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Abstract—Inspecting overhead cables using autonomous Un-
manned Aerial Vehicles (UAVs) is an affordable and promising
future solution for providing a clear picture of the energy
infrastructure. However, most of today’s UAVs for powerline
inspection are designed to use the Global Navigation Satellite
System (GNSS) to follow the power pylons which compromises
the detection accuracy. In this paper, we provide an overview
of the current state-of-the-art in sensors that can be used to
remotely detect power lines using UAVs. The work compares 20+
low-cost, low-power, and light-weight sensors. The performance
of 6 different kinds of sensors is evaluated thoroughly in a real
outdoor powerline test setup using a custom UAV. The sensor
data is obtained and analyzed using Robot Operating System
(ROS) and is provided openly.

Index Terms—Sensors, Powerlines, Inspection, UAVs, Survey.

I. INTRODUCTION

The increased efficiency and affordability of UAV technol-

ogy makes it well suited for infrastructure inspections and

tracking. The global drone applications market is estimated

at over 127 billion USD worldwide, half of which will be in

the categories of infrastructure and transport [1]. According

to eurelectric [2], there are 4.7 million km of overhead

power cables across the European Union (EU) for conducting

Alternating Current (AC) and Direct Current (DC) and another

111.000 km [3, 4] of electrified railway. Most of today’s

drones rely on the GNSS to accomplish their mission within

an acceptable accuracy level. Additionally, when it comes

to accurate overhead cable detection and tracking, today’s

solutions are challenged by estimating the correct pose of the

cable relative to the drone using conventional sensors.

In this work, we present our findings and evaluations on

sensors that can detect overhead cables and be mounted on

small-size UAVs. The work also shows the sensors’ com-

patibility with ROS which is commonly used in building

autonomous UAVs for cable inspection [5, 6].

The contributions of this work are:

• survey on 20+ light-weight, low-cost, and low-power

sensors for overhead cable detection.

• development of hardware/software drivers for sensory

data acquisition from 6 different types of sensors.

• implementation of a ROS-based evaluation platform for

sensor data processing and visualization.

• integration of the sensors on a custom UAV and evalu-

ation on outdoor energized overhead power lines under

different conditions.
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Fig. 1: The developed tethered UAV detecting 3-phase power

lines (SDU testing centre, HCA airport, Odense)

• collecting the sensory data and providing them as open

datasets in a Zenodo [7] repository.

The developed code [8] is available at GitHub, and the

datasets [9] are available at Zenodo. A video demonstra-

tion [10] can be found on YouTube.

A. Related work

Literature on cable detection with visual sensors focus

more on computer vision algorithms and less on determin-

ing optimal sensors wrt. parameters such as weight, cost,

or power. Jordan et al. [11] review the 2017 state-of-the-

art of UAV infrastructure inspection techniques including

power line detection and compiles lists of setups and sensors

used. Máthé et al. [12] survey the methods and inexpensive

platforms of previous works for infrastructure inspection.

They compile a list of cameras used in the surveyed papers

and conclude that most work uses inexpensive, relatively

low resolution sensors. Many papers demonstrate power line

detection from drones using 2D cameras and computer vision

© 2021 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any current or future 
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Parameter Criteria
Cable diameter 10 mm to 40 mm
Detection range ≈ 0 to 20 m
Cost � 4000 C
Weight � 500 g
Size <15x15x15 cm
Power consumption <10 W
Software integration ROS

TABLE I. Criteria for sensor consideration

algorithms [13, 14, 15]. Alternatively, cable detection from

UAVs is often performed using Light Detection and Rangings

(LiDARs) [16, 17, 18].

Park [19] proposes using millimeter wave Radio Detection

and Ranging (radar) for cable detection, arguing that econom-

ical factors and robustness to adverse weather favour mil-

limeter wave devices. Barret et al. [20] at Texas Instruments

demonstrate how their mmWave technology is able to detect

the presence of thin gauge wires and overhead power lines

from a considerable distance.

To the best of our knowledge, no existing surveys out-

line magnetometers for usage in UAV detection applications,

however literature was found describing applications of mag-

netometers for power line detection and otherwise related

scenarios. Work has been conducted in detection of subsea

power cables [21, 22]. Based on two magnetic sensors, the

cables are triangulated from the AC magnetic field. Concepts

have also been shown utilising magnetometers for detection

of overhead power lines in UAV applications [23, 24].

