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ABSTRACT

This report describes analysis models and software packages developed by
the National Telecommunications and Information Administration (NTIA) for the
assessment of single-entry and aggregate interference from terrestrial
emitters into terrestrial or airborne victim receivers. The menu-driven
computer programs are 100% MS-DOS compatible, and provide user options for
input/output computations, parametric representations, propagation models and
emitter distributions. The flexibility in the scenario creation, parameter
selection, and computation mode, renders the models applicable to a wide
variety of EMC assessments and conditions. Model descriptions, technical
formulations, user manuals, and sample runs are provided in this report.
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SECTION 1
INTRODUCTION

BACKGROUND

The National Telecommunications and Information Administration (NTIA) is
responsible for managing the Federal Government's use of the radio spectrum.
NTIA's responsibilities include establishing policies concerning spectrum
assignment, allocation and use, and providing the various departments and
agencies with guidance to ensure that their conduct of telecommunications
activities 1is consistent with these policies. In support of these
responsibilities, NTIA has wundertaken a number of spectrum resource
assessments (SRAs). The objectives of these studies are to assess spectrum
utilization, identify existing and/or potential compatibility problems between
systems of various departments and agencies, provide recommendations for
resolving any compatibility conflicts, and recommend changes to promote
efficient and effective use of the radio spectrum and to improve spectrum
management procedures. .

A Draft Notice of Proposed Rulemaking (NPRM) was submitted by the Federal
Communications Commission (FCC) to the Interdepartment Radio Advisory
Committee (IRAC) on August 1986 (Doc. 25038/1). The NPRM refers to a revision
of Parts 2 and 15 of the FCC Rules and Regulations regarding the operation of
non-licensed radio frequency devices.

The Technical Subcommittee (TSC) of IRAC performed a preliminary study on
this matter, and submitted its initial comments in September 1986 (Doc. 25087)
while indicating that further investigation was needed due to the diversity
and complexity of the issues involved. The TSC was tasked by IRAC to continue
its study on the impact of the proposed revisions on Government operations.

The TSC formed Working Group (WG) 19 to respond to this task, and address
any other pertinent issues regarding the FCC Rules and Regulations on
non-licensed radio frequency devices. The TSC/WG-19 has conducted several
meetings from September 1987 to July 1988 on this matter, where technical
developments and policy guidelines have been discussed and/or recommended.
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One of the TSC/WG-19 tasks was the development of standardized
procedures, analytic models, and computer algorithms for the assessment of the
electromagnetic compatibility between non-licensed devices and government
systems. In particular, single and aggregate emission effects from
non-licensed devices were to be considered with sufficient flexibility to
support distinct technical specifications and geographical distributions,

The Spectrum Engineering and Analysis Division (SEAD) and the Analytic
Model Development Branch (AMDB) personnel of NTIA have participated in the
TSC/WG-19 meetings, and accepted the task to develop single and aggregate
analysis models and software packages to assess the potential interference of
undesired emissions into terrestrial and airborne station receivers.

OBJECTIVES
The objectives of the NTIA task were as follows.

® Develop a single emitter analysis model that estimates the emission
level received by a distant station.

® DeJeTop an aggregate emitter analysis model that estimates the
emission level received by a terrestrial or airborne station from a
distribution of multiple emitters.

APPROACH
The following approach was employed to accomplish the task objectives:

The FCC Rules and Regulations for non-=licensed emission devices were
investigated to identify the diverse emission 1level specifications
(parameters, units) to be supported by an analysis model. It was concluded
that both field strength and radiated power levels should be provided as input
options, along with standardized unit conversions following the TSC/WG-19
guidelines.
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A single emitter analysis model was developed with various input/output
computation options to support the diverse specifications and the recommended
guidelines. Multiple emitter distributions were also modeled, and aggregate
received power computation algorithms were developed for terrestrial and
airborne station receivers. The software packages were coded in FORTRAN with
100% MS-DOS PC compatibility, and are all available in a single low-density
disk. The three distinct packages listed below were developed to simplify the
user interaction.

e Single Emitter Analysis Model (SEAM)
e Aggregate Emitter Analysis Model for Terrestrial Receivers (RINGS)

e Aggregate Emitter Analysis Model for Airborne Receivers (PDOME)

The SEAM and RINGS programs have the option of using free space formulas
or a propagation model subroutine for the path 1loss versus distance
calculations. The PDOME program uses free space propagation. The propagation
model subroutine incorporated into the SEAM and RINGS programs 1is the
Integrated Propagation System (IPS) model.

The sections that follow describe each of these analytical models and
software packages. It should be emphasized that even though their development
was motivated by non-licensed devices and their emissions, the models and
packages can be applied to other -electromagnetic compatibility and
interference estimation applications involving a single emitter or aggregate
emitter distributions.
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SECTION 2
SINGLE-EMITTER ANALYSIS MODEL

SEAM TECHNICAL MANUAL

The purpose of this section is to describe the single-emitter analysis
model (SEAM) and computation options. A single emitter is considered, and the
user can specify the emission level in terms of field strength or radiated
power. A direct computation mode estimates the emission levels received
(field strength, power, power flux density) at a propagation distance
specified by the user. An inverse computation mode estimates the propagation
distance required to maintain the received emission level below a threshold
level specified by the user.

A propagation model is included in the package as a subroutine for path
loss versus distance determination in direct and inverse modes. Any future
enhancements of the propagation model can be incorporated without affecting
the other computation functions. A free-space propagation option is also
provided.

The program is menu-driven with user selection of the computation mode
and input parameters as described below. The user is prompted only for those
input parameters needed for the computation mode selected, and the ouput data
is displayed in various convenient units.

The user selects one of these two options to specify the computation mode
and output data:

(1) Direct Mode: the following pdraheters are computed based on an
emitter strength and a propagation distance selected by the user.

e Propagation Loss (L,) at propagation distance (D)

)
Y
e Field Strength (E) at propagation distance (D)

e Received Power (P.) and Spatial Power Density (P4)
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(2) Inverse Mode: the following parameters are computed based on an
emitter strength and a receiver threshold selected by the user.

e Propagation loss (Lp) to meet receiver threshold
® Propagation distance (D) to meet receiver threshold

The user also selects one of these two options to specify the propagation
loss versus distance computation in either direct or inverse mode:

® Free Space Propagation Formulas
e Integrated Propagation System (IPS) Model

The user also selects one of these two options to specify the emitter
strength in either direct or inverse mode:

e Field Strength (E;) at Reference Distance (D)

e Emitter power: user can select either the equivalent
isotropically radiated power (EIRP), or the transmitter power
(P¢) and transmitter antenna gain (G;) independently (EIRP=P.G; ).

The user also selects one of these three options to specify the receiver
threshold in the inverse computation mode:

e Received Power Level Threshold (P..)
® Received Spatial Power Density Threshold (P4:)
® Received Field Strength Threshold (E;)

The computation process is summarized in Figure 2-1. The user selection
of the computation mode and emitter strength options automatically triggers
the input parameter prompts, and provides the input/output computation
formulas and output data display. The propagation model provides direct or
inverse path-loss versus distance conversions according to the computation
mode selected.

