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Drones

Drones and turf:
monitoring health
of green spaces

Technology provides another
useful tool for turf professionals

By Willie Carroll

ith the advances in technology over
the last few years, drones have be-
come more of a regular part of
day-to-day life for a lot of indus-
tries. From using drones to help
create better wines to helping with protection and
conservation efforts of the white rhino population in
Africa, drone use has become much more popular.

An area that is up and coming is the use of drone
technology in the turf management industry to help
monitor the health of the turf, especially to help with
early detection of disease or fungal infections. One of
the methods used to monitor turf health is called
Normalized Difference Vegetation Index (NDVI). The
NDVI can identify areas with possible fungal or disease
infections before these issues become visible to the
naked eye. This in turn allows for earlier monitoring
or field checks to deal with the infection before it be-
comes a significant issue.

The who and what of NDVI
NDVI was developed in 1972 by NASA researchers as
a way to measure vegetation health across the planet
on a large scale from satellites orbiting the earth. The
most popular use of NDVI since 1972 has been in the
agriculture industry to help assess crop health across
large fields. The initial research done to develop NDVI
was done using imagery captured of the Great Plains
in the Midwest of North America, better known as the
“Bread Basket of North America.” The process of using
NDVI for vegetation health assessments and monitor-
ing has become the standardized method used world-
wide.

The traditional method of data acquisition to create
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Fugure 1: Showsthe
light spectrum with
the associated
wavelength ranges
innanometres.

Shortwave Infrared: 1300-3000 nm
Near Infrared: 750-1300 nm
Red-Edge: 680-750 nm

Red: 625-740 nm

Orange: 590-625 nm

Yellow: 565-590 nm

Green: 500-565 nm

Cyan: 485-500 nm

Blue: 450-485 nm

Violet: 380-450 nm

NDVI maps was to use satellites and aircraft equipped
with multispectral cameras that captured images in
multiple different light wavelengths. For crop health
monitoring, there are six important light wavelengths
that scientists use for their studies: three visible wave-
lengths of the light spectrum (red, green and blue) and
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three non-visible wavelengths of the light spectrum (red-
edge, near-infrared, short-wave infrared) (Figure 1).

With the advances in technology, the specialized
sensors used to capture the data have become mini-
aturized. This has allowed these sensors to be fit onto
drones which has opened up many opportunities to
capture imagery in a much more cost effective manner.
Using a drone also allows for a higher resolution and
quality of data to be collected. These sensors, just like
the ones on satellites and aircraft, collect three visible
light wavelengths — red, green and blue — but also
collect the non-visible red-edge and near-infrared
wavelengths. The red-edge wavelength shows the
transition zone from the red portion of the light spec-
trum to the near-infrared zone where the reflectance
of light is drastically increased, adding another layer
onto vegetation health detection and expanding the
capabilities of analysis.
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The science behind NDVI

To understand the science behind NDVI, let’s look at
how these different wavelengths apply to plants that
we see every day.

