4 g = Y N ‘_‘_!" .‘: '
-A" _— : ’l’.v K 1 E .,' 4 y
— " : n\\\ - VI ' . . » ' e - '.
T 5 e PROPAGAT ON
: ‘ FINDING PATHS THAT WORK
KE2N



PATH MODELING BEYOND TOPOGRAPHY:
TREES AND BUILDINGS

RADIO MOBILE: “When prediction over small distances are required to be
accurate it is important that the influence of local buildings (clutter).is
taken in account. When predictions are performed over bigger distances
the dominance of clutter decreases and eventually can be left out of the
calculations. This simplifies the formula for calculating RF propagation.”

“Accurate RF predictions require detailed clutter and height data but this
data is generally expensive and only affordable when income out of the
exploitation of a radio network is high. For amateur radio, emergency
services, and students for example it is not realistic to have this accurate
data available. Therefore low budget and easy accessible data must be
[used]. Radio Mobile uses geodata that is available on the internet for
free.”

“Land Cover data has a focus on vegetation and not urban area's. This has
influence on the usability of Land Cover for radio planning purposes”.

NOTE: RADIOMOBILE is Longley Rice “irregular terrain model” with
obstructions.

© K. Jamrogowicz



INTRODUCTION - CONTINUED

* Extensive studies have been done of tree (vegetation) attenuation
(e.g., ITU-R P.833-8)

* For buildings, diffraction-based path models require each structure in
the path to be modeled. Due to complexity, empirical models have
been developed for urban and suburban environments and specific
equipment arrangements — while not exactly like BBHN these are
instructive.

* This presentation summarizes some of that information and looks at
one RadioMobile analysis.

© K. Jamrogowicz



HOW MUCH ATTENUATION CAN WE STAND?

Typical RF Transmission System

\V4 >

Path Loss (L)
Transmit Power @ Distance (d) Recerver Sensitivity
(Py) R)

P, = Transmutter power m dBm ALLOWABLE LOSS
A_=Total antenna gain in dB =P, + G, - R

C, = Total connection loss in dB

G, =(A, - C) Total gam in dB

L = Transmission path loss in dB

R = Receiver sensitivity mn dBm

d = Distance between transmitter and receiver in meters




Point to Point Backbone

'ﬂ‘ﬂr g 08 °

E="-0C +2dBm (~10 dB NF)
 Antenna10dBix2

. Connector/cable loss 1 dB Connector/cable loss 1 dB

.L=19+54-(-73j 71 3 L=25+18 - (- 88) : m
~ L=146dB - . L= 131dB(!) !

(minus desired fade margin) .

“Free Space” loss
Ls=32.45 + 20Loglo(dkm) +20L0g10(fMHz)
~ =110dB @ 2.4 GHz 10 km

’\\: SPECS ASSUME 20 MHZ B/W
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LOST IN THE WOODS (100m OR MORE)

© K. Jamrogowicz
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Distance in woodland, d

Burke Lake Park, Ox Road, Fairfax



EXCESS LOSS DUE TO “WOODLAND” —LONG PATH
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“SHORT PATH” EXCESS LOSS (10-15 m)
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TREE LOSSES - SUMMARY

Another source (CCIR 236-2) suggests
L=0.2 f0'3 R0‘6 dB (MHz, meters)

Where R<400 meters — a grove of trees.

Loss variation between species may be
related of the size of the physical
components of the tree compared to a
wavelength (leaves, needles, twigs and
stems).

© K. Jamrogowicz

Table below:
Data measured at 1.6 GHz;

) Attenuation
Average

Tree Ty R Coetticient
fee 1ype Attenuation (dB) DE 1;“1?11
o (dB/m)

Willow :

Pine 1.8

Linden
BT I R
B N
e
——
T

Maple 16.25 1.2
—
_
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* (more!) o - m ,

Reference for following - http://w3.antd.hist.gov/wctg/manet/calcmodels dstlr.pdf

’ﬁ%K. Jamrogowicz
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http://w3.antd.nist.gov/wctg/manet/calcmodels_dstlr.pdf
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PHYSICAL ENVIRONMENT PATH LOSS VARIABLES

streetlevel
ﬂhb = J’?b — hB Aj?m= }’B _ "F’n:-

mabile station

i L
‘P directionoftravel
incident wave

No trees in this model?
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M

FREE SPACE PATH LOSS
(FAR FIELD)

