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SPreface

The purpose of this study was to develop a microcomputer-

based engineering workstation for the analysis and design of

digital satellite links. While there is lots of software

for performing link budget analysis already on many

mainframe computers, it is not particularly convenient for

engineers doing real-time design work. There is also some

software available for personal computers, but it exists

largely as a poorly-documented hodgepodge of machine-

dependent code developed by various organizations for their

own specific purposes. I perceived a need for a

transportable package of link analysis software which could

run on a wide variety of personal computers. I decided to

design my software for the IBM PC, since it represents by

far the largest class of compatible machines.

As far as coding goes, I needed a programming language

that had a good set of color graphics commands, as well as

one that could be obtained at low cost. The obvious choice

was Turbo Pascal.

I would like to thank Major Dale Hibner for his valuable

advice and assistance in the planning and development of

this rather massive undertaking. I also wish to thank my

wife Pookie for graciously allowing me to put the color

monitor on VISA. Now, about that Winchester drive .....

William C. Jackson
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ABSTRACT

The product of this -r is a comprehensive

and integrated software package for the analysis of digital

satellite links. The system is designed to run on the IBM

PC, and should also run on most compatibles.

The system performs three basic classes of functions:

satellite orbital analysis, antenna gain pattern plotting,

and link analysis. The first classioe functions includesI

the computation of such quantities as velocity, orbital

period, and coverage area for satellites in circular and

2elliptical orbits. The second class./f functions is

concerned with plotting the gain patterns for horns,

helixes, parabolic reflectors, and phased arrays of

dipoles. The last class-of functioffF represents the major

thrust of the system, and entails computing such items as

the G/T figure of merit, received useful power, carrier-to-

noise ratio, bit error rate, maximum data rate, and power

margin. Inherent within this class are mathematical models

for computing the attenuation due to rainfall and

atmospheric absorption.

The link budget itself appears as a color-coded display

with two columns: one for the uplink path, and one for the

downlink path. The user also has the capability to change

certain key inputs, and then have the system automatically

recompute the entire link budget with the modified data.

vii
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DEVELOPMENT OF A MICROCOMPUTER-BASED WORKSTATION FOR

ANALYSIS OF DIGITAL SATELLITE LINKS

I. INTRODUCTION

Orbiting communications satellites play a vital role in

information transmission well beyond line-of-sight. One

frequently hears the satellite transponding process

described as "bouncing" a signal off of a satellite. This

is really a misnomer, since modern communications satellites

are a far cry from the early ECHO series passive reflector

satellites. The transponding process is actually an active

one, and consists of two distinct components: the uplink and

the downlink. The uplink signal is transmitted from a

ground station to the satellite, where it is translated in

frequency and re-transmitted as a downlink signal to another

ground station. The link itself can best be described as
the total transmission path from the first ground station

transmitter, through the channel, to the receiver at the

second ground station. This includes all the modulators,

transmitters, receivers, demodulators, and antennas both on

the ground and onboard the satellite. The channel is the .

total electromagnetic path connecting a given transmitter-

receiver pair, and includes the atmosphere as well as free

space. 4
In a typical satellite communications link, the received

signal may degrade in one of two ways: through a loss in

desired waveform power, or through the addition of noise to

the signal. Losses occur when a portion of the signal is

1
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diverted or reflected from its intended route, or is

attenuated along its intended route. Noise arises from

unwanted signal energy being injected into the link, or from

thermal noise generated within the link. In a typical link,

free space propagation loss is the single largest loss in

signal power. Prominent sources of noise include the

internal noise of receiver amplifiers and feed lines, as

well as the noise introduced by receiving antennas.

One of the most important tools available to the engineer 4

involved in the design and analysis of communications

satellite links is link budget analysis. A system link

budget is essentially a balance sheet of gains and losses.

It is comprised of a detailed listing of transmission and

reception sources, noise sources, and signal attenuators as

measured along the entirety of the link. A good part of the

link budget is derived from the calculation of received

useful power. Link budget analysis is basically an

estimation technique for evaluating communications system

performance. Link budgets are especially useful for the

following (10:1-3):

I. Determining hardware constraints

2. Predicting system performance

3. Discovering system design flaws

4. Experimenting with various design tradeoffs

5. Predicting system availability

6. Highlighting system nuances

7. Searching for an optimal design

2
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The primary purpose of this research effort is to develop

a comprehensive set of software routines for performing link

budget analysis, and to integrate them into a transportable

package for use on a personal computer. Secondary goals

include developing software to compute various satellite

orbital parameters, as well as software to plot antenna gain

patterns. This software in effect turns a personal computer

into a dedicated satellite link analysis workstation.

