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£-3-10, EVALUATING EFFECT OM AIR
NAVIGATION AND COMMUNICATION
EACILITIES

# The FAA s suthorized to eswblish, operate, and
yraintain sir navigation and compundeations fcilit-
ie¢ and to protect such facilities from terference.
Dhiting evaluation of structures, Tactors that may
adversely affect any portion or component of the
NAS smnst be considered. Since an slectronngnetic
merference potential may create adverse efibcts 48
seriots as those caused by a physicalpenctiation of
the aspace by @ swucture, those effects rust be
identificd and stated. Proposals will be handled,
swhen appropriate, directly with FCC through
Spectrusn Assisnent and Engineering Sesvices.

b, Techmical operations servies personnel ymst
evaluate notices to determine if the strctore will
affect the perfornmnce of eakting or proposed NAS
Facilities. The study must dlso nclude auy plns o
e Gieilities, proposed aitports, or ivproverents
1o existing airports.

¢, The physical presence of'a structee and/or the
¢lecomagnetic sighals eaanating or veflecting there
fom may have g substaniial adverse efibet on the
availabibty, or quality of pavigational and comms
nications signals, or on #l affic servies needed for
the safé operation of alivraft. The following general
guidelinies are provided fo aseist in determining the
anticipated fnterRrence,

4, Instroment Landing System (ILS) ~ Trans-
mitting antennas are pofential sources of
clectromagnetic interference that moay effect the
operation of adreraft ushig an ILS facility, The
antenna height, radiation pattern, operating fie-
quency, effective radiated power {ERP), and its
proximity fo the runway centerline ave all fictors
gzijjg;i;gmg 1o the possibility of brerference.
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ghide~slope service volume ares pust be smﬁiaéf
’;@‘ﬁg-v?ﬁ However, extremes in stocturs height,
ERFE%&;%&:E@; andlor antenna sadiatim pattern may
Tequire careflil stady of struetures up to 30 NM fiom
the ILS fequency's protected service volume ures,

- (@) ILS Localizer. Large mass structures
adjacent fo the localizer cowrse and/or antenna
atray are potential sonrces of reflections andfor
Te~rudiation that poay effcr ficility aperation, The
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shape and dntensity of such reflections and/or
re~radiation depends upon the size of the reflecting
sinfhce and dbtance fromihe bealizer anterna, The
angk of incidence veflection in the azimuth plhne
generallyfollows the ruks ofbask optkalrefkction,
Normailly, in order to affsct the course, the refbetions
vt come from stroctines that he o oy pear the
on~course signal Large fmass structures of any
type, nchuding metallic fnces or powerlines,
within pls/uines 15 degrees ofextended centerTine
up to 1 NM Hom the approach end of the runway and
any obstruction swihin 500 feet of the localizer
antema anay must be stodied carefiilly. (Refer to
FAAD JO 750,16, Sitimg Criteris o1 Instrunent
Landing Systems). ‘

(b} TS Glile Slope. Vertical surfrces wikiin
approxinntely 1,000 feet of the nmway centerhing
and boated vp to 3,000 feet Brwand of'the glide slope
antenni can canse harmiul reflections. Most
interference to the glide slope are caused by
discontinuities in the grownd surfice, described
approxintely as a rectangular ared 1,000 feet wide
by 5,000 feet bng, extending Hrward Somihe glide
slope anenma and centered at about the yunway
centerTine, Discontimaities are vsually i the Dum
of rough terrain or buildings (refer to FAAD
JO 6750.16, Siting Criteria for Tnstraent Landing
Systerms).

2, Microwave Landing System (MLS). The
gk Hnes Stated for IS systerns above alko apply o
MLS installations. The established MLS service
ol d area ofconcem,

4 Adr Rovte Surveillance Radas/Adtport Sur
Wﬁk@m Radar (ARSR/ASR). w@z@%ﬁgﬁﬁ?x@
%153232& be 1o veflecting structures withi a 1,500-fot
f adius of the radar antenna, In additon, large
mﬁmm Shructuwes up fo 3 NM Fom the anbeting can
cause dterftrenie toless they are dn the “Shadow™ of
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at Are Navigational Aids?

Havigational Information is provided 1o sirplanes by more than one radio frequency systam. Though recent innovations in
satellite navigational techiology hive Ted o o intresse in Global Positiontng System [GPS] usage, navigationalsystemms (also
ko as navigariondl sids) Hks non-divectional bescons, civilion VOR and DME anid the millkary TAUAN arethe backbongs of
atr rowigation andwill continus o be In use for many vears theoms,

AVOR, or VHF omnidirectional vadio, Is 2 radin nevigation systerm that brosdeasts a navigational signal as well as volce and
identifying information. Commercial alreraft use the VOR signal 16 determine maghetlc Bearlig to g VOR beacon and to
abtain any important broadcast information. The bearing information Is obtained from the manner in which the VOR signal
iy modulated.

£ DME; or distante Ysasiring squiprsnt, Is another VHF radin systers that 15 used o measure the shns range distance
between an alveraft and 2 DIME beecon. It works on radar ranging technigues. A DME station recéives and decodes the RF
pulse emitted By an airborna transponder snd privides 8 reply after a 50-microsecond delay, Based on tha time difference
Between transeolasiore and svvval 2t the alrborng teansporder, the aivtrafl spstems are abls to coloudate the dsnme o a
DWE beacon.