The input parameters accepted by the package are summarized in TABLE 2-1,
along with the output parameters computed. The EIRP is automatically derived
if the transmitter power and antenna gain are inputted. The receiver antenna
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User Selection of Computation
Mode (Direct or Inverse) and
Propagation Model (Free Space

Formulas or IPS Model)

Direct

Inverse

{

1

User Selection of Emitter
Strength Specification
(Emitter Power, or Field

Strength at Reference Distance)

User Selection of EIRP, or
Transmitter Power and Antenna

Gain, for Emitter Power Option

User Selection of Receiver
Threshold Specification
(Received Power Level,
Received Spatial PowerVDensity

or Received Field Strength,

at the Propagation Distance)

User Selection of Input Parameter Values and Units

Automated Unit Conversions and Input File Preparation

Automated Selection of 1lnput/Output Computation Formulas

User Selection of Propagation Model Parameters for IPS Option

Automated Computations and Output Data Display

Figure 2-1.

2=3

SEAM computation process.




TABLE 2-1
SEAM DIRECT AND INVERSE MODE COMPUTATIONS

Direct Mode Inputs Inverse Mode Inputs

Emission Frequency F(MHz) Emission Frequency F(MHz)
EIRP(W,mW,nW,dBm,dBW) EIRP(W,mW,nW,dBm,dBW)
Transmitter Power Py (W,mW,nW,dBm,dBW) Field Strength E,(mV/m,nV/m)
Transmitter Antenna Gain Gg(dBi) Reference Distance D,(m)
Field Strength E,(mV/m,uV/m) Receiver Power Threshold P..(dBm)
Reference Distance D,(m) Spatial Power Density Threshold Pdt(dBm/mz)
Propagation Distance D(km) Field Strength Threshold E;(dBuV/m)
Receiver Antenna Gain G.(dBi) Receiver Antenna Gain G.(dBi)
Receiver Antenna Diameter D.(m) Receiver Antenna Diameter Dr(m)
Direct Mode Qutputs Inverse Mode Qutputs

- Propagation Loss Lp(dB). Propagation Loss Lp(dB)
Field Strength E(nV/m,dBuV/m) Propagation Distance D(m)

Received Power P.(mW,dBm)
Spatial Power Density Pd(mw/mz,dBm/mz)

Notes

(1) -User selects between EIRP, (Py,G.), or (E,,D,) input to specify the
emitter strength, in both direct and inverse modes,

(2) User selects between G. or D. input to specify the receiver antenna,
in both direct and 1nverse modes. A default value of G. = 0.0 dBi is
provided.

(3) User selects between P.; or Py or Ey input to specify the receiver
level threshold, in 1nverse moge onlyo

(4) User selects free space or IPS propagation model to specify the
distance to path loss conversion, with default values and help screen
provided for the selection of the IPS model parameters.

(5) A1l the outputs listed above are provided for the direct or inverse
mode, using scientific notation for the non-dB units.



-~

gain is automatically derived if the receiver antenna diameter is inputted,
assuming a parabolic dish with an efficiency factor n = 0.55.

The input/output computations are performed with a set of standard units
and formulas. Any units conversion is done before (input file preparation) or
after (output data display) the input/output formulas are applied. This
permits the potential modification of the input and output units without
affecting the set of input/output formulas implemented in the package.

The input/output formulas employed in the direct and inverse mode
computations are summarized in TABLES 2-2 and 2-3. Each table consists of two
sets of formulas, with one set corresponding to the field strength input
option and the other to the emission power input option. The formulas are the
logarithmic (dB) versions of the parametric relations described in this
section.

The IPS propagation model subroutine also requires antenna height and
environmental data as input parameters to be provided by the user. These
parameters are inputted via a dedicated IPS screen that includes parameter
ranges and help suggestions as illustrated below.

Integrated Propagation System Input Screen

Site Parameters:
Transmitter antenna height = 5.00 m
Receiver antenna height 15.00 m
Ground and Atmosphere Constants:
Ground conductivity (0.0001-5.0 mho/m) = 0.0050 mho/m
Ground dielectric constant (1.00-81.00) = 15.00
Atmospheric refractivity (200.00-450.00) = 301.00
Transmitter polarization (Vor H) = V

Suggested : Conductivity (mho/m) Dielectric Constant
Values : Average ground 0.005 15.0
for ¢ Poor ground 0.001 4.0
Electrical : Good ground 0.020 25.0
Ground ¢ Fresh water 0.010 81.0
Constants : Sea water 5.000 81.0
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TABLE 2-2
SEAM DIRECT MODE INPUT/OUTPUT FORMULAS

Case of Field Strength (E,,Dy) Input Parameter

E(dBw/m) = =~ 27.6 + E,(dBuV/m) + 20 1og Dy(m) + 20 log F(MHz) - Lp(dB)
Pr(dBm) = - 104.8 + Eq(dBuV/m) + 20 log Dy(m) + G.(dBi) - L,(dB)
Pd(dBm/mZ) = - 143.3 + E (dBuV/m) + 20 log D,y(m) + 20 log F(MHz) - Lp(dB)

L,(dB) = Direct Propagation Model evaluated at D(m)

pl

Case of EIRP Input Parameter

E(dBuV/m) = 77.2 + EIRP(dBm) + 20 log F(MHz) - L

o (dB)

Pr(dBm) = EIRP(dBm) + G(dBi) - Lp(dB)

Py(dBm/m?) = - 38.5 + EIRP(dBm) + 20 log F(MHz) - L, (dB)

P

L,(dB) = Direct Propagation Model evaluated at D(m)

pl

Note: The conversion algorithm between the two cases above is
EIRP(dBm) = - 104.8 + E,(dBuV/m) + 20 log Dy(m), based on
free space propagation at the reference distance Do(m)a
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TABLE 2-3
SEAM INVERSE MODE INPUT/OUTPUT FORMULAS

Case of Field Strength (E,,D,) Input Parameter

Lo(dB) = - 104.8 + Eo(dBuV/m) + 20 log Dy(m) + Gn(dB) - Pny(dBm)
= - 143.3 + E,(dBuV/m) + 20 log Dy(m) + 20 log F(MHz) - Pyq (dBm/m?)
= = 27.6 + Eo(dBuV/m) + 20 log Do(m) + 20 log F(MHz) - Et(dBuV/m)
D(m) = Inverse Propagation Model evaluated at Lp(dB)

Case of EIRP Input Parameter

Lp(dB) = EIRP(dBm) + Gp(dB) - Ppy(dBm)
= - 38.5 + EIRP(dBm) + 20 log F(MHz) - P (dBm/m?)
= 77.2 + EIRP(dBm) + 20 log F(MHz) - Ei(dBwV/m)
D(m) = Inverse Propagation Model evaluated at Lp(dB)

Note: The conversion algorithm between the two cases above is

EIRP(dBm) = - 104.8 + Ey(dBuV/m) + 20 log D,(m), based on
free space propagation at the reference distance Dy(m).



