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Using Drones as Diagnostic
Tools for Broadcast: Systems

Today we’ll touch on:

« FAA aspects of using drone systems,
« Mission planning considerations,
* Drone based antenna measurements, and
« Drone (and ground) based thermography:
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Uses for Drones

e Tower visual inspection
« Tower mapping
Signal measurement




Drones - what you need to Know

There is development time and cost involved

Ized Equipment

\\ CAVELL
MIRI/’



Our Flee




But first - what you need to Know

The following is an informal snapshot of some of the FAA requirements for drone operation: Berawaresias
the FAA's rules frequently change! Check the latest FAA regulations and advisery Circularsiorchangess
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Drones — FAA Rule Part 107

Most civilian drone operations fall under 14 CER Part 107
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Drones — Recreational Pilots

« Cannot fly “for compensation” or any commercial reason

« Financial compensation, or the lack of it, is not what determines if the flightis
recreational or commercial.

o Goodwill or other non-moenetary: value . afisiielgrgel nleliree
compensation by the FAA.

- So doing a flight for the station “as a faver* might:be aniFAANRUIESNIGIZLG

Recreational flight is simply. flying for fUnfeRFPESE:



Drones — Commercial Pilots

Commercial Drone Operators

* Must take recurrent: fr INING  EVERY 24 MONUIS

: e ability to file: FAA operatioRaiNENAVELS
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Drones must be FAA registered

For commercial operations, drones less than 55 pounds must be registered.

(Drones weighing 55 pounds or more require either an FAA Rule exemption via
49 U.S.C. 4480, or apply for and receive a Special Airworthiness Certificate:)

The drone should be clearly marked with s AS Certficate of Registration

Name: Cavell, Meriz & Associates, Inc

the registration number on the OULSITE Of |l ST ps——

Model: RFX45

th e ai rC raft q S;E‘mfl Nurimer: ANRTF-120

Registered Owner: Cavell, Mertz & Associates, Inc.
UAS Manufacturer: DJI

UAS Model: M300

Keep the registration active. e H—
(It is valid for 3 years and is renewable>)

Issued: os/oaszoze Expires: os/oa2025

Carry proof of registration whenflyings i\\\\ e



Drones — watch for FAA rule changes!

Example: The FAA will soon require a “transponder” for drones.

After that date, all commercial drones .
must broadcast; Remote ID ruL—).

An ID > Use Remote ID capability;

...._

Location & Altitude puilt 1nte the drene

Velocity » Use Remotelbrcapanity

e el el0]0]=0 c \ (JJ
Takeoff location and elevation rom an adu=eniCeVICE

Time hack
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Flight Planning - Practicality

Consider the purpose and the urgency of your mission in light of FAA, safety, and
operational challenges. A drone based approach may. not always hersuliablelors
practical. For instance:

« Sometimes the site RF levels are too high at the site or at an immediately adjacentsites
* Not all drones are “RF hardened” — internal circuits can be impacted.

* RF overload can affect some payload devices, such as receivers or spectium analyzerssYoull EEHNo
think about whether filters and attenuators will be needed.

. Sometlmes the frequencies in use at a site can contlictwith a2 drons

MHz, 1227.6 MHz and 1176.45 JVJHZ



Flight Planning - Safety

...a drone based approach may not always be suitable orpractica

« Map out where you need to fly with respect to buildings,
guy wires, areas where people may be in harm’s way.

« Use Google Earth™ to help figure out:
» flight paths,

« landing and takeoff zones,
* emergency descent plans,
* potential hazards.

e Compare that against an actual
“boots on the ground™” survey.




Flight Planning - FAA Considerations

w,,ummp,a’?.'.;ii,':ﬂsg‘;:%:”i:-_-, Pilots planning to fly in controlled airspace around airports
Josa L 22 AL GRE G

1 12 must receive an airspace authorization from the FAA belore
they fly. Sometimes there are altitude limitations invelved.

» Use the FAA's BAUFLY App, ALOFET, or similar app tocheck
possible airspace issues, such as the proximity: offyour:
planned flight to airports.

« If the flight is near an airport in contrelled airspa
FAA LAANC* authorization (or an eperationaliwa

necessary). The FAA has several LAANEC prO\/JJe S)
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*Low Altitude Authorization and Notification Capability:



Flight Planning - FAA Considerations

When do you need to request an FAA Waiver?
e  Operation from a moving vehicle

Operating BVLOS
(Beyond Visual Line of Sight)

Operation over people
e Operation in certain airspace [ —————
Operation over moving vehicles

Operation in controlled airspace that
requires a waiver and an airspace
authorization

Federal Aviation [ cgin
Administration
FAADroneZone Recreational Flyers  Comificased Reriols Pilots  Public Salety b Gevernment  Edota arfol

Register Your Drone

mmmmmmmmm

U.S. DEPARTMENT OF TRANSPORTATION
FEI ION ADMINIST!