It is assumed that the user has at least a cursory

knowledge of digital satellite communications, and is

familiar with link budgets. While this project might well

be useful as a learning tool, it is not intended to be a

tutorial for the novice. No particular knowledge of the

software is required to successfully run it, since it is

largely menu driven. However, a user's manual is included

as Appendix A for those seeking more detailed information.

It is also assumed that the user's machine is an IBM PC or

compatible with 128K of memory, at least one floppy disk

drive, and a color monitor.

Several other technical assumptions were made regarding

the link:

1. All noise is thermal additive white gaussian noise,

with a flat power spectral density of N 0 for all

frequencies of interest.

2. Signal bandwidth is taken to be equal to noise

bandwidth.

3. The mathematical models for computing atmospheric

and rainfall attenuation neglect such ubiquitous

3 %
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factors as polarization losses, ice crystal effects,

multipath propagation, and atmospheric scintillation.

4. No provision is made for error-correcting codes.

5. Pulse shaping techniques are not taken into

account, so information transmission is subject to the

constraints dictated by the Nyquist/Shannon criteria.

In a software project of this magnitude, it is necessary

to use a highly structured design methodology. The first

step is to establish an initial set of system requirements,

recognizing that these requirements are fluid, and subject

to updating as development proceeds. It is important to

generate specific and meaningful requirements before any

software design takes place, so that the requirements will

drive the design, and not vice-versa. Once this is done,

the overall system architecture must be defined. This step

establishes the primary conceptual issues upon which the

rest of the system is based. In addition, the software

modules comprising the system are identified. Next, the

detailed design is accomplished, where the software modules

themselves are designed. It is at this level that
fundamental algorithms and data relationships are defined.

Finally, the completed software must be validated through a

comprehensive testing procedure.

While the design is performed in a top-down manner, the

software itself is coded in a bottom-up manner. The general
. methodology is that the lowest level modules are written ;

first, followed by any higher-level modules (modules which 'A

4"l 
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call other modules). The main program is written last, and

the completed modules are integrated into it. Module

testing may occur before or after the integration phase.

The final system check is performed with all modules tested

and in place in the main program.

5
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II. THEORY OF SATELLITE COMMUNICATIONS

This chapter presents a brief overview of satellite

communications theory, to include selected aspects of space

communications as well as orbital mechanics. This chapter

is not intended as a tutorial on the principles of

electronic communications per se, but rather as an

introduction to the anatomy of a satellite communications

system.

Link Description

For the purposes of this paper, a satellite

communications system consists of two earth stations

separated by some distance, and an orbiting satellite. The

complications of satellite-to-satellite communications or

multiple users are not considered. Since the satellite

transmits the downlink by responding to the uplink, it is

referred to as a transponder. If this transponding process

were accomplished passively, then the downlink power level

would be extremely low due primarily to the large path

losses. An active satellite transponder assists this

process by adding power amplification to the signal prior to

downlink transmission. However, transmitting the downlink

at the same frequency as the uplink would cause unwanted

feedback, so the transponder must perform some sort of

frequency translation prior to amplification and re-

. transmission. Separation of the uplink and downlink

frequency bands also allows the same antenna to be used for

both receiving and transmitting (27-8).

6



System Components. The behavior of a satellite link is

best understood by analyzing each of its components, the

term "component" being taken to mean a source of gain, loss,

or noise. Each component belongs to one of three sections

of the link: the transmitter, channel, or receiver. Figure

2-1 illustrates the major components in a typical satellite

link. This figure could represent either an uplink or a

downlink. The transmitter section consists of a high-power

microwave transmitter and an antenna, with some type of

cable or waveguide between the two. The circuit losses

include the effects due to both the lossy line and

imperfectly matched couplings. The efficiency of the

Aantenna takes into account losses due to reradiation,

scattering, and spillover.