The following four examples illustrate the direct and inverse computation
modes. The input and output data following the user selection of the
computation mode, propagation model, and input parameters, are shown in TABLES
2_4 to 2-7e

TABLE 2-4 illustrates the direct mode computation made with the emitter
EIRP input option, and TABLE 2-5 illustrates the corresponding inverse mode
computation. The receiver antenna diameter is selected as an input paramter
in both modes, and the received power threshold is selected for the inverse
mode input option.

TABLE 2-6 illustrates the direct computation mode with the emitter field
strength/input option, and TABLE 2-7 illustrates the corresponding inverse
mode computations. The receiver antenna gain is selected as an input
parameter in both modes, and the received power threshold is selected for the
inverse mode input option.

TABLE 2-4
SEAM DIRECT COMPUTATION MODE WITH EMITTER EIRP INPUT

INPUT DATA - Direct Mode

Frequency = 1700.000 MHz
Emitter EIRP = -13.0 dBm
Propagation distance = 50.00 km
Receiver antenna diameter = 3.0 m
QUTPUT = Direct Mode
Propagation Loss = 178.0 dB
Field Strength = 3.47791E-03 uV/m =49 .2 dBuV/m
Received Power = 1.24991E-16 mW =159.0 dBm
Spatial Power Density = 3.25565E-17 mW/m2 -164.9 dBm/m2
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TABLE 2-5

SEAM INVERSE COMPUTATION MODE WITH EMITTER EIRP
AND RECEIVED POWER THRESHOLD INPUTS

INPUT DATA - Inverse Mode

Frequency = 1700.000 MHz
Emitter EIRP = -13.0 dBm
Received power threshold = -159.0 dBm
Receiver antenna diameter = 3.0 m
QUTPUT - Inverse Modg
Propagation Loss = 178.0 dB
Propagation Distance = 49.982 km

TABLE 2-6
SEAM DIRECT COMPUTATION MODE WITH EMITTER FIELD STRENGTH INPUT

INPUT DATA - Direct Mode

Frequency = 200.000 MHz
Emitter field strength = 500.0 uVm
Reference distance = 30.0 m
Propagation distance = 10.00 km
Receiver antenna gain = 25.0 dBi
QUTPUT - Direct Mode
Propagation Loss = 122.3 dB
Field Strength = 9,55674E-02 uV/m -20.4 dBuV/m
Received Power =  1,37581E-12 mW -118.6 dBm
Spatial Power Density =  2.45821E-14 mW/m? -136.1 dBm/m2
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TABLE 2-7

SEAM INVERSE COMPUTATION MODE WITH EMITTER FIELD STRENGTH
AND RECEIVED POWER THRESHOLD INPUTS

. INPUT DATA = Inverse Mode

88

Frequency 200.000 MHz

[

Emitter field strength 500.0 uV/m

Reference distance = 30,0 m
Received power threshold = -118.6 dBm
Receiver antenna gain = 25.0 dBi
OUTPUT - Inverse Mode
Propagation Loss = 122.3 dB
~_ Propagation Distance = 10.000 km -

SEAM MODEL FORMULATION

The power received (Pr) from an emitter at a distant location.can be
formulated in terms of the received field strength (E), medium impedance (Z),
emission wavelength () or frequency (F), and receiving antenna aperture (Ar)’

diameter (Ad), efficiency (n) or gain (G.), as follows

2 ( 2
Pr(w) = EéVém)] ° Ar(mZ) = EEZVézm)j e 7 %‘; [:Dr(m)jz
EE(V/m)j El( )j - 9 10 E(V/m)
(L (6 ‘[me] " & (2-1)
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The power received (Pr) can also be formulated in terms of the emission
EIRP and path 1loss (Lp). In free space, the relation Lp = (4nD/A)2
introduces the emission frequency (F) and propagation distance (D) explicitly

into the formulation as follows

also

Pe(W) = EIRP(H) = 6+ L™ (general) (2-2)
and
, 2
Pe(W) = EIRP(W) = G * (£25)

4 EIRP(W) - Gr

(free space)
— (2-3)
(4m)2 [F(MHz)1% « [D(m)1°

The power received expression (2-1) can be equated to the expressions (2-
2) or (2-3), in order to obtain the relation between the received field
strength and the transmitted EIRP as follows

E(v/m) = F7ELR) (@, EIRP(N) . (Mhz) (general)  (2-8)
P
and
E(V/m) = 3, 1EEEEKEZ (free space) (2-5)
Varn D(m)

The formulas (2-4) and (2-5) can be used to develop field strength
conversion relations that account for distance changes. For example, the
field strength (E;) at a reference distance (Dy) from the emitter is
specified, and the field strength (E) at a propagation distance (D) from the
emitter is to be determined. The relations are derived from the fact that the
product E - /f;77 in formula (2-4) and the product E « D in formula (2-5) must
remain invariant as the propagation distance changes, since the emission EIRP
is a constant.
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The field strength conversion is simple in free space, since only the
propagation distance is involved in a direct proportion. In the general case,
the field strength conversion must handle the distance variation through the
propagation loss term, as happened with the power received expression. Any
medium impedance variation with propagation distance can also be accounted as
follows

E(V/m @ D-met)

Eg(V/m @ Dy-met) - (D,/D) (free space) (2=6)

and

E(V/m @ Dumet)

L @ D_-met
Z(2 @ D-met)
Eg(V/m @ Dy-met) °X¢/‘E“§“"ZEEF \V/ (Q @D —met)

(general) = (2-7)

These last two formulas can be used to express the power received (Pr)
in terms of the field strength (E;) at the reference distance (D,). The
results are obtained when formulas (2-6) and (2-7) are used in formula (2-1)
as follows

2
4 E (V/m @ D _-met)
.9 x10° _f o 0 . 2 .
Pr(W) = Aw(377) { F(MHz) 1 (Do/D) G

(free space) (2-8)

and
2
o W) - 9 x 104 EO(V/m @ Dowmet) s %p @ Dommet .
r dn 2(Q @ !o=met) F(MHz) Lp @ D-met
(general) (2=9)
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The spatial power density Pd(w/mz) = E2(V/m)2/Z(Q) can also be expressed
in terms of the field strength (E,) at the reference distance (Dy) using
formulas (2-6) and (2-7) as follows

Pg(W/m?) = =1+ [E_(V/m @ D_-met)1% « (D /D)
(free space) (2-10)
and
[E (V/m@D -met)1? L. @D -met
Pd(w/mz) = 0 0 P 9

Z(Q @ Do-met) Lp @ D-met

(general) (2-11)

A special case in-between the free space and general cases occurs when
free-space propagation is assumed for the reference distance (DO), but not for
the receiver distance (D). The use of Lp = (4vDO/A)2

(2-7), (2-9) and (2-11) yields the following results for this special case.

at Do-meters in formulas

_ 4n [EO(V/m @ Do-met] ’ [Do(m)] Z(Q @ D-met)
E(V/m @ D-met) = 300 ° . 377
VLp @ D-met/F(MHz)

(special case) (2-12)

and
2 2
o) - A1 [E,(V/m @ D -met]® . [0, (m)] e
r 377 [Lp @ D-met] - r
(special case) (2-13)
and
’ (4“)2 1 [EO(V/m) @ Do-met]2 . [Do(m)]2 »
PaW/m®) = === 377 T w Dome + LF(MHz)]
x 10 v p

(special case) (2-14)
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- These special case formulas have been implemented in the analysis model
when the IPS propagation option is selected. A constant medium
impedance Z = 377 Q is used for simplicity, in which case the last factor in
formula (2-12) reduces to unity, while formulas (2-13) and (2-14) remain as
shown,

SEAM USER MANUAL

The Single-Emitter Analysis Model (SEAM) performs 1link calculations to
estimate received emission levels or propagation distance requirements for a
given emitter strength specification. The user has the option to specify the
emitter strength as an emission power level, or as a field strength value at a
reference distance.