B. Methodology

The aim of this paper is to survey sensors capable of

detecting overhead cables of various diameters at different

distances and optimized wrt. factors such as cost, weight, size

etc. There are various types of overhead cables for different

use cases, ranging from small diameter cables for railways

to large diameters for power distribution. In this work, we

consider low to high voltage cables ranging from ø10 mm to

ø40 mm. At distances greater than 5 m, the sensors should

produce an approximate estimate of a cable’s position. Less

than 5 m from a cable, the estimate should be of higher

accuracy. The methodology followed in this work is to first

find candidate sensors for overhead cable detection from

a UAV, then to filter the candidates by the criteria listed

in Table I, and finally to evaluate a subset of the sensors

experimentally.

The rest of the paper is structured as follows: sec. II, III, IV,

and V introduce and survey the relevant classes of sensors,

covering vision, infrared, microwave, and magnetic sensing

technologies; sec. VI outlines the experimental environments,

UAV platform, and sensor setup; sec. VII evaluates the per-

formance of the selected sensors in the testing environments;

finally, sec. VIII concludes this work.

II. VISION SENSORS

This section covers the application of sensors that utilize

visible light for the purpose of detecting and possibly pose

estimating overhead power cables.

A. Event Cameras

Instead of generating an image with information from every

pixel at regular intervals, an event camera pixel is independent

and asynchronously outputs a signal only when a change

in intensity is experienced by the pixel. The result is a

sensor with a very low average output data bandwidth, low

operating power, high frame rate, and extremely high dynamic

range. This device could detect cables in situations with large

illumination differentials or rapid movements. The downsides

to these devices are foremost their high cost. Additionally,

when there is no change in the scene, no events are triggered

and objects become invisible to the camera.

B. 2D Cameras

Regular digital RGB cameras use CMOS chips to capture

light from a scene and produce 2D color images. They are

commonplace and sensors are therefore cheap, robust, and

high resolution with countless software libraries for vision and

perception tasks. For overhead cable detection, resolution is

not a concern as most modern sensors employ high resolution

chips. A very high resolution camera is wasted on this

use-case as its output must be scaled down to speed up

computation on the low-power onboard computer. Assuming a

worst case scenario with a 10mm cable diameter, the required

camera resolution where 10mm equals one pixel width is

plotted over a range of distances and field-of-view (FoV)

in Fig. 2. Due to cost and complexity, optical zoom is not

Fig. 2: Camera resolution versus cable distance and FoV

considered for cable detection. The lenient requirements for

2D cameras justify the use of common devices such as generic

USB cameras.

C. Stereo Cameras

The downside to 2D cameras is the lack of depth per-

ception. Stereo cameras solve this by using two cameras

separated by a known distance. By finding corresponding

points in the two cameras’ images and calculating the points’

difference in pixel position in both images, the distance to

the points can be calculated. Structure from motion achieves

the same by moving a known distance and thereby getting



a different viewpoint, but this technique is not suitable for

real-time drone control. Stereo cameras can work exclusively

with ambient light, which makes these devices one of only a

few ways to estimate depth without emitting a signal into the

scene.

A popular stereo camera is Intel’s RealSense D435i [25]

with its low cost, good performance, and excellent support.

While its dot projector is of no use outdoors, its included

RGB camera can double as the 2D camera used for cable

detection. Another candidate is Stereolabs’ Zed 2 [26] which

claims higher resolutions and larger depth estimation with its

neural processor in a slightly larger package. eYs3D offers its

EX8036 [27] stereo camera with slightly lower specifications

compared to the two previously mentioned cameras.

The cameras and their specifications are listed in Table II.

III. INFRARED SENSORS

Infrared sensor types that are applicable to the use-case

in this paper include long-infrared (LWIR) thermal imagers,

near-infrared time of flight depth sensors, and active illumi-

nation cameras such as active night vision.

A. Thermographic Imagers

Thermal cameras operate like regular RGB cameras but

capture LWIR radiation instead of visible light. LWIR cor-

responds to radiation by objects with temperatures between

-80°C to 89°C and is often used in inspections for faults

in power infrastructure. However, for power cable detection

alone, LWIR imagers do not add considerable benefits over

regular RGB cameras. In LWIR images, given a temper-

ature differential, cables will stand out compared to any

background, but this is typically also the case with RGB

images under normal lighting conditions. Because of their

similar performance and much higher cost than RGB imagers,

thermographic imagers are not considered for this use-case.

