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Reports    Actionable Information in Real-Time 
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The Turf Imaging Spectrum 

Visual ς reflected light 

450 - 950 nanometers 

Thermal ς emitted heat 

8 - 13.5 microns 



Hue/Color Measurement 
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Color & Uniformity (Std-Dev  of Color)  =  QUALITY 
Calculated every time step of image data  

Visual Image Data 

Enhanced Visual 

green, 40° - 160° 



Thermal Image Data 

The measure of STRESS 
Calculated every time step of image data 

Measuring Temperature Infers  
Photosynthesis & Respiration & Evaporation 

Day and Night 



Shade  
Clouds 

and 

Trees 

Stressed Turf Healthy Turf Healthy Turf 

Temperature of the Canopy is a Function of: 
 

Air Temperature 
Sunlight   

Absorbed, Reflected, Scattered, Shaded 

Latent Heat of Vaporization  
Cooling effect during Transpiration 

Weather  
         Wind 

  Temperature 
         Humidity 

Precipitation Energy Into System  
Sunlight Is used in Photosynthesis 
Ambient Air Temperature 
Heat from Respiration 

Energy out of System  
Green Reflected 
Near-IR  Scattered by Chlorophyll 
Far-IR (Heat ) Emitted from Plant  

Thermal @ Day 

Root Respiration 

Photosynthesis 
Carbon dioxide + water Ą sugar + oxygen  (+ water) 
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Radiated Heat 
Clouds 

and 

Trees 

Stressed Turf Healthy Turf Healthy Turf 

Weather  
         Wind 

  Temperature 
         Humidity 

Precipitation 

Root Respiration 
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Sugar + oxygen Ą carbon dioxide + water (+ heat + water) 

Temperature of the Canopy is a Function of: 
 

Air & Soil Temperature 
Heat Released during Respiration 
Latent Heat of Vaporization 

Cooling effect during Respiration and Evaporation 

Energy Into System  
Ambient Air Temperature 
Radiated Heat 
Heat from Respiration 

Energy out of System  
Far-IR (Heat ) Emitted from Plant  

Thermal @ Night 



Thermal Image Data 



Temperature and Stress 

https://vimeo.com/177699460  

Stress is function of  ҝ(ɲT [canopy · air], T CanopyLowerLimit, & T CanopyUpperLimit)
 

Image Stress          between sunrise  ==>thru ==>  sunset 
    

Daily Stress            Average of daytime image stresses  calculated every day at sunset 
  

Daily Stress is used for irrigation guidance 
1. Jackson RD, Idso SB, Reginato RJ, Pinter PJJ. 1981. Canopy temperature as a crop water stress indicator. Water Resources Research 17, 1133ς1138 
2. J. Miguel Costa, Olga M. Grant, M. Manuela Chaves, 2013. Thermography to explore plantςenvironment interactions. Journal of Experimental Botany doi:10.1093/jxb/ert029 

https://vimeo.com/177699460
https://vimeo.com/177699460
https://vimeo.com/177699460


Stress Indexing (SI) 

Stress Index 
Monday, 28 Sep 2015 

1:14 pm 1:24 pm 12:53 pm 1:34 pm 1:03 pm 

Daily SI of green = .41 

Image SI 
.86 

.97 

Image SI 
.89 
.63 

10 
Watch Stress Change all Day:  https://vimeo.com/177699460  

https://vimeo.com/177699460


Persistence is Important 
The thermal character (stress) of the turf changes minute-to-minute. 
 

Daily, weekly, monthly snapshots are not representative of the character of the turf. 

Snapshots are misleading 

Thermal , 06 February at Night 

Visual, 12 May 

Measured and archived persistent 
night time thermals during 
Feb-Mar. 

Mapped the green-up of warm 
season turf in May. 

Persistence IDs Winterkill before green-up 

https://vimeo.com/269639967  

https://vimeo.com/34042902 

Persistence IDs points to where Drainage is Needed 

https://vimeo.com/269639967
https://vimeo.com/269639967
https://vimeo.com/34042902
https://vimeo.com/34042902


Hawk-9ȅŜϰ {ȅǎǘŜƳǎ 

Listen to the turf. 