The program supports user-interactive computations and automated unit
conversions in direct and inverse modes. The direct mode estimates received
emission levels at a propagation distance specified by the user. The inverse
mode estimates the propagation distance required to meet a réceived level
threshold specified by the user, up to a 500 km distance limit.

The user selects between free space or the Integrated Propagation System
(IPS) model for the path loss versus distance conversions. If the IPS
propégation model is selected, the program will require the user to input the
propagation model parameters. On-screen help is provided to help the user
select parameter values according to the environment.

Hardware Requirements -

The SEAM program has been designed to run on any PC with 100% IBM PC
compatibility. The program requires a PC monitor (either color or
monochrome), and a 5-1/4" floppy drive unit (the media used to transfer the
software). Storing the program files on a hard disk will vastly improve the
program's execution speed. Approximately 152 K bytes of disk space is needed
to store all associated program files. A line printer is not necessary.
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Software Requirements

MS or PC DOS operating system version 2.0 or higher is required. In
order for the screen display to work properly, the user PC must contain a file
named CONFIG.SYS in the root directory containing the following entry.

DEVICE = ANSI.SYS

If file ANSI.SYS does not reside in the root directory of the disk drive used
for boot-up, precede the name with the proper path-specifier (disk drive,
colon, backslash, plus directory name and second backslash, if applicable).

The following three files must reside on the disk to run the SEAM
program. These files require approximately 152 K bytes of disk space.

SEAM.EXE - the program executable file
SEAMPN1.PNL - a PANEL input file used by SEAM
SEAMPN2.PNL - a PANEL input file used by SEAM

Input

The input for the SEAM program .is requested on the monitor by an
interactive input routine, The user first: selects from the computation
options, and is then prompted. for input parameters and units according to the
options chosen. The highlighted area at the bottom of each screen tells the
user what to do next. The box just above the highlighted line gives the user
all of the possible actions at a given time. This includes aborting the

program at any time.
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The following -options are available for user selection:

¢ computation mode - direct or inverse

e propagation option - free space or IPS propagation model

e emitter strength option - field strength or emission power level

& receiver antenna option = gain or diameter

e power units - watts, milliwatts, nanowatts, dBm, or dBW

e power level - EIRP(includes antenna gain) or transmitter
(excludes antenna gain)

e field strength units - microvolts/meter or millivolts/meter

e® receiver threshold - received power, spatial power density, or field

strength

The user must also input the following parameters if the IPS model is
selected.

e transmitter antenna height - units m

& receiver antenna height -« units m

& ground conductivity = units mho/m, range .0001 to 5.0

e ground dielectric constant - no units, range 1.01 to 81.00

e atmospheric refractivity = no units, range 200.00 to 450.00

e transmitter polarization - V for vertical or H for horizontal
Output

The output provided by SEAM depends on whether the program was run in the
direct or inverse mode, In both modes, the program calculates the propagation
loss. In the direct mode, the received field strength, the received power,
and the received spatial power density are also calculated. In the inverse
mode, the propagation distance is calculated from the propagation loss.
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The output is displayed on the user's screen. If a hard copy of the
output is needed, the user can use the shift print screen to generate a hard
copy of the results.

Error conditions
The SEAM program requires that the files SEAMPN1.PNL and SEAMPN2.PNL be
in the directory from which the program is being run. If one of the files is

missing, the program will print the following error message and stop.

Program cannot proceed without loading the following file:
SEAMPN1 .PNL
Stop - Program terminated.

The missing file or files should be loaded into the directory before the

program is run again.

Flow Charts

The flow chart in Figure 2-2 shows the relationships between the program

pieces. The flow chart in Figure 2-3 gives a logic flow for the model.

SEAM SAMPLE RUNS

Four examples are next provided to show how this program may be used. A
brief description of each example is given here.

Example 1 -The program is run in the direct mode using the IPS propagation
model. The emitter strength is selected as a field strength at

reference distance. The receiver antenna gain option is
selected. The units for the field strength parameter are
microvolts/meter.
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Example 2 -The program is run in the inverse mode using the IPS propagation
model. This example is the inverse of example 1 and it selects
the received power for the threshold specification.

Example 3 -The program is run in the direct mode using the IPS propagation
model. The emitter strength is selected as an emission power
level, specified as an EIRP value. The receiver antenna diameter

option is selected and the program calculates the receiver antenna
gain from this value.

Example 4 -The program is run in the inverse mode using the IPS propagation

model. This example is the inverse of example 3 and it selects
the received power for the threshold specification.
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Example 1
Direct Computation Mode
with

Emitter Field Strength Input
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SINGLE-EMITTER ANALYSIS MODEL

SEAM is a singla-amittar progres that supports user-interactive computations
and automated unit conversions in direct and inverse modes. The user has the
option to specify the emitter strength as an emission pover level, or as a field
strength value at a reference distance selected by the user.

The direct mode estimates received emission. levels (power, spatial power
density, field strength) at a propagation distance specified by the user. The
inverse mode estimates the propagation distance required to meet a received
level threshold specified by the user, up to a $00 ka distance limit.

The user selects between free spacs formulas or the IPS propagation model

for the path loss versus distance conversion. On-screen help is provided for
the propagation model parameters.

All unit conversions are performed automatically. The output data display is
presented in both dB and non-dB units, using scientific notation for the latter.