The channel section consists of free-space path losses,

atmospheric losses, and rainfall losses. Path loss is due

to the decrease in electric field strength with distance,

and is unavoidable. Atmospheric losses are due to

absorption of the signal by atmospheric oxygen and water

vapor. Rainfall losses are due to the attenuation of the

signal by rain at the uplink or downlink site, or both. The

effects of atmospheric and rainfall attenuation can be

minimized by an appropriate choice of frequency.

The receiver section consists of the receiving antenna, a

low-noise receiver, and some type of coupling between the

two. This side of the link is similar to the transmitter

side, with some additional complications. The receiving

7
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Figure 2-1. Major Components of a Typical Satellite Link
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antenna noise temperature now contributes to system noise.

Sources of antenna noise may include galactic noise, man-

made noise, as well as atmospheric absorption. For earth

coverage satellite antennas, 2900K is generally used as the

antenna temperaturei for ground station antennas it may be

much less, since the antenna is looking out toward a cooler

sky temperature. Receiver noise is also a fundamental

source of system noise. For this reason, the receiver

amplifier(s) are sometimes cryogenically cooled to lower

their noise temperature (10:1-3).

Design Considerations. Because size and weight are not

limiting factors, ground station transmitters may be

arbitrarily large. Power outputs of 40-60 dBW are common.

In addition, the antenna transmitting the uplink may also be

quite large. Large earth stations may employ parabolic

dishes with diameters of 13-19 m. Conversely, satellite

transmitters and antennas are subject to severe size and

weight constraints. Spaceborne transmitter powers may be

less than 10 W; spaceborne parabolic dishes are typically

less than one meter in diameter.

Uplink and downlink frequencies are not chosen

arbitrarily. Above 10 GHz, atmospheric attenuation is a

growing concern. Satellite communications bands are

specifically allocated to avoid the resonance absorption due

to water vapor at 22 GHz, and oxygen at about 60 GHz. In

general, it is easiest and most economical to use the lowest

available frequencies. However, bandwidth is limited in the

9
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lower frequency bands due to the large number of other

users, and interference is more likely (2:106-1121 9:104-

105).

Signal Analysis

In order to understand the concept of satellite link

analysis, it is necessary to analyze the signals at various

points in the link. The behavior of signals in the

transmitter, antenna, channel, and receiver is examined

separately, and various system performance criteria are

given.

Transmitter (2:83). The transmitter field is

characterized by its effective isotropic radiated power

*(EIRP), which is given by

EIRP - P + TxGain + TxCircuitLoss (1)out i

where P out-transmitter power (dB)

TxGain-transmitting antenna gain (dB)
TxCircuitLoss-transmitter circuit losses (dB)

Antenna (2s87-90). The antenna is a key element of a

satellite communication system since its gain has a direct

effect on the amount of received power. An antenna may be

specified in terms of its gain and 3-dB beamwidth. Gain is

proportional to the square of the frequency and to the

antenna size, while beamwidth varies inversely to frequency

and size. Formulas for the gains and beamwidths of several

different antenna types are given belowt

Horns G - 4*pi*d2/L 2  (2a)
BW - .88L/d (2b)

10 11el
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Helix: G - 15cl/L 2 1/2 (3a)
BW - .91(L/cl 2 ) (3b)

Disht G = (pi*d/L)2  (4a)
BW l.02L/d (4b)

Dipole Array: G - (N*pi*s/1.4L)2  (5a)
BW - .87(L/Ns) (5b)

where d-antenna dimension
L-wavelength
c-helix circumference
1-helix length
N-number of elements
u-element separation (2:89)

Channel (2:15-16,84-85). The most significant source of

signal loss in the channel is free-space propagation or path

loss, which is given by

Path Loss - -36.6 - 20 logCSf) (6)

where S-slant range (mi)
f-frequency (MHz)

The slant range itself is computed from

S - ( Re 2sin 2 a + 2R h + h2 )1/2 _ R sin a (7)

where R-radius of the Earth

a-terminal elevation angle
h-satellite altitude

Atmospheric attenuation and rainfall also contribute to

total channel losses, and are discussed in detail in

Appendices B and C.

