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1.0 INTRODUCTION

This document presents a survey of existing electromagnetic system interaction algo-
rithms. The effort was performed under task area 111 of the NAVELEX 304 functional area
funding program, Integrated Techniques for Electromagnetic Analysis (ITEMA).

1.1 BACKGROUND
1.1.1 ITEMA

ITEMA is concerned with the problem that transmit and receive system performance
is seriously degraded by the shipboard clectromagnetic environment. The degradation implies
the impairment of the system attributes. The system attributes include availability.
integrity, and quality. The impairment of system attributes results in a loss of mission effec-
tiveness: the ability to locate a target, to communicate. and to identify a target. The mission
that is used here is the mission of the individual transmit and recenve systems, but of course
they are an integral part of the ship’s mission.

The objective of this program is to increase the total mission performance of ship-
board transmit and receive systems through the minimization ot the degradation caused by
such factors as antenna site compromise, intersystem interaction, and nonfunctional ¢mis-
sions. The objective is to be accomplished by developing a synthesis ability which considers
transmit and receive system degradation factors tn the carly stages (and in all stages) of ship
design. This ability would be applicable to both new ship design and tleet modernization.
The emphasis of this specific objective is on the early stages of design. It is in the early
stages of ship design that we have control of more design variables, making it possible to
achieve a more nearly optimal design. Further into the design procedure there are fewer
design variables, and a less optimal design will result.

With this synthesis ability. it will be possible to avoid many of the so-called
“remedial” solutions. Too many times problems are identified only after operation. It is
then necessary to “fix” the problems. The fixes are usually costly and result in only partial
solution of the problem. This fix approach will become even less successtul as Navy ships
become more densely populated with advanced equipments.

This synthesis capability is being developed as a two-step approach. The first step is
to formulate a system procedure tor shipboard transmit and receive system design. A system
procedure considers all essential aspects of transmit and receive system performance. Think-
ing in terms of “‘system design™ is an important step in achieving total clectromagnetic sys-
tem performance. The emphasis is on total performance. Itis possible to increase the per-
formance of an individual transmit and reccive system, but usually only at the expense of
other transmit and receive systems. The second step is to improve and develop the analysis
tools and methods essential to the system approach.

As envisioned at the present time, this synthesis capability is a system procedure

using iterative analysis to achieve the design goal of acceptable total electromagnetic system
performance. The essential tools and methods are those necessary to analyze proposed
designs. The output of the analysis is evaluated in terms of the technical performance
requirements to determine the adequacy of the design and identity possible deficiencies
mnit.
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Three technical tasks have been defined to encompass the needs of the analysis:

Development of antenna modeling techniques below uht
Development of antenna modeling techniques at uhf and above

Development of total EM system modeling
1.1.2 DEVELOPMENT OF TOTAL EM SYSTEM MODELING

As discussed in the previous section, the essential tools and methods are those neces-
sary to analyze proposed designs. The output of the analysis is evaluated in terms of the
technical requirements to determine the adequacy of the design and identify possible
deficiencies in it. This task area provides tools and methods that ensure that the output of
the analysis is necessary and sufficient for evaluation.

As depicted in figure 1-1, there are four parameters which completely characterize
the total EM system:

Intercomponent interaction
HERO/RADHAZ
System interaction
Performance
Intercomponent interaction is component compatibility. For example, this would deter-

mine whether a tuner can tune an antenna. This can usually be determined on the basis of
equipment specifications. Thus, this area requires no new tools and methods.

INDIVIDUAL TOTAL EM
ANTENNA SYSTEM
CHARACTERIZATION CHARACTERIZATION
SHIP UNIQUE DATA:
INTERCOMPONENT
ANTENNA IMPEDANCE INTERACTION
LOCATIONS ANTENNA COUPLING
MODELING NEAR FIELDS
i HERO/RADHAZ
TOPSIDE
CONFIGURATION
SYSTEM
COMPONENTS INTERACTION
CHARACTERISTICS
SYSTEM MODELING PERFORMANCE
SIMULTANEOUS
OPERATIONAL
REQUIREMENTS

Figure 1-1. Electromagnetic system analysis,




HERO/RADHAZ is used to denote the effect of the antenna on other systems. This
determination is being accomplished by specifications and standards developed under other
cfforts. As in the case of intercomponent interaction, this program again proposes no effort
on this parameter.

It is the system interaction and performance parameters that the third task is con-
cerned with. Thus, the objective is to use contractor and in-house Navy expertise to develop
algorithris to rapidly and cost-effectively predict system interaction and performance of the
transmit and receive systems.

1.1.3 INTERSYSTEM INTERACTION ANALYSIS FOR COMMUNICATIONS

During fiscal year 1976 all effort in the arca of development of total EM system
modeling was concentrated on the development of a system interaction capability for com-
munications. The effort was divided into three principal work arcas:

Survey of existing algorithms
Sample problem exercises
Empirical investigations

This document presents the survey of existing algorithms. The reports on the sample prob-
lem exercises and empirical investigations were scheduled for completion at the end of the
1976 transition quarter.

The objective of this survey is to document existing system interaction analysis
techniques and compare their capabilities. This is a necessary first step in the definition of
a system analysis model (communication) which will adequately support the needs of Navy
shipboard transmit and receive system design. A preliminary evaluation of the existing tech-
niques is presented here. The final evaluation will be reported upon completion of the
sample problem exercises and empirical investigations.

1.2 EXISTING SYSTEM ANALYSIS MODELS

Modeling techniques implemented by digital computers are becoming recognized as
the most cost-effective approach for determination of electromagnetic compatibility (EMC)
between communication systems. Communication systems aboard Navy ships consist of
topside mounted antennas and rf equipment installed below decks, such as transmitters,
receivers, transmitting and receiving multicouplers and filters, and other of distribution
cquipment.

Many computer simulation programs have been developed to predict the potential
interferences involving rf communication systems. For example, Shipboard Electromagnetic
Compatibility Analysis (SEMCA) developed by General Electric and Atlantic Rescarch Cor-
poration (GE/ARC) and Interference Prediction Model (IPM) developed by Litton are the
computer programs which directly address the shipboard interference prediction problem.
Co-Site Analysis Model (COSAM) developed by the Electromagnetic Compatibility Analysis
Center (ECAC) of DoD, Co-Site Simulation System-1 (COSIM-1) developed by HT Rescarch
Institute, Intrasystem Electromagnetic Compatibility Analysis Program (1EMCAP) developed
by McDonnell Aircraft Company ., and Intrasystem Compatibility Analysis Program (ISCAP)
developed by Sachs/Freeman Associates are more indirectly reliated to the rt system aboard
ship.

N




A manual design procedure called TRED (Transmitter and Receiver Equipment
Development) was developed by NELC. TRED establishes the electrical performance charac-
teristics required in communication equipments for successful operation on naval ships.

I'here exist two basic differences between TRED and the other three techniques,
which are SEMCA, IPM, and COSAM. First, TRED is an rf system design tool while SEMCA.L
IPM, and COSAM are mainly used as interterence prediction tools. SEMCA L IPM | and CO-
SAM calculate the value of antenna isolation and predict the power levels of direct threats
and indirect threats. The direct threats are at transmit frequencies and cause production ol
interferences in receivers such as receiver cross modulation, receiver desensitization, spurious
response, and receiver intermodulation. The indirect threats are at receiver frequencies and
are interferences produced outside the receivers such as transmitter broadband noise, trans-
mitter harmonics, spurious emissions, and transmitter intermodulation. On the other hand. ]
TRED follows a step-by-step design procedure to ensure that the interference power levels
are short of the threshold of unacceptability. The steps are listed below.

1. Use quasi-minimum atmospheric noise to establish a required antenna deficiency
which is employed to design the receiving subsystem. However, if an external natural noise
level is below the receiver noise, no antenna deficiency is required.

2. Use the most important direct threat to establish the maximum allowable antenna
isolation (antenna coupling).

3. Design the transmitting subsystem whose indirect threats are acceptable.

Note that each step is an iterative process which not only predicts the interference power
level but also identifies possible deficiencies of the system.

The second basic difference is that TRED is a manual procedure. A computer pro-
gram based on TRED has not yet been developed: on the other hand, SEMCA [ IPM . and
COSAM are computer programs. Recognizing these two basic differences will make the
comparison of the tour modeling techniques meaningtul.

This report presents an evaluation of the communication system portions of SEMCAL
IPM, COSAM, and TRED. The other less applicable modeling techniques are addressed as to
general capability. The evaluation is based on the documents which NELC has at the present
time. These documents are identitied by asterisks in 10.0 BIBLIOGRAPHY . In performing
the comparison, we consider the modeling techniques from the following viewpoints:

Modeling philosophy
Flexibility
Data base
Noises and interferences
Interference threshold criteria
Attenuation modeling and antenna coupling
Printouts
With respect to modeling philosophy . two questions are considered. First, what sys-

tem modeling approach is used — determimistic or statistical” It a statistical approach s
chosen, what parameters of the rf system are considered as random variables? The second

question concerns the approach of receiver mo felimg. Is @ recenver modeled as a black box




or is ecach tunctiona! block of the receiver modeled in detail? Does the receiver modeling in-
clude the second detector stage and the modulation types of the desired signal and undesired
signals?

“Flexibility™ concerns the options available to a computer program and the ability
to handic subproblems efficiently. 1t also concerns the ability to evaluate engimeermg design
tradeotts.

“Data base™ concerns the sources of data and the complexity of prenaring data. In
addition, there are two questions — can modulation spectra be mcluded m ine data base. and
which rf equipments have data stored in the data base? The problem of the accuracy of the
data will not be addressed.

I'he approaches used to predict and utilize the noises and interterences will be
investigated. The approaches use either empirical data or mathematical models. 1 mathe-
matical models are used, what are the models?

In theory. it is necessary to identity all EMC-related parameters for cach svstem coms-
ponent. For example, approximately 25 parameters were reviewed by the Flectromagnetic
Compatibility Figure of Merit (EMC FOM) Committee (ret 1). However. in practice, we can
consider only the most important ones, which are classitied as tollows:

System Indirect Threats
Transmitter broadband noise
Transmitter harmonics
Transmitter spurious emissions
Transmitter intermodulation
Passive device generated intermodulation

System Direct Threats Caused by Transmitter Fundamental Frequencies
Receiver cross modulation
Receiver desensitization (receiver saturation or overload)
Receiver spurious response
Receiver intermodulation
Receiver burnout

Environmental Indirect
Atmospheric noise (ambient noise)
Rusty bolt (topside-generated intermodulation)
Shipboard man-made noise

Receiver Internal Noise (Noise Figure)

Having considered cach iype of interference, we ask what the interterence threshold
criteria are and where they should be applied. Usually., the mterterence threshold criteria are

setat three locations of the receiving system — input to the rf amphifier stage, output of the
last intermediate frequency (IF) filter stage. and output of the detector stage

F'An Electromagnetic Compatibility Figure of Merit (EMC FOM) for Single-Channel. Voirce Communications
Equipment. TEEE Trans on EMC, February 1975
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“Attenuation modeling” concerns the selectivity of filter devices, the insertion loss of
filter devices, transmission line insertion loss, and mismatch loss. “Antenna coupling™ con-
siders the method for obtaining antenna coupling values or for establishing a required antenna
coupling value.