Reference: Single-Emitter Analysis Model
Cesar A. Filippi, February 1988

F1l0 = Next screen . Esc = Stop

Press Fl10 to continue

SINGLE-EMITTER ANALYSIS MODEL

The program can use a direct or an inverse computation mode. Press the space
bar to choose a computation mode.

computation mode = direct

The program can use -aithar fraa @pace propagation or the IPS propagation model.
Press the space bar to choose the propagation option.

propagation option = IPS propagation model

The emitter strength can be specified as an eminsion pover level or a field

strength at a reference distance. Press the space bar to choose the emitter
strength option.

emitter strength option = field strength

The program requires either the receiver antenna gain or diameter as input.
Press the space bar to choose the receiver antenna option.

receiver antenna option'- gain

F9 = Previous screen Esc = Stop
Fl10 = Next screen Return = gelect next input field

Make choices then press F10 to continue

SINGLE-EMITTER ANALYSIS MODEL

The field strength units can be microvolts per meter or millivolts per meter.
Press the space bar to choose the field strength units.

field strength units = microvolts/meter

F9 = Previous screen Esc = Stop
F10 = Next scree:x Return = gelect next input field

Make choices then press F10 to continue
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SINGLE-EMITTER ANALYS

Integrated Propagation System Input'  Screen

Site Parameters:

Transmitter antenna height
Receiver antenna height

Ground and Atmosphere Constants:
Ground conductivity (0.0001-5.0 mho/m)
Ground dielectric constant (1.01-81.00)
Atmospheric refractivity (200.00-450.00)
Transmitter polarization (V or H)

IS MODEL

5.00 m
15.00 m

0.0050 mho/m
15.00
301.00

v

Suggested : Conductivity (mho/m) Dielectric Constant
Values : Average ground 0.005 15.0
for : Poor ground 0.001 4.0
Electrical : Good ground 0.020 25.0
Ground ¢ Fresh water 0.010 8l1.0
Constants : Sea water 5.000 8l1.0
F9 = Previous screen Esc = Stop
F10 = Next screen Return = gelect next input field

Enter all input data then press F10 to continue

’ SINGLE-EMITTER ANALYSIS MODEL

INPUT DATA - Direct Mode

Frequency = 200.000 MHz

Emitter tield étreﬁgth - 500.0 uY/n

reference distance = 30.0 m

Propagation distance = 10.00 km
Receiver antenna gain = 25.0 dBi
Fl = Run program
F2 = Exit program Esc = Stop
F9 = Previous screen Return = gelect next input field

Enter all ‘input data then press Fl to perform calculation.

SINGLE-EMITTER ANALYSIS MODEL

-
OUTPUT - Direct Mode

122.3 dB

Propagation Loss

Field Strength 9.55674E-02 uV/m

Received Pnuor 1.237582E8-12 nmW

Spatial Power Density 2.45821C-14 mW/m**2

Press ENTER to continue
2-23
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Example 2
Inverse Computation Mode
with
Emitter Field Strength and

Received Power Threshold Inputs
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SINGLE~EMITIER ANALYSIS MODEL

SEAM is a single—waittar program that supports user-intaractive computations
and automated unit conversions in direct and inverse modes. The user Dlas the
option to specify tha emitter sT=wngtd as an enission pover level, or as a field
stzangth value at a rsferencs distance selectad by the user. :

The direct w»ode estimntes mivad enission levels (pover, spatial pover

density, field strangtd) at a propagation distance specified by the user. The
inverse mode esticates the propagation distance required to meat a received

level threshold specified by the user, up to a 500 ka distance limit,

The user selects betvean free space forzulas or the IPS propagation model
for the path loss versus distance conversion. ' On-screen help is provided for
the propagation model parameters. .

. All unit conversions are performed automatically. The output data display is
presented in both dB and non=dB units, uging scientific notation for the latter.

Reference: Single-Emitter Analysis Model
Cesar A. PFPilippi, Pebruary 1988

Fl10 = Next scTean Esc = Stop

Press F10 to _continue

SINGLE-EMITITER ANALYSIS MODEL

The progran can use & direct or an inverse coaputation mode. Press the space

bar to choose a computation modae.
computation mode = inverse

The progranm can use eithar free space propagation or the IPS propagation model.
Press the space bar to choose the propagation option.

propagation option = IPS propagation model

The enitter strangth :a= bz drecified 3 an eaission power level or a field
strength at a referenca distance. Prass the space bar to choose the emitter

strength option. o
enittar strungth option = field strength

The program requires eithar the receivar nnt-nni"qain or diameter as input.
Press the space bar to choose ths receiver antenna option.

receiver antenna option = gain

P9 = Previous screen Esc = Stop
P10 = Next screen Return = select next input field

Maka choicas then press Fio to continue

m—m AMALYSIS MODEL

The field strungth units can be microvolts per mater or millivolts per metsr.
Prass the space bar to choase the field strength units. :

field strength units = microvolts/metsr

The inverse mode can use one of tiree threshold paramaters to calculate the
propagation distanca. Press the Space bar to choose this thraghold.

threshold = received pover

79 = Previocous ecrean Esc = Stop
710 = )Next screen Raturn = select next input field

Maks choicas then press Flg to continue
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SINGLE-EMITTER ANALYSIS MODEL

Integrated Propagation System Input Screen

Site Parameters:

Transmitter antenna height
Receiver antenna height

Ground and Atmosphere CTonatanis: R
Ground conductivity (0.0001=5.0 mho/m)
Ground dielectric constant (1.01-81.00)
Atmospheric refractivity (200.00-450.00)
Transmitter polarization (V or H)

5.00 m
15.00 m

0.0050 mho/m
15.00
301.00

v

Suggested : Conductivity (mho/m) Dielectric Constant
Values ¢ Average ground 0.00S 15.0
for : Poor ground 0.001 4.0
Electrical : Good ground 0.020 25.0
Ground : Fresh water 0.010 8l1.0
Constants : Sea water 5.000 81.0
F9 = Previous screen Esc = Stop
F10 = Next screen Return = gelect next input field

Enter all input data then press F10 to continue

SINGLE-EMITTER ANALYSIS MODEL

INPUT DATA - Inverse Mode

Frequency = 200.000 MHz
Emitter field strength = 500.0 uV/nm
reference distance = ' 30.0 m
Received power threshold = -118.6 dBn
Receiver antenna gain = 25.0 dBi
Fl1 = Run program
F2 = Exit progran Esc = Stop
F9 = Previous screen Return = select next input field

Enter all input data then press F1 to perform calculation.

~th

SINGLE-EMITTER ANALYSIS MODEL

OUTPUT - Inverse Mode

Propagation Loss = 122.3 dB

Propagation Distance = 10.000 km

Press ENTER to contirnue
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Example 3
Direct Computation Mode
with

Emitter EIRP Input
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SINGLE-EMITTER ANALYSIS MODEL

SEAM is a single-emitter program that supports user-interactive computations
and automated unit conversions in direct and inverse modes. The user has the
option to specify the emitter strength as an eanission power level, or as a field
strength value at a reference distance selected by the user.

The direct mode estimates receivad emission 1levels (power, spatial power
density, field strength) at a propagation distance specified by the user. The
inverse mode estimatas the propgagation distance required to meet a received
level threshold specified by the user, up to a 500 kn distance limit.

The user selects between free space formulas or the IPS propagation model
for the path loss versus distance conversion. On-screen help is provided for
the propagation model parameters. !

All unit conversions are performed automatically. The output data display is
presented in both dB and non~-dB units, using scientific notation for the latter.