B. Active Cameras

Active IR illumination enables imaging in difficult light-

ing conditions. Some devices only capture the illumination

reflections, and given the right illumination technique, these

devices will see nothing beyond what is illuminated, regard-

less of ambient light. This means that any background that

is sufficiently far away will generally not be registered in the

image, thus making cable detection simpler. Many time of

flight (ToF) devices create a similar effect and can be used as

active IR illumination cameras as well.

C. Time of Flight

These sensors estimate depth by generating a light pulse

that reflects from the scene and returns to the sensor. Distance

to the scene is determined by the time or phase difference

between the emitted and detected pulse. Ambient light may

drown out emitted signals, but this can be alleviated by

operating in wavelength bands of atmospheric absorption.

Fig. 3 illustrates the atmospheric sunlight absorption bands.

Most ToF devices with outdoor performance in mind perform

in the 905 nm and 940 nm bands. 850 nm is a popular indoor

choice, and 1550 nm is used in higher cost devices. Regardless
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Fig. 3: Atmospheric absorption bands [28]

of the wavelength, ToF sensors will either be scanning or

flashing for depth estimation of an area.

1) Scanning LiDAR

A laser is used to sequentially illuminate points in the

scene whose reflection is detected by a single-pixel detector.

Each measurement is used to reconstruct the scene in 3D.

The scanning is achieved with a physically rotating laser

or mirror, MEMS mirrors, or optically phased arrays. The

scannning LiDAR can use the same large detector for all point

measurements which improves range.

Velodyne’s Puck LITE [29] offers excellent performance,

but its weight and unaffordability make it an infeasible choice.

A more cost and weight effective sensor is Blickfeld’s Cube

1 [30]. Its long range and relatively compact size could make

it a useful tool in mapping and detection of infrastructure. A

2D 360° option is LightWare’s SF40/C [31] 2D laser scanner.

With a long range and high resolution this sensor could be

used for simple object avoidance and cable depth estimation.

2) Flash LiDAR

A laser illuminates the entire scene at once and the detector

employs a multi-pixel chip to detect reflections from different

areas in the scene. Flash LiDARs are fully solid state with

no moving parts, making them cheaper and durable. Because

the detector is comprised of many smaller pixels, the range

is relatively limited.

Meerecompany’s S.CUBE [32] is a small power, weight,

and physical footprint sensor with a high resolution up to

about 4 meters. Another high resolution sensor with a longer

range is pmd’s Monstar [33] which incorporates more illu-

minators at the cost of higher power draw, weight, and price.

Finally, LeddarTech’s VU8 [34] is a simple 8 segment LiDAR

with a long range, low power draw, and high data output rate.

Table III lists the specifications of these IR sensors.

IV. MICROWAVE SENSORS

This section examines the state of millimeter wavelength

emitting sensors and how these frequency modulated contin-

uous wave (FCMW) radars can detect power lines.



2D RGB Range (m)
(min - max)

Frame
(fov, resolution)

Supply voltage,
Power consum.

SDK Interface
Package
(mm³, g)

Price
(relative)

Generic
USB Camera

N/A
<180°x<180°
<4K <60 Hz

5 V (USB)
<4.5 W

ROS USB
35x35x35
20 g

<1 C

Stereo

Intel
Realsense D435i

0.11 - 10 m
±2%

86°x57°
D: 1280x720 <90 Hz
RGB: 1920x1080 <30 Hz

5 V (USB)
3.5 W

Custom,
ROS

USB
90x25x25
80 g

0.3 C

Stereolabs
Zed 2

0.2 - 20 m
±1%

110°x70°
RGBD: 4416x1242 <100 Hz

5 V (USB)
2 W

Custom,
ROS

USB
175x30x33
124 g

0.6 C

eYs3D
EX8036

0.2 - 3.5 m
<12%

100°x67.5°
RGBD: 720p <60Hz

5 V (USB)
<4.5 W

Custom USB
100x70x70
111 g

0.6 C

TABLE II. Specifications of vision sensors with characteristics that may be valuable for power line detection

Scanning Range (m)
(min - max)

Frame
(FoV, resolution)

Supply voltage,
Power consum.