“Printouts™ concerns the various types of outputs which each computer program can
provide.

Sections 2.0 through 5.0 discuss the four main modeling techniques — SEMCA. [PM.
COSAM. and TRED - one by one. Section 6.0 describes other less applicable techniques
briefly. Section 7.0 presents a summary of the comparison of the four main techniques.
Section 8.0 is a preliminary evaluation of the existing system analysis techniques. Seciion
9.0 presents conclusions and recommendations.




2.0 SHIPBOARD EM COMPATIBILITY ANALYSIS (SEMCA)

SEMCA was developed by GE/ARC. SEMCA I was completed in 1966 and has been
revised tour times. The current version, SEMCA V| was completed in 1973, The evolution
of SEMCA IV to SEMCA V includes the following points:

° Adding a detector model
Considering the modulation types ot the desired signal and undesired signals
Obtaining expressions to relate signal-to-noise ratios (or signal-to-interference-
plus-noise ratios) between the mput terminal and the output terminal of the
detector tor various modulation types
Obtaining relationships between signal-to-noise ratio (or signal-to-interference-
plus-noisc ratio) of detector output terminal and articulation index for various
modulation types. Also, the relationships between signal-to-noise ratio (or
signal-to-interference-plus-noise ratio) of detector input terminal and bit error
rate
Obtaming a relationship between articulation index (or bit error rate) and
intelligibility

®  Changing the end point of the CULL3 program trom the input of the first
mixer to the input of rt amplifier

L] Changing power cull criteria from using minimum discernible signal (MDS) to
15 dB below receiver noise
Changing ambient at-sea noise fevel (ANL) modet
Changing transmitter noise level (TXN) model
Adding subroutines BX2007 and BOX43 for couplers CU2007 and SRA 43,
respectively

®  Changing input and output format and data base according to the above
moditication

This document is concerned with SEMCA V., which is described by volumes T0OA. 0B,
and 10C. Volume 10A serves as the user's reference manual. Volume 10B describes the
actual subroutines in detail, presents test cases, and gives the histings. Volume 10C describes
mathematical models used in the program. At present, the evaluation of SEMCA V is based
on volume 10A only. because volumes 10B and 10C are not available to NELC,

2.1 GENERAL DESCRIPTION

SEMCA V consists of CULL3, CULL4, FREQUENCY SELECTION, and COUPLER
MAIN Computer programs. The CULL3 program, which is a power transter program. is
used to process transmitter spectra through transmitter channels, space. and receiver chan-
nels up to the input to cach receiver rf amplificr. The CULL4 receiver program then pro
cesses the total interference spectrum through a lincar or nonlinear rf amplhifier model. the
mixer/H sections, and the detector. The FREQUENCY SELECTION program is used to
assign compatible transmitter and receiver center frequencies in the It through uhf range.




The COUPLER MAIN program is used to develop and exercise coupler models and to plot im-
pedance data in Smith chart form. Figure 2-1 shows how the SEMCA programs fit together
and how the programs can be used. A shipboard communication system consists of all the
transmitters. couplers. filters, antennas, and receivers. Figure 2-2 represents a typical com-
munication system model which is employed by the SEMCA V program.

The SEMCA CULL3 and CULL4 programs can be used in a single-ship evaluation
mode, a multiship intraship evaluation mode, and a multiship intraship and intership evalua-
tion mode.
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MODULATION TYPE ]

v

TRANSMIT CHANNEL

TRANSMITTER
1) Fundamental and
2) Noise spectrum

3) Intermodulation
products

harmonic spectrum

TRANSMISSION LINE

1) Losses

. ANTENNA TUNER

1} Insertion loss

2) Mismatch loss

3) Selectivity
characteristic

‘1-4 TRANSMIT ANTENNA

1) Impedance
2) Pattern gain
3) Folarization

TRANSMISSION LINE
1) Losses

1

RECEIVE ANTENNA

1) Impedance
2) Pattern gain
3) Polarization

Spectrum from Other
On-board Transmitters

ATMOS NOISE

vy 3

|[COMPOSITE RF SPECTRUM

PROPAGATION MODELS

1) Groundwave
2) Line of sight
3) On-board coupling

RECEIVE COUPLER

1) Insertion loss —_—
2) Selectivity
3) Overload

RECEIVER RF AMPLIFIER

1) Bandwidth
2) Gain and AGC
3) Saturation level

RECEIVE CHANNEL

MIXER

INTELLIGIBILITY ﬁ

ARTICULATION INDEX

g

|, BIT ERROR RATE

(

SNR Prediction
SINR Prediction

—{ 1) Type

Detector

2) Saturation level
3) LO “evel

AMPLIFIER

1) Number of stages

Type S

2) Stage BW
3} Staqe gamn
4) AGC

Figure 2-2. SEMCA communications model.
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2.2 MODELING PHILOSOPHY

SEMCA uses an incomplete statistical approach in system modeling. A complete
statistical approach cun answer the following question:

It the performance of a receiver is graded as acceptable (or marginal or unac-
ceptable), then what is the probability that the receiver performance is
acceptable (or marginal or unacceptable)?

To answer this question, the probability density function (PDF) of the signal-to-interference-
plus-noise ratio (SINR) at the receiver detector output must be determined. but the SEMCA
program does not calculate the PDF of SINR at detector output and cannot answer this
question.

SEMCA does treat the desired signal power, antenna coupling, and interference
powers as random variables. The interference powers include transmitter tundamental.
transmitter Larmonics, transmitter intermodulation. spurious emissions, transmitter broad-
band noisc. and ambient at-sea noise. Every one of these random variables is assumed to
have a Gaussian PDF. Each Gaussian random variable is defined by a mean value and a
standard deviation (o) which are supplied by the SEMCA program.

It takes a nonlinear operation (division) on Gaussian random variables to obtain the
SINR at detector output, which is also considered as a random variable. Therefore, the PDF
of SINR zt detector output may not be Gaussian. SEMCA does not calculate the PDF of
SINR. although it can be obtained by Monte Carlo simulation or analytical derivation.

As to the receiver modeling, SEMCA 'V models cach functional block in detail. The
tunctional blocks and the required information concering each function block are described
below:

RE Amplifier: types of filters (single-tuned, Butterworth, Tchebycheft, Q-constant,
ete), bandwidth, gain and automatic gain control (AGC), saturation level, lincar or nonlincar
amplifier, number of stages

Mixer or mixers (first mixer, secoind mixer, or third mixer): mixer type (triode,
diode, pentode, transistor, or special), mixer operation (single-ended. balanced push-pull, bal-
anced push-push. series double balanced, paraliel double balanced), 1ocal oscillator (LO) fre-
quency, power level at mixer input, and mixer saturation level

Intermediate frequency (IF) amplifier(s) (first IF. second TF or third [F): bandwidth.
gain, AGC, number of stages

Detector: Modulation type of desired signal (AM | SSB, FSK. M. pulse) and detector
type tor a desired modulation type (diode-voice band filter for AM. synchronous-product
detector for SSB. product detector for FSK. phase shitt discriminator for M, and diode-
wideband output tor pulse)

Using functional blocks — namely, rf amphitier. mixers, and IF amphiticrs  system
direct threats are predicted. The ceffects of system direct threats include receiver cross modu-
lation, receiver desensitization, receiver spurtous response. and receiver intermodulation
I'he Tast functional block gives detector transter tunctions which relate SNR (or SINR) be-
tween the input terminal and the output terminal of the detector for vartous modulation
types. The SNR (or SINR) of the detector mput and output terminal are then used to caleu-
late articulation index, bit error rate, and mtelligibility .

T RS ——



2.3 FLEXIBILITY 14

The SEMCA V program has several options. As mentioned in section 2.1. there are
three interference evaluation modes — single-ship, multiship intraship. and multiship intra-
ship and intership. In addition. there are four computer programs  CULL3, CULL4,
FREQUENCY SELECTION and COUPLER MAIN. The four programs can be put together
to evaluate an rt system EMC problem or they can be used independently to evaluate
subproblems.

It we do not wish to consider the modulation types of desired and undesired signals
and do not wish to evaluate rt system performance in terms of articulation index or bit
error rate, then we have the choice of not using the detector functional block of the receiver
modeling. The receiver modeling stops at the last IF amplifier stage. Noises and interferences
which will give unacceptable receiver performance are predicted at the output of the IF
amplifier stage.

SEMCA has program-supplied data and models, but in many cases a user can use his
own data or change the parameter values of the program-supplied models. The options of
the models are program-supplied model. user-supplicd basic model. user-supplied specitic
model, and user-supplied model adjustment. A user-supplied basic model will override the
program-supplied model, a user-supplied specific model will override the basic model. a
user-supplied model adjustment will adjust the basic or specific model. Table 2-1 shows the
available options of the SEMCA program models. Models are described in section 2.5,

Finally, SEMCA has options of printouts of desired signal and power summary at
VATIOUS receiver stages.

I'ABLLE 2-1. SEMCA PROGRAM MODLELS.

Program User-Supplied User-Supplied User-Supplied !
SEMCA Program Models Supplied Basic Model Specitic Model Model Adjustment
TX Noise Level ves TXNMOD card I'NOISE card INLSIG card
(section 3.2.49) (section 3.2.38) (section 3.3.20) o1 \

INXNADIJ card

(section 3.2 48)

I'X IM Product yes IMGAIN BASIC IMGAIN card IMADJ card |

1
card (section 3.2.31) (section 3 247) |
(section 3.2.31) |
I'X Output Stage yes IXFILT BASIC ITXFILT card no
card (section 3.2.30)

(section 3.2.30)

I'X Spectrum no no XSPIKE cards POWADI card
23) (section 3.2 40)
POWINC card
(section 3.3 23)
POWSIG card

(section 3 3.24)

(section 3.0

I'X Spectrum Level ves no XSPIKE cards no
Standard Deviations (section 3.2.23)
I'X Probability-On-Air ves 1no SETPOA card no

(section 3.30)




TABLE 2-1.

(Continued).

Program User-Supplied User-Supplied User-Supplied

SEMCA Program Models Supplied Basic Model Specitic Model Maodel Adjustment
TX and RX Impedance yes no RESIST and no

REACT cards

(sections 3.2.12

and 3.2.13)
RX IF Noise Bandwidth ves no RXIFBW card no

(section 3.2.42)
RX Mixet yes no MIXER cards ALIM card

(section 4.2.3) (section 4.3.2)

AOLIM card
(section 4.3.1)

Ambient-At-Sea Noise yes ANL card no ANLSIG card
Level (section 3.2.39 (section 3.3.25)
Intra-Ship LF-ME-HF yes ANTCUP card no ACSIG card
Antenna Coupling (section 3.2.20) (section 3.3.27)
Intra-Ship VHEF-UHF ves no no ACSIG card
Antenna Coupling (section 3.3.27)
Inter-Ship Antenna yes no no ACSIG card
Coupling (section 3.3.27)

Note: Section numbers m parentheses are the section numbers of SEMCA Vo votamie TOA, user's reterence manual.