Reference: Single-Emitter Analysis Model
Cesar A. Filippi, Pebruary 1988

F10 = Next screen Esc = Stop

Press F10 to continue

SINGLE-EMITTER ANALYSIS MODEL

The program can use a direct or an inverse computation mode. Press the space
bar to choose a computation mode.

computation mode = direct

The program can use either free space propagation or the IPS propagation model.
Press the space bar to choose the propagation option.

propagation option = IPS propagation model
The emitter strength can be specified as an emission power level or a field
strength at a referance distance. Press the space bar to choose the emitter
strength option. ’ T
anitter strength option = emission power level

The program requires either the receiver antenna gain or diameter as input.
Press the space bar to choose the receiver anteru:a option.

receiver antenna option = diameter

F9 = Previous screen Esc = Stop
F10 = Next screen Return = gselect next input field

Make choices then press F10 to continue

SINGLE-EMITTER ANALYSIS MODEL

The power units can be watts, milliwatts, nanowatts, dBW or dBa. Press the
space bar to choose the pover units.

power units = dBm

The user can specify the transmitter power and antenna gain separately, or
combined into an EIRP value. Press space bar to choose this option.

pover level = EIRP (includes antenna gain)

F9 = Previous screen Esc = Stop
F10 = Next scre=n Return: = gelect next input field

Make choices then press F16 to continue
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SINGLE-EMITTER ANALYSIS MODEL

Integrated Propagation System Input Screen

Site Parameters: .
5.00 n

15.00 m

Transmitter antenna height
Receiver antenna height

Ground and Atmosphere Constants:
Ground conductivity (0.0001-5.0 mho/m)

0.0050 mho/m

-
Ground dielectric constant (1.01-81.00) = 15.00
Atmospheric rerractivily (200.00:-450.00) = 301.00
Transmitter polarization (V or H) = v
Suggested : Conductivity (mho/m) Dielectric Constant
Values s Average ground 0.005 15.0
for : Poor ground 0.001 4.0
Electrical : Good ground 0.020 25.0
Ground : Fresh water 0.010 81.0
Constants : Sea water 5.000 8l1.0
F9 = Previous screen Esc = Stop
[;;o = Next screen Return = gselect next input field

Enter all input data then press F10 to continue

SINGLE-EMITTER ANALYSIS MODEL

INPUT DATA - Direct Mode

Frequency = 1700.000 MHz
Emitter EIRP = =-13.0 dBn
Propagation distance = 50.00 km
Receiver antenna diameter = 3.0 m
Fl = Run program
F2 = Exit progranm Esc = Stop
F9 -_Previous screen Return = gelect next input field

Enter all input data then press Fl1 to perform calculation.

SINGLE-EMITTER ANALYSIS MODEL

OUTPUT - Direct Mode

Propagation Loss = 178.0 dB
Field Strength = 3.47791E-03 uV/m -49.2 dBuV/m
Received Power - 1.24991E-16 mW -159.0 dBm
Spatial Power Density = 3.25565E-17 mW/m#%#%2 -164.9 dBm/m#**2

Press ENTER to continue
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Example 4
Inverse Computation Mode
with
Emitter EIRP and

Received Power Threshold Inputs
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SINGLE-EMITTER ANALYSIS MODEL

SBEAM is a single-enitter program that supports user-interactive computations
and automated unit conversions in direct and inverse modes. The user has the
option to specify the emitter strength as an emission power level, or as a field
strength value at a reference distance selected by the user.

The direct node estimates received emission 1levels (power, spatial p wer
density, field strength) at a propagation distance specified by the user. The
inverse mode estimates the propagation distance required to meet a received
level threshold specified by the user, up to a 500 kam distance limit.

The user selects between free space formulas or the IPS propagation model
for the path loss versus distance conversion. On-screen help is provided for
the propagation model parameters.

All unit conversions are formed automatically. The output data display is
presented in both and non units, using scientific notation for the latter.

Reference: Single-imitter Analysis Model
Cesar A. Filippi, Pebruary 1988

F10 = Next screen - Esac = Stop

Press F10 to continue

SINGLE~-EMITTER ANALYSIS MODEL

The program can use a direct or an inverse computation mode. Press the space
bar to choose a computation mode.
computation mode = inverse

The program can use either free space propagation or the IPS propagation uocdel.
Press the space bar to choose the propagation option.

propagation option = IPS propagation model
The emitter strength can be specified as an emission power level or a field
strength at a reference distance. Press the space bar to choose the emitter
strength option.
. emitter strength option = emission power level

The program requires either the receiver antenna gain or diameter as input.
Press the space bar to choose the receiver antenna option.

receiver antanna option = diameter

F9 = Previous screen Esc = Stop
F10 = Next screen ' Return = gelect next input field

Make choices then press F10 to continue

SINGLE-EMITTER ANALYS is MODEL

The power units can be watts, milliwatts, nanowatts, dBW or dBm. Press the
space bar to choose the power units.

power units = dBm

The user can specify the transmitter power and antenna gain separately, or
combined into an EIRP value. Press space bar to choose this option.

pover level = EIRP (includes antenna gain)

The inverse mode can use one of threse threshold parameters to calculate the
propagation distance. Press the space bar to choose this threshold.

thresahold = received power

F9 = Previous screen Esc = S
P10 = Next screan Raturn = select next input field

Kake choices then press F10 to continue

2-31




SINGLE-EMITTER ANALYSIS MODEL

Integrated Propagation System Input Screen

Site Parameters:
Transmitter antenna height = 5.00 m
Receiver antenna height = 15,00 m
Ground and Atmosphere Constants: .
Ground conductivity (0.0001-5.0 mho/m) = 0.0050 mho/m
Ground dielectric constant (1.01-81.00) = 15.00
Atmospheric refractivity (200.00-450.00) = 301.00
Transmitter polarization (Vor H) = V

Suggested : Conductivity (mho/m) Dielectric Constant
Values : Average ground 0.005 15.0
for : Poor ground 0.001 4.0
Electrical : Good ground 0.020 25.0
Ground ¢ Fresh water 0.010 81.0
Constants : Sea water 5.000 81.0

F9 = Previous screen Esc = Stop
F10 = Next screen Return = gelect next input field

Enter all input data. then press F10 to continue

SINGLE-EMITTER ANALYSIS MODEL

INPUT DATA - Inverse Mode

Frequency 1700.000 MHz

Emitter EIRP =13.0 dBm

-159.0 dBm

Received power threshold

Receiver antenna diameter = 3.0 n
Fl1 = Run program
F2 = Exit program Esc = Stop
F9 = Previous screen Return = gelect next input field

Enter all input data then press F1 to perform. calculation.

SINGLE-EMITTER ANALYSIS MODEL

OUTPUT - Inverse Mode

Propagation lLoss = 178.0 dB

Propagation Distance = 49.982 km

Press ENTER to continue
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SECTION 3

AGGREGATE EMITTER ANALYSIS MODEL
FOR TERRESTRIAL RECEIVERS

RINGS TECHNICAL MANUAL

The purpose of this section is to describe the analysis program and
computation options of the aggregate emitter analysis model for terrestrial
receivers., Multiple emitters with the same emission frequency and emission
level are distributed on equally-spaced, concentric, circular rings
surrounding a terrestrial station, The model computes the power-sum
aggregation into the station receiver for a given beamwidth coverage by the
receiving antenna.