Healthy plants appear green to the human eye as the
strongest visible light reflected off the plantsis the green
wavelength. The amount of green light reflected off of
the plant is about five to 10 times less intense than
near-infrared light, and the amount of near-infrared
light is directly correlated to the health of the plant
(Figure 2). Red and blue wavelengths are absorbed by
the plant to use with photosynthesis activities. When a
plant absorbs energy from the sun’s light using photo-
synthesis, chlorophyll creates energy for the plant touse
to grow. Chlorophyll strongly absorbs visible light in the
blue and red wavelengths into the cellular structure of
leaves, and when there is strong photosynthesis activity
within the plant this can be used as an indicator of
healthy vegetation.
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Drones
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Visit one of these participating Exmark Dealers to learn
more about the full line of professional Exmark models. i
ALBERTA
CALGARY ...... BROTHERS TWO SMALL ENGINES INC . . 403-279-2244
CALGARY ...... ALBERTA FOREST & GARDEN. ........ 403-248-0878
DRAYTON VALLEY. HORIZON FOREST AND GARDEN LTD . .. 780-542-4446 GRE_EN a
EDMONTON. .... EDGE EQUIPMENTLTD.............. 780-455-3343
RED DEER...... FUTUREAGINC ................... 403-343-6101
BRITISH COLUMBIA BLUE GREEN RED NIR
ABBOTSFORD . . . FORESHORE EQUIPMENT & SUPPLY. . .. 604-744-0547
ALDERGROVE . . . DIAMOND BAR RANCHLTD .......... 604-857-9191
CAMPBELL RIVER. C & L SUPPLY (1988) LTD............ 250-287-9231
COURTENAY ....PILONTOOL RENTALS 1972.......... 250-338-5361
KAMLOOPS..... B & L SMALL MOTORS LTD. .......... 250-376-0033
KELOWNA...... SAVOY EQUIPMENT ................ 250-868-1010
N. VANCOUVER . . ARROW EQUIPMENTLTD ............ 604-987-9926 UNHEALTHY STRESSED HEALTHY
SURREY ....... ARCOM POWER EQUIPMENTINC...... 604-533-0081 GRASS GRASS GRASS
SURREY ....... FRASER VALLEY EQUIPMENT LTD.......... 604-590-1433 Figure 2:: Turf reflectance with simulated amounts of wavelengths emitted.
VERNON ....... SAVOY EQUIPMENT ................ 250-545-0627
MANITOBA Drones with sensors flying over an area collect information
HEADINGLY . . . . . HEPBURN ENTERPRISESINC...... ... 204-889-3392 including data on the different light wavelengths being re-
WINNIPEG. . .... ABC POWERTOOLS ................ 204-224-1760 flected off the vegetation. The NDVI maps are created from
NEW BRUNSWICK the reflectance difference between the visible red light wave-
IRISHTOWN. . . .. SMALL ENGINE HOSPITAL . .......... 506-854-2807 length and the non-visible near'mfrareq wavelength.
ROTHESAY ..... DC’S SMALL ENGINE EXPRESS .. ..... 506-647-6522 When a plant becomes dehydrated, sick or afflicted with a
disease, the spongey layer, where the chlorophyll is stored,
ONTARIO deteriorates and the plant absorbs more near-infrared light
ALFRED ....... CARRIERE & POIRIER EQUIPMENT ... ... 613-679-1103 than lf it were healthy' USlng a drone equ]pped Wlth a multls_
BARREE. ....... MERCER EQUIPMENT INC. ........... 705-503-3535 pectral sensor allows for these sometimes subtle changes to
BRADFORD..... BRADFORD RENTAL SALES & SERVICE . 905-775-7101 f inf ioh q
BRAMPTON. . . . . GREEN TRACTORSINC.. ... .......... 905-846-2511 be observed. As the amount of near-infrared light reflected
BRANTFORD . . . . BOBCAT OF BRANTFORD INC. . . . ... .. 519-752-7900 decreases the sensors, it provides the user with an accurate
BURLINGTON. . . . B.R. DICKSON EQUIPMENTINC ........ 905-331-5040 indication of lower amounts of chlorophyll within a plant
CHATHAM...... CHATHAM OUTDOOR POWER.. . ....... 519-354-3990 which correlates to an unhealthy or weakened Plant,
CREEMORE. . . . . MAPLE VALLEY SALES & SERVICE INC. . 705-466-3138 When using NDVI to monitor vegetation health, uniform
DUNDAS....... WPE LANDSCAPE EQUIPMENT. ....... 905-628-3055 healthy turf will h lativel istent inf d licht
ELMIRA. ....... MARTIN'S SMALL ENGINES LTD. .. ... .. 519-669-2884 calthy turt wiil have refatively consistent near-infrared hgt
FERGUS .......ASE EQUIPMENT................. 519-820-9708 being reflected and unhealthy or weakened vegetation will
HAMILTON. ..... OUTDOOR SUPPLIES & EQUIPMENT. . .. 905-578-2411 reflectlower amounts. These variabilities in an NDVI map can
KESWICK ...... YORK REGION EQUIPMENT CENTRE. . . . 905-478-1553 indicate stresses that need to be investigated. When looking
LONDON ....... BOBCAT OF LONDONLTD............ 519-455-4900 at an NDVI image, it will show the range of health for the
MILLBANK ..... ZEHR’S SALES & MANUFACTURING. . . . 519-595-7579 vesetation. but it will also show other features. Within the
MISSISSAUGA. . . W.E. ENTERPRISESLTD . ............ 905-629-1424 veg . : . :
MISSISSAUGA. . . WPE LANDSCAPE EQUIPMENT. . .. .. .. 905-569-2055 image, different surfaces will reflect different amounts of
MONO......... LAWNLIFE ..o 519-942-9333 near-infrared light. Water, pavement or bare ground absorbs
NORTH YORK. . . . PRICELESS PRODUCTS LANDSCAPE . .. 416-410-2158 near-infrared light, so on an NDVI image these will appear as
PETERBOROUGH . M.C. POWER SPORT................ 705-748-5189 negative values, or red as most NDVI images will have a red
PICKERING . .... PICKERING MOWER . ............... 905-426-2645 to ereen colour eradient. When analvzine an NDVI image to
SCARBOROUGH. . ALPINE LAWN & GARDEN EQUIPMENT . . 416-292-8900 & & : analyzing g
ey assess the health of the vegetation, the values can be
ST. ANDREWS . . . ST. ANDREWS PARTS & POWER. ... .. 204-953-0030 the health of the vegetation, the NDVI val b
SUDBURY ...... SUDBURY SMALL ENGINE SALES. ... .. 705-564-9772 affected by a variety of environmental and local stresses such
THAMESFORD. . . HURON TRACTORLTD. .............. 519-285-3845 as the amount of plant photosynthesis activity, total plant
m:m.oo """ ,IL\\’ITFE) ZB;I-EE'I?L\I.I\_L(EEN%I'IEERWCE INC..... g: g'ggggggg cover (area covered by vegetation), the amount of available
WELLESLEY . ... WELLESLEY HOME CENTRE........... 519-656-2010 hght’hthe eimount of plant biomass, the plant and soil moisture
WINDSOR ...... CARRIER TRUCK CENTERS INC. . ... .... 519-539-0971 or other plant stress.
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Drones