FSPL = 10 LOG(d) +20 LOG(f) + 32.45

LOG —> BASE 10 LOG AND UNITS OF km AND METERS

NOTE: FREQUENCY DEPENDENCY IS DUE TO
THE DERIVATION OF THE FORMULA
(CONSTANT RECEIVE ANTENNA GAIN) AND
NOT PROPAGATION EFFECTS

© K. Jamrogowicz
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Frequency, f(GHz)

®Oxygen and Water Vapor

Pressure: 1013 mb
Temperature: 15 °C
Water Vapour: 7.5 ym?
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e Where: g g

+ a(h,,) = [1.1Logyo(fy,)-0.7]h,, — [1.56L08;q(fyn,)-0-8] | m

* B=30-25Log,y(% of area covered by buildings)

Note: B = 0 when 15% covered
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OKUMURA-HATA PATH LOSS MODELS (L)

based on the CCIR model and following extensive measurements of urban

and suburban radio propagation losses, published as sets of curves (150-
1500/3000 MHz).

Empirical curves were subsequently reduced to a set of formulas known as
the Hata models that are widely used in the industry. The CCIR and Hata
models differ only in the effects of the mobile antenna and area coverage.
There are four Hata models: Open, Suburban, Small City, and Large City.

Lraa = 69.55 + 26.16L0glo(fMHz) -13.82L0glo(hb) ~ a(hm) + [449 -
6.55L0g:0(hs)]L0gw0(d) — K where

Tvpe of Area
Open 4.78[Log,o(fag) ] — 18.33L08,g(fyps) + 40.94
2[Logo(fupn/28)F + 5.4

ALog,(fyq,)-0.7]h,, —
Suburban [][IIIT?:LISE-IMFEJ }-(P,lgni
Small City DOLOg ol ym, -V

Large City 3.2[Log,(11.75h)]" — 4.97

Note — original data from H_, > 30 m

© K. Jamrogowicz



WALFISCH-IKEGAMI PATH LOSS MODELS (Lww)

« WIM has been shown to be a good fit to measured propagation data for
frequencies in the range of 800 to 2000 MHz and path distances in the
range up to 5 km.

« The WIM distinguishes between Line Of Sight (LOS) and NLOS
propagation situations.

In a LOS situation where the base antenna height is greater the 30 meters
(h»= 30) and there is no obstruction in the direct path between the transmitter
and the receiver, the WIM path loss model for LOS is:

Lwim—los: 4264 + 26Loglo(dkm) + 20L0g10(fMHz)

© K. Jamrogowicz



o

The first two are independent of ”base station” antenna height while the last
component depends on whether the antenna is at, below, or above, the building m '
height. Formula has several “it depends factors.

There is another factor K;that depends on whether it is a “Small City” or a “Large City”

(Detailed formulas can be found in the references)

T~
’—\\Q K. Jamrogowicz
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PATH LOSS CALCULATOR “PROPCALC” FROM NIST

Link distance (km) 10

Propagation model CCIR  Hata-l. city Hata-s. city Hata-suburb Hata-open WI-LOS WI-NLOS
Loss (dB) 144 8 1668 1498 136.9 116.2 136.2 2224

INPUT PARAMETERS (see diagram below)

Frequency in MHz fMH: 2400 Enter these parameters or accept

Physical antenna height 1in m Ab 22 the default values

Physical antenna height 2 in m Am 10 already given.

Percentage of buildings % 10 for CCIR model

WIM building height hB 40 for Walfisch-lkegami non-line-of-sight (NLOS) model
WIM building separation b 40 !

WIM street width 3 20

WIM angle phi 28

WIM MLOS environment Other  Enter either "Large City" or "Other” [withni?the quotes)

HEIGHT 2 HATA-S.
RAISING THE LOWER ONE OF 5 152 Quad copter drone

THE TWO ANTENNAS HAS A 10 137 application!

MAJOR EFFECT ON PATH LOSS 15 122
20 107

© K. Jamrogowicz



CALCULATED LOSS FOR DIFFERENT MODELS
2350 MHz Hb=8m, Hm=1m, 25% BUILDINGS

—+—CCR
—= Hata Large City
Hata Small City
—WINLOS
Hata Suburb
4+— Hata Open
—a—WILOS
Free Space

11
T
=
0
,
0
-
<
—
©
o

5 6
Distance in Km

CAUTION- THESE CALCS BY “OTHERS”
© K. Jamrogowicz




FIGURE 17

ONE MORE REFERENCE: SIS o,
ITU-R P.1546-1

Calculating equivalent loss
for 10 km and 20 m high
‘base’ antenna (h,) the
curve indicates about 101
dB loss @ 2 GHz or about
110 dB at 2.4 GHz (plus and
minus a standard deviation).
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2

Mountain-top “base station”
can buy you a lot of gain.

h, is at ‘clutter’ height which
is 10-30 m depending

onh environs

‘Gently rolling terrain’ is
assumed.