You must apply/ for aivaiVe Stire UG R Ee—— N
the FAA's “DroneZoene’ [92UE; _— S i\\\Cr\\ELL
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Drones — Airspace Conflicts

You may not be able to fly at certain Iocatlons such as

* Military Operations Areas (MOAS),

* Restricted areas,

* Prohibited areas (like Camp David),
* Flight Restricted Zones (FRZS),

« Special Restricted Flight Area (SFERA), or

* Areas under TFRs (Temporary Flight Restrictions

The FAA and industry have various Apps and on-line teels
that can help you determine If you may have anissue; such
as BAUFLY, LAANC, and others. Always check “NOTANMSH

P PENDLETON MGDLFao
RED BEACH) (NXF)|



Flight Planning - Weather

Flying Requires suitable weather conditions

« Use “aviationweather.gov”, “weather.gov/sew/AviationgWeatiers
or the “UAV Forecast” app (or an equivalent) to get the weather
and the wind profile for your flight.

 FAARule: Flight visibility must be no less than 3 statute mi

 FAA Rule: The minimum distance from clouds is 500 feet b
and 2000 feet horizontally from the cloud.

* Know the wind speed controllability rating ofiyourdrene:
Know the wind speeds at all altitudes invelvingyeurslighnts

* Flying whenit's raining is not Wise

sociates, Ine
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Flight Planning — Operational Area
Where do you need to fly?

* For antenna pattern assessments, determine the radius needed fo pattern
azimuth measurements; : |

* Identify a distant point for elevation measurements
* Will you have to fly over people/roads/buildings?
* Do you need to work around other towers?

« For visual or IR inspections, what is a safe path uprand rdq.ured d
the tower (mechanical obstruction clearance/RE satlrationiCeNCER

«  Will you have good GPS signals, and especiallyinihe
Landing Zone (“LZ")? Check GRS NOTAMS

e Can you control public access from the eperatenaifaieay:
* Ensure ample space init € Ofi/L-ZIemengencyAaidfeee kel



Specifics regarding TV/FM Antenna Measurements

Why would you want to undertake this?

» Someone suspects that coverage has changed

» Setting a benchmark prior to an antenna change,
then verifying that it has been met after replacement

» Following suspected or known damage to the
antenna

properly

In some countries, periedic Verificationis



A Perspective on TV/EM Antennas

From our experience, almost all new antenna systems perform as designed,
as confirmed by drone pattern studies.

For new antennas, those with issues generally seem to have been the result ofish pPiNg
damage, on-site handling errors, assembly errors, or installation errors.

For TV, pretty much all post-construction issues reportedly involve directional antennass

A report from a leading manufacturer said that their review: of pest-ConstilctioN dreRESIUEIES
(of TV antenna systems) shows that pattern issues were foundin abeuilSYoeRCONSHUCHON
projects, most of which involved directional antennas rotated in thewwrengrdirectonpana
“usually off by one bolt hole”.

Most TV and EM antennas are \ UES WILNEI e RIENHES
seem to be the result of:\weather: JrJCLJC,dd dglma ge (llgmrrnrlg StHKES) M ACKIO NI IENATICES
inexperienced tower: climber: errors or carelessness; ervancaliSINUIENIGIES) ) ﬁ\\\\\ CAVELL



Pattern Verification Methods
Traditional Method

» Measurement by ground based vehicle - with antenna on a 30 foot mast #*
- FCC accepted and easily compared against old bench
> Alternative was ground based with shorter antenna elevation (=6ft)
- not as happily accepted; by the FCC height correction factorneeded t

» Equipment was a calibrated receiver and a chart recorder
- Computers have replaced chart recorders
- Spectrum analyzers are often preferred overtraditionalf=ivis
- Use of Software Defined Radio (SD
» The hassle factor is huge, even with ai:



Pattern Verification Methods

Traditional Method

>

The measurement data from the chart recorder or computer
are plotted, spatially averaged, and compared against
reference curves for each radial measured from the site

From these graphs, distances to contours can be plotted on a
map, or field strength estimates can be plotted on a polar
graph. Conformance with the theoretically estimated field curve
was felt to demonstrate proper signal radiation.

required in the field i as|nfere - 4.-‘% *\ vit



Pattern Verification Methods
More Recent Methods i

Measurement by manned aircraft or helicopter

» Over the past few decades, conventional aircraft (airplanes and helicopters)
have been used as an alternative to labor intensive, time consuming, ground
based measurements.