The emitters are distributed in an annular region specified by the user
via the minimum (inner ring) and maximum (outer ring) radius. The user also
specifies the emitter surface density or total number of emitters in the
region. The model automatically ‘assigns .the number of rings, ring separation,
and number of emitters per ring, for a symmetric distribution. |

The emission level per emitter can be specified in terms of radiated
power or field strength units, and the path loss calculations can be based on
free space formulas or a propagation model subroutine. The receiving antenna
can be specified in terms of a gain, diameter, or beamwidth units.

A computer program called RINGS has been developed at NTIA for the
aggregate received power computation. The program is menu-driven with user
selection of the emitter distribution, emission level, and propagation model,
as described below. ’

A sector of the annular region becomes specified by the user selection of
an inner radius, outer radius, and sector angle, as shown in Figure 3-1. The
sector angle is specified directly as the receiving antenna beamwidth, or
computed from an antenna gain or diameter specification. A parabolic antenna
with 55% efficiency is assumed for the parameter conversions.
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0

inner ring radius (user input)

outer ring radius (user input)

sector angle (receiving antenna beamwidth, user input or computed
from gain or diameter inputted)

emitter surface density (user input or computed from total number of
emitters inputted).

number of emitters in the annulus (user input or computed from emitter
surface density inputted)

number of emitters in the sector (automatically computed from input
parameters)

ring separation (automatically computed from input parameters)
number of rings (automatically computed from input parameters)

number of emitters in j-th ring (automatically computed from input
parameters)

Figure 3-1. RINGS emitter distribution geometry and parameters.
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The number of emitters in the sector is computed from the emitter density
or total number specified, along with the sector angle. The number of
emitters assigned to each ring is proportional to the ring radius. The number
of rings and ring separation are automatically set from the input data to
provide symmetry in the emitter distribution, so as to not favor their angular
separation within a ring or their radial separation between rings at the
expense of each other. A detailed description of the emitter distribution
logic and formulas is given in the next section.

The emission level per emitter is specified by the user from the
following two options.

e Equivalent Isotropically Radiated Power (EIRP)
e Field Strength at Reference Distance

The other input parameters are the emission frequency, and the receiving
antenna gain or diameter when the beamwidth is not specified. If the gain is
specified, the beamwidth is computed (and vice versa). If the diameter is
specified, both the gain and beamwidth are computed. A summary of the input
parameters and units is shown in TABLE 3-1.

TABLE 3-1
RINGS INPUT DATA SUMMARY

PARAMETER UNITS

Inner Radius km

Outer Radius . km

Emitter Density number/acre
Number of Emitters integer
Emission Frequency megahertz
EIRP dBm

Field Strength microvolts/meter
Reference Distance meters
Antenna Beamwidth degrees
Antenna Gain dBi

Antenna Diameter meters
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The user also selects between free space formulas and a propagation model
subroutine for the path 1loss calculations. If the propagation model is
selected, the wuser specifies a set of propagation parameters (e.g.,
transmit/receive antenna heights, terrain characteristics) with the aid of a
help screen that presents various representative values.

The program then computes the power-sum aggregation of the emitter
distribution into the station receiver (antenna output terminals). The
program also computes the equivalent number of emitters located in the inner
ring that would produce the same power-sum into the receiver as that obtained
from the emitter distribution in the sector.

It can happen that the sector geometry and emitter distribution
parameters specified by the user could result in no emitters assigned to the
first (inner) and other lower rings. For example, a large outer/inner radius
ratio and a low emitter density (or small number of emitters) could allocate
all emitters to the higher rings, since the number of emitters per ring is
proportional to the ring radius.

In this case, the program flags such occurrence on the screen, to permit
a change of the input parameters by the user if so desired. If the orignal
input data is kept, the program proceedé with the aggregate power-sum
computation bypassing the empty rings, and the output screen informs the user
of the ring radius representing the closest emitters based on the input data
provided.

RINGS MODEL FORMULATION

This section presents a simple model for the estimation of the power-sum
aggregate interference from identical cochannel emitters surrounding a
terrestrial station. All emitters are assumed to have the same emission level
and frequency, and the receiving antenna is specified in terms of an effective
beamwidth, gain or diameter parameter. Free space formulas or a propagation
model subroutine are options for the path loss calculations.

An annular region is specified by the user to identify the surface where
the emitters are distributed, along with an emitter surface density or total
number of emitters surrounding the station. The receiving antenna beamwidth
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further restricts the annulus to a sector of emissions received. The emitters
are automatically distributed on concentric rings spanning the sector, with
the number of emitters per ring being proportional to the ring radius.

Emission Level

The user has the option of specifying the emission level as either the
equivalent isotropically radiated power (EIRP) or the field strength (E,) at a
reference distance (Do) also selected by the user.

The conversion between these two options is automatically performed in
the program, by assuming free space propagation to the reference distance.
The conversion algorithm is given by

4 2
EIRP(W) = « [E(V/m) « D (m)])~, Z_ = 377Q (3-1)
ZOZQS ) 0 0
or
EIRP(dBW) = - 14.8 + 20 log E,(V/m) + 20 log Dy(m) (3-2)

The actual units prompted for user input are dBm for the EIRP and
w/m for the field strength. A1l dinput or output unit conversions are
automatically performed by the program.

Emitter Distribution

The user specifies the annular region by selecting the inner and outer
radius (Rl,RM), and the emitter population by selecting either their surface

density (K) or total number (T) in the annulus. These input parameters are

; - 2 2
related via T = K » 1T(RM - Rl ).
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The annular region 1is restricted to a sector by the antenna
beamwidth (8) of the receiving station. The beamwidth may be specified
directly, or indirectly via ‘the antenna gain (G.) or diameter (D.). A
parabolic antenna with efficiency (n) of 0.55 is assumed in the model.

The actual number (N) of emitters in the sector is computed from the
input data to trigger the emitter distribution process. The formula applied
depends on whether the user specifies the emitter density (K) or total number
(T), as follows

.o
2

2

N=T M

- R,%)

= K ..g (R , 0 in radians (3-3)

1

The emitters are distributed on M concentric rings, including those
corresponding to the inner and outer radius. A uniform ring
spacing A = (RM-RI)/(M-l) is provided, so that the ring locations become set
upon selection of the A or M parameter. The ring locations are specified by
the ring radius given by

o]
[]

Ry + (3-1)8 j=1tM (3-4a)

. MRy .
Ry + (3-1) * w3 s j=1toM (3-4b)

The emitter distribution is based on having the number Nj of emitters on
each ring to be proportional to the ring length Lj~= Rj . 0, This condition
yields the following M-1 equations to be satisfied by the emitter
distribution.
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The condition ENJ =Nfor j = 1 to M yields the additional equation

needed to solve all the Nj variables from j = 1 to M, The solution yields the

following distribution in terms of the sector parameters (N, Ry,Ry), and the
ring separation (4) or number of rings (M) employed.

