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Haw k‘ Eye"" SyStem of Systems

Haw Enables a real-time conversation with the turf
Autonomously, 24/7/365
Measure
Be Informed
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Hawk-Eye™ Thermal and Visual Image Data

Hawk-Eye

Persistently, 24/7,

Autonomously Set it up

Pattern Recognition for: Durable and WeatherProof

Early ID of disease, pest, and
water pressures
drainage

Tell it what you want to know.

It is autonomously measuring
the field(s) and the local
weather.

Alerts to:
Loss of turf vigor
High canopy temperatures
High Stress events

It alerts you when the

Indices to Guide: conditions you wanted to

Irrigation know about occurs.
Player Safety ne
. z“é
Using Fans 5
Grow Lights k
Turf Heating

Listen to the turf.

By exploiting the Internet of Things the Hawk-Eye™ System enables plants to talk to turf managers, help target labor and actuate irrigation.
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The Turf Imaging Spectrum

Hawk-Eye

Visual — reflected light \4 'I Thermal — emitted heat

450 - 950 nanometers 8 - 13.5 microns
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Hawk-Eye™ System

1028

Hawk-Eye

Measures Color

Computes Canopy Heat Indices & Variance of Color

Visualizes and Reports Actionable Results in Real-Time
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Visual

Hue/Color
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Using the Visual Image Data

Track/Assess
Vigor
Water Quality

& Hue degree = 81° T Varietal Differences
177 stdDeveR - :
[ s ]

Visual Index (VI) = Standard Deviation of the Canopy’ Color

Measuring
Vigor and Leaf Density

Calculated every time step of image data Averaged between solar noon - /+ 1hr

VI is the measure of QUALITY
ItriCorp
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Thermal @ Day

| V&\Qer

Temperature of the Canopy is a Function of:

Hawk-Eye Air Temperature
Sunlight
97 Absorbed, Reflected, Scattered, Shaded

Latent Heat of Vaporization
Cooling effect during Transpiration

95
Wind

93 Energy Into System . Temperature

Sunlight Is used in Photosynthesis hade Humidi?y. )

Ambient Air Temperature Precipitation
91 Heat from Respiration
89

Energy out of System

Green Reflected \
87 Near-IR Scattered by Chlorophyll \\

Far-IR (Heat ) Emitted/ffrom Plant \

\
85 \
\
Photosynthesis E

83 Carbon dioxide + water -2 sugar + oxygen (+ water) \\

o o
bl b q;o
Stressed Turf \Y\W{ J\V\h | P\

ItrlCorp
i Turf-Vu' ! ‘W

A Division of ItriCorp There are no boundaries when enthusiasm and excitement are applied to the task at hand. ™ Bounda

Rooet Respiration



Thermal @ Night

Temperature of the Canopy is a Function of:

Hawk-Eye Air & Soil Temperature SRR L S
Heat Released during Respiration "”‘;:!::.."“ "3"'""? L
71 Latent Heat of Vaporization
Cooling effect during Respiration and Evaporation
Weather
Wind
. Temperature
Energy Into System VG Humidity

_ ted Meat

Precipitation
\Clouds P

Ambient Air Temperature
70 Radiated Heat
Heat from Respiration

Energy out of System
Far-IR (Heat ) Emitted from Plant
\
\
69 \
\
\
Sugar + oxygen - carbon dioxide + water (+ heat + water) \
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Using the Thermal Image Data W

Hawk-Eye Measuring Temperature Infers

Photosynthesis & Respiration

The measure of STRESS (SI)
Calculated every time step of image data
S| is Function of I (AT [eanopy 2], T Canopy, puerimer & T Canopyypmerims)
Image SI Daytime SI between sunrise ==>thru ==> sunset
Daily SI
Average of Daytime SI calculated every day at sunset for irrigation guidance
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Hawk-Eye
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Real-Time and Archive
Via Web
no proprietary software

Automated Alerts and Notice Set-Up
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Persistence is Important

The thermal character (stress) of the turf changes minute-to-minute.
Hawk-Eye Daily, weekly, monthly snapshots are not representative of the character of the turf.

Which Snapshot do you pick to do something?

|
|
|
|
|
|

Thu, 02-May-2019 08:20 AM | Thus, 02-May-2019 08:30 AM
W1.0°F - SRtad: 17127 RH: $4% - DP: 9.0 SE @ ¢ MPH THL 155 610 F - SRad: 17127 - RH: 94W - DI 360 - SE @ 0 MPH THI: 158

Wed, 01-May-2019 10:20 PM Wed, 01-May-2019 10:31 PM R RS PR —
S94°F - SRad: 0.0 - RH: 1% - DP- 365 35E § OMPH 3 =

60.3°F - SRad: 0.00 - RH: 50% - DF- 57450 § OMPH

1321 & 1332 this aftemoon.

2220 & 2231 last ﬁight 0820 &0830 thls mommg |

Persnstence IDs Wmterklll before green-up

Snapshots are misleading

Time Series

7 pm

Measured angFarchived persistent

Mon, 28-Sep-2015 07:09 AM ' njght time thermals during
71° F - mostly cloudy - RH: 864 - DP: 67 - North @ 0 MPH THI: 157 — feb-Mar
’ <[ <[Par]-] -]
. Frame: Tioe Grouping: S mia. - Speed 1 Sac Mapped the green-up of warm
See the Time Series @ https://vimeo.com/163604044 ermal; 06 February at R Seasin ot I‘:‘ May

|g

See the Movie @ https://vimeo.com/269639967
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With Persistence

Prescribing Irrigation

Hawk-Eye

Image Data
Calculatlon of Daily S| &and VI

= Canopy Temperature & Ak Temperatire Ao o oy

A

Only provide what the turf says it needs.
not the soil, not the weather

On the day that the Daily Irrigation Index crosses the established threshold; apply
a pre-determined amount that does not bring the area to field capacity but
recharges the root zone.

Daily Irrigation Index measurements continue.

When the Index crosses the threshold again, the predetermined amount of water
is applied.
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Hawk-Eye™ Systems =

.

Thermal and Visual Image Data System
for
Scouting Turf & Prescribing Irrigation

Temperature

Visual

Quality

ItriCorp

>
Y s/
A Division of ItriCorp There are no boundaries when enthusiasm and excitement are applied to the task at hand. ot