Not as readily accepted by the FCC and others
Very costly to undertake - Costs include aircraft mods, rental, fuel; pilot
FAA regulations can limit extent of height and flight pa A Ground efection
Elevation pattern measurements are often not feasible : '

Y V V V V

Orbits around the subject antenna are traditionally tsed;
however the distances involved make the measurementsisuje;
to ground reflections, the effects of which canibe severeand

difficult to remove from the data.

Gt i




Pattern Verification Methods
More Recent Methods

“Drive Tests” with vehicle mounted rooftop antenna syste

» Generally accepted by many broadcasters — not the
FCC.

» Less costly to undertake than helicopter/plane method.

> ' ions, and even passing trucks
can corrupt the data.
> Generally good for “Before’/’After” co;

Almost always limited to) V-Pollerientation (magnetc
mount vertical whip antennas;are more ComimoniyAISEs)s



Pattern Verification Methods

Drone Based Measurements

< Have been used in recent years for: - Acceptance by the FCC for formal “Proof-of-
« Antenna Pattern Verification, Performance” purposes has not yet been attempted:
. ' Recommendations dt
* Coverage Field Strength Studies, I(;I)(()i\é\;ever, W gngeistismsnt Recommentafions do
* Propagation Model ‘Tuning’, and Report ITU-R SM.2056-1

(06/2014)

e Manufacturer Testing / R&D.

irborne verification of antenna
patterns of broadcasting stations

The current accepted use in the industry inthe U.S: 1l rJr*rIDrrrlrlrJf S\vafiileztion. Trie

FCC Fund Administrator has fdjm_J_JrJgJ many, stations for; '; SHOREIEHENHEASUEIENL
services in the Television Band “Repack:



Pattern Verification Methods

Drone Based Measurements

e Can show horizontal plane pattern and
elevation pattern in both polarizations.

* Will show if an antenna is not plumb.

» Can confirm beam tilt and pattern nulls
* Can help with pattern troubleshooting.
* Less expensive that other methods

« They can fly relatively close to the tower

> This makes the calculation of ¢ _]J‘.)Llﬂd
reflection effects more predictable, because
ward radiation close in to the
antenna is less, and the steeperground
reflection angle minimizes the issue.




Antenna Pattern Verification

However, it is possible to fly too close

Accuracy can be impacted by flying too close to an antenna, such as flying in the reactive field. >
Flying in the far field is preferred because the pattern is fully formed there. The far field location

can be determined by calculation using the Fraunhofer formula: e

VERTICALLY

gl 2D2 " 4 INDIVIDUAL ELEMENT VECTORS
Tfar = 5
So for example, for a 6-bay FM array, the far field is 24 m;
For a UHF TV antenna with gain of 27 (2° beam), the far field is >300 m. seciwo e

However, from years of experience and collaboration with others, we are finding that flyinginithe
more distal region of the near field can provide useful results when far field flightisimpractical>

In particular, we have found that azimuth patterns can often be flown closer than firSt thoughEWItHNGeOENESUIIS

Additionally, as many of you are aware, some of our measurement work was Used to'SUPPOHDIEIECIHE
modeling effort. One of the results of this collaboration confirmed thatnearfield elevauonipaterni IIIU“
successfully undertaken.t

- We understand that Dielectric can now support drone studies by modellingjthe antennatoconfirmuiaitheNearsieldiaone
measurement results match based on simulated near field results. (Ifithe dataiderivedintheisimulationant N IGEaSUTENENIS
match up, it can be concluded that the gain and far;field data are asiexpecteds) \\\ Cr\\"ELL
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Antenna Pattern Verification
Elevation Pattern Measurement _—

Measuring the elevation pattern
requires a careful ascent or descent o
to map where the beam center is, ) e
and the locations of the lobes and s st

minima.

Relative Field
o

Beam tilt can be determined as can I

the possibility of mechanical tilt, AROUND TARGET

whether it be purposeful (by design) -

or accidental, as in out of plumb L. .
antennas or towers. We select  Dtecic —335degT —ondegT
several equidistant points around
the antenna to assess pattern
maxima position.

\ CAVELL
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Antenna Pattern Verification
Elevation Pattern Measurement Examples

FM H-polarized relative field pattern

Using a drone system, “as-Installed”
performance can be compared against
the manufacturer’s baseline performance
documents.

Regulatory compliance can be verified, as
well as confirming that the pattern Is
directed toward the population of interest.