2NA Ry + (j-1)a

i TR-R+2& "TR,+R

’ J=1toM (3-66)

on | M-LR + (5-1) (Ry-Ry)
M (M-T) (Ry*R;) ’

j=1toM (3-6b)

The Nj emitters per ring can be considered to be uniformly spaced over
the ring Tlength Lj = Rj . 0, The emitter separation on a ring
is Sj = RJ . e/Nj’ and is a constant value independent of the ring number (j),
as a direct consequence of the emitter distribution based on equation (3-5).
This uniform emitter separation on a ring is a function of the sector
parameters (N, Ry, Ry), and the ring separation (&) or number of rings (M)
employed, as follows.

e(RM - Rl) + A
So = S5 = INA * Ry + Rl) , j=1toM (3-7a)
6 o M .
== "Ry *R) . J=1tM (3-7b)

Hence, the emitters are separated by the constant S, of equation (3-7) on
any ring, and their separation has a lower bound of A from ring to ring. The
separation of a proximal pair of emitters located on consecutive rings is not
constant, so that the lower bound A must be used as a separation measure from
ring to ring.
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The constant emitter separation (So) on a ring is directly proportional
to M, and inversely proportional to A for A << RM - Rl' Hence, a smaller
angular separation on a ring comes at the expense of a larger radial
separation (ring separation), and vice versa. There is a compromise in the
choice of A or M, to avoid excessively close or far emitters, either on a ring
or from ring to ring.

A natural choice is to have the emitter separation inversely proportional
to ¥ K , since K is the emitter surface density (one emitter occupies an area
of 1/K). The choice of A = §/Y K, where & is a proportionality constant,
yields S, = 6'1//7?', so that the angular separation (S,) is inversely
proportional to ¢ and the radial separation bound (8) is directly
proportional to §, The value 6=1 yields So = A and equates the angular
separation to the radial separation bound, whereas other d§-values produce a

more asymmetrical compromise in the emitter distribution.

The value of K is specified by the user, or derived based on equation
(3-3) when T is specified. A ring separation A = 1// K 1is employed in the
model, so that the number of rings is M=1 + /WT'(RM - R1)° These values
of A or M are used in equations (3-6a) or (3-6b) to automatically compute the
number of emitters per ring as a function of the sector parameters (Rl, Rms 9,
Kor N).

Power-Sum Aggregation at Terrestrial Receivers

The power received per emitter is P. = (EIRP) (G.) (Lp'l), where L
the propagation model output or Lp = (4nA/D)? in free space. All emitters
located on the same ring are at the same distance D = Rj from the receiver, as
given by equation (3-4) with A =1//Y K, and will have the same path loss
Lp(j) in both free space and propagation model options. Hence, the power

p'IS

received from a single emitter is multiplied by Nj to obtain the power Pr(j)
received from all emitters on the same ring.



The power received per ring is added over all rings to obtain the
power-sum aggregation of all emitters in the sector, as follows

(EIRP) (G.) -

Pr(aggregate) -

M

RALYINEE
(prop model) (3-8)
and

J

P~(aggregate) (EIRP) (Gr) (>\/41r)2 (Nj/Rjz)

([ I

1
(free space) (3-9)

In the free space case, the summation of equation (3-9) includes the
factor Nj/Rj that is invariant from ring to ring, as per equation (3-5). This
factor is given by R, = Nj/Rj = So/e, and is also independent of 6 via
equation (3-7). The power-sum aggregation of equation (3-9) thus becomes
simplified as follows

M
P.(aggregate) = (EIRP) (Gr) (A/4nRO)2 < I

L Ro/Ry)

1

(free space) (3-10)

where

RM-R1+A'(

_ M
Ro = —7Wz

= (Ry + R

Ry + R N

M 1) (3'11)

1)

An equivalent number Neq of emitters can be located on any specific ring
(j*) to produce the same received power as the aggregation based on the
emitter distribution. This equivalent number can be obtained from the path
loss Lp(j*) or radius Rjxs of the ring in question (e.g., j*=1 for inner ring,
j*=M for outer ring) as follows
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(prop model) (3-12)

and

(free space) (3-13)

An example of RINGS computations is shown in TABLE 3-2, where the two
runs presented correspond to the free space and propagation model options,
respectively. An emission frequency of 1000 MHz is specified, along with a
field strength per emitter of 500 uV/m at a reference distance of 3 meters.
An EIRP of -41.3 dBm would have been an equivalent emission level input
yielding the same output data.

The inner and outer ring radius from the receiver station are specified
as 10 km and 50 km, respectively. The receiver antenna is specified by an
antenna gain of 30 dBi, though an antenna diameter of 4.1 meter or an antenna
beamwidth of 5.2° would have been equivalent input specifications yielding the
same output data. '

An emitter surface density of 1.0 per acre is specified in TABLE 3-2.
This value induces a total number of 1,840:328 emitters in the 10-50 km
annulus, but only 26,365 emitters are in the sector covered by the antenna
beamwidth., A ring separation of 0.0064 km and a number 626 of rings is
obtained from the input data.
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TABLE 3-2
RINGS EXAMPLE WITH EMITTER DENSITY SPECIFIED

Input Parameters

Inner Ring Radius (km) 10.0
Outer Ring Radius (km) 50.0
Emitter Surface Density (#/acre) 1.0
Emission Frequency (MHz) 1000
Emitter Field Strength uV/m 500

Reference Distance (m) 3
Receiver Antenna Gain (dBi) 30

Derived Parameters

Number of Emitters in Annulus 1,840,328
Number of Emitters in Sector 26365
Ring Separation (km) 0.064
Number of Rings 626
Emitter EIRP (dBm) -41.3
Receiver Antenna Beamwidth (deg) 5.2

Qutput Parameters

Aggregate Power-Sum Received (dBm)

Free Space Option -88.2

Propagation Model Option -104.0
Number of Equivalent Emitters in Inner Ring

Free Space Option 3539

Propagation Model Option . 787

The emitter aggregation produces a received power-sum of -88.,2 dBm with
free space and -104.0 dBm with the propagation model. The equivalent number
of emitters at 10 km (within the antenna beamwidth) that matches this received
power 1is 3539 with free space and 787 with the propagation model. The
distinction in the path loss at 10 km is 112.4 dB with free space versus 121.7
dB with the propagation model.
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Another example is shown in TABLE 3-3. The same input parameters as the
last example are employed, excebt that the emitter population is now specified
by a total number 1000 of emitters in the annulus. This value induces an
emitter density of 0.0054 per acre, and a number of 144 emitters in the
sector. A ring separation of 0.87 km and a number 47 of rings is obtained

from the input data.

TABLE 3-3
RINGS EXAMPLE WITH NUMBER OF EMITTERS SPECIFIED

Input Parameters

Inner Ring Radius (km) 10.0
Outer Ring Radius (km) 50.0
Number of Emitters in Annulus 10,000
Emission Frequency (MHz) 1000
Emitter Field Strength (uV/m) 500
Reference Distance (m) 3
Rece