2.4 DATA BASE

Measured emission spectra of transmitters are used as input data. The measurements
include laboratory measurement as well as limited ship-field measurement. o empirical data
are not available, the method of predicting transmitter emission is by synthesis from partial
or comparable data or by programming analog models of the equipment. The analog com-
puter model is a frequency scaled representation of the actual transmitter. which includes
some of the nonlincar stages, tank circuit characteristics, and any other applicable circuit
parameters which affect the emission spectrum.  The analog model is based on transter tunc-
tion equivalent circuits which duplicate the dynamic response of the actual transmitter
cireuits., )

Similarly. several types of receiver mixers are modeled on analog computers in order
to form an empirical and mathematical mixer model suitable for programming on the digital
computer. Intercept values of the mixer output levels versus imput level curves have been
determined for five mput signals and therr generated harmonies and are used as imput data tor
cach mixer type.

It seems that the analog model method s comphceated because either the transfer func-
tion or the crrcurt characteristic of cach tunctional block of the transmitting system or re-
ceiving system must be known. Furthermore, the transter functions or the circut character-
istics may be only approximations obtamed from specitication sheets.

There are many equipments which have data stored in the data base.
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2.5 NOISES AND INTERFERENCES

The SEMCA program treats most of the noises and interferences described in section
1.2 except passive device generated intermodulation, rusty bolt, shipboard man-made noises.
and receiver burnout. Mathematical models and data of the noises and interferences which
are used in the program are presented below:

Transmitter broadband noise model is:

N = -Alog o [[100(f = fpx)/ fFpxl] + B+ Ppyx

and o =35 dBm,

where N is the mean value of the noise level in dBm. o is its standard deviation, f is frequency
of interest in MHz, fpy is transmitter frequency in MHz, Pry is transmitter power in dBm,
and A and B are constants. In the program-supplied model, A = 80 dB and B = =70 dB. but

A and B are input constants determined by the user in the user-supplied basic model. Further-
more. in the user-supplied specific model measurement data of noise level in 3-kHz bandwidth
and percentage of frequency deviation are used.

In the receiver detection-degradation analysis. SEMCA treats a transmitter broadband
noise as a “noise” instead of an interference. Thus, the term “noise™ includes the receiver
internal noise, the atmospheric noise, and the transmitter broadband noise.

The program-supplied transmitter intermodulation model generates intermodulation
products (IMP) which are described by:

l'll\”) = pfv + (]fl 5

where "lMI’ is the IMP frequency. tv is the victim transmitter frequency . ty is the interfering
transmitter frequency, and p and q are integer coetficients. The mean value of power level
of the IMP in dBm is:

Prvp = Pyt Ipq = {ql(P = Pp) s

where I is an intercept value which is the function of the p and q values. The values of

D(

Ipq are isted below:
p | 2 3 ] 3 3 | 5
q -1 | 1] _: w5 =3 I 3
lpq =9 3 -11.0 —],‘AS =10.7 =138 _|_\_(, =95 ~18.2

I'he variance of the power level of IMP is:
3y Al A i h

Omp=P 9 T4 9

There is no program-supplicd model for the mean power level of transmitter har-
monics and transmitter spurious emissions.  Instead. empirical data are used. However. there
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is a model for the standard deviation associated with the power level of each spike in a trans-
mitter spectrum. The model is:

‘—S(t)’fo) + 10 for 0 < f/fo < |
o =1 4f/to)=2 for 1 <f/fo<3
( 10 for 3 < f/fo

where o is in dB, fis the frequency of interest. and fo is the transmitter tuned frequency.
The receiver mixer model, which is used to predict receiver intermodulation . takes
v |

input signals and mixes them with the local oscillator (LO) 0, 1, 2. 3. and 4 at a time. The
mixer output frequencies are of the form:

i=1
where g are the harmonic values. The mixer output power levels in dBm are of the form:

4

P=G+I+B+ Z dl(l)l_l)l_())
i=1

where G is a function of mixer type, [ is the intercept value which is a function of mixer
type and harmonic values, and B is a function of type of mixer balancing and harmonic
values. The values of G, I, and B are supplied by the program. In addition, the user can
change the intercept value I.

There is no program-supplied model to predict the frequencies where receiver spur-
ious responses occur and to predict the power level of each spurious response. Measured
data are used.

At present, it is not clear whether SEMCA uses data or models to predict receiver
desensitization and receiver cross modulation.

The program-supplied model of ambient at-sea noise power in a 3-kHz bandwidth as
a function of frequency is shown in figure 2-3. The model is based on CCIR report 322 for
average noise power available over seawater from a short vertical antenna at a random time
and at a random ocean location. If actual data of noise level at the frequencies of interest
are available, they can be used in the user-supplied basic model.

Measured data of receiver noise level are used. SEMCA does not consider the
receiver noise level as a random variable, nor is receiver I noise bandwidth treated as a
random variable.
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Pigure 2-3. Ambient at-sca noise power.

2.6 INTERFERENCE THRESHOLD CRITERIA

Since SEMCA has the option of using CULL3 and CULL4 programs independently
and the option of whether detector processing will be done. the interference threshold cri-

teria are set at the following three locations ot the receiving svstem: input to the of amplitier,

output of the last IF, and output of the detector. First, the criterion at the input to the 1t
amplifier is 15 dB below receiver noise. However. the value of dB below receiver noise can be

changed if the user desires to change it. The rt spectrum present at the receiver rf front end

is power culled with respect to this criterion. Second. at the IF output, the resultant signal
combinations. which are at levels greater than a criterion related to sensitivity, are printed
out with the frequency and the sources ot the interferences. At present. the exact criterion
is unknown. Third, at the output of the detector, articulation indices (Al of 0.7 and 0.4

are the interference criteria. The SINR detector outputs that result in Al numbers of 0.7 or
above are classified as acceptable tor voice communication systems. When the Al number is

degraded to below 0.7 and above 0.4, the voice communication system s classitied as man
ginal. When the Al number s turther degraded to below 0.4 it s classified as unacceptable
In the case of data reception such as teletypewriter (FTY ) systems, a BER of 2.5 X 107 i

established as the dividing point between acceptable and unacceptable. This BER ¢niterion
is based on an approximate 17 character error rate tor synchronous and mdependent start-

stop TTY systems.

STANDARD DEVIATION (dB)




2.7 ATTENUATION MODELING AND ANTENNA COUPLING

The SEMCA V program considers the selectivity and the insertion loss of filter devices.

Filter devices of rf systems include filter, tuner, coupler, and multicoupler. A user may use
either the program-supplied filter models or tabular data. The filter models are transfer func-
tions which calculate filter gain as a function of frequency. Thus, we obtain the selectivity
characteristic and the insertion loss.

The program also considers mismatch loss. The program-supplied transmitter and
receiver impedance model is 50 ohms for all frequencies. However, a user may use his own
measured impedance values. Transmission line loss can be calculated if the type and length
of the transmission line are given. However, SEMCA does not consider the effects of cable
length on the transmitter intermodulation and transmitter broadband noise power levels. An
experiment done by NELC showed that the effects are significant.

SEMCA has the following three antenna coupling models which are used to calculate
the space portion of coupling:

Intraship If-mf-hf coupling model. The model is obtained as the best fit to many data
points taken by measuring coupling between antennas on a scaled ship model. This is the
maximum coupling between antennas assuming conjugate impedance matches.

Intraship vht-uhf coupling model. Friis relationship for free-space coupling is used:
coupling = 37 - 20 log (D F) dB, where D is antenna spacing in feet® and F is frequency in
MHz.

Intership coupling models. Two intership coupling models are employed. In the fre-
quency range below 150 MHz, a groundwave model based on the results by K Norton of
National Bureau of Standards is used. For frequencies above 150 MHz, a groundwave model
based on results by LV Blake of Naval Research Laboratory is used.

These models are used to calculate the space portion of coupling. Their application
is indicated in figure 2-4. In addition, the Scattering and Propagation Simulator model
(SCAPS) is employed to determine If and mf power transters in a closely coupled antenna
network. A scattering matrix approach provides a method for calculating the power trans-
fers by including all network interactions and impedance mismatches. These interactions
lead to multiple coupling paths in the multiport antenna network.

The shortcoming of the SEMCA antenna coupling model is that it does not constder
the effects of a structure which is located between antennas. This case is studied under the
first technical task of this project — the development of antenna inodeling techniques below
uht.

*1 1t =approx 0.3 m

-
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Figure 2-4. Space portion of coupling.

2.8 PRINTOUTS

SEMCA consists of CULL3, CULL4, FREQUENCY SELECTION, and COUPLER
MAIN computer programs. Each program has various outputs.

The CULL3 program gives the following printouts:

Transmitter summary printout which gives transmitter spectrum and spectrum it
antenna in dBm

Iransmitter intermodulation printout

Receiver interference printout

I'he printouts of CULL4 are listed below

Printout of desired signal noise and interference power summary at various recenet
stages including mixer stages and 1 stages

Detector operation printout, which gives articulation index or BER tor cach interfer
ence and the detector input SNR margin for acceptable performance. The recever s graded
as acceptable, marginal, or unacceptable according to the Al or BER. Note that the trequency
of cach interterence must be the same as the victim receiver tuned frequency
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The major noise, which is the most important noise among the ambient noise. the
receiver noise, and the transmitter broadband noise

Performance degradations due to cross modulation and receiver densensitization

The printout of the FREQUENCY SELECTION program gives the assignment of
transmitter and receiver frequencies in any band from If to uhf. Finally, COUPLER MAIN
program produces coupler rejection characteristics, a Smith chart of antenna impedance data.
and transmitter or receiver impedance data.




b POWER DENSITY

3.0 INTERFERENCE PREDICTION MODEL (IPM)

3.1 GENERAL DESCRIPTION

IPM was developed by Litton Systems Incorporated tor the purpose of designing the
DD 963 class ship for electromagnetic compatibility in 1971, Simulation of the topside elec-
tromagnetic environment and the various clectronic subsystems by the IPM was used to
tacilitate EMC analysis. The generality of simulation possible with the IPM is shown in fig-
ure 3-1. Basically, IPM simulates the emission of a transmitter, processes this emission
through filter devices and coupling devices to a receiver, and determines whether this re-
ceiver will be affected by the emission. In addition to the transmitted spectrum of transmit-
ters, intermodulations which include transmitter intermodulation, passive device generated
intermodulation. topside generated intermodulation, and receiver intermodulation are indi-
cated in the figure. Also shown are the different types of output information — power
density. rf saturation, IF power, and interferences. Figure 3-2 illustrates spectrum treatment:
in particular, the procedure for determining interference power.

The IPM program consists of six distinct sections as shown in figure 3-3  duata base.
problem definition, interference prediction, power summary. clectromagnetic radiation. and
rusty bolt. Generally, the first two sections must be run first. then one or more of the
remaining sections can be run accordingly.

ADDITIONAL TRANSMITTERS OR
RECEIVERS IF COUPLER IS USED

| M
INTERMODULATIONS (IM) : l
I J FILTER DEVICES
TRANSMITTER (FILTER, TUNER, COUPLER)
1703

ANTENNA COUPLING /’Z—/“‘)—

— - ADDITIONAL TX OR RX

M | M
4 |
-
- . RECEIVER
by FILTER DEVICES ey  RECEIVER DETECTOR
1703 RF IF
RX SATURATION IF POWER INTERFERENCE e

Figure 3-1. Rf signal flow within the 1PM.
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Figure 3-3. IPM software sections.