SDK Interface
Package
(mm³, g)

Price
(relative)

Blickfeld
Cube 1

5 - 250 m
±0.02m

70°x30°
175x75 <30 Hz

12 V (External)
8.5 W

Multiple,
ROS

Ethernet
60x82x50
275 g

5 C

Velodyne
Puck LITE

1 - 100 m
±0.03 m

360°x30°
˜1000x16 <20 Hz

9-18 V (External)
8 W

Custom,
ROS

Ethernet
72x103Ø
590 g

>10 C

LightWare
SF40/C

0.2 - 100 m
±0.03 m

360°x0.2°
3638x1 <5.5 Hz

5 & 12 V (External)
7 W

Custom,
ROS

Serial
70x79Ø
256 g

1.5 C

Flashing

Meerecompany
S.CUBE

0.2 - 4 m
±1%

60°x45°
640x480 <30 Hz

5 V (External)
<1 W

Custom,
ROS

USB
60x15x9
5 g

1 C

pmd
Monstar

0.5 - 6 m
±1%

100°x85°
352x287 <60 Hz

5 V (USB)
4.5 W

Multiple,
ROS

USB
68x66x29
142 g

2 C

LeddarTech
VU8

0 - 100 m
±0.05 m

48°x3°
8x1 <100 Hz

12 V (External)
2 W

Custom,
ROS

USB,
SPI

70x36x50
108 g

1.5 C

TABLE III. Specifications of IR sensors with characteristics that may be valuable for power line detection

A. Background

Millimeter wavelengths correspond to frequencies between

30 and 300 GHz, and mmWave sensors typically utilize the

automotive radar bands between 24 and 81 GHz. At these

wavelengths certain materials like plastic, clothes, and drywall

become partly transparent whereas metal is a good reflector

- a useful characteristic when detecting aluminum cables.

mmWave devices can be used to measure the range, velocity,

and angle of objects in a scene. They do so by emitting a

sinusoidal signal whose frequency increases linearly with time

- a so-called chirp. An object in the scene reflects the chirp,

and the frequency difference between the emitted and received

chirp at the sensor is proportional to the object’s distance from

the device. Depending on the profile of the emitted chirp and

the available bandwidth, characteristics like range and range

resolution can be configured.

Texas Instruments offers the IWR1443BOOST [35] board

which boasts a 5 GHz bandwidth, long range, and available

ROS integration at an affordable price. A similar device is the

AWR6843AoPEVM [36] with a significantly smaller footprint

but also a slightly lower bandwidth of 4 GHz.

Table IV lists the specifications of these mmWave devices.

V. MAGNETIC SENSORS

This section examines technologies in magnetic sensing for

pose estimation of overhead power lines.

A. Background

For overhead power cable detection with magnetic sensors,

vectored magnetic sensors are required in order to determine

the direction and magnitude of the magnetic fields emitted by

the cables. With readings from two or more vectored magnetic

sensors with known positions and orientations, the position of

the overhead power line can be derived geometrically.

Two categories of vectored magnetic sensors have been ap-

plied for detection of overhead power cables in the literature;

three-axis induction magnetometers relies on the Electromo-

tive Forces (EMFs) induced over three perpendicularly placed

coils when exposed to an alternating magnetic field [37].

These magnetometers can thus measure the direction and

magnitude of the magnetic field of overhanging power cables

conducting AC current by sampling three analog voltages

representing the three axes, respectively. Contrarily, three-axis
magnetoresistive sensors measure the electrical resistance of



mmWave Range (m)
(min - max)

Frame
(fov, resolution)

Supply voltage
Power consum.

SDK Interface
Package
(mm³, g)

Price
(relative)

Texas Instruments
IWR1443BOOST

0.03 - Program.
Largely
programmable

5 V (External)
≈2 W

Custom,
ROS

USB
110x65x20
<25 g 0.5 C

Texas Instruments
AWR6843AoP

0.03 - Program.
Largely
programmable

5 V (USB)
≈2 W

Custom
USB

95x26x15
<20 g

0.2 C

TABLE IV. Specifications of mmWave devices with characteristics that may be valuable for power line detection

strips of nickel-iron alloy which varies with the exposure to

a magnetic field [38]. These magnetometers thus allow for

measuring the direction and magnitude of DC as well as

AC magnetic fields. For AC magnetic fields, the magnitude

and direction of the signal can be derived from the signal’s

behavior in the frequency domain.