Target labor and actuate irrigation and 
other precision equipment. 

Pattern Recognition for: 
Evaluating drainage 
Early ID of disease, pest, and 
water pressures 
 

Alerts to: 
Changes in color 
Changes in uniformity 
High canopy temperatures 
High Stress events  

 
Indices and Alerts to Guide: 

Irrigation 
Hydronics 
Fans 

Set it up. 

Tell it what you want to know. 

It is autonomously measuring the turf and 
the local weather. 

It alerts you when the conditions you 
wanted to know about occurs. 

Thermal 

Visual 

Enhanced 
Visual 

Day  &  Night Day  &  Night 

Persistently, Autonomously 

Hawk-9ȅŜϰ 
Camera Set 

EYAS 
Camera Set 



Hawk-9ȅŜϰ [ŀō 

https://hawkeye.itricorp.com/hawkeye/HawkEye.html?=connect 

Account:  demo 
Password:  demo 

Image Data and Site Weather 

https://hawkeye.itricorp.com/hawkeye/HawkEye.html?=connect


Getting to 
Hawk-9ȅŜϰ ϧ 9¸!{ 

Data 



Opening Page - one Site 

Real-Time 
Image Data 

&  
Weather 

7 Day Weather & Disease Pressure Forecast,  
Real-Time Radar 

Color and Uniformity Chart 

Canopy and Air Temp Chart 
Stress Chart 

+ Charts 



Opening Page ς Multiple Locations 



1. Decide what area(s) you want to measure. 
 

2. Select (click on) an image to put polygons in. 
 Use thermal and visual to describe area(s). 

Setting-Up 
Measurements 

3. Open the Area Selection Tool ώΧϐ 
 

4. Select Draw by clicks 
 

5. Draw your polygon  
 

6. Save it with a short name 



Setting Alerts 
Opens Measurement 
Areas for Selection 

Drop Down Menu for Alert Criteria 

Alerts are Set 
 
 
 
 

Alerts go to phone(s) and/or e-mail(s) 



You can go to the archive. 
Å If areas were set, all the 

measurements in the 
designated areas will be 
there. 

Å If no areas were set the 
image data and 
corresponding weather 
data will be there. 

 

You can set up alerts for your designated measurement areas. 



Color and Uniformity Chart 

Canopy and Air Temp Chart Stress Chart 

Send results as an e-mail link to Colleagues 

Using Archive 

Get Results 
Image Data, Charts, and/or Download CSV Data Files 



Image Enhancements 

Retrieve an Area 
or Draw One 

5ƛǾŜ 5ŜŜǇŜǊ ōȅ {ŜƭŜŎǘƛƴƎ ά!ǊŜŀ-¦ƴƛŦƻǊƳƛǘȅέ hǊ ά!ƭƭ LƳŀƎŜΥ !ǊŜŀ-¦ƴƛŦƻǊƳƛǘȅέ 



Image Enhancements 
Dive Deeper by Selecting 

ά!ǊŜŀ-¦ƴƛŦƻǊƳƛǘȅέ     hǊ     ά!ƭƭ LƳŀƎŜΥ !ǊŜŀ-¦ƴƛŦƻǊƳƛǘȅέ 
Makes a single enhancement of image data 

Color Legend 

Makes a Movie of the enhanced image data 
Opens in new tab 

Temperature Legend 

1pm-2pm 13-24jan21 
https://vimeo.com/504408872  

Overnight 16-17jan2021  
https://vimeo.com/501399421  

https://vimeo.com/504408872
https://vimeo.com/501399421


Evolution of the Hawk-9ȅŜϰκ9¸!{ {ȅǎǘŜƳ 
hōǎŜǊǾŜ Ҧ .ǳƛƭŘ Ҧ ¢Ŝǎǘ Ҧ hōǎŜǊǾŜ Ҧ .ǳƛƭŘ Ҧ ¢Ŝǎǘ Ҧ hōǎŜǊǾŜ Ҧ .ǳƛƭŘ Ҧ ΧΧΧΧ 

