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Abstract

Remote sensing using drone or UAV (unmanned aerial vehicle) is the current trends and this technology can provide unrevealed life-
altering benefits to mankind. Drones are being used in many sectors such as for military, research, agricultural and recreational means.
This technology not only can reduce the time of inspection, but it is also giving many benefits such as provides real-time live video for
site inspection that can help user to analyze site logistic and speeding up the overall tasks. However, vegetation monitoring using remote
sensing has its own challenges in terms of processing the captured image and data. Somehow, previous research has suggested a lot of
different possible algorithm that could be used for post-processing the data gathered. Nevertheless, most of the algorithm requires a
specific sensor in order to get the result. The objective of this paper is to identify and verify the algorithm that is suitable to process the
vegetation image. This research will use the data gathered from various area by using consumer camera and process by using Visible
Atmospherically Resistant Index (VARI) indices. Finally, this research will observe the accuracy of the result analyzed using the VARI

and identify the characteristic of the algorithm.
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1. Introduction

Planting vegetation brings lots of benefits to human and the envi-
ronment such as reducing the temperature within urban area
[1][2]. However, the vegetation must be monitored and maintained
as to avoid any hazards that could harm humans. For example,
vegetation that is not maintained by power agency could bring
harmful effects towards power lines and towers.

According to a study, there is about 10 percent of trees that are
planted in a private property that effects the power cable [2]. Ad-
ditionally, another study mentioned that a developer in Bakers-
field, CA planted 300 red weed trees directly under power cables
and decline to remove those trees despite it affect the power cable
trees [2].

To overcome these problem, monitoring activities have been car-
ried out by inspecting vegetation near power cable and tower on
regular basis. It was stated that the total cost for monitoring those
vegetation requires between 2 billion to 10 billion dollars per year,
however that cost does not include vegetation trimming [3].

Dr. B. Don Russel et al. have conducted an experiment in verify-
ing that tree branch could cause power cable failures and power
outage when having contact with the power cables within the area.
(4]

From the outcome of the experiment, it has proved that when a
tree branch has a contact with a power cable structure would have
the highest possibility to cause a power failure. Additionally, it
took approximately 3 minutes to start a fire when a tree branch
have a contact with the cables. The experiment get into approxi-
mately 4 minutes, a sign of electric power that goes through the lit
up tree branch begin. The experiment also proved that it would not
only cause power outage but at the same time, it also brings dan-
gerous accidents towards the public and within the area especially

an area that is nearby a forest. These incidents would also cause
large expenses in single maintenance to patrol, inspecting, cutting
and managing vegetation.

Apart from that, the lack of awareness among planters and devel-
opers of vegetation is one of the contributors to these incidents to
happen. Without proper monitoring and management, the possibil-
ity for the incidents to happen is higher. Since then, few countries
have established guidelines in order to reduce the risk of vegeta-
tion being planted near the power tower and cable [4].

2. Problem Statement

In order to overcome the incident mentioned above, monitoring
activities have been carried out by monitoring and inspecting
vegetation near power cable and tower. A research by Rancea and
George V stated the cost of monitoring those vegetation is be-
tween 2 billion to 10 billion dollars per year, however that cost
does not include vegetation trimming [3]. Besides, according to
the SA power networks mentioned that their method of inspection
vegetation is by using a four-wheel drive (4WD) vehicle to get to
the location and traverse along every single line of vegetation that
is close to the power cable. Once required to perform tree cutting,
tree cutting crew will be assigned to perform vegetation clearance
within the area [5].

In addition, a traditional method of inspection is to send a well-
trained worker on-side [6]. With this, the activities required a lot
of time and man-power for the inspection task.

3. Literature Review

This section discusses about the existing monitoring methods to
reduce the accident from happening.
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3.1. Vegetation Planting Near Power Line Guideline

Due to unexpected incidents that constantly happened, a few coun-
tries’ related agencies have released their own guidelines to refer
and to ensure that the incident is able to controlled.