The data base contains pertinent information about the communication-electronics
suite on board the DD 963 ship. It acts as a pool into which all other IPM sections can dip for
informatior ‘o aid in solving their designated problems.

The problem definition section defines the electromagnetic environment which is
described by four information categories — equipment. assigned frequencies. equipment con
nectivity, and antenna locations.

I'he interference prediction section is run when the user desices output describing
transmitter-receiver combinations most likely to cause interference

The power summary section is run when output is desired which describes power
present in cach receiver by frequency band, summed either at the receiving antenna. at the
receiver input, after receiver rf filtering, or after receiver IF filtering.

The electromagnetic radiation section is run when output is desired which describes
power density in dBm per square metre for cach prescribed frequency interval at a particula
location. This information is obtained by summing fields of all transmitters specitied i the
problem definition section.

The rusty bolt section is run when the user defines a rusty bolt physical condition on
input cards. Such a physical condition contains the rusty bolt number: the location ot the
rusty bolt; and the third, fifth, seventh. and ninth intermodulation coefficients. Fmissions
from the rusty bolt condition are processed and compared to recever characteristios to
determine whether an interterence condition exists.
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3.2 MODELING PHILOSOPHY

The IPM uses a deterministic approach in system modeling. No system parameter is
considered as a random variable.

In the IPM program, a receiver is modeled by rf selectivity data, a receiver overall
selectivity based on both the rf and IF selectivity data, receiver sensitivity, receiver intermod-
ulation data, receiver spurious response data, and receiver impedance. Basically, the 1PM
treats the receiver as a linear device by using the receiver overall selectivity. The IPM pro-
gram in its present form does not consider cross modulation, although other nonlinear
aspects of the receiver such as receiver rf saturation, recetver intermodulation, and receiver
spurious response are considered.

3.3 FLEXIBILITY

The IPM program can be used to evaluate intraship and intership EMC problems
For cach evaluation mode. IPM has tour capability options as shown in figure 3-3. These are
interference evaluation, received power summary . field strength estimation, and rusty bolt
effects. A user can run one or more of these options independently.

The IPM program also gives the option tor the user to provide his own antenna coup-
ling data instead of using the program-supplied antenna coupling models.

3.4 DATA BASE

The data base contains all communication-clectronics suites on board the D) 903 ship.

I'he equipment characteristics data for use in the IPM are obtained from the following

SOUrces:
Nominal characteristics given in technical manuals or maintenance pamphlets
Specttication data given in the Litton, Collins, or other design specifications
Spectrum signature data

Synthesis from partial or comparable data or through use of modulation spectra
algorithms

In preparing the mput data, the frequency separations (ie. Af's assoctated with emis-
sion spectrum receiver response, intermodulation data, ¢te) must be in absolute units of
frequency - tor example, MHz. They cannot be entered as a percent of tuned or base fre-
quency. Computing these Af's sometimes becomes burdensome to the user.

Ihe traasnutter emission spectrum. including modulation spectra, is specttied m
terms of dB relutive to the carrier. In the hi region ranging trom 2 to 30 MHz. at most nine
base frequencies can be used i the data base. Base frequency is used to mdicate the tuned
frequency at which an cquipment exhibits the characteristics referred to. I a transnutter s
tuncd to a trequency which talls between or outside specitied base frequencies. then the

tollowing cases are considered

L The program hinearly mterpolates between the two closest values obtamed trom

the specitied base trequencies tor the assignment ot the emisston spectrum




®  The tail of the emission spectrum curve is extrapolated past the last specified
point by assuming that the value of the last specified point remains unchanged
in the extended region.

L The program uses the nearest base frequency to assign harmonic power levels.

However, it an interfering transmitter signal occurs at a Af and coupling level ditfer-
ent from the values specified in the data base, no transmitter intermodulation power level will
be assigned. Similarly. no receiver intermodulation level will be assigned if it 1s different
from those stored in the data base.

The program supplies a limited number of algorithms to calculate the frequencies of
spurious emissions and spurious responses of the equipments used in the DD 963 ship. If the
TeCeiver Spurious responses or transmitter spurious emissions of an equipment do not fit the
algorithms contained in the program, a new algorithm must be added by the user.

3.5 NOISES AND INTERFERENCES

Generally speaking, the IPM program does not have mathematical models for noises
and interferences. Instead, it depends on the user-supplied data which are stored i the data
base for EMC analysis.

I'he IPM classifies receiver interferences into three categories: [F interference. rf
saturation, and receiver intermodulation. These interferences are caused by the emission
spectra of transmitters which consist of three components:  the carrier and associated modu-
lation sidebands. low-level noise sidebands. and spurious and harmonic emissions. Tt seems
that transmitter broadband noise. transmitter harmonics, transmitter Spurious Cmissions.
transmitter intermodulation, passive device generated intermodulations, receiver saturation,
recetver spurtous responses, and receiver intermodulation have been included in some way in
the program.

Referring to section 1.2, we can see that the IPM does not consider ambient noise,
shipboard man-made notse, recetver cross modulation, and receiver burnout.

Litton claims that the impact of nonlincar regeneration of emissions by topside struc
ture functions or rusty bolts may be assessed by using the rusty bolt section of the [PM pro-
gram. However, the user must provide the location ot the rusty bolt. Also. the coctficients
for intermodulation generation and coupling to and trom the source must be provided by
the user. From the mput data. a set of 48 rusty bolt intermodulation emisstons s created
for cach patr of transmutters. The rusty bolt emissions are then compared with the noise
threshold of the recever to determine whether interference occurs. This teature of the pro-
gram is not acceptable because of the impracticalic, of supplying the required mput data

3.6 INTERFERENCE THRESHOLD CRITERIA

For cach recever i the DD 963 class ship. some estimate of the desired signal level
expressed in dBm must be specitied for the pertormance analysis in the presence ol inter-
fering signals. The values of the desired signal tevel are provided by the user. However, f it
is not specitied, the program will use recever sensitivity as the desired signal level The user
may specify more than one desired signal level




IPM gives three interference identification tables — IF interference. rf saturation. and
receiver intermodulation. The threshold criteria for these three types of interferences are dis-
cussed below.

In determining the existence of 1F interferences., a signal-to-interference (S/1) thres-
hold should be specified. A cull matrix serves as the mechanism whereby the threshold S/l
for cach recerver-interferer pair is input to the program for use in scoring the degree of inter-
ference. Each row of the cull matrix corresponds to a unique combination of transmitter
parameters (nomenclature, power output, and modulation), while each column represents a
specific receiver nomenclature and modulation type. The entries in the matrix cells are the
required S/I for the indicated receiver-interterence pair. The values of S/I were based upon
studies published by ECAC. These values represent the S/1 at the input to the receiver second
detector required to achieve acceptable information quality in the presence of the particular
interfering modulation type specified. The criteria for acceptable information quality are
taken to be a SO articulation score for AM and FM voice transmission (A3. A3A, and I3
modulation), 177 probability of error for AM pulse (A1, A2) and FSK (F 1) digital systems.
and S0 correct performance for pulse amplitude and pulse position modulation (P9) systems
such as IFF and TACAN. Several deficiencies exist i the use of such generalized pertorm-
ance criteria. Therefore, instead of using the S/1 threshold criteria, an alternative pertorm-
ance criterion is developed which is discussed below.

The alternative performance criterion is based on total interferer energy relative to
recerver sensttivity. The criterion for interference is defined as the point at which the total
imterference power within the receiver passband causes a 3-dB or greater increase in recever
effective noise figure. This condition exists when the interference noise power equals the
desired signal level required tor a 3-dB (S + N)/N at the receiver output.

To identity the rtf saturation interterence cases, 1PM assumes that the level of signal
required at the mput to the first active rt stage to cause saturation is 70 dB above the receiver
sensitivity level. The receiver sensitivity, S is defined in IPM as

Su ==174 + "‘.\' + 10 log (BW) dBm.

where BW is the TF bandwidth in hertz and By is the receiver noise figure. By s the desired
signal level required for 3-dB (S+ NN at the recever output. Note that actually S equals
receiver notse. S s not the input level which produces a standard response of 10-dB

(S + N)/N as commonly used.

Finally. in order to identify the recewver intermodulation interference threshold.
signal level at the recerver imput to produce receiver intermodulation is specified by the user
and stored in the data base. 1t the mtermodulation frequency is within the 60-dB HE pass-
band. the levels of the two emisstons at the receiver input are compared with the specitied
threshold value. Interference will almost certainly occur if both emissions are above the
threshold level. It either emission level s above the threshold, a potential interference case
is noted and an interference message is written,

3.7 ATTENUATION MODELING AND ANTENNA COUPLING

I'he IPM program considers the selectivity and the msertion loss of filter devices. The
charactenistic data of the filter devices are supplicd by the user and are stored in the data base




The user has the option of specifying any one of the following antenna coupling
algorithms:

Far field coupling
Near field coupling

User’s supplied coupling table

For far field coupling, the Friis relationship for free-space coupling is used.

Two approaches have been taken to simulate the near field situation. The first uses
linear antenna coupling algorithms. The second centers upon integrated subaperture coupling
and is used in conjunctive development with the scattering model. The lincar antenna model
treats two center-fed antennas having sinusoidal current distributions. This model is used pri-
marily to estimate coupling losses involving large, closely spaced antenna structures in the hf
range and below. The utility of the model depends on how well these idealized antennas simu-
late the actual situation.

The integrated subaperture model considers first-order scattering effects due to top-
side structures. It provides the capability for estimating fields in the near field of aperture
and dipole array antennas in the presence of one cylindrical member and one flat plate struc-
ture, but it does not use the approach which involves numerical solution of the integral equa-
tions that describe a system of surtace currents and associated fields. It is, theretore. not
applicable to boundary value problems.

In addition to the various near field and far field algorithms, the IPM offers the capa-
bility to store and access tabular functions ot coupling loss versus frequency for specitic
antenna types. This option is useful when measured data or other off-line coupling algo-
rithms are available.

3.8 PRINTOUTS

The IPM program has four options — Interference Prediction Program, Power Sum-
mary Program, Electromagnetic Radiation Program. and Rusty Bolt Program. The outputs
of these options are discussed below.

The outputs of the Interterence Prediction Program include:

Problem specitication data

Interference summary tables which give the number of times that any transmitter,
receiver, or antenna is involved in cases of interference

Interference identification tables which consist of IF interference identitication, rf
saturation, and receiver intermodulation interference tables
The Power Summary Program gives available power at any of four points in the signal process-
ing chain on the receiver side:

At the recerver antenna output

At the receiver input

After recerver rf filtering

At the receiver T output




The power calculated may be the total power in all emissions. or it may be the power levels
in cach of a selected set of frequency intervals.

The output of the Electromagnetic Radiation Program provides the spatial power
density in watts per square metre in cach frequency interval for a specitied location. It also
provides the field strength in volts per metre in each frequency interval for the specitied
location.

Finally, the output of the Rusty Bolt Program shows the frequency and the power
level of each topside-generated intermodulation. The transmitters associated with the inter-
modulation are also indicated.