Autonomously   24/7/365  

Version 6 
Thermal 640 X 510 
Visual 3840 X 2160 

2018 

2006 

Version 1 
Thermal 320 X 240 
Visual 1280 X 1024 

2014 

Version 4.1 
Thermal 320 X 240 
Visual 1280 X 1024 

Version 4 
Thermal 320 X 240 
Visual 1280 X 1024 

2012 

2018 

Version 6.1 
Thermal 336 X 256 
Visual 3840 X  2160 

$$$$$$ $$$ 
$$ $$ 

$$$$ 

EYAS 
Thermal 160 X 120 
Visual 1280 X  1024 

$$/10 

2020 



EYAS 
Camera Set 

Hawk-9ȅŜϰ 
Camera Set 



Applying 
Hawk-9ȅŜϰ ϧ 9¸!{ {ȅǎǘŜƳǎ 
Å Check Drainage and Irrigation Patterns 

Å Guiding Irrigation with Prescriptions, zone-by-zone 

Å Precision Scouting for 
Å Stress 

Å Pest 

Å Disease 

Å Shade 

Å Traffic/Compaction  

Å Early ID of Winterkill 

Å Set-Up Fan Placement & Aim, Manage Fan Use 

Å Assess Use & Timing of Grow Lighting  

Å Precision Application of Treatments (only treat where needed) 

Å Preparation of Cultivation Practices 
ï Application of Beneficial Stress (deficit irrigation) 

ï Guide Syringing 

ï Assess Organic Matter in Sand Bases 

ï Aeration Decision Aid 

Å Synthetic Turf 
ï Heat Exhaustion 

ï Maintenance 

 

Complement/Augment the Use of Measurement & Testing Tools 

25 



Semi Permanent or Mobile Set-Ups 



Hawk-9ȅŜϰ ϧ 9¸!{ {ȅǎǘŜƳǎ 
Autonomously, 24/7 

Hawk-9ȅŜϰ 
Camera Set 

EYAS 
Camera Set 

www.turf -vu.com  

Reports Actionable Information in Real-Time 

Measures    Computes    Visualizes 

LǘΩǎ ŀ ƭƻǘ ƻŦ Řŀǘŀ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴΦ 
But - The autonomous alerts call attention 

to what needs to be seen. 

http://www.turf-vu.com/
http://www.turf-vu.com/
http://www.turf-vu.com/


Establishing & Checking  

Irrigation Zones 
1. Set-Up System to measure area. 
2. Collect autonomously for more than a week. 
3. Review data for pattern by watching snippets of more than a week around solar noon. 

https://vimeo.com/441761155  

Image Data for 8 Days, 
Around  Solar Noon 

 
Shows 3 Zones 1 

2 
3 

Persistence & Patience = Finding Patterns that Leads to Corrective Action        and Saves $$$. 

https://vimeo.com/441761155
https://vimeo.com/441761155


Evaluating 

Drainage 
1. Set-Up System to measure area. 
2. Collect autonomously for ΧΦΦΦ 
3. Check observations by examining one full day about a day after rain event or heavy 

irrigation if system is on.    The Night Time Imagery is Most Valuable. 

https://vimeo.com/441761428 

One Full Day 
After Rain 

Check Drainage 

Persistence & Patience = Finding Patterns that Leads to Corrective Action        and Saves $$$. 

https://vimeo.com/441761428
https://vimeo.com/441761428


Guiding Irrigation 

On the day that the Daily Stress and Quality Index  exceed the established thresholds  
Cross check Stress and Quality 

Apply a pre-determined amount that does not bring the area to field capacity. 
 
Daily Irrigation Index measurements continue.   
 
The next day the Index crosses the threshold the predetermined amount of water is applied. 

Only provide what the turf needs. 

Measure Stress - Index 
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Image Data 

Measure Quality - Index 