Figure 3: An NDVImap overlay on the fairway and green showing areas of high (green) and low (red) turf
health.

Figure 4: An NDVImap overlay on a driving range showing areas of high (green) and low (red) turf health.

NDVTIin the real world

How does NDVI apply in the real world?
Let’s look at two examples from a flight
done over a golf course.

The first is an image of a fairway and
green of a par three hole (Figure 3). The
NDVI image has been overlaid on a trad-
itional drone aerial view image to allow
for a user to see other features surround-
ing the hole. When looking at the NDVI
image, areas in red hues are areas that
have been identified as areas of concern
or areas with low vegetation health. The
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reddish area on the left indicates low
vegetation health as a result of high ped-
estrian and golf cart traffic coming from
the tee block. In this area there is high soil
compaction reducing the amount of
available oxygen in the soil to the detri-
ment of the turf. A second area of concern
is the dark red area in the centre of the
NDVI image. On further investigation it
was found that this area has a small de-
pression which allowed for water to pool.
As there was active water on the surface
when the drone flight was done, the

Figure 5: A drone that canbe used to conduct the
surveys of the course to create NDVIimages.

amount of near-infrared light being re-
flected was significantly lower as water
absorbs near-infrared light.

The second example is a driving range
on a golf course (Figure 4). This example
can have similar characteristics to any
large open turf field which could be used
for sports such as soccer, football, base-
ball, or rugby. On the tee deck of the
driving range (lower left side of the NDVI
image), it is possible to view the divots
that golfers have made. It is also possible
to see the area of soil that gets thrown
forward when the golfers create these
divots. Using NDVI can allow golf course
operators to know when and where a new
tee deck should be placed, allowing heav-
ily used areas to regrow.

With the use of NDVI technology,
vegetation health and stresses can be
identified before they become visible to
the naked eye which would allow for the
early detection of issues. This will allow
operators to target areas needing more
attention throughout the season of use
and is an extra tool that maintenance staff
can use. Using drone technology and
NDVI technology is not about making
maintenance staff redundant, it is about
making their efforts more efficient and
cost effective through utilizing new tech-
nology and methods (Figure 5).

Willie Carroll is founder and chief UAV
pilot for Location Intelligence & Design,
based in Kitchener, Ont. https://loca-
tionintelligence.ca
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