()




=

4.0 TRANSMITTER AND RECEIVER EQUIPMENT
DEVELOPMENT (TRED)

4.1 GENERAL DESCRIPTION

TRED was developed by NELC in 1971, It was intended to establish the electrical
performance characteristics required in hf communication equipments for successful opera-
tion on naval ships. TRED is a manual design procedure which is based on obtaining equality
of Quasi-Minimum Atmospheric Noise (QMAN) and receiver internal noise at the receiving
subsystem input for hf band and below. When frequency increases above 30 MHz. it is
increasingly likely that the receiver noise exceeds the external natural noise level. In this
case, TRED uses the receiver noise as an interference criterion.

As described in section 1.2, TRED follows a step-by-step design procedure to make
sure that the interference power levels are below the acceptable maximum. Figure 4-1 shows
TRED rf system design procedure. The procedure can be divided into three main steps. First,
a required antenna deficiency is established by the application of QMAN. The required
antenna deficiency is then used to determine the receiving subsystem. Second. the minimum
allowable antenna coupling is established by using the most important direct threat. Finally.
a transmitting subsystem is established such that the indirect threats are less than the
receiver noise. However, in the first step. if the natural noise power level is below receiver
noise, no antenna deficiency is required.
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4.2 MODELING PHILOSOPHY

TRED uses a deterministic approach in system modeling.

TRED does not model each functional block of a receiver. It treats a receiver as a
“black box™ which is modeled by measured data of receiver sensitivity ., receiver cross modu-
lation, densitization, receiver spurious responses, and receiver intermodulation.

4.3 FLEXIBILITY

Since TRED is a manual design procedure, it is flexible. It follows a step-by-step
development of problems and provides visibility of possible solutions to them. If a computer
program of the TRED approach is to be developed in the future, flexibility would be possi-
ble. Perhaps the computer program would be of the interactive type.

4.4 DATA BASE

TRED requires measured data and spectrum signature data. No modulation spectra
are included in the data base. At present, only limited data are available.

4.5 NOISES AND INTERFERENCES

TRED considers most ot the noises and interferences described in section 1.2 except
passive device generated intermodulation, rusty bolt, and shipboard man-made noises.

Although TRED does not address the problem of rusty bolt, an approach to it has
been developed by NELC. The approach is based on finding the strongest of the unknown
number of intermodulation contributing sources, removing it, and then repeating the process
with the remaining sources until an acceptable interference signal level is reached. The
method of identifying the strongest source of intermodulation interference in the topside
environment of a ship involves a two-frequency test procedure and the use of an elementary
direction finding technique.

A number of investigations were conducted at hf to find the normal topside inter-
modulation level. In general, third-order intermodulation is about =47 dBm for ships not
having improvement programs, when the level of transmit fundamental frequency powers
is I KW. This topside-generated intermodulation power level can be reduced to the QMAN
level as required.

4.6 INTERFERENCE THRESHOLD CRITERIA

A basic criterion is that the receiver output due to the signal-plus-atmospheric-noise
input (8 + Ny ) should not be impaired by more than 3 dB by internal receiver noise or by
any system-related interference. This condition exists when the receiver internal noise and
the QOMAN are made equal at the receiving subsystem input. The receiver internal noise is
expressed in terms of receiver noise figure, which is the level of receiver noise power with
respect to thermal noise power in dB.

)
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The QMAN levels are based on two sources: a comprehensive examination of expected
noise at many locations and for all seasons using data from the National Burcau of Standards
Noise Measurement Program: and shipboard measurements made at sea in a typical low-noise
region. The quasi-minimum values are based on judgment rather than on specific computations.

Two antenna system parameters have been established in the system design: the
antenna deficiency required to match QMAN and receiver internal noise and the transmitting-
to-receiving antenna isolation required to keep the level of impact of transmitting fundamental
power at the receiver down to the receiver internal noise level.

The basic criterion that any locally generated interference level should be less than the
QMAN level is used for the interference evaluations of spurious emissions, transmitter broad-
band noise, transmitter intermodulation, and harmonics. Similarly, receiver performance
shall not be reduced more than 3 dB as a result of cross modulation. receiver intermodulation.
desensitization, or spurious responses in the receiver caused by undesired local signals. For
cach receiver interference the allowable interfering power limit at the receiver mput terminals
is estimated from measurement data; for example, the cross modulation limitation of the
R-1051 receiver is about =10 dBm the power level of the receiver input for a frequency 2-1
from the tuned frequency of the receiver. Desensitization and receiver intermodulation
products occur at approximately the same power levels as those at which cross moduliation
occurs.

When the receiving subsystem frequency coincides with a local transmitter frequency.
there might be a problem from the possibility of receiving multicoupler or receiver damage.
Adcquate protection measures should be employed to prevent these damages.

The discussions of this section are based on the assumption that the external noise
exceeds the receiver internal noise. It the assumption is not true, then an antenna deficiency
does not exist. Nevertheless, the receiver noise is still used as an interterence eriterion

4.7 ATTENUATION MODELING AND ANTENNA COUPLING

TRED considers the selectivity and the insertion loss of filter devices. It also con-
siders the possibility of receiving multicoupler damage due to overload. but it does not con-
sider mismatch losses.

As mentioned previously, TRED uses direct threats to establish the minimum allow
able antenna coupling value. This is quite different from the approach used in the SEMCA.
IPM, and COSAM programs. These programs calculate the value of antenna coupling and
predict the power levels of direct threats and indirect threats.

4.8 PRINTOUTS
Since TRED, in its present form. is a manual design procedure. it can be used to cal-

culate the required antenna deficiency, the required antenna coupling, and the interference
power levels of various direct and indirect threats at the input to the receiver.

-
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5.0 CO-SITE ANALYSIS MODEL (COSAM)

5.1 GENERAL DESCRIPTION

COSAM has been developed by ECAC and HT Research Institute. 1t is a computer
program for the evaluation of the EMC potential of a single site which employs u large num-
ber of transmitting and receiving equipments. It is used to evaluate interactions between
communication equipments in a statistical manner. The development of COSAM was divided
into three stages: single channel uht AM voice transmitting/receiving systems were consid-
ered first, then the vht FM systems, and finally ht SSB systems.

The uht AM. vht FM, ht SSB portions of COSAM were validated in 1971, 1973 and
1975, respectively. Measurements were made of numerous interactions at the US Army
Electronic Proving Grounds: results were compared with predictions made by the COSAM
Program. For the uht AM portion, it was found that 9277 of all the cases resulted in differ-
ences between measured SINAD values (Syy) and associated mean values (Sp) of less than
10 dB. For the vhf FM portion, the result was 9077, and finally 8277 for the ht SSB portion.
Figure 5-1 shows the cumulative probability distribution of ISM - §|)i tor three portions of
the COSAM program. The term SINAD represents the signal-plus-noise-plus-interference-to-
noise-plus-interference ratio. or (S + 1+ N)/(1 + N). in dB, at the output of the recener

PROBABILITY OF EXCEEDING THE ABSCISSA VALUE

0 i i i 1 i 3
0 2 4 6 8 10 12 14
ISpg = Spl. dB

Figure 5-1. Validation of COSAM: cumulative
probability distribution of ISy, - Sp l
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The 2-30-MHz band represents a difficult analytical problem. The hf band encom-
passes more than three octaves, whereas the uht and vhi portions of COSAM consider equip-
ments whose tuning ranges involve approximately one octave. Figure S-1 indicates that the
ht SSB portion of COSAM is the least accurate one among the three portions, despite the
fact that additional efforts have been made. Since 1972, 4 three-phase hf development pro-
gram has been instituted. Phase I was the development of a coupling model which would
provide a statistical estimate of path losses between collocated, properly matched ht antennas.
Phase 11 was the development of an antenna coupler selectivity model which would provide a
statistical estimate of off-frequency rejection charucteristics of various impedance-matching
networks, when used with a variety of ht t.ansmitters, receivers, and antennas. This phase
resulted in the development of the Transmitter/Receiver. Antenna, Coupler Evaluation
(TRACE) model. The third phase was the generation of ht transmitter and receiver param-
eter values which can be used in COSAM models. The process implied a capability to model
performance of equipments for which no measured data are available, on the basis of simi-
larities with equipment for which measured data are available. On the basis of the results
of the validation of the hf portion of COSAM, FCAC recommended that the following arcas
should be investigated:

Determination of coupler, transmitter, receiver, and antenna characteristics contri-
buting to mismatch losses when frequency separations exceed one octave.

Determination of what intermodulation orders should be considered when ht trans-
mitters and receivers are collocated.

5.2 MODELING PHILOSOPHY

The COSAM program uses a Monte Carlo simulation technique (1000 samples) to
obtain a probability distribution of SINAD which represents the ratio of (S + 1+ N)/(I + N)
in dB at the output of cach receiver specified in the analysis. The procedure used to obtain
the SINAD distribution is described below.

Three variables are involved. P jis the desired signal power, P, is the ambient noise
power level, and Pj is the sum of five effective input on-frequency interference power levels
(XP;o)- Py Py and Py are random variables. The probability distributions of Py and P,
are not computed by COSAM. Instead, Py and P are assumed to be Gaussian random
variables. However, COSAM determines the probability distribution of P;.

P, is the sum of Py . Pio is the effective input on-frequency interference power
level due to a single interaction. There are five interaction types which are calculated by
COSAM for cach receiver versus the transmitters specified in the analysis. These interaction
types are adjacent signal, recciver infermodulation, transmitter intermodulation, receiver
spurious response., and transmitter spurious emission. COSAM provides equations to calcu-
late cach of the five interactions, the value of P

The parameter [S/(1+ N)|

mno-

ino I8 calculated by using the equation

[S/(1+N)| 10 logy g [Pg/(P, + EP, o)

mo 1mno

Ihis parameter is defined as the effective input on-frequency signal-to-interterence-plus-

noise ratio resulting from any of, or the combined etfects of, the five types of interactions
predicted by COSAM.




Receiver detector transter function equations are then used to convert
[S/(1+N)] ino: the input ratio, into [S/(1 + N)I . the output ratio.  The detector transfer
function depends on the modulation types of the desired signal and undesired signal.
Finally, the value of [S/(1 + N)|j can be casily transformed to SINAD as follows:

SINAD = 10 log ) [1 + 10015/ + NI 4B

In brief, one receiver is selected and an interaction table is examined to determine
which transmitters are potentially significant. Then, for cach interaction. the appropriate
P;, Py, and other parameter distributions are selected and a single value is chosen from cach
by means of a random number generator.

A single value of Py, o is computed from these values, the next interaction is consid-
ered by use of the same points, as applicable, and so on. This process is termed a “run.”
Then, for the same receiver, 1000 runs are performed. eventually resulting 1 a predicted
SINAD output distribution. Each receiver is considered in the same manner.

Next, the receiver modeling of COSAM is considered. The receiver model of COSAM
is determined by the equations which calculate Py and the detector transfer function equa-
tions. The equations for the calculation of Pj, 4 will be presented in section 5.5, In order to
account for certain nonlinearitics in the receiver, specific power break-points have been
specified in the adjacent signal and receiver intermodulation equations. For cach equation,
if the interfering power level exceeds the break-point, one constant is used: if it does not.
another constant is used. As to receiver modeling, ECAC has developed two techniques:
namely, receiver wavetform simulation and time domain simulation of digital receivers. The
results of these simulation programs have been applied to COSAM.

