculture.
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A powerful incentive for adoption
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N section

High Yield
(mean 16 t/ha)
Ψ/ƭŀǎǎƛŎ 5Ǌȅ wŜŘΩ
(º$19/bottle)

S section

Low Yield
(mean 8 t/ha)
Cabernet Sauvignon
(º$30/bottle)

Increase in retail value of production > $42,000/ha

Precision Viticulture for profit

Very good
quality

Medium
Quality
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15t A3 $5,000

5t A5 $3,500

15t C1$1,300

31t B3 $1,600
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$14

$35

$175

$72

66t @ $1,600 = $105,600
66t split = $161,600
Wine value increase = $470,000
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Sensing
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Non-destructive sensing

All objects emit radiation (passive sensing) and will absorb some 
received radiation (active sensing).



Remote sensing (e.g. satellite, aerial):
Ålarge area sampling,
Åpassive (rely on sunlight),
Åbut limitations in:
Åfrequency of coverage,
Åspeed of data/analysis provision,
Åview angles.

Proximalsensing (e.g. tractormounted): 
Åpotentially higher resolution,
Åcan be active sensors,
Åmany possible viewing angles,
ÅΨƛƴǎǘŀƴǘΩ Řŀǘŀ ŀǾŀƛƭŀōƛƭƛǘȅΣ όƭƻŎŀƭ 

hardware / web-based tools).
Åbut requires local knowledge/skills.

Remote sensing vs. proximal sensing

Multi-spectral image of 
vineyard 
Remote Sensing Australia 

Greenseekerin use during 
fertiliser application.



Canopy cover, structure, light interception



RGB and vegetation indices

MclarenVale - Accolade

MclarenVale vineyard.



RGB and vegetation indices

MclarenVale - Accolade

NDVI

NDII

NBR



Drones



Drones



Drone photogrammetry
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Depth map can be generated and 
used to segment canopy from ground.



Canopy size & structure: drone photogrammetry

Combining height with colour 
information we can produce 
ground cover maps with 
resolution limited only by 
drone photos  (few mm)



Photogrammetry (structure-from-motion)

https:// phenocopter.csiro.au/PointCloudViewer/Index/587

https://phenocopter.csiro.au/PointCloudViewer/Index/587


Canopy size & structure: LiDAR

ÅGRoverLiDAR (bottom):
ωHigh resolution,

ωscans single side of row.

ÅSpinning LiDAR (top):
ωprovides many angles of illumination,

ωview up to 70 m,

ωuses SLAM for location (three 
dimensions),

ωcan scan entire block.



Canopy size & structure: spinning LiDAR



LiDAR based canopy indices

ÅPoint cloud can be used as a 3D model of canopy for further 
analysis.

Åe.g. light absorption over full season can be modelled.

Summer

Winter



LiDAR based canopy indices

ÅLiDAR data can be used without generating point cloud.

Åe.g. can use the proportion of laser pulses returned to estimate 
density or penetration maps
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Canopy size & structure: consumer video

ÅConsumer video cameras at different angles,
ÅUsed with photogrammetry (structure-from-

motion) to generate a point-cloud
ÅCan be used for canopy analysis, as with 

LiDAR.



Photogrammetry

3d Point cloud reconstruction
Blue points ςGPS,
green points ςcamera location (from 
photogrammetry).

Photogrammetry from video
3x GoPro cameras (different heights),
Use commercial or open-source 
software to generate 3D structure 
from 1,000s video frames 
(computationally intensive).

The use of photography to ascertain measurements.



Canopy size & structure: consumer video

ÅConsumer video cameras at different angles,
ÅUsed with photogrammetry (structure-from-

motion) to generate a point-cloud
ÅCan be used for canopy analysis, as with 

LiDAR.



Yield estimation



Yield estimation: counting inflorescences

ÅIn viticulture, bunch number approx. 60% of inter-seasonal yield 
variation.

ÅDifficult image analysis problem, but achieving 94% accuracy with 
initial tests, using consumer video camera.

Ground truth image (hand labelled) Machine learning output (red)


