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Abstract
San Diego Gas & Electric wishes to use unmanned aerial vehicles (UAVs) to install wireless fault
indicators (WFIs) on overhead power distribution lines in remote areas where WFI installation is
challenging. In a safe and controlled manner, the UAV will be able to carry the WFI from the
ground to the height of the overhead line, deploy the WFI on the line, and return to the launch
site.

Project Description
Status Airways mission is create a system that functions safely and reliably to carry out the criteria
set by SDG&E.
The goals of this project will be to design and build a mechanism to carry and autonomously assist
the user as much as possible to standardize the release of the WFI from the top of the UAV. We
will also create a simplified startup procedure for setup and flight of the UAV for purposes of WFI
installation. We will determine and average flight time for installing a single WFI on a 40-foot
overhead line. Also, we will determine the maximum load for the UAV.
From the ground, the WFI is manually installed on top of the UAV. Its clamp is also manually
hooked on to the latch release system. An autopilot will be designed to raise the height of the
UAV to the line without user input. It will then rotate itself to make the pocket of the WFI parallel
to the line. The autopilot will keep this attitude until the user moves the UAV forward to the line to
attach the WFI to allow for standardization of the process and the least amount of user error
possible.
Sensors and a camera will be utilized to facilitate accurate installation of the WFI onto the line. A
LIDAR sensor, mounted under the UAV and pointing straight down towards the ground, will be
used to bring the UAV to the correct height of the line. Illustration 2 shows how, from the air, 2
Ultrasonic sensors, shown mounted in Illustration 1, will be used to detect the wire and will be
communicating to ground station via the microcontroller and radio on how much closer the user
needs to get to the wire. Another LIDAR, shown mounted in Illustration 3, which is communicating
the same way as the ultrasonic sensor, is mounted to a servo motor. The autopilot can use the
distance from the LIDAR, and the angle of the servo to move the UAV closer and closer to the
line. The LIDAR and motor are placed on the housing so that UAV moves towards the line until
the line is in the pocket of the WFI. When a laser light pointed at photoresistor is broken, the Latch
Release will activate. The Latch Release is a solenoid that activates when the voltage controlled
by the photoresistor is altered.
The weight and orientation of the mechanism will be structured for optimal UAV flight stability and
WFI installation. Methods for mitigating the effects of electromagnetic fields created by the 12 kV
distribution line will need to be investigated for correct performance of the UAV and its various
electrical components.
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Performance Requirements
The UAV must complete the following steps in a safe and controlled manner:
 Carry the WFI to the height of the line autonomously.
 Rotate itself to make the WFT pocket parallel to the line.
 User controlled approach to the line from the side until the line is in the pocket of
the WFI.
 The WFI latch releases.
 The WFI attaches to the line.
 The WFI becomes unattached from the UAV.
 The UAV lands on the ground where it launched from.

Testing Procedures
We will be testing our design on a de-energized #2 conductor 40 foot above ground level. The
operator of the UAV will follow our startup procedure to make sure the UAV communicates with
the ground station. The UAV will be placed on the ground below the conductor and 10 feet away
from the center of the line. The autopilot will fly the UAV up to the height of the line, then rotate
itself until the pocket of the WFI is parallel with the line and hold this position as closely as
possible. The user will direct the UAV to move closer to the line until it is in the correct position to
deploy the WFI at which point the WFI will clamp onto the line and become unattached from the
UAV. The UAV will return to the ground where it launched from.

Benchmarks
One of the only benchmarks that exists to compare to our WFI deployment system is an human
certified electrical worker setting a WFI on the line with a “hotstick” in a bucket truck. A hotstick is
an insulated tool which can be used to hold and deploy the WFI while keeping the worker safe by
keeping him more than 6 feet away from the energized line. The bucket truck can be parked at
the bottom of the pole and the bucket is used to hoist the worker to a position where he can use
his hotstick to install the WFI.
The UAV will be used as our “bucket truck” to lift the WFI to the appropriate height and position
for WFI installation. And our sensors and housing structure that holds and installs the WFI acts
as our electrical worker with his hotstick to make sure the WFI is set on the line correctly.
The UAV can be used in places that a bucket truck cannot go, which is the main purpose for this
project. Also the electrical worker will be operating nowhere near the line keeping him farther
away from potential danger compared to when the worker is in bucket truck, only a few feet away
from the line. Another big advantage of our proposed housing design for the WFI is that the WFI
clamp is kept open by force of the housing structure until it is installed on the line. In comparison,
the WFI spring clamp is closed when being installed. This means that the electrical worker must
use the force of the line to open the strong spring clamp of the WFI to install it on the line.
Although the UAV can be more precise than a human, a UAV flying near a power line to install
the WFI may pose a higher risk than an electrical worker installing the WFI. If any part of the UAV
or its controls malfunctions, then there is a risk of the UAV running into the power line which could
result in a forced outage, damage to the lines and to the equipment, or harm to the operator.
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Block Diagram