Receiver (9:113-118). The amount of receiver noise

present is given by the system equivalent temperature. This

is the effective equivalent temperature that an external

INI
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noise source would need to have in order to produce the same

amount of receiver noise. It is given by

Teq = RxAntTemp + [(F/RxCircuitLoss) - 1]*290 (8)

where RxAntTemp-receiving antenna temperature (deg K)
F=noise figure
RxCircuitLoss=receiver circuit losses (W)

A receiver may also be characterized by its G/T figure of

merit, which is given by

G/T = RxGain/Teq (9)

where RxGain=receiving antenna gain (W)
T eq=system equivalent temperature (deg K)

System Performance (2:104-105; 9:110-113). There are

several criteria which indicate the quality of the link.

These include received useful power (P r), carrier power-to-

noise power density ratio (CNR), bit energy-to-noise power

density ratio (Eb/No), bit error rate (BER), and maximum

data rate.

Received useful power is given by

Pr Pout + TxCircuitLoss + TxGain + TxEff +

PathLoss + AirAtten + RainAtten + RxEff +

RxGain + RxCircuitLoss (10)

where TxEff-transmitting antenna efficiency
RxEff-receiving antenna efficiency
PathLoss-loss due to propagation over a distance
AirAtten-atmospheric attenuation
RainAtten-attenuation due to rainfall
(all units are dB)

The carrier power-to-noise power density ratio is given by

12
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CNR = Pr/kTeq (11)

where P r=received useful power (W)r|
k=Boltzman's constant
T eq=system equivalent temperature (deg K)

Available Eb/NO is given by

Eb/No = Pr/RNo (12)

where Pr=received useful power (W)

R=data rate (bits/sec)
No=noise power density (W/Hz)

The bit error rate is determined from the modulation type

and available Eb/NO. The expressions for bit error rate for

eleven different modulation formats are listed below, where

eQ(x) is Marcum's Q-function (2%53-68).
BPSK,QPSK,OQPSK,MSK: Q([2Eb/No]5) (13)

MPSK: Q([21og 2M Eb/No] 5sin pi/M)/log2M (14)
Coherent FSK: Q([2Eb/No]*5 (15)

Non-Coherent FSK: .5exp(-Eb/2N0 ) (16)

MFSK: M/4 exp(-log2M Eb/NO) (17)

ASK: Q([Eb/NoV 5 ) (18)

MAKr(M-1)/M1 Q(C6loM/( -1)Eb/N JiMAS:1092M]o[(M ) 2M (19)

DPSK: .5exp(-Eb/NO) (20)

By algebraically manipulating the above expressions, the

Eb/NO required for a given bit error rate and modulation

type may be found; these new expressions now involve inverse

0-functions. The difference between the available Eb/NO and

the required Eb/No is called the power margin. Finally, the

13



maximum data rate is given by

maxrate - Pr/(kTeq Eb/No) (21)

where Pr=received power (W)

kT -noise power density (W/Hz)eq

Eb/No-required bit energy-to-noise power density

ratio

Orbital Aspects

This section presents some of the salient physical

aspects of orbiting satellites, beginning with a brief

discussion of orbital mechanics. In addition, a methodology

for determining look angles is also presented.

Orbital Mechanics (9:11-22). In order to be placed into

orbit, a satellite must escape the influence of the Earth's

gravitational field. This escape velocity is a function

only of altitude, and is given by

Vesc = [2GM / (Re + h)] " 5  (22)esc e

where G=Earth gravitational constant
h=altitude of launch site
Me -mass of Earth

e
R e=radius of Earth

Once in space, the satellite is placed into either a

circular or an elliptical orbit. For the case of a circular

orbit, the satellite must achieve a velocity of

v- Eu / (Re + h)] "5  (23)

where u-GM (gravitational coefficient)14



ITyThe orbital period, or time to complete one revolution,

is given by
i8 1e5 .5

T = 2*pi*[Re + h] 15/u"5  (24)eB

Another important consideration is coverage area. This

refers to the area on the Earth from which the satellite is

visible from some pre-determined minimum elevation angle.

Refer to the set-up depicted in Figure 2-2. The subtended

angles may be determined from simple trigonometry to be

s = cos 1 ERe cos El / (Re + h)] - El (25)

where h=satellite altitude
El=minimum elevation angle

The coverage area is therefore the area of the spherical cap

subtended by the angle s, and is given by

Acov = (2*pi*Re )( - cos s) (26)

The maximum length of time that an orbiting satellite is

visible to an observer on the Earth's surface is referred to

as the satellite's duration of visibility. Duration of

visibility is a function of subtended angle and orbital

period. It is expressed as

t = [2s/360][T/(l * T/Te)] (27)

where T -Earth's orbital period
e
+ - retrograde orbit
- - prograde orbit

Note that for the special case of a prograde geostationary

orbit, the satellite is visible continuously.

