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Abstract. The event of electricity outage could cause huge financial losses for
the indusiry and inconvenience to the consumers. Vegetation encroachment al
the power transmission right-of-way s onc of the main causes, Transmission
line fault could occur when a tree falls into the vicinity of power transmission
line. Conventional inspection method such as ground inspection is the simplest
approach to counter vegetation encroachment, However, lechnical personnel is
reguired to travel on site to perform the inspection manually. This process is of-
ten time consuming and prone to human error. Airbome Light Detection and
Ranging (LiIDAR) system and satellite imagery are remote sensing approaches
10 inspect the power wansmission right-of-wiy . These upproaches could reduce
reliance on physical site inspection and remove humim error. However. large
dataset needs to be provessed and specialist equipment is needed for this meth-
od which also increases the overall cost. In this research, a simple yet cost el-
fective method is used to detect vegetation eneroachment by using near nerial
infrared (NIR) image processing approach. The process is divided into two
parts. First, detect the inconspicuous power transmission line by utilizing Radon
Transform (RT) in vertical derivative image and detect the peaks of the Radon
I'mansform, Next, detect the vegetstion encroachment in the clearance zone hy
using green normalized difierence vegetation index (GNDVI) algonthm w dif-
fercitiate between trees and glassy plains. Preliminary experiment results show
u satisfactory performancs in detecting vegctation encroachment at the power
Iransmission right-of-way.

Keywords: Vegetation Encroachiment, Power Transmission Right-of-way, Near
[nfrared (NIR).

1 Introduction

Highly elevated structures are used in the transmission of high voltage electrical
energy generated from the generation plant to the consumer area. The clearance for
overhead line with aluminium or copper conductors must be maintained as it is pre-
disposed to flashover. This causes unnecessary power interruptions for the consumer
and revenue losscs to the utility companies. The consequence of a blackout can be
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catastrophic when it affects a large businesses area that relies on electricity for its
operations [11.

Transmission network should be monitored to guard against any fatlure of continu-
ous electricity supply. The preservation of etectrical distribution networks should be
examined regularly as the highest failure is due to tree encroachment [2][3]. Better
surveillance information can be provided by using online or remote monitoring as any
fault could be located precisely and the process of power supply recovery could be
facilitated. This can help to decreasc the interruption time. Trees could be trimmed.
and specified clearance of grasslands and bushes at the power transmission right-of-
way should be determined in order to keep the vegetation from affecting the conduc-
tors.

Since the high voltaze ransmission lines are cascade connected, vegetation ¢n-
croachment at any part of the right-of-way will potentially affcct the entire cascading
network [4]. Therefore, for commercial and legal reasons, electric utlity companics
have to regularly inspect their power transmission lines. One of the conventional
methods involves site surveys or ground inspection, where a team is responsible for
visual inspection ol power transmission right-of-way by foot patrols or using vehicles
[3]. Any vegetation thal encroaches into the high voltage righ-of-way are identificd
and trimmed after the visual inspection. Unfortunately, this approach is costly becausc
a high number of lechnical personnei are needed. 1t is also time consuming because it
requires long hours to lravel to the actual site. Moreover, it is pronc to judgmental
errors during the visual inspection.

Another method is by using airborne Light Detection And Ranging (LiDAR) scan-
ning system [1]. LiDAR is an active remole sensing techmique. This technigue can
find the distant target range or further information by measuring the scattered light
property. Vegetation encroachment of power lines could be detected by satellite im-
agery too [6][7]. However, costly specialist equipment is required for this kind of
remote sensing.

In this research, a Jow-cost solution is designed to monitor the veeetation en-
croachment 1o the power transmission right-of-way by using near infrared (NIR) im-
aging technique. A DJI Phantom 3 with Blue-Green-NIR advanced camera drone is
used to capture image combination of Blue. Green and NIR channels Image pro-
cessing technique is then used to identify vegetation encroachment at the power
transmission right-of-way. NIR wavelength between 680nm to 80Unm is used in this
technique.

2 Methodology

2.1 Region of Interest

The red channel of the advanced NIR camera could record NIR image/video. The
camera has the feature to differentiate vegetation from non-vegetation remotely by
capturing colour NIR-Green-Blue (NIR-G-B) iinage of wavelength between 680 to
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800nm. 1t is built with 20mm focal length lens. Fig. | shows the process of extracting
region-of-interest (ROI) from an NIR-G-B image.