Additionally, magnetometers come as analog and digital

components. Analog magnetometers require external circuitry

and ADC coupling for measuring the output voltage. Digital

Integrated Circuit (IC) magnetometers expose access to con-

trol and status registers for controlling the magnetic readings

and for accessing the read values through a digital commu-

nication interface. Digital IC magnetometers are generally

simpler to work with as they have minimal necessity for

external circuitry. This is opposed to analog magnetometers,

which potentially require amplification/scaling and limiting

of the analog signal for coupling with an external ADC. On

the other hand, analog magnetometers give larger flexibility

in adjustment of the system to the expected magnetic fields

emitted from the power lines to detect, as well as full control

of the sampling process. It should be noted that in order

to properly utilise the knowledge about the magnetic field’s

behavior in the frequency domain, the data must be sampled

with a constant sample time and the data must be properly

timestamped in a real-time setting. This generally sets stricter

requirements for the processing compared to other methods

of power line detection and doesn’t yield much support for

standard utility of non-real-time middleware such as ROS.

B. Overhead Power Line Pose Derivation from Magnetometer
Data

A review of the math used for deriving the pose of an over-

head power line using measurements from two magnetometers

is given here.

Consider the diagram in Fig. 4. Here, coordinate system D
is the drone coordinate system, M0 and M1 are the coordinate

systems of magnetometer 0 and 1, respectively, and P is the

power line coordinate system. Note that P is chosen such that

the x-axis is parallel to the power line. The objective is to find

vector Dp, which is the translation from the origin of D to

the origin of P , expressed in D, parallel to the z-axis of P .

The vectors Dm0 and Dm1 are the translation of the origins

of M0 and M1, respectively, from the origin of D. b is the

magnetic field around the power line, yielding measurement

vectors M0v0 and M1v1 expressed in M0 and M1, respectively.

The vectors M0a0 and M1a1 are the translations to the closest

points on the power line from the origins of M0 and M1,

respectively.

Assuming that the power line is a straight line and that
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90°
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x

y
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Fig. 4: Diagram of the magnetometers measuring the magnetic

field from the overhead power line

the measured vectors M0v0 and M1v1 are perpendicular to

the vectors M0a0 and M1a1, respectively, the vectors Dv0 and
Dv1, and Da0 and Da1 will lie in the P (yz)-plane to which

the power line is perpendicular. The measurement vectors

expressed in D are found by applying the following rotations:

Dv0 = DRM0
· M0v0 ,

Dv1 = DRM1
· M1v1 ,

(1)

where DRM0
and DRM1

are the rotation matrices from D to

M0 and M1, respectively.

To find Dp, we set up the following equations:⎡
⎣
[
Dv0 × Dv1

]T

DvT
0

DvT
1

⎤
⎦ · Dp =

⎡
⎣

0
Dv0 · Dm′

0
Dv1 · Dm′

1

⎤
⎦ , (2)

and solve for Dp using least-squares. Here, Dm′
i is the

projection of vector Dmi on the P (yz)-plane which has

normal Dv0 × Dv1 and intersects with the origin of D.

C. Induction Magnetometers

The application of three-axis induction magnetometers for

overhead power cable detection was demonstrated in [23].

The presented hardware platform supports up to six magne-

tometers of the type Magnetic Sciences MC858 [39]. The

MC858 is an analog Extremely Low Frequency (ELF) sensor

with a maximum response in the 50-60 Hz range. The sensor

comes in sizes 52x40x29 mm rectangular box and 70x22

mm cylinder and is intended for connection with an external

display.

Surveying smaller options, the PREMO magnetic sensors



[40] for Virtual Reality (VR) motion tracking provides several

three-axis induction magnetometers with various specifica-

tions. The sensors have sizes ranging from 280 mm3 to 60

cm3 and reported sensitivities ranging from 4.5mV/A
m

to

60mV/A
m

measured at 20 kHz AC. The set of induction

magnetometers considered in this work is listed in Table V.

1) Laboratory Tests of Induction Magnetometer EMFs

The PREMO induction magnetometers are rated for 20

kHz, and we determine their behavior at 50 Hz in a lab test.

Each of the magnetometers was placed directly on top of a

large coil emitting a magnetic field corresponding to that of

an overhead cable carrying 60 times the AC current passed

through the coil. The coils were placed with their y-axis

aligned with the generated magnetic field. The EMF of each

coil’s y-axis was measured for magnetic fields corresponding

to magnetic fields emitted by overhead cables conducting 60

A AC to 600 A AC.
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Fig. 5: Measured EMF under magnetic fields corresponding

to various overhead cable AC amperage for selected PREMO

induction magnetometers

The measured EMF is reported for each magnetometer

placed directly on top of the magnetic field generating coil.