© K. Jamrogowicz
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RADIO‘MO%IL  ONLINE — MT. PONE TO N4OGR

: Plot is for h2=10 m.
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MT PONE — NAOGR: ONLINE RM RESULTS

118’ dB CASE

Free space loss 112.80 dB
Obstruction loss dB
Forest loss 0.00 dB
Urban loss 2.61 dB
Statistical loss 6.57 dB
Total path loss 117.73 dB

h.s. = Hata Suburban

Negative obstruction loss comes from 2-ray/normal model
Can also result in some very deep nulls over small height
changes

© K. Jamrogowicz



T Radio Link
Edit View Swap
Azimuth=91.50°

Free Space=113.3 dB
PathLoss=120,9dB

Elev. angle=-0.481"
Obstruction=-4.2 dB TRI
E field=60.4dBpV /m

- Transmitter -
[ s e — — — — — — ——— 5

MtPone l

Role Command

I Wifi-Omni-10 x> l

05w 26.99 dBm

05 d8
78dBd  +|

10 dBi
EIRP=4.46 RP=2.72'W

Tx system hame

T# power

Line loss
Antenna gain
Radiated power

Antenna height [m)

- Net

I Hamnet2G v l

Clearance at 2.24km
Urban=5.3 dB
Rx level=-75.0dBm

Distance=4.59km
Statistics=6.6 dB
Rx Relative=5.2dB

Worst Fresnel=2.9F1
Forest=0.0 dB
R level=40.00pY

~Receiver -

N4DGH I

Role Command

| Wifi-Omni-10 h I

56.25 dBpv/m

R system name

Required E Field
Antenna gain 10 dBi
Line loss 05de
R sensitivity 220

Antenna height [m)

S Frequency [MHz)

Minirurm 2390

M aximun 2450

NICE FEAURE:
UP/DOWN
BUTTON FOR
ANTENNA
HEIGHT

Manassas has no forest or woodland — only urban lo/hi —in this path

© K. Jamrogowicz
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LANDCOVER DATA — PC VERSION

Elewvation data Land cover | Cancel

landheight. dat
¥ Inchude land cover height

00 ‘wWater

DETAILED DATA
AVAILABLE FOR
USA.

01 Ewergreen Needleleaf Forest

—_

02 Ewergreen Broadleaf Forest

03 Deciduous MNeedleleaf Farest 1 BUT RESOLUTION IS
04 Deciduous BroadleafForest 1 i STILL LIMITED AND
17 Wooded Grassland - “EITHER/OR”

L.

—_
[

But you can ADJUST

03 Open Shrubland

10 Grassland

11 Cropland
12 Bare Ground

13 Urban and Builtup LO

Height [m]
—
—
—
—

| Land Caver File

i iE— F.:u:? |u_. Hn:nl:-nllE- GendatatLandoovers low




THE INSTALLED VERSION (AS OPPOSED TO ON LINE)
ALLOWS TWEAKING ABSORPTION VALUES BUT...

“field test results (3.5 GHz):

e #1: LOS 5km -50 RSSI

#2 : 165m broadleaf trees -80 RSSI (forest = 30 db)
#3 : 365m broadleaf trees -95 RSSI| (forest = 45 db)

* Here is what RM gives me with density set at 1000%:
e #1 :0db

e #2 :15.1db

e #3 :20.8db

e Our calculation shows that we have to boost the density over 2000% to
represent the real forest attenuation.

 The problem : Radio Mobile won't accept density over 1000%.”

Recent RM yahoo group posting

© K. Jamrogowicz



" MURPHY’S LAW:

WATER TANKS AND

~ HIGH RISE
BUILDINGS TEND TO
BE LOCATED ON
LOCAL HIGH SPOTS

\QRK. Jamrogowicz
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SUMMARY

RADIOMOBILE UNDERESTIMATES THE EXCESS PATH LOSS DUE TO LOCAL CLUTTER (AS
STATED IN THE INSTRUCTIONS).

THE TWO-RAY MODEL SHOULD BE USED WITH CARE (I.E. ONLY IN CASES WHERE A
SINGLE GROUND REFLECTION PREDOMINATES). “INTERFERENCE” MODE MORE
REALISTIC THAN “NORMAL” MODE. (2-ray is default for LOS but can be de-selected).