A\
e



Antenna Pattern Verification

Examples of Installation Rotation Errors

Ghannel 16 - 485 MHz
244 dBW ~ 26 kW

eeeeeeee

Typical problems include antenna rotation (ali;
panel mounting errors, cable connector. problems, orinstallinganiantennaiel ereneraever
t's worth watching theinstallationicrewacarEsiiya

the whole antenna) upside down. -

Studies courtesy. of SIXArms |sIXARMS.

0.7° Depression {515 MHz)
Horizantal Polarsation ! 53.80BW (241kW) ERP

nment) problems, cableMarESSIPHaSINEIEHTOIS)




Antenna Pattern Verification

Examples of Installation Electrical Phasing Errors

Studies courtesy. of SIXArms |sIXARMS.



Antenna Pattern Verification

Examples of Structural Effects

(475 MHz) n (545 MHz)
55.5dBW {361kW) ERP 5 SZAJBW (174kW) ERP

—w—'ryran rneulllc that Passes "_'nrough OIAHESIRHE

Studies courtesy of SiXAfmMS |SIXARMS.



Antenna Pattern Verification

Examples of Apparent Design/Manufacture Problems

Studies courtesy. of SIXArms sixARMs.



Other Antenna/RF System
Health Assessment Technigques

Often when an antenna or transmission line system is
suspected of having issues (often hinted at by changing
VSWR or lowering transmitter power indications), the
preferred “go to” tool is a Vector Network Analyzer (VNA

This device has the ability to identify faults in transmission
lines and antennas, and can typically locate them with
reasonable precision.

Other dlsadvantages include their inability: to reliab Jy sdsydrldieliniiel Uit (faults furinsr dowr
the line can be masked), and they may not's pPrenlem that: e CCUISAVRERNRENSYSIETINSHIINIING
operation (“under load”).

WOWE



Other Antenna/RE System

Health Assessment Technigques
Thermal (IR/Infrared) Imaging

Prices for IR Cameras of reasonable quality have come down dra

IStically In reCentyearns; mesuyuieno
the declassification of the technology and advances in on-board data

data processing:

The weight of the system and the optics h 1 NaKiNg It POSSILIETOFANNIRICANIEIANONIE
deployed as part of the payload on a dron

This makes possible a thorough examination of: an eperating antennaianci2SMISSICHNNESSIEHT



Other Antenna/RF System
Health Assessment Technigques

Thermal (IR/Infrared) Imaging

The available devices range from the electrician’s infrared
thermometer, to a cell phone attachment, to handheld (and larger)
systems.

Prices range from a few tens of dollars to over $250K, depending
upon the device. Suppliers include Teledyne Flir and Fluke, among
others.

Device quality/cost is dictated by the project need. The more
expensive units can be rented from suppliers like Elir:

10W-t0 videos, and on-line and in Persen

certification Progiams



IR Scans — Case Examples

Here are examples of TV antennas in trouble
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IR Scans — Case Examples
Yes — there really WAS a problem.
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IR Scans — Case Examples

Here are examples of transmission lines and elbows in trouble

Note that untuned eloows: erten rin Siig AV

TV l \V s V| ey o ~ ~ N C e\l e
[he above examples are Way ReYor



IR Scans — Case Examples

Here are examples of transmission lines and elbows in trouble

el IN B— —
| told, you | \WaS SICK! S — CAVELL
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IR Scans

Not all brighter images means there is trouble

You really need to be careful about what you are
imaging and what it means.

Spi
Sp2

1012 °F o

Differences in surface finish (color, surface roughness




IR Scans as Maintenance Tools
While you are at a site — look around

Water cooled transmitter tubes —
one IS starting to get n trouble; the
other IS In trouble. ook atthe
coolant Ievels.

I'nIS SWitch Was: ak UG

[all. Call therelectician

CAUFION — folloyy of
Are
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IR Scans as Maintenance Tools
While you are at a site — look around

T T &4 42 0

Examples of:
overloads,
connection

ISSUES, GEeVICE

ISSUCS.
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IR Scans as Maintenance lools

SP1 oo 2
Value  168.1 ;_\. :
L spz <
I Value 88.3
Sp3
Value  189.1

TR

| TO =

Mica Cap that has failed
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IR Scans
Some things are just neat to look at thermally:

RCABTA1R3 Tube Deck ||
Rl

Sp . X . : A J .:
a o ! 3 : A . P
] 5 _-‘i g ] M . 1 i .
' 4 '3 I i r ] 'I._..
I II. .—. ~ 314 ,_.;!;l_,_;_ a =7 | - -
L Al e ; . - : - —_—
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IR Scans
Some things are just neat to look at thermally..:
AND you establish a normal operating baseline by doing se!




IR Scans

One more interesting one...
sometimes mechanical s 1 signature
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