1, 2, 3, 4, 5, and 10 A AC were passed through the coil,

generating magnetic fields corresponding to the magnetic

field emitted by an overhead cable conducting 60, 120, 180,

240, 300, and 600 A AC, respectively. As the distance to

the magnetic source was zero, the measured EMFs are the

maximum expected EMFs induced under the real setup with

a distance larger than zero. The results are shown in Fig. 5.

It is visible that the considered magnetometers do not

go into saturation in the evaluated magnetic field range, as

the responses are linear for the entire range. Furthermore,

none of the magnetometers responds with significantly large

EMFs. Best detection results would thus be obtainable by

amplifying the output signals according to the voltage range

of the external ADC used.

D. Magnetoresistive Sensors

Three-axis magnetoresistive sensors have been applied for

overhead power cable detection using UAVs in [24]. As mag-

netometers, two LSM9DS1 IMUs [41] are used. The three-

axis magnetometer in the LSM9DS1 supports a configurable

magnetic field full scale of ±4 G to ±16 G and are equivalent

to magnetometers found in other low-cost IMUs. As stated

by Konopka, the magnetometers in the LSM9DS1 sample at

a frequency of 80 Hz, thus only allowing for sampling of

signals with frequencies of up to 40 Hz, as given by the

Nyquist-Shannon sampling theorem. The magnetometers in

the LSM9DS1 are therefore infeasible for detecting power

cables conducting 50 Hz AC.

Again looking to VR motion tracking, the Memsic

MMC3416xPJ [42] three-axis magnetic sensor was utilized

in a precision motion tracking system presented in [43]. The

MMC3416xPJ supports a fixed magnetic field range of ±16
G with the best achievable resolution of 0.5 mG per LSB. The

theoretical maximum sample frequency is stated to be 800 Hz

for each axis with one-third of the sample period in between

sampling each axis thus yielding an actual sample frequency

of up to 200 Hz when sampling all axes sequentially. This

complies with the Nyquist-Shannon sampling theorem when

detecting overhead power cables conducting 50 Hz AC.

VI. EXPERIMENTAL SETUP

This section describes the UAV platform and the experi-

mental setup.

A. Outdoor Test Environment

Outdoor and indoor powerline testing environments were

deployed at SDU UAS Test Centre in Odense, Denmark for

powerline inspections using drones. At approximately 10 m

tall and 35 m long, the outdoor power line environment is

a small-scale 3-phase energized powerline setup constructed

from previously deployed energy grid parts. Fig. 1 shows the

setup; cable diameters are ø20 mm for the energized segments

and ø10 mm for the ground segment.

B. UAV Sensory Platform

The UAV platform is based on Tarot 650 airframe equipped

with Pixhawk/Px4 flight controller. Custom fixtures have been

created to mount sensor and support devices onto the airframe.

The sensors in Table VII were deployed on the drone, and

the assembled configuration can be seen in Fig. 6. The drone

coordinate system x-axis goes from bottom to top, y from right

to left, and z from the image and out towards the reader.

C. Sensor Data Logging Setup

When mounted to the UAV, all sensors except magnetome-

ters connect directly to an onboard 7-port USB 3.1 hub.

The magnetometers are interfaced with a PYNQ Z2 board

which then connects to the USB hub. During testing, a single

USB cable transmits data from all sensors via the hub to

a nearby PC where it is stored. For all tests (except some

magnetometer calibration tests), the drone is oriented with its

x-axis along the direction of the cable, which ensures that

all sensors’ horizontal FoV cross the cable. ROS is used for



Induction
Magnetometers

Rated Frequency
fr (kHz)

Sensitivity @fr
(mV/A/m)

Package
(mm³)

Interface
Price
(relative)

PREMO
3DCC20-A-0110J

20
31.0
±5%

30.70x30.70x30.75 Analog <0.1 C

PREMO
3DCC10-A-0600J

20
25.0
±5%

17.35x15.85x13.85 Analog <0.1 C

PREMO
3DCC08-A-0038J

20
4.5
±5%

16.50x14.70x11.75 Analog <0.1 C

PREMO
3DCC08-A-0550J

20
18.0
±5%

16.50x14.70x11.75 Analog <0.1 C

PREMO
3DV15-A-S0900J

20
20.5
±5%

17.50x15.60x3.70 Analog <0.1 C

PREMO
3DV15-A-S0600J

20
16.5
±%

17.00x15.60x3.70 Analog <0.1 C

TABLE V. Specifications of three-axis induction magnetometers relevant for power line detection from UAVs