15
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For the case of an elliptical orbit, the satellite

velocity is not constant, but varies with position.

Velocity is highest at the orbital perigee (low point of

orbit), and lowest at the orbital apogee (high point of

orbit). The major and minor axes a and b of the orbital

ellipse are given respectively by

a = (R pR a) (28a)
p a
=(RH + R)2(28b)

where Rp=altitude at perigee

R =altitude at apogee a-
a

From these, the eccentricity of the orbit may be expressed

as

E = (I - b /a2) "  (29)

The polar equation for the orbit is then

r = a(l - E2 )/(l + E cos 0) (30)

where r=radial distance from geometric center of ellipse
O=reference angle (zero at perigee)

The satellite's velocity at any given radial distance r

is given by

v = [u(2/r - 1/a)] 5  (31) f"

The orbital period is given by
. T =2*pi~a.5/ 5 -

T 2*pi*a " (32)

17 "U
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The formula for coverage area is similar to the one given

for a circular orbit, with the exception that the subtended

angle is now given by

8 = cos-fiRe cos El / (Re + r)] - El (33)

Look Angle Determination (9:22-30). The coordinates to

which an earth station antenna must point in order to

conununicate with a satellite are referred to as the look

angles. They are usually specified as azimuth and elevation

angle. The geometry of the problem is given in Figure 2-3.

Given the coordinates of the earth station (lat,long) and

the coordinates of the sub-satellite point (lats ,long8), the

*great circle distance between the two is given by

R = cos- 1[cos(lat - lat s) cos(long - long )] (34)

The azimuth is given by

Az = tan- [tan(long - longs) / sin(lat - lats ) (35)

The tilt angle is the angle between the satellite vertical

to the Earth and the line-of-sight to the ground station.

Normalizing the satellite's altitude h with respect to the

Earth's radius, one may define p=l+h/R . The tilt angle is

then expressed as

Tilt - tan- 1sin R / (p - cos R)] (36)

Finally, the elevation angle may be expressed in terms of

the tilt angle by
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Figure 2-3. Geometry For Determining Look Angles
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El - cos [p sin(Tilt)] (37)

This chapter has presented the user with the basic theory

needed to understand satellite link analysis. The major

components of a typical satellite link were described

qualitatively, and several important design considerations

were discussed. In addition, the behavior of the signal in

each principal section of the link was described

quantitatively, and several system performance criteria were

stated. Finally, a brief synopsis of orbital mechanics was

presented, along with a method of determining look angles.
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III. SYSTEM REQUIREMENTS

This section addresses the specification of required

functions, interfaces, and performance of the end software

product. The intent is to present a complete and

unambiguous set of functional specifications describing what

the software is required to do, rather than how it is to be

implemented at the coding level. This phase of software

development is crucial, because inadequate specification of

requirements often leads to system deficiencies which are

difficult to correct at a later date. In addition, system

testing tends to have little real meaning without a concrete

set of requirements as a basis.

The essential elements of a good requirements definition

are testability and flexibility. This means that it must be

possible to verify that the end product satisfies the given

specifications. Also, the specifications must not be so

rigid as to inhibit program development.

Functional Description

The following is a global description of the system in

terms of the functions that it must accomplish. No attempt

will be made here to derive equations or develop algorithms,

as this is merely a statement of intended capability. For

the purposes of this chapter, required functions are

classified as primary, secondary, or housekeeping

functions. Primary functions are those which represent the

major thrust of the thesis, and include antenna analysis,
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receiver/transmitter analysis, and various other system

design calculations. Secondary functions are those which

supplement the overall system, but are not required for

system operation, such as calculation of satellite orbital

parameters and plotting antenna gain patterns. Housekeeping

functions are those which perform no calculations, but are

responsible for systems-level tasks such as storing and

manipulating data.

Finally, design constraints such as portability,

expandability, and audit capability are discussed. Note

that design constraints specify how the system is to be

constructed and implemented, not necessarily which functions

are to be included in the system.