Sensor Payload System:





Components: 2 Ultrasonic sensors (XL-MaxSonar-WR), and 1 LIDAR Lite v1
sensor
Power: 5V
Output: PWM signal
Function: detecting the distance between the WFI and the power line in order to
activate the latch.

Microcontroller:





Part number: 16-bit dsPIC32E
Power: 3.3V
Input: PWM signal (from the sensors), control signal (sent from Ground Station)
Output: UART signal (to Ground Station), activation signal (activate the latch)

Latch Release




Component: Solenoid
Power: 5V
Function: holding and releasing the clamp when receiving activation signal.




Gives power supply a +5 V output and a +3.3 V output
Powers the Pixhawk +5V

Battery:

Neither this document nor the information disclosed herein shall be reproduced or transferred to other documents or used or disclosed to others for
manufacturing or any other purposes except as specifically authorized in writing by the authors.

4

From the ground, the WFI is manually installed on top of the UAV. Its clamp is also manually
hooked on to the latch system. From the air, the Ultrasonic sensor will be used first to detect the
wire and will be communicating to ground station via the microcontroller and radio on how much
closer the user needs to get to the wire. The LIDAR, which is communicating the same way as
the ultrasonic sensor, will detect the wire when it is in the ideal proximity of the Wireless Fault
Indicator. The LIDAR is planted so that’s its sensors can detect the space where the wire is
supposed to go on the WFI. When the ground station sees this, the user is notified that the WFI
is in position. The user will activate the Latch Release, which is communicated back to the radio
and microcontroller. The Latch Release is a solenoid that activates when the voltage is cutoff.
During this entire process, Mission Planner is being updated on how far away from the ground
the UAV is. The software team is using the LIDAR (connected to the ground), which is connected
to the Pixhawk. The Pixhawk sends the information to the Mission planner via 3DR Bluetooth.
When the WFI is hooked onto the wire, the UAV will be sent back down.

Illustration 1

The WFI will be mounted in a 3D
printed housing attached with line
detecting sensors and latch release
mechanism. The design is optimized
for strength while at the same time
keeping weight to a minimum. The
latches slide outward, easily allowing
the spring loaded clamp to grab the
line without fear of obstructing the
WFI. The housing is also designed to
be versatile, having the ability to be
mounted on top of or below the
quadcopter.
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Illustration 2
With the two ultrasonic sensors placed in parallel, the UAV will be able to correct its rotation before
attempting to attach the WFI by detecting and comparing the distances from the line. Because
the sensors detect distance extending out in a cone pattern, the UAV will be able to position itself
normal to the line when the readings from the two sensors are equal.
Animated View

Top View

Illustration 3
The LIDAR sensor will have the functionality of not only sensing the line, but also rotating up and
down in order to properly detect the elevation of the line.
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Stage 1 of Autopilot: Altitude Hold
The first step for the autopilot is to rise to the designated height put into the drone through mission
planner before the flight begins. The altitude LiDAR will be used to accurately hold this altitude
until the next step begins when the ultrasonic sensors detect the wire.
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Project Management
Gantt Chart

Milestones






Ultrasonic Sensor operation
Lidar Sensor operation
Ultrasonic and Lidar Sensor Data Communication
UAV operation by Sensors
 WFI installation
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Budget

Asset Type
PixHawk
Lidar Lite V2
6000 mAh Battery
16000 mAh Battery
X8 Replacement Kit
Ultrasonic Finder
Microcontrollers
WFI Housing
Tiger Motors 650KV (Pending)
Cash Balance

Amount
$
200
$
99
$
75
$
199
$
74
$
180
$
22
$
200
$
734
$
1,767

Neither this document nor the information disclosed herein shall be reproduced or transferred to other documents or used or disclosed to others for
manufacturing or any other purposes except as specifically authorized in writing by the authors.

9

Promotional Flyer
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