According to guideline produced by National Grid Australia, an
energy company that covers Massachusetts, New York, Rhode
Island and United Kingdom (UK) [7]. National Grid will sched-
uled a tree trimming every five to seven years. Additionally, Na-
tional Grid will only hire a certified contractor to perform trim-
ming action with “directional pruning” technique.

Side Pruning

Under Pruning %

Through Pruning

Fig. 1: Pruning method being used by Nasional Grid

Based on the guideline, the trees will be maintained for a mini-
mum of ten to fifteen feet away from the power lines. As pre-
sented by Figure 1, there are three ways of pruning that are side
pruning, under pruning and through pruning. Each method
consists of different ways to maintain the height of the trees [7].
Second is the guideline from Government of Western Australia
named as “Guidelines for the management of vegetation near
power lines”. In their guideline clearly stated the voltage for dis-
tribution minimum of 240 volts to highest is 33,000 volts and for
transmission minimum 66,000 volts to 330,000 volts. However,
the clearance area is required to be at 2 meters or onwards be-
tween power lines and vegetation [8].
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Fig. 2: Vegetation clearance zones in urban areas from Western Australia
Guideline [8]

Figure 2 shows a diagram of the maintain clearance area between
power line and vegetation or tree.

Next, a protocol for vegetation management near powerlines for
2016 to 2018 was published by SA power networks. SA Power
Networks is the operator of distribution power supply in South
Australia [5]. According to the guideline, an annual cyclic pro-
gram will be carried out for high risk and medium risk bushfire.
While non-bush fire risk, a three year of cyclic program will be
carried out.

The interesting part of the guideline is they have four new tech-
niques to be used in the pruning program. The first technique is

formative pruning. Whereby selective actions will be used in tak-
ing out specific branches to enhance form and improve structure.
The second technique is selective pruning. This method is to re-
move any branches that would likely to cause specific problems.
Next, the pollarding technique is to remove the pollard head of
bud and vigorous shoots. Lastly, the tree removal technique will
be used depending on the tree’s visual, health and any related
safety reasons.

3.2. Vegetation Monitoring by Using Technology

While technology keeps involving, a few technologies is available
for vegetation monitoring. At the same time, lots of researchers
found that their traditionally monitoring methods are being re-
placed with the latest technology.

This is in line with research done by Lawesson, J.E. et al. about
their study related to vegetation studies and monitoring in Nordic
countries. A computer program named as Geographic Information
System or shortly known as “GIS”. This system was developed to
gather the data and use it to describe the places on the earth’s sur-
faces. Apart from that, the system also uses the data to manipulate
and analyze the spatially related data. Additionally, GIS also ca-
pable in showing the distribution of species, plots or vegetation by
using descriptive modeling and prescriptive modeling [9].

Another research highlighted that aerial remote sensing techniques
are used to detect and classify the vegetation by using a developed
algorithm that uses spectral band ratio as an input to a pulse cou-
pled neural network and morphological reconstruction. However,
their algorithm could only achieved 75.2% of the segmentation
accuracy, while 96% are detection rate. This is because under-
segmentation of tree clusters and crown trees are very sparse and
presented low contract to the background. To improve the trees
segmentation, the researchers require data that is captured by
Light Detection and Ranging (LIDAR) to support and provide
density of points. In result, the vegetation has a distinctive spec-
tral signature and characterized by a low reflectance in the visible
part of the solar spectrum [10].

Besides, another research found that the normalized difference
vegetation index (NDVI) can be use to identify the vegetation’s
health. It is the combination of Red, Green and Blue (RGB) im-
ages with green biomass data to produce the result of the planta-
tion’s health. Furthermore, in their research, they have also used
image obtained from Landsat Thematic Mapper (TM) imagery.
Consequently, a formulation to calculate are applied to produce
the end results value of the vegetation. Lastly, they compared the
changes of the vegetation. The conclusion of the research claims
85% of the accuracy are from NDVI method [11].