TACAN, or tactival sir navigation, s the military combination of the clvilian VOR and DME systerns. Operating between 950
and 1215 MHz, it is 3 polar coordinate sype radio 8iF navigation system. TACAN is three 1o nine times as stcurate as VOR.
Wher a VOR antd a TACAN are coumountad, the Installation is called 5 VORTAC; fov this cuse, the distance measaring portion
of the TACAN Is available to both civitand military users whils the bearing system s not shared,

Whethar an afeeraft is civilian or military, the baaring end distance information provided is displayad as twe dials to the
airerew, ong for each function. The alrcrew uses the information provided by the two dials to fly towards & bescon or to
establish geogeaphic location with respect to 8 beacon, The information may also be used to intersect cadials and Hight
paths, The Ywo most common uses of the systems are To navigse slong 2 certaln fight path that Is defired bescon-to-
beston or to perform aniistrumens-based approsch 10 an alrport.

Interference Caused to Navigational Alds

tach like other radio frequency systems navigations! aids are also subject to nterference that may negatively Impact the
system, causing errors and potentially disabling the system entirely. For alr navigation, where precision s important, it s
sital to mininilze the chances of eror or syfem outage, For that reason, mandates such 3 the Federal Aviation Authority's
Order 682010 exist. Entitled VOR, VORJDME, and VORTAC Siting Criteria, Order $820.10 establishes Important siting crireris
for buildings, vegetation, and other struttures In the operationsl volumes of ravigational aids. The interference effects of
Interestare shadowing, maflections, and Fresmel gons clesrance,

Shadowlng, taused by a tree, a fonce, o bullding, or any tall structurs, octurs when slectromagneétic energy Impacts tpon n
object and Is seattered I varlous directions, preventing the engrgy In continuing in Its forward parl at undiminished power.
Thus, & volume Ts crested behind the obsirdction where the eluctrotoagnetic energy prastrates partially or not et alf ¥

alreraft ars 1o be lorated In this volume of litle to na signal, the communications with navigational sidy may become
unreliable or be lost completely.

Reflectlon is a phenomenon diractly related to shadowing. When electromagnetic energy Is incident upon an obstruction, &
I seattered I many directions if the surface Is not smodth and in one génsral direcrion if the surface fs sivoth, A single
scattered ray or 8 group of rays scatrered In one direction are also known as & reflettion, or reflected rays. Thé reflecred rays




might impact other communications systems that operate on similar frequenties, causing Interference. The reflected rays
tnay also be refletied in such & way that they arve st 2 rceiver along with divect rave. Called multiparh, the rellected rays
may sum constroctively or destructively at the recelver, depanding on whether the reflected rays arive in or our of phass
with the direct signal. Multipath s divectly related 1o Frasnsl zones.

Fresnel zones are concentric elliptical volumes found sround o divact slanal path line that slsrmstely add or subtract energy
from the roral amount of energy received. While odd numbered Fragnel zones add energy, sven runbered Fresnel zones
subtract energy. The closer s Fresnel zone is to the dirset path line of the signal, the more energy It contalns, For this
c reason, it is desitable 1o roalnrstn an uncbstructed first Prosnsl zone so thet ol the srergy containgd within it reaches the
receiver. Ohstructions within the second Frasnsl zone can cause reflections thet may sum negatively at the recelver,
ultimately loweting the amount of power racelved oraven creating » null inthe sigrel,

Navigational Ald Clearance Analysis in ATDI RF Planning Software

ATDs RF planning software alfows a user to perform & navigational aid obstruction analysty quickly snd efficiently,. With
precise cartography as the foundation for any RF study, the user can select an ares and plave o navigational aid and
individual obstructions within minutes. In the figure below, a hypothetical navigational aid hes been placed at Weshington
Reagen Nations! Alrport, lecated In Arlington County, Virginia,




Now, vwo types of analysls reay be perforreed, The Birst Wyps refers 1o .2 rule In FAA Order 6820,10 and the second refars 1o
minimurm safe altitudes. FAA Ordaer 8820.10 states that any stracture thet ia wholly or partially metalfic wmay not subtend »
yertical angle greater than 1.2° with respect to the beacon and mensured »t ground level from the bescen site. 1t s
important to lnclude Earth dip foto the caloulation for the utmost accuracy. The figure below portrays the 12" oriterion as
wall as the effect of Banth dip.
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Flours 1.8 degree vantiost angle rule

The ATDI software takes into account not only Earth dip, but alse any and all terraln Teatures In the ares of the navigational
ald as well as the helght of the obstruction. Dnce the 1.2 degree rule function s run In the softwers, the Tollowing images is
the outcome, The inside of the red contour represents the area where construction of any ohstruction that subtends more
than L2 with respact 1o the navigetional heacon would be tnvioletion of FAA Grder 682010,

Figuee 3t Enclusion yone based o BAL 1.2 degree rule

In this case, the hypothetical exclusion zone affects the entire ares of the alrport as well as 3 portion of Arlington County and
the Southssst guadrant of the District of Colomble,




The second type of anglysls performed by 2 separate furietion n the ATDI BF planning tool crestes contours hased on
expecred flight altrudes near the navigatonal aid. The user enters a minlmurs sefe flight aliude and o distance between
the navigational beacon and an alreraft for that altiude at which he requires communication unsfected by obstruciions,
Shadowing and null creation are the two major concerns behind this anslysis. The software provides & 350 degree contour
based on the Hlight altiwde, distance 1o the expected obstruciion, obstruction helght, and variations In the slevation in the
aten.

The contour that Is caleulated (shown in red In the figure below) provides for first Fresnel zone dearance of the direct signal
from the navigational aid to aircrafe. This is provided according to FAA Onrler 6820.10 In order fo wminimize the sk of
reflections that may negatively sum at the raceluer shte, potentially creating a nul signal,
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Conclusion

15 VOR and DME are and will eontinue to serve
them iz crueial 1o malntaining

nning software allows for detailad
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