THE HATA MODELS DO NOT CONSIDER TOPOGRAPHY, BUT SEEMS TO TAKE INTO
ACCOUNT GROUND CLUTTER IN A MORE REALISTIC WAY THAN THE DEFAULTS IN RM.

RADIOMOBILE DOES NOT FACILITATE EXAMINATION OF THE SATELLITE MAP

“HEYWHATSTHAT” PROVIDES AN EASY WAY TO IDENTIFY OBSTRUCTIONS FROM
SATELLITE PHOTOGRAPHS. IF BASE PHOTOGRAPHY IS SUMMER SEASON (AND
ESPECIALLY IF 3D) THEN A BETTER ASSESSMENT OF FOLIAGE IS POSSIBLE.

— A COMBINATION OF TOOLS IS NEEDED TO GET A GOOD PATH EVALUATION

* COMMON SENSE ANSWER: DIRECT RAY BETWEEN ANTENNAS MUST BE CLEAR OF
TREES FOR PATHS > 100 m FOR 2.4/3.4/5.9 GHZ.

© K. Jamrogowicz



POST MEETING NOTE:

There is a hidden function in Radio Mobile allowing use of the CCIR 236-2 model

for attenuation in obstructions. It is activated by adding one line at the end of
the “landcover.dat” file.

The parameters are type, multiplier, frequency exponent
and distance exponent, respectively.
In this example:

Type (M) =2 (CCIR)
Multiplier (k) = 0.2
Frequency exponent (x) = 0.5
Distance exponent (y) = 0.8

This formula applies to ALL obstructions. You can set a separate height (meters)
and % number for each type of clutter, but not a different model.

Preliminary testing shows that much higher absorption can easily be simulated
using this feature. But determination of the k, x, m factors is not straightforward.

© K. Jamrogowicz



EMPIRICAL FOLIAGE LOSS MODELS OF THE
MODIFIED EXPONENTIAL DECAY (MED) TYPE

Model

Weissberger
model [10]

ITU-R
model [11]

COST235
model [12]

FITU-R
model [13]

http://www3.ntu.edu.sg/home/eyhlee/Prof%20Lee/PIER%20foliage%20review%202010.pdf

Expression

1.33 x f0-2844%588  14m < d < 400m
0457 92344 O0m<d<1l4dm
f is frequency in GHz, and d is the tree depth in meter
Liry.g (dB) = 0.2 x f0-34°6
f is frequency in MHz, and d is the tree depth in meter
(d < 400m)

26.6:% F792d0-°
15.6% £ 99094029 iy Jeaf

f is frequency in MHz, and d is the tree depth in meter
0.37 x fO18d°%°  out-of-leaf
0.39 x f%39¢4%2° in-leaf

f is frequency in MHz, and d is the tree depth in meter

out-of-leaf
Lcosrt (dB) =

Lriru-r (dB) =

© K. Jamrogowicz

“The generation of an
accurate model, either
empirical or analytical,
requires input parameters
that are difficult to acquire.
These parameters include
any combination of the
following: height of
vegetation, leaf state,
vegetation density, trunk
size, leaf size, and canopy
height”


http://www3.ntu.edu.sg/home/eyhlee/Prof Lee/PIER foliage review 2010.pdf
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X http://w3.antd.nist.gov/wctg/manet/calcmodels _‘dstlr.pdf : j

e http://radiomobile.pelmew.nl/

n
. http://radiomobile.pelmew.nl/?The program:Options menu:Elevation data %26gt%3B Land cover

e https://help.ubnt.com/hc/en-us/articles/204952114-airMAX-Where-can-I-find-antenna-pattern-data-

\QRK. Jamrogowicz
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rfic.eecs.berkeley.edu/~niknejad/ee242/pdf-lock/propcalc.xls
rfic.eecs.berkeley.edu/~niknejad/ee242/pdf-lock/propcalc.xls
https://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet70/oet70a.pdf
http://w3.antd.nist.gov/wctg/manet/calcmodels_dstlr.pdf
http://w3.antd.nist.gov/wctg/manet/calcmodels_dstlr.pdf
http://w3.antd.nist.gov/wctg/manet/calcmodels_dstlr.pdf
http://w3.antd.nist.gov/wctg/manet/calcmodels_dstlr.pdf
http://w3.antd.nist.gov/wctg/manet/calcmodels_dstlr.pdf
http://radiomobile.pe1mew.nl/
http://radiomobile.pe1mew.nl/?The_program:Options_menu:Elevation_data_%26gt%3B_Land_cover
https://help.ubnt.com/hc/en-us/articles/204952114-airMAX-Where-can-I-find-antenna-pattern-data-