5.3 FLEXIBILITY

COSAM is developed mainly for interference evaluation. COSAM has the option of
using the program-supplied antenna coupling model or not.

5.4 DATA BASE

The data base of COSAM includes:

Nominal equipment data extracted from various sources.

Mean values and assoctated standard deviations. where applicable. ot the various
parameters. These parameters are used to calculate the effects of five interactions. The
parameter values are generated from spectrum signatures or from similar equipments for
which measured data are available. I a parameter is considered as a random variable. usually
it is assumed that the random variable has a Gaussian distribution.

Rules for describing frequency synthesis procedures which are obtained from techni-
cal manuals. These rules are used to evaluate trequency relationships which determme the
probable existence of transmitter spurious ¢missions and receiver spurious responses.

COSAM does not consider modulation spectra. COSAM has an adequate number of
equipments which have data stored in the data base.




5.5 NOISES AND INTERFERENCES

As mentioned in section 5.2, there are five interaction types considered by COSAM.
I'he model of cach interaction is described below. Adjacent signal interference includes cross
modulation. desensitization. saturation, and the effects of transmitter noise.

The equation for the mean value of the effective input on-frequency interference
power level from an adjacent signal is:

I I’i—,jm-+4l—,\ml’d—R\.—S)

b
1no
where

P. = input undesired power in dBm

;Sc“ = effective off-frequency rejection (due to Af) in dB

Pd = mput desired power in dBm
== v =f e . ). e e BN D
M = avalue of the slope AP,/AP 4 = 1.0 for P, <Py,
=~ roe B Pl
> 1.0 for P; Pt
R, = receiver sensitivity in dBm
Pih = a specitied interfering power break-point

Values for g, M. Py and R are obtained from equipment spectrum signature
measured data. However. it is questionable that the indirect threat (transmitter noise ) and
the direct threats (cross modulation, ete) should be represented by a single equation.

The expression for spurious respornse calculations is

> I8 - + R
Pino = (1-0) Rg+q (PyBgp)
where
P = effective on-tune interference power in dBm
P, = input undesired power in dBm
R, = receiver sensitivity in dBm
By = elfective spurious response rejection in dB
q = a positive integer which represents the harmonic of the spurious frequency

Equations are used in COSAM to determine the various receiver IF and local oscillator
(LO) frequencies as a function of tuned frequency. The spurious response tfrequency is then
calculated as a function of the IF and LO frequencies.

I'he expression to compute the spurious emission power at the receiver takes the

form
Pino P( ~Bge =B(CY) = Cyp = |
where
Pinn cftective on-tune interference power in dBm
Py transmitter power i dBm

»




eftective spurious emission rejection in dB

Il

BICY
-

off-frequency rejection due to the transmitter coupler in dB

coupling loss between transmitter and receiver due to antenna gains and
path loss in dB

tr

The value of 1 dB represents the insertion loss of the recetver coupler.
The transmitter intermodulation power is given by the equations:

5. - D) - 3 R R —Bvr
Pim = mP, +n(P; - ,)) —Kp, , — vt
and
)4 = —
Pino = Pim -BLCy l
where
Py = power level of the IM product at the transmitter at frequency fj,, in dBm
P = output power level of the victim transmitter signal at f in dBm
¢ = received power level of the mterfering transmitter signal at f; in dBm
B = off-frequency rejection. a function of frequency difference between f and
f; and the victim transmitter output selectivity . in dB
m.n -~ transmitter conversion loss term for the m#n order case
J\r = oft-frequency rejection, a function ot the ditterence between f, and I'l. where
f, =ty and £ is the tuned frequency of a victim receiver. in dli
m.n integers
= FR

Vilues for K» 1- K3, and |\4 1 have been computed from spectrum signatures
he receiver intermodulation power is:

> ' o > 8 . 3. . «
Pino = m(Py = Byp) +n(P; = B;) = Ky  (or K’y 1)
where
P. = power of the imtermodulation product produced in the receiver i dBm
no
m.n Somtegers
l’\‘.l’i power level of undesired signals in dBm
';\r' p'”. = off-frequency rejection. a tunction ot the difference between undesired
frequencies and receiver tiaed frequency (£.); where to = L., in dB
tr mt,, - nli
K! = receiver rt amphitier conversion loss. K is used it P, oand P, are greater
m.n m.n \ 1
. ) M . sl )
than | ibk (imterfering power hreak-poimt)
. o = 5 . % ) ) . N
*\m.” first mixer conversion loss I\m'” I8 used it erther | Lot | LIS not ereater

than P!"}\

Values of Ky o Ko oKy soand Ky g for the first mixer.and K0 R5 10Ky yand
Kf; for the ot amphitier, as well .|\,| CUrves. || wve been computed trom \"\\Hlllll S1gn iure
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data. Note that in the computation of Py . parameters Py, P P Py R B gy B Bees Byis
Byp Bips Cipe Ky e and K7y ) are considered as Gaussian random variables.
COSAM does not treat passive device generated intermodulation, rusty bolt. ship-

board man-made noises. and receiver burnout.

5.6 INTERFERENCE THRESHOLD CRITERIA

I'he COSAM model computes the statistical distribution (ie. histogram) of SINAD.
I'he user has to set a SINAD threshold value which is based on an articulation score measure
I'he COSAM model then computes the probability of exceeding this threshold value. This
gives a numerical score upon which the seriousness of degradation to a system is determmed.
A threshold value of SINAD which gives an articulation score of 0.7 is commonly used. For
example. a SINAD of 10 dB is used in the ht SSB portion of COSAM

57 ATTENUATION MODELING AND ANTENNA COUPLING

COSAM considers the selectivity . insertion loss, and mismatch loss (by using the
I'RACE program) of filter devices. Various algorithms are provided for the calculation of
antenna coupling loss.

Ihe COSAM program has two options for describing attenuation of filter devices
I'he first assumes that the off-frequency rejection loss, S(C) . due to antenna couplers s that
of N cascaded single-pole Butterworth bandpass Tilters. The second permiits the user to mput
any set of rejection values describing losses between transmitters and assoctated antennas as
well as receivers and associated antennas.

In general, hi antennas are not matched to the transmitter (or recerver) and transniis-
ston line over much of the ht band. The presence of a coupler or matching network will
improve the match at the tuned frequency and will contribute to the rejection characteristios
at frequencies distant from the tuned frequency .

The TRACE program. developed by FCAC, provides a statistical distribution of the
rejection characteristics of any transmitter (or receiver) and antenna combination, mcluding
the effects of associated couplers and transmission lines. In many antenna apphications.
uncertainties exist in the lengths of the transmitter-to-coupler and the coupler-to-antenna
lines. The statistical distribution of the rejection charactenstios is generated i TRACE by
allowing the line lengths to vary over specitied ranges. turning the coupler and calculating the
various losses at the frequencies of interest. The results of TRACE can be used by the COSAM
program.

COSAM calculates the antenna coupling loss by one of two methods depending upon
the co-site installation. It a ground or ship installation is being analyzed. one method 1s used
If, on the other hand. the installation is an aircraft, a second method must be used. The
method tor the ship imstallation is described below

For the uht AM portion of COSAM. the statistical expression tor the calculation ot

antenna coupling loss is

Ch -G 1) = GE2) = 44 =50 sin=@ + 20 (1 + sin=0) logy ytdt)




('p = mean coupling loss between antennas | and 2 i dB
GDLGE2)Y = gains in dB of antennas 1 and 2. respectively

d distance between antennas in feet
f = frequency of transmitted signal in MHz
0 - vertical angle between antenna positions in degrees

The statistical distribution of antenna coupling loss is assumed to be Gaussian and a value of

standard deviation is supplied.
For the vht FM portion of COSAM. the expression ('P I8

1. 3 . ;4 < |
(p = =G(1) =G =37 =60 sin= 0 + 20 (1 +sin~ 0) log(d) + 14 P (1 —sinb)- .
where Pis polarization tactor 1 for cross polarization. 0 otherwise. Again. antenna coupling
loss is assumed to be a Gaussian random variable and a value of standard deviation is supplied
by the program.

Ihere are various expressions of C | for the hit portion of COSAM: the models are

p
listed as tolfows:

CONFIGURATION  MODLEL

Whip-to-whip (.I‘ = —_‘(;““”, + MAX [l ES» l,(;“.l
+ sin~0 ]—su + 20 log m]
Whip-to-dipole ('P = =GwHip — (;l)”)()[ E ™ MANX Il ES- l.(;“-]
+ \m30 [—i() + 20 log I'Lll + 14 l | - \mUI 2 '

Dipole-to-dipole (equal heights)

p;lr.l”t‘l orientation @ 3 = —_‘(ll)”)()l E + \1\\ | I'S: l('\\ l

I
perpendicular ('P = =2Gpporr P MAN (LG Bow l + 14
orientation
end-to-end ( p —:(;””)()] Bt MAN | ES- \ (;“]’ 20 log td - 50
orentation
45 onentation (.V —.T(;l)“b(”l + MAX l’\l(,\\l + 3

where MAX \l ES; l.(;“vll\ the Larger of the two losses caleulated by
| ES ~37 4+ 20 log ¢d

and

Low = =14 = 1S Tog hphy + 40 1og d (1.

' ' - s
h T hy are “effective”™ heights, given by
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where
h is the structural height (relative to the feed point) in feet. and

hu is the minimum effective height in feet.

The tormulas tor h, apply to the type terrain considered in the test.

log hy, = 15logf+345if 1 <f< 20MHz
= —13logt+ 3.2if t > 20 MHz for vertical polarization
h, = 01t > | MHz for horizontal polarization
Cp = mean coupling loss between the two antennas in dB
Gwriip = gain of a whip antenna in dB

Gprporp = ean ot adipole antenna mn dB

d = distance between antennas, in feet
| = frequency of the transmutted signal, in MHz
0 = vertical angle between antenna positions in degrees

5.8 PRINTOUTS

COSAM provides three numerical scores: namely. the upper pertormance score (UPS).
the system pertormance score (SPS), and the relative performance score (RPS). UPS is the
probability of providing adequate performance if no interterence is present. UPS is calculated
by an analytical expression. SPS is the probability of adequate performance in the presence ot
interference. SPS is obtained by the application of Monte Carlo simulation. RPS is the ratio
of SPS to UPS. The criteria for adequate pertormance are determined by the user when he sets
the threshold values of (S+N)/N and (S+I4N)/(14N).

After the computation of cach receiver’s degrading scores, a printout is given summariz
ing the results of the interference analysis. The average I’”10 values for cach interterence situ-
ation are provided. A plot of the SINAD distribution is also printed




6.0 OTHER LESS APPLICABLE TECHNIQUES

6.1 IEMCAP

[EMCAP was developed by McDonnell Aircratt Company for Rome Air Development
Center. It is a computerized analysis program for the implementation of EMC at all stages ot
an Air Force System’s fife ¢ycle ranging from conceptual studies of new systems to field
modification of old systems. IEMCAP provides four analysis capabilities: namely. specifica
tion generation, waiver analysis, design change evaluation, and tradeott analysis. The program
performs the following tasks:

It generates EMC specifications to supplement or replace MIL-STD-40 1 or MIL-I-0IN 1.

[t assesses the impact of these specifications.