Primary Functions. As a minimum, this set performs the

functions listed below. Note that the first item listed

applies equally to horns, helixes, parabolic dishes, or

phased arrays of dipoles.

1. Compute the maximum antenna gain and half-power

beamwidth.

2. Compute the effective isotropic radiated power.

3. Compute the total system noise temperature and G/T

figure of merit.

4. Calculate the attenuation due to rainfall and

atmospheric absorption.

5. Calculate received useful power as governed by the

link equation.

6. Compute the carrier power-to-noise power density ratio

(CNR).
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7. Determine the maximum data rate as a function of CNR,

desired bit error rate, and type of modulation.

8. Compute the bit error rate given the CNR, data rate,

and type of modulation.

9. Compute the link margin.

Secondary Functions. This set of functions should be

considered optional, and has absolutely no bearing on link

budget calculations. These functions concern satellite

orbit parameters and antenna gain pattern plotting, and

perform the following:

1. Calculate escape velocity at a given altitude above

the Earth's surface.

2. Compute the steady-state temperature of a satellite in

Earth orbit.

3. Determine velocity, orbital period, coverage area, and

duration of visibility for satellites in circular orbit.

4. Determine velocity at apogee and perigee, average

velocity, orbit eccentricity, orbital period, and

coverage area for satellites in elliptical orbit.

5. Compute the azimuth and elevation angles to a

satellite from a given ground site.

6. Plot the antenna gain patterns for horns, helixes,

parabolic dishes, and phased arrays of dipoles.

Housekeeping Functions. These functions are primarily

concerned with disk access and database management. A

capability is included to store and retrieve files of data,

as well as to delete unwanted files. The user is also
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provided the capability to change the default drive to which

data is written, and to review the files residing on a given

data disk. These functions are designed to mimic the

corresponding functions in DOS.

Design Constraints. There are several design constraints

which drastically affect a programming effort of this type.

The first is that of portability. Because the resultant

software must run on a variety of machines, it is necessary

to incorporate a certain amount of flexibility in the early

stages of system design in order to avoid the problem of

machine dependence. All code is written in TURBO Pascal,

which is available in both MS-DOS and CP/M versions, and

therefore can run on a wide variety of microcomputers. For

this reason, one copy of the program is left as source code,

in order to facilitate transportability from an MS-DOS

machine to a CP/M machine and vice-versa. The only possible

problem area (with regard to machine dependence) is that of

display graphics. In order to circumvent this problem, all

graphics are generated by a graphics driver module. While

this module itself is highly machine dependent, it can be

easily removed intact and replaced by another custom driver

module for a different machine.

The second constraint is that of expandability. Since

system requirements tend to be in a constant state of flux

in a project of this nature, it is important not to make the

system design too rigid. In other words, as the need for .
new functions arises, one should not have to completely

24
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revamp the entire architecture in order to accommodate it.

The key to expandability is therefore modular design. This

allows logical units to be inserted and deleted at will.

The last constraint to be addressed is that of audit

capability. This refers to the calculation and storage of

intermediate results during data entry or calculations.

Incorporating an audit capability serves several purposes.

First, it facilitates system testing by storing an audit

trail of both module function and module interaction.

Secondly, it permits the user to go back through

intermediate calculations when seemingly erroneous results

are obtained and discover where the error occurred.

Finally, in the unlikely event of a program crash,

significant data entered prior to that point will be stored

in memory for subsequent recovery.

Man-Machine Interface

The success of any interactive software design effort is

measured by how well the system insulates the user from

technical details of the software. While the programmer

must concern himself with system architecture, data

structure and flow, and control structure and flow, the user

is only concerned with these issues as far as they affect

operations at the terminal. As far as the user is

concerned, the system is a black box. This section of

addresses some of the issues encountered in designing such a

system.
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User Interaction. A variety of user-friendly features

are incorporated into a typical interactive software

system. The most obvious feature is the use of menus. A

menu is simply a display of a set of program options, from

which the user is asked to select at least one. This means

that the user is able to move freely through the hierarchy

of the system simply by entering a response to a list of

options. The use of menus eliminates guesswork on the part

of the user, and consolidates all necessary user decisions

into convenient, easy to use subsets.