NIR-G-B image is different from conventional RGB image where the red channel
is replaced by NIR channel. Fig. 2(a) shows a sample NIR-G-B image where the
brownish areas indicate the presence of vegetation such as trees or grass plains.

A vertical mask w(7,j) [8] is used for linear feature extraction of the image. The im-
age itself has to be aligned 1o achieve 90~ vertical orientation of the transmission line.
In drone mission planning, the direction of flight is planned along the power lines,
which could result in the alignment of the power transmission line being imaged as
intended. Through convolution process, the output grayscale pixel Giv, ) can be ob-
tained as follows:

G(x,y) = Eieo Lo f(x + Ly + ) *w(ij) n

where fix v} is the grayscale value of input image and » is the total number of pixels.
Radon Transform is then applied to the output image. From the Radon Transform.
peak values could be obtained which indicate the positions of the lines from the iin-
age. ¥ig. 2(b) shows the result of Radon Transform

Thresholding is then applied to eliminate image noise. The value is set to zero it it
is less than the threshold, and set to one if more than the threshold. fnverse Radon
Transform is applied to obtain the line image. Morphological operation and hlob
analysis are used to trace the boundary of the power transmission fine (Fiz. ).

A region of interest (ROI) is identified after the blob analysis to select the bounda-
ries of the clearance zone where the power transmission line is detected.

Image Vertical Mask Pra Radon

Fig. 1. Ixtraction of ROI from the NIR image
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Fig. 2. (a) A sample of NIR-G-B image (b) The result of Radon I'ransform (¢) Oufput image
afler performing blob analysis

b
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Green Normalized Difference Vegetation Index (GNDVI)

Fig. 3 shows the Green Normalized Difference Vegetation Index (GNDVI) algo-
rithm to extract and process the NIR and green channels of an image for the purpose
of quantifying vegetation. Fig. 4 shows the NIR and green channels of a sample im-
age.

GNDVI guantifies vegetation by using

NiN—G
NIR+G

GNDVI =

)

Values that range from 0 to 0.1 resemble sterile arcas of rock, sand, or snow. Val-
ues in between 0.2 Lo 0.4 indicates a low positive value that signify shrub and grass-
land, while high values that are in between 0.5 to 0.9 or close o | signily temperate
and tropical rainforests {9]. Therefore, the value of GNDVI can be used to classify
trees and grass plains, This is important to avoid false positive detection of grass

plains as potential threat.

Fig. 3. The GNDVI algarithim

Fig. 4. (a) NIR channel (b) Green channel



3 Results and Discussion

Fig. 5(a) shows the aligned image of power transmission lines by using the algo-
rithm from Fig. 1. Image ROl is then determined (red box in Fig. 5(c)). Clearance of
the power transmission right-of-way is determined from the image ROL Fig. 5(d)
shows the final result with the blue lines indicate the detected power transmission line
and the red segmented areas represent the vegetation encroachment which located
inside the clearance zone

(b)

(b) (d) (e)

Fig- 5. (a) Aligned image (b) Boundaries of the power transmission line {c) Image ROI (d)
Final image (g) Overlapped image.

The overlapped image of ground truth with GNDV1 output image is as shown in
Fig. 5(e). The green segmented areas in the image represent vegetation encroachment
which is not detected (False Negative). The purple segmented areas indicate detected
vegetation encroachment which is not present in the ground truth image (False Posi-
tive). The white segmented areas represent True Positive and black segmented areas
represent True Negative. From the preliminary experiment, the accuracy of the pro-
posed algorithm for a single location is about 91%

4 Conclusion

This research proposed detection of vegetation encroachment at power transimis-
sion right-of-way by using low cost NIR unage. Inconspicuous power transimission



ling is detected by using Radon Transform (RT) in vertical derivative image and the
vegetation encroachment is detected by using GNDVI. Preliminary experiment
showed satisfactory result in detecting vegetation encroachment and differentiating
types of vegetation. For future work, multisensorial UAV systems could be used,
which combine NIR-G-B camera and spectrometry with laser scanning.
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