Other than that, a study about satellite vegetation greenness by
using satellite data. In this research, the data was gathered from
Advanced Very High Resolution Radiometer (AVHRR) sensor on
board on NOAA afternoon satellite. The numeric value will be
recorded to represent the amount of light reflected from the sur-
face of the earth. By using the data gathered, the researcher used
NDVI formula to calculate the result. However, the researcher
mentioned they excluded the data that could be cloudy and snow
because it could affect the final value. To ensure the accuracy of
the result, any data that shows cloudy and snow was excluded
from the final value. [12].

Lastly, another research that was conducted in India proved by
using free data from NOAA & TERRA satellite sensor and open
source concept monitoring of vegetation tools able to achieve near
real time [13]. The researcher gathered daily data of the studied
area from geographical information system (GIS) software named
Quantum GIS. Then again, using the NDVI formula to convert the
data into identifiable healthy vegetation within the map. Then, the
NDVI map will be converted again into the image and uploaded to
the server to allow the end-user to view the NDVI result through
internet browser.

In conclusion, every method or technique mentioned above has its
own advantage and disadvantage. As for satellite image as data
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source can remove the time to conduct the on-site inspection and
no longer need an expert to perform the task anymore, but accord-
ing to a research claim that satellite image or data is lack of capa-
bility to capture enough details of ground objects due to the coarse
ground resolution [14]. To add, another research claimed that
satellite image or data takes at least two weeks to reach to the user
[15]. Lastly, remote sensing can capture the latest image or data
by the user itself when needed. However, the limitation of the
weight of the payload or sensor requires carrying of the unmanned
aerial vehicle (UAV) and period of flying around the inspection
area [10][16].

4. Equipment and Processing

4.1. Consumer Digital Camera

There are many type of digital camera for capturing photos and
videos. The camera can be divided into simple basic camera for
beginner and advanced camera such as digital single lens reflex
(DSLR) type of camera. For better feature camera that are able to
capture from very high angle that normally human unable to make
it, drone produced from DJI will be the greatest choice. DJI drone
with built-in camera and its features almost similar to digital cam-
era is powerful in capturing certain angel that is quite hard to
reach or capture the photo.

According to a research by Lebourgeois et al., most of the digital
cameras capture images in JPEG or TIFF formats with the Red,
Green and Blue (RGB) channels. Those RGB channels are ob-
tained through simple image processing method. RGB channels
also can be used for image classification or combined in spectral
indices to be correlated with the surface parameters of interest [17].
Furthermore, they found that some of the camera produce two
type of images. Instead of having JPEG format, another type of
image will be recorded in RAW format known as the unprocessed
digital photo. The difference between these two formats is the
value of depth. Whereby JPEG format used 8 bits, while, the
RAW format is using 12 bits. This means the RAW (Unprocessed)
format will use slightly higher value depth compared to JPEG. To
conclude, the RAW format processed the vegetation image in high
quality compared to JPEG format. As the JPEG format
compressed the produced image in low quality and the digital
number is not linear with the brightness of the scene. [17].

After understanding the research above, we found that the camera
type that is able to produce RAW format mostly is DSLR and
some of the entry-type cameras have a feature to capture image in
RAW format. However due to the image or data gathering stage
found most are in JPEG format, we decided to proceed with the
JPEG format to perform the processing stage.

4.2. Post-Processing

In this stage, an open-source geographic information system (GIS)
software named “QGIS” is used. QGIS was licensed under the
GNU General public license and an official project of the Open
Source Geospatial Foundation (OSGeo). In addition, QGIS consist
a user-friendly interface and that allows users to install plug-in
from other developers into the software to run others process.
According to a research, Visible Atmospherically Resistant Index
(VARI) can minimize the sensitivity of the atmoshpheric effects
and allows estimation of the vegetation fraction [18]. Based on the
formula of VARI only required the red, green and blue (RGB)
band only to produce the result.