It determines the effect of design changes and evaluates the feasibility of new concepts

It provides information on design parameters that assist the EMC and design engineers
in establishing a compatible system design and in making tradeott decisions.

The program is applicable to ground, aircraft, and space/missile systems. [t scems that
[EMCAP may be able to analyze a shipboard EMC situation as well by using the mode ot u
ground system.

The main features and limitations of IEMCAP are Listed below:

It uses a worst-case deterministic approach.

A receiver is modeled as a fincar device which is represented by a susceptibility curve.
The nonlinear effects of the receiver. such as receiver intermodulation and cross modulation.
are not considered in the program. It also does not consider transmitter imtermodulation.

The receiver detector model is based on the assumption that the summation of all
interferences can be represented by a Gaussian noise. The transter function of the detector
relates the signal-to-noise ratio (SNR) of the input to the detector and the SNR of the output
of the detector, where noise is assumed to be Gaussian.

The interterence threshold criterion is determined by standard receiver sensttivity and
the detector transter function which gives an acceptable SNR for a specitiecd modulation type
of desired signal.

IEMCAP considers the modulation spectra of tundamental trequency and harmonies
of transmitters.

Coupling models consist of cable-to-cable coupling, direct coupling tcommon mped
ance). antenna-to-antenna coupling. cable-to-antenna couphing. ficld-to-cable couphing. and
case-to-case coupling. A user must use the program-supplicd coupling models. For example.
there 1s no option for the user to use his antenna-to-antenna coupling data.

Only one filter can be simulated between the transmitter (or receiver) and the asso-
crated antenna.

IEMCAP does not consider mismatch loss and transmission line loss

For use in conjunction with ITEMCAP there will be a series of supplemental modets
that will provide additional analysis for atrcraft stores, electroexplosive devices and subsys
tems, lightning, magnetospheric substorms, and static electricity




Nonlincar and EM/near-fields analysis models — which will characterize the input
output relation to nonlinear circuits, EM/near-field interactions, and antenna and apenture
coupling  are being developed for oft-line use.

The program is being validated. The results of the validation will be available within
8 months.

6.2 COSIM-I1

The COSIM-1 program was developed by II'T Rescarch Institute to identity the poten-
tial interference problems between transmitter-receiver pairs. For cach transmitter-receiver
pair, COSIM-1 examines the transmitter fundamental and up through the twelfth harmonic
emission. Interference is said to result whenever a transmitted signal has been found to
exceed the interference threshold for a receiver in the system. The interference threshold
is determined by the sum of receiver sensitivity and the margin M. which is an input param-
cter specified for each receiver.

A primary assumption of COSIM-1 is that the receivers are linear. Receiver response
is taken to be proportional to the magnitude of the signal: ie. nonlinear effects such as over
loading, saturation, and intermodulation are not considered. Other important EMC-related
parameters not considered by COSIM-1 are transmitter broadband noise. transmitter inter-
modulation, and spurious emissions. Rapid analysis is considered to be one of the prime
objectives of the COSIM-1 program. Unfortunately. it results in an oversimplitied evaluation
of the potential interference in a given electromagnetic environment.

6.3 ISCAP

ISCAP was developed by Sachs/Freeman Associates and has been used tor solving
wire-to-wire coupling problems, among other things. It was designed tor general intrasvstem
compatibility analysis which includes:

MIL-STD-469, check of radar design characteristics

MIL-STD-188B. check of communication equipment design parameters

Spectrum overlap and interference potential from transmitter fundamental. harmonic.
and spurious emissions

Interference potential through receiver spurious. intermodulation. and cross modula-
tion responses

Interterence potential due to receiver local oscaittator radiation

Interference potential due to radiation from cables, cases. and antennas coupling

into nondesign receptors.,




7.0 SUMMARY OF COMPARISON

7.1 TABLES OF COMPARISON

Tables 7-1 through 7-7 compare SEMCAL IPM, TRED. and COSAM with respect to
the aspects of modeling philosophy ., tlexibility, data base. noises and interferences. inter-
ference threshold criteria, attenuation modeling and antenna coupling. and printouts. The
comparisons are based on the discussions presented in sections 2.0 through 5.0.

7.2 SUMMARY AND CONTENTS

The main features and limitations of SEMCA . IPM. TRED, and COSAM are sum-
marized in tables 7-8 through 7-11. These tables are also based on the discussions presented
in sections 2.0 through 5.0.

TABLE 7-1. PROGRAM PHILOSOPHY'.

Deterministic or Statistical Approach Recerver Modeling

SEMCA

Incomplete statistical approach Detailed model of each receiver functional

® (Constder only mean value and 0 but block
not D
IPM ® Deterministic approach ® Use sensitivity. rf selectivity. and IF selec-

tivity of receiver

®  Also use data of RX, M. and spurious

response
TRED ® Deterministic approach ® Use receiver sensitivity and measured data
of cross modulation, desensitization. et
COSAM ® Statistical approach ® Mathematical models of adjacent signal

effects. spurious responses. and intermod

ulations

® Use Monte Carlo simulation to get ® Summation of interference power levels
histograms of (S + N)/N and
(S+1+N)/(1+N)




TABLE 7-2. PROGRAM FLEXIBILITY.

® Three interference evaluation modes
® Four subproblems (Cull 3, Cull 4, frequency selection, coupler main)
SEMCA ® (hoice of whether detector processing be done
® Option of using program-supplied models or not
® Option of printouts
® Three Interference evaluation modes
IPM ® bour subproblems (interference evaluation, RX: power spectral density : field strength: and
rusty bolt)
® Option ot using program-supplied antenna coupling model
® TRED follows a step-by-step development of problems with visibility of possible solutions
TRED and can be used to examine parts of problems
® A computer program is yet to be developed
COSAM ® Muainly for interference evaluation
TABLE 7-3. DATA BASLE.
Item SEMCA IPM ITRED COSAM
Limited ship-field measurement vV
Spectrum signature data or
4 < o > » /
= laboratory measurement vV vV N v
= g
) Synthesis trom partial or
5 comparable data VA v v/
bd
v
s S5
= Nominal characteristic given in
# manuals or specifications vV
Analog model Va
Modulation spectra v
Complexity and ditficulty of complex complex relatively complex
preparing data difticult simple
Number of equipments which have many DD 963 limited some
dati steied in the data base cquipments
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TABLE 7-4. NOISES AND INTERFERENCES.

Item SEMCA IPM TRED COSAM
TX broadband noise model or data data data considered as
considered direct threat
as “‘noise”
2 | TX harmonics data data data included in
bl .
g spurious
= missions
2
= | TX spurious emissions data model (freq) data model
3 :
= considered data (PWR)
= occasionally
2
d
& | TX intermodulation model or data data may data model
cause direct
threat
Passive device generated IM none data none none
= Ambient noise (atmospheric) model or data none maodel model
g _
= 2 Z|Rusty bolt none model none nong
3 59 -
3T = impractical
o Shipboard man-made noise none none none none
RX internal noise (noise figure)| data data data data
2 |RX cross modulation data o none data muadel
a model not sure [
e
9
2] ’
2 £ {RX desensitization, data model data i model
< 2 [saturation, or overload questionable recuired
= FCHE AR
£ [RX spurious response data o1 model (treg) data maodel
@
3 model not sure data (PWR) required
5
i RX intermodulation muodel or data data data of model
o requited
RX burnout none none data none




TABLE 7-5. INTERFERENCE THRESHOLD CRITERIA.

MIXER

DETECTOR

IF Output or Input 10
Input to Rf Stage Detector Detector Output
Power cull criterion is Related to sensitivity S/Nand SN +1)
SEMCA receiver noise-15 dB S/Nand S(N + 1) tor Articulation index (Al)
Adjustable by user BER of 2.5 X 1077 01 0.7.0.4
Saturation level 1s User sets S/1 for AS of
sensitivity +70 dB 0.5 (=042 of Al) and
BER of I X 107 or sets
User sets IM level S/1=0dB
IPM ) g
When S not specitied
assume S = sensitivity
Interference < sensitivity
Interference < receiver noise
IRED : . ,
QMAN < receiver noise
User sets threshold
COSAM values of S/N and
SIN+X 1)
TABLL 7-6. ATTENUATION MODELING AND ANTENNA COUPLING.
Item SEMCA IPM TRED COSAM ‘g
o | selectivity Vv V4 vV \
E insertion loss Vv NG N \
__:_5: mismatch loss Vv \
™ | transmission line loss optional \
Antenna Coupling SCAPS model far field establish a various
ground wave near field requited antenna algonthms :
line of sight user’s data coupling value
on-board
coupling




SEMCA

TABLE 7-7. PRINTOUTS.

Printout of desired signal and interference power summary at various receiver stages
Major noise (receiver noise, ambient noise, or transmitter broadband noise)
Articulation index or BER for each interference

Receiver performance is graded as acceptable, marginal. or unacceptable, according to
cach Al or BER

Detector input SNR margin for acceptable performance

Degradation due to cross modulation and desensitization

Frequency assignment

Coupler rejection characteristics, Smith Charts of antenna impedance data or TX/RX
impedance data

IPM

Interference summary

Interference identification (IF interference, f saturation. and RX intermodulation)
Power spectral density at various RX stages

Field strength at a specified location

Interference identification due to rusty bolt

TRED

Manually calculated to meet user’s needs

COSAM

Upper performance scope (UPS). Prob ES + N)/IN> l|nc\hn|d]
System Performance s-ore (SPS). Prob ES +1*NY(1+N)> anxlmld]
Relative performance score (RPS). SPS/ UPS

Average power level of each interference

Histogram of (S+ 1+ N)/(1 + N)




TABLE 7-8. SUMMARY AND COMMENTS

Muin features

SEMCA.

Limitations

Detailed receiver modeling ® Incomplete statistical approach
® Llexible (freq assignment, math models. and @ Use analog model to get data
rintouts)
! @ Insotficient spunious enission data
® (onsider most of the important noises and
o Eitl ll | I d ® Docs ot consider the effects of passive device
interferences. Either models or data are use
i ; . : generate d ML rusty bolt, and man-made nowse
® Receiver notse. ambierit noise, and transmitter
g y : ® Antenna coupling algortthm is questionable
broadband noise are considered as noise
I | , | il The program-sapplied antenna coupling algo-
® [nterterence means the undesired signal whose
¢ by | : 7 | & i rithm must be used. No option tor using
frequency is exactly the same as the receiver )
SHEURIL S TSt = he ® il user-supplied data or model
tuned frequency. Cross modulation and de-
. ) ) . » Yt N
sensitization are not called interferences and Program is not user interactive
are constdered separately
® Threshold value 1s related to Al and BER
® Nowses and each interference give an Al or
BIR
® {0 have an acceptable system, each Al and
BER must be acceptable
® (Constder mismateh loss and transmission line
loss
® (Consider AGC ettects
TABLL 7-9. SUMMARY AND COMMENTS IPM
Mamn features Limitations
® [terministic approach ® Incomplete receiver modeling (does not con
. - sider cross modulation, fixed RN Suturation
® (alculate tic!d stiength at a specitied location der cross modulatic Sl s
level 1s not adequate)
® (onsider modulation spectral
® Does not constder atmospheric noise and man
. . . v . Sped
Emphasis on the manual treatment of spectrum made noise
by user
® Rusty bolt program is impracticable
® [fas some spurious emission and spurtous respornse : M
® Lrequency must be in 7
.II}J“I”IIIII\ aquency mi (S i}
® Duta base has DD 963 equipments onlv. [tis
complicated to establish data base for a new
cquipment
® Program 1s not user mnteractive
® Docs not constder nusmatch loss
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|
|
E

TABLE 7-10. SUMMARY AND COMMENTS ~ TRED.