Magnetoresistive
Sensors

Sample Frequency
(Hz)

Range
(G)

Resolution
(mG/LSB)

Package
(mm3)

Interface
Price
(relative)

Generic Low-Cost
IMU Magnetometer

≤100 ≤ ±16
≤ 0.488281
(±16 G, 16 bits)

≈ 3.5x3.0x1.0
I2C
SPI

<0.1 C

Memsic
MMC3416xPJ

≤200 ±16
≤ 0.488281
(±16 G, 16 bits)

1.60x1.60x0.6 I2C <0.1 C

TABLE VI. Specifications of three-axis magnetoresistive sensors relevant for power line detection from UAVs.

Sensor name Type / Data / ROS topic Image

IWR1443BOOST
mmWave FMCW radar
Pointcloud
/ti_mmwave/radar_scan_pcl

Realsense D435i

Stereo camera
Pointcloud & 2D RGB
/camera/depth_registered/points
/camera/color/image_rect_color

S.CUBE

High-resolution ToF
Pointcloud & 2D intensity map
/cubeeye/scube/points
/cubeye/scube/amplitude_raw

VU8 (48°+100°)

8-segment LiDAR
Pointcloud
/LiDAR/VU8_48Deg/scan_cloud
/LiDAR/VU8_100Deg/scan_cloud

MMC34160PJ

Digital magnetoresistive sensor
Magnetic field vector
/dig_mag0
/dig_mag1

3DCC20-A-110J

Analog induction magnetometer
Magnetic field vector
/ana_mag0
/ana_mag1

TABLE VII. Evaluated sensors

communication between each sensor and the nearby PC. For

every sensor, a ROS node publishes sensor data under relevant

ROS topics. Messages under predefined ROS topics for every

sensor get recorded into ROS bags. Each different test setup is

recorded in a new ROS bag. ROS bags can then be used at any

time to play back the recorded data to simulate a repetition

of the test. Recorded data includes point clouds for 3D data,

RGB and intensity images for 2D data, and raw sensor values

for magnetometer data. Table VII lists the types and topics

of each sensor. A 3D visualization of the captured data from

testing can be seen in Fig. 8.

Fig. 6: Sensor layout on the UAV platform

D. Magnetometer Sampling

As stated, the output signals from the induction magne-

tometers 3DCC20-A-0110J are for the experimental setup

sampled using the PYNQ-Z2 MPSoC board which features

3.3 V, 1 MSPS, 12 bits analog/digital converters (ADCs). The

six magnetic sensor axes are connected to six channels of

the ADC. The data is forwarded to the FPGA for concurrent

processing. The firmware side of the board reads the sampled

values from BRAM and transmits them over UART. The data

is timestamped on the PYNQ.

For correct coupling with the ADC, the induction mag-



netometers are wired such that each axis’ ground pole is

fixed to a 0.165 V reference. With this, it is ensured that

the output voltage will not be negative from ground. The

induction magnetometer output signals are then amplified by

a factor of 10 using rail-to-rail operational amplifiers coupled

with 0 V and 3.3 V. The result of this is that the nominal

output voltages of the amplifiers are 1.65 V when not exposed

to an AC magnetic field, half of the full range of the ADC.

Furthermore, using rail-to-rail amplifiers will limit the output

signal to the rails of the amplifier, namely 0-3.3 V. Finally, the

EMF induced over the coils when exposed to the magnetic

field expected from overhead power lines is amplified to an

appropriate scale for the PYNQ ADC for sufficient resolution.

Fig. 7: Magnetometer test setup

We tested the induction magnetometers in the power line

setup shown in Fig. 7. The UAV carrying the induction mag-

netometers was placed underneath the power line conducting

117 A, and measurements from the output of the PYNQ were

taken.

VII. SENSORS EVALUATION

Selected sensors were deployed on a UAV and tested in

a realistic electrified power line environment with various

cable distances and diameters. Static and dynamic tests were

conducted to measure sensor accuracies. However, it should

be noted that the magnetometer data from this test is not

timestamped so the behavior of the signal in the frequency

domain can not be determined. Thus, magnetometer pose

estimates are not given.