VARI = ( RGreen - RRed) / (RGreen + RRed - RBlue) [18]
Based on the formula above, RGreen will refer to the data set of
the green band of the image. Secondly, RRed is referring to the
data set of the red band of the image. Lastly, RBlue is referrig to
the data set of the blue band of the image. The reason of choosing

VARI instead of NDVI is that based on previous research, NDVI
requires near-infrared band (NIR) image to perform calculation.
Thus, VARI is more suitable formula to use for this experiment.
NDVI = (NIR — Red) / (NIR + Red) [11][12][13]
After the image being processed, the result will be produced in
TIFF format. Meanwhile, the image will show as grey band format
only (Fig. 3). After that, the result image will be imported again
into the QGIS and change the image display by using singleband
pseudocolor (Fig. 4).

Fig. 3: Image — using VARI formula

Fig. 4: Image — using VARI formula with Singleband pseudocode

Finally, to identify the vegetation clearly, the colour that symbol-
izes non-vegetation will be removed to improve the visibility of
the tree in the picture.
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Fig. 5: Image — using VARI formula

5. Result and Discussion

We did not run all the data gathered, but we use the selected data
only. The figure below is the result of the image.
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Fig. 7: VARI data of the image Figure 6

Figure 6 is an image of a city with some main road and village
houses around the city. While on the top right is where the indus-
try area located that are surrounded with vegetation. The VARI
result showed in Figure 7 proved that most of the vegetation been
highlighted in the image. The dataset of the result with the
minimum value of -1.25 and the maximum value of 0.9145.
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Fig. 8: Raster histogram of VARI data of image Fig. 6

The historgram above (Fig. 8) was generated by gGIS on the
VARI datasaet. It proves that most of the pixel value from the
image figure 6 is around zero and above zero. This is due to the
vegetation found from the image is slightly more than the non-
vegetation.
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Fig. 10: VARI data of the image Figure

Next, Figure 9 above is a view of the University Tenaga Nasional
(UNITEN). The sample image captured some part of the
apartment building, soccer field, swimming pool and small
vegetation forest. In result, figure 10 presents the VARI result
with the vegetation highlighted in green. The dataset of the result
consist a minimum value of -1 and the maximum value of
1.30538. The main highlight of this result can be the area of small
vegetation forest. Not only it shows the large area of trees but at
the same time, it shows some part of the area that consist red sand
or less vegetation.
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Fig. 11: Raster histogram of VARI data of image Fig. 9

Lastly is the raster histogram of the VARI image for figure 9
sample image, Similarly with image in Figure 6, it consists pixel
value that is around zero

However, there is also some lack of accuracy with some image
captured from the urban or city area because some object such as
green colour object, swimming pool area detected as positive
VARI value. Figure below show the example of the non-accuracy
area.

il %, | b : &
Fig. 13: Inaccurate detection sample image
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The figure above shows the areas of the inaccurate detection of
vegetation, this is due to the color of the object that are closed
within the vegetation range.

e ca i |

Fig 14: Accurate detection sample image

Fig. 14 shows an example of urban area image. The result clearly
indentified green area and road area. However, some part of the
grass area was given a negative value. This means that the VARI
formula is unable to detect the grass well in some situation.

The result proves that vegetation monitoring by using simgle
formula like VARI is good to detect vegetation and non-
vegetation area. However in certain cases there are still some
inaccuracy of image detected. We suggested that another formula
such as Green Leaf Index (GLI) and Normalized Difference
Vegetation Index (NDVI). This might increase the vegetation
detection accuracy rate higher with two phases of verification by
comparing the result of different formula.

6. Conclusion

As a conclusion, the results after image has been processed using
the formula shows that value for detected vegetation are in the
range of 0.01 or above.

The formula is able to identify the vegetation and the health very
accurate if the image is not captured from urban or city area with
many objects that has color that closes to the vegetation. In the
future works, another formula and algorithm will be identified to
test its accuracy and reliability for the consumers with minimal
cost.
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