Muain features

Limitations

Deterministic approach

Lvaluate each noise or interference separately
Use RX noise and quasi-minimum atmospheric
noise as threshold criteria

Flexible

Use empirical data

Calculate the required antenna coupling value

TABLE 7-11. SUMMARY

Main features

Incomplete receiver modeling

A computer program is vet to be developed
Limited empirical data

Does not consider the effects of passive device
generated IM. man-made noise, and rusty bolt

Does not consider mismatch loss

AND COMMENTS - COSAM.

Limitations

Statistical approach

Threshold value may be related to Al and
BER

Summation of interference powers generated
by all transmitters

Noises and interferences are modeled
mathematically

Consider mismatch loss by the application of
an off-line program called TRACI

Consider transmitter broadband noise as a
direct threat

Not applicable to a receiver which has unde-
sired signals with different modulation type

Only uht AM. vhf FM. and hf SSB systems
have been considered

Antenna coupling algorithm is questionable
Does not consider the effects of passive gen-
crated IM. rusty bolt. and man-made noise
Program is not user interactive

Need a contidence interval for the System
Performance Score




8.0 PRELIMINARY EVALUATION

8.1 INTRODUCTION

This section presents a preliminary evaluation of the existing system interaction analy-
sis techniques. The final evaluation wili be reported subsequently to the sample problem exer-
cise and empirical investigations scheduled for completion at the end of the 1976 transition
quarter.

The evaluation concentrates on the development of a system interaction analysis capa-
bility for communications. To analyze a proposed system design means not only to predict
the preliminary system performance but also to identify any possible deficiencies in the design
On the basis of the results of the analysis, a designer can either find feasible solutions to the
problems identified or make tradeoff decisions. It is hoped that the design goal of acceptable
system performance can be reached through the iterative utilization of the computerized
analysis program and the engineering judgment of the designer.

Once a system interaction analysis program has been developed. in addition to the
design of a new ship, it can be used for other purposes such as:

Development of equipment specifications
System proofing tor ship class design and acceptance test
Modification of existing systems during ship modernization

Development of general frequency management guidance

This evaluation will be made in terms of modeling philosophy, flexibility data base.
noises and interferences. interference threshold criteria, antenna modeling and at  nuation
modeling, and printouts.

8.2 MODELING PHILOSOPHY

There are three steps in the process of designing an acceptable new system: the pre
diction of preliminary system performance, the identification of system deficiencies. and the
climination of these deficiencies. Usually these design steps are repeated many times before
a final design can be reached. Thus, time and cost are important factors to be considered in
the development of i system interaction analysis program

Ihe statistical system modeling approach requires a great deal of computer time
especially when Monte Carlo simulation is performed. On the other hand. the worst-case
deterministic approach is rapid and cost-cftective

A detailed receiver modeling is not necessary during the process of designing a new
communication system. The receiver modeling approach used by TRED is rapid and cost
effective.

However, when an acceptable preliminary design is obtained. there is a need to evalu
ate the desizn more thoroughly. The purpose of this evaluation is to predict the final svstem
performance. In this system performance prediction program. the statistical system model
ing approach and the detailed receiver modeling should be used. The final system pertorm
ance will be expressed in terms ot articulation index for voice communication and bit error

N




rate for digital communication systems. An approach similar to SEMCA is suitable for this
purpose. The SEMCA type approach would also be useful for the other four purposes listed
in section 8.1.

8.3 FLEXIBILITY

During the system design stage, a highly flexible analysis program is needed by means
of which the user can interface with the computer to predict interferences. to dentify
deficiencies, and to make tradeoft decisions.

An analysis program is envisioned which is comprised essentially of a loosely con-
nected library of subprograms or routines programmed on any large-scale digital computer
accessible from a time-share terminal. The subprogram 1/0 formats would be designed so that
the output of one program is acceptable as input to another, thus allowing the user to select
the appropriate subprograms to build an overall computer program to handle end-to-end
mutual interference problems.

Additionally. the subprograms could be utilized as stand-alone models to allow the
user to isolate any particular aspect of a larger problem. The flexibility and time savings
afforded by this approach make it particularly useful in parametric studies: that is. observing
the reaction of a selected parameter as a function of controlled changes in one or more vari-
ables, with the remaining variables held fixed. For example. the program would be casily con-
figured by the user to perform analyses of the type accomplished in the TRED studies of hi
communications.

A performance prediction program is required mainly for the final system evaluation
It is not necessary that it be interactive, but it may have various input-output options.

8.4 DATA BASE

['he data base of the proposed computer programs can be obtained trom those of the
existing computer programs such as SEMCA L IPM . and COSAM and that of TRED. However
the accuracy of the data is important, and the data need validation. The validation of the
data should be determined by other continuing ctforts.

8.5 NOISES AND INTERFERENCES

Topside~gencerated intermodulations (rusty bolt) and passive device generated iter-
modulations are two very important sources of interferences. Unfortunately. the state of
the art does not permit the simulation of these two effects on a digital computer satistactorily

Empirical investigations currently carried out at NELC will give insight to the prob-
lem of intermodulations, immcluding passive device generated imtermodulations, transmattes
intermodulations. and receiver intermodulations. The results were scheduled to be reported
at the end of the 1976 transition quarter.

FCAC 1s addressing the shipboard man-made noise problem during the 1976 trans
tion quarter. A decision concerning whether the man-made noise should be mcluded in the
analysis program will be made at the end of the FCAC eflort.




For the analysis of the aircraft EMC. IEMCAP treats the interferences which are the
results of cable-to-cable coupling and equipment case-to-case coupling. However. at the
present time, it is assumed that these interterences will not be significant in the case for the
shipboard EMC analysis.

8.6 INTERFERENCE THRESHOLD CRITERIA

Since no detailed receiver modeling is necessary tor a system interaction analysis pro
gram which is used during the system design stage, an interference threshold cnterion should
be set at the input to the receiver. A threshold criterion which is related to recever sensitivity
should be used.

However. for the system performance evaluation, interference threshold criteria may
be set at the detector output or input. The threshold criteria depend on the modulation types
of the desired signal and the undesired signals. This enables system performance to be
expressed in terms of articulation index or bit error rate.

In order to predict system pertormance, SEMCA and TRED consider the power level
of each interterence type separately; COSAM adds the power level of varous interference
types: [IPM and IEMCAP use the power spectra density curve and calculate the interterence
power for a specified frequency range.

Although the calculation of the interference power by the integration of the power
spectral density function over a specified frequency range is mathematically sound, it does
not identify the type of interterences. During the system design stage the design engineer
needs this information. With the interferences identified. he is able to chimunate deticiencies
or to make tradeoft decisions.

As to the calculation of signal-to-interference-plus-noise ratio in dB. the sum ot
various interference power levels can usually be approximated by the largest interference '
power level. Thus. in practice, the approach of considering cach interference separately is
preferred. Additionally, the approach will be more rapid and cost-effective

8.7 ATTENUATION MODELING AND ANTENNA COUPLING

Some of the antenna-to-antenna coupling algorithms used i SEMCALUIPM  and
COSAM are not adequate. Antenna modeling algorithms developed under Task T and Task
I1 of the ITEMA project can be run off-line. These state-of-the-art antenna modeling tech
niques consider the interactions among various antennas and many different obstacles and
objects of various geometrical shapes and sizes which exist aboard ships. The results of these
newly developed antenna modeling algorithms will be used s the input data to the proposed
system interaction analysis program

I'he attenuation modeling needs turther study. Tt includes the selectivity of tilter
levices, mismatched losses. insertion losses. and the effects of cable lengths

It is common practice to publish selectivity charactenstics of tilter devices ot the
receive system with data measured with both generator and load impedance ot 50 ohmes at
all frequencies. However, in the receive system the SO-ohm impedance is provided at the
desired signal or receive frequency . not at the direct threat frequency (e, transmitter tre
quency). In fact, the protection against the threat is derved from the departure of impedanc

at the transmit frequency from SO ohms. Therefore, m the receive system, source and load




impedances of the various equipments ahead of the receiver are not SO ohms at a direct threat
frequency. The actual degree of protection against the direct threat can be significantly
greater or less than the published values. Similarly, when indirect threats are considered.

the actual selectivity characteristic of the filter devices of the transmit system can be signifi-
cantly different from the published values.

When a standard spectrum signature is measured (eg, MIL-STD-449D spectrum sig-
nature), it is made with the transmitter feeding rated fundamental frequency output power
into a S0-ohm dummy load. Since the transmitter source impedance varies with departure
from the fundamental frequency, such measurements are accurate only as an indication of
power delivered to a SO-ohm load. At frequencies tar removed from the fundamental fre-
quency, such as harmonics, the mismatch between source and load impedance is very signifi-
cant. In fact, the transmitting system will not provide a 30-ohm load to the transmitter at
all frequencies. The magnitude of the mismatceh is a function of cable length. In many cases
the cable lengths are not expected to be known precisely.

8.8 PRINTOUTS

he printouts of the system interaction analysis program should predict interference
power levels at the mput to the receiver and the preliminary system performance

[he printouts of the system pertormance evaluation program should predict the find
system performance in terms of articulation index or bit error rate.




9.0 CONCLUSIONS AND RECOMMENDATIONS

9.1 CONCLUSIONS

The existing electromagnetic system interaction computer programs — namely. SEM
CALIPM, and COSAM — are suitable for the mterference prediction of a final system design
I'heir main features and hmitations are summarized in tables 7-8, 7-9, and 7-11. respectively

FRED is a manual design procedure for the design of shipboard communication sy s-
tems. Its main features and limitations are summarized in table 7-10.

9.2 RECOMMENDATIONS

A rapid and cost-cftective system interaction analysis program is needed during the
design stage of shipboard communication systems. A program is envisioned which has the
following features:

1. The program is rapid and cost-cftfective.

2. The program is based on the design philosophy used by TRED

&) I'he program uses a deterministic approach and does not need detailed receiver
modeling.

4. The program is user-computer interactive and accessible from a time-share term

mal of a main-frrame digital computer.

5 I'he data base of the program can be obtained trom those of the existing com-
puter programs such as SEMCAL IPM, COSAM, and that of TRED. The data need validation

6. The program considers all important notses and interterences which can be sim
ulated satistactorily on a digital computer.

7. The program sets the interference threshold criteria at the input to the receiver
I'he interference threshold eriteria are related to the receiver internal noise

8. State-of-the-art attenuation modeling and antenna coupling algorithms should
be used. The algorithms may be run oft-line, it necessary.

9. I'he printouts of the program should indicate any possible deticiencies of the
system and predict interference power levels at the imput to the receiver.,

When an acceptable preliminary system design is achieved. the outputs ol the program
can be used as a part of the mput data to a system performance evaluation program he sys
tem performance evaluation program will require a statistical approach and detaited recever
modeling. System performance can be expressed m terms of articulation mdex or bit errot
rate
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