A. Experimental Results

The recorded raw 3D pointcloud data lends itself well to

visualization. Fig. 8 shows the differences in data between

the evaluated sensors. Here, the pointcloud sensor data has

been visualized in rviz and subsequently matched with an

illustration of a pylon and its cables at their approximate

positions. The drone is represented by the RGB (xyz) axes at

the bottom with sensors looking up, and the actual distance

between the drone and the closest cable is 1.73 m. From

this image a few things become clear: the RealSense D435

is very noisy at a distance, S.CUBE and VU8 look precise

but low range, and IWR1443BOOST manages to detect the

approximate locations of all cables with a sparse set of points.

Fig. 9 presents the same data in another way. In this image,

the 3D pointcloud data from each sensor is projected onto

separate RGB images (captured by RealSense D435i). The

color of the projected data indicates the z distance to that

Fig. 8: Captured sensor data juxtaposed with approximate

pylon and cable illustrations

Fig. 9: Pointcloud data projected onto 2D RGB image

point as specified by the colormap at the bottom. The single

purple circle in each image is an estimate of the cable position

produced by a simple algorithm based on each sensor’s data.

From this viewpoint three of the four cables are visible: the

left, thin line is the furthest cable (ground wire), while the

thicker line towards the middle of the image is both the closest

cable and the cable above it. The story here is the same as

before: IWR1443BOOST sparsely detects all cable distances

in the frame, even the occluded cable above the nearest one;

S.CUBE’s dense points line up well with the closest cable;

RealSense D435i is still noisy; VU8 detects the closest cable

with two segments. For the given scenario, all sensors produce

data from which it is possible to estimate the z distance of



the nearest cable fairly well with simple code.

Performance over time is relatively consistent for all sen-

sors. This is illustrated by Fig. 10 which plots the simple

cable position estimate software’s output based on sensor data

over a 5 second period. In this scenario both drone and cable

Fig. 10: Estimated cable z distance based on sensor data over

time during the stationary test

are stationary. As the plot suggests, all sensors produce data

that can be used to calculate a relatively accurate and stable

position estimate over time. Curiously, all sensors overesti-

mate cable distance. However, these offsets may be due to

incorrectly calibrated relative transforms between sensors and

UAV. Table VIII gives the mean, minimum, and maximum

values of the estimate for each sensor as well as the mean

and standard deviation of the error (estimate minus actual).

Estimate (m) Error (m)
Sensor Mean Min Max Mean Std. dev.

IWR1443BOOST 1.853 1.851 1.853 0.123 4.2 · 10−4

Realsense D435i 1.814 1.759 1.861 0.084 2.23 · 10−2

S.CUBE 1.761 1.726 1.773 0.032 7.99 · 10−3

VU8 (48°+100°) 1.755 1.750 1.759 0.025 2.08 · 10−3

TABLE VIII. Evaluated sensor error and estimate

A similar plot in Fig. 11 shows the same data but for a

test during flight. As with all flight data, S.CUBE is missing

because of an incompatibility between the sensor and an

extension USB cable needed for appropriate safety distance.

For the remaining sensors, the data looks mostly good. The

flight profile starts with taking off directly underneath the

closest cable and approaching it. At about 1.5 m distance

to the cable, the drone begins oscillating along its y-axis

(perpendicular to cable direction) with a period of several

seconds and amplitude of about 2 m. During these maneuvers,

the cables may get out of a sensor’s FoV. This is likely what

happens between 35 and 50 seconds when RealSense and

IWR1443BOOST have large spikes in their estimates - either

from seeing a cable further away as the new nearest cable,

or simply noise. Because of the dynamic nature of this test,

there is no ground truth value to validate against.

Fig. 11: Estimated cable z distance over time during flight

test

1) Power Line Test of Induction Magnetometers

From the induction magnetometer test, the measurement

vectors and the calculated power line position is depicted in

Fig. 12. The power line position is computed with eq. 2.

Fig. 12: Induction magnetometer power line position estimate

VIII. CONCLUSIONS

This paper reviewed the current state-of-the-art UAV-

mounted sensors for the detection of overhead cables. A set

of sensors were compared from which six were selected,

based on optimization criteria, and further evaluated on a

custom UAV platform. Several stationary and flight tests were

conducted in a realistic power line environment to record

sensor performance. Collected test recordings have been made

available as datasets through Zenodo.
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