Closely associated with menus is the use of prompting and

validity checking. Prompting is the use of printed test

messages asking the user to enter some specific data, or to

perform some other particular function. This eliminates

confusion as to exactly what data is required, what format

the data should be in, and what units (if any) the data

should be in. Validity checking refers to the practice of

subsequently analyzing user-entered data and ensuring that

it conforms to some set standard (e.g. within a specified

range of validity). If the data fails the validity check,

then the user is alerted and asked to re-enter it. This

ensures that all data going in to the program is valid.

At this point something should be said regarding

development of the user's guide. During the initial stages

of system planning and design, the progranuer must

constantly make tentative decisions and assess their impact

on the overall system. As time progresses and previously
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unseen constraints and limitations appear, it may become

necessary to change earlier decisions. The programmer is

now falling into the trap of letting the code dictate system

operation. This pitfall can be avoided by developing a

preliminary version of the user's guide in parallel with the

design. This practice is a form of self-imposed programming

discipline, and ensures that the original system

requirements will in fact drive the implementation.

Visual Display of Data. A significant part of the man-

machine interface is the manner in which information is

presented to the user. One aspect of this is the use of

color. Used intelligently, color can greatly enhance the

readability of both text and data. For example, a table

consisting of several different sets of data might use a

different color for each set in order to more easily

differentiate them. With a standard RGB color monitor, the

IBM-PC places certain restrictions on the use of color. In

the text mode, any one of sixteen foreground colors and

eight background colors may be selected; in the medium-

resolution graphics mode, the user may choose colors from

one of four color palettes, each containing tbree colors

plus the background color; in high-resolution graphics mode,

the background color is always black, but the user may

choose one of sixteen foreground colors.

In order to be readily interpreted by the user, numerical

data must be presented in a clear and intelligible format.

Merely filling the screen with numbers is not necessarily
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the most efficient way to accomplish this. One way to

improve readability is to group related data together;

different groups may be separated by collimating the data.

Finally, all data should be labeled and units stated where

appropriate.

Similar requirements exist for graphical data, but now

there are two modes to worry about. When multiple curves

are drawn on the same graph, the medium-resolution mode

might be more appropriate since it allows multiple colors. *

However, if the curves are highly detailed, the high-

resolution mode might better emphasize these details. So

there is a trade-off between color differentiation among Il

data and resolution. Note also that it takes much longer to

obtain hardcopy of high-resolution displays than of medium-

resolution displays.
V

Software Validation (5:36-119)

It is absolutely essential that all software be tested

not only extensively, but intensively as well. In other

words, while the programmer must obviously test all routines

in the program under scrutiny, he/she should also "pick S.-S

apart" each routine to examine how it functions under all V
possible circumstances. Despite all efforts at objectivity,

this testing philosophy nevertheless tends to be counter-

intuitive to the programmer testing his own code. For this

reason, a rigorous testing protocol should be developed and
adhered to. This section will address the basic principles

of test case formulation and program testing procedures. -. 5
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Test Case Formulation. There are five general test case

formulation methodologies of interest to the programmer.

The first is a so-called "white-box" methodology; the rest

are "black-box" methodologies. The term "white-box" implies

that the tester is concerned with the internal structure of

the program. White-box testing is concerned with the degree

to which the established test cases span the logic of the

program. Therefore, the test data itself is generated by a

detailed examination of program logic. The ultimate white-

box test is the execution of every control path in the

program. However, this is generally not feasible for
%J% P

programs with many levels of loops. One type of testing,

logic-coverage, represents an attempt to establish alternate

criteria for program correctness.

There are several approaches to logic-coverage testing.

The simplest is known as statement coverage. This criterion

requires that every statement in the program be executed at
'

least once. A more stringent test criterion is that of

decision coverage, which requires that test data be

generated such that each decision has at least one true and

one false outcome. However, decision coverage is inadequate I.
if multiple conditions are involved in a decision.

Therefore a more complete criterion is that of condition

coverage. This criterion requires that each condition in a

decision takes on all possible values at least once. The

above criteria can also be used together in a hybrid

approach.
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The remaining discussion of test case formulation

concerns "black-box" methodologies. The term "black-box"

implies that the tester is not concerned with the internal

structure or behavior of the program, but rather with the

conditions under which the code fails to meet its initial

requirements. Therefore, the test data is derived solely

from performance specifications. The ultimate black-box

test is to perform exhaustive input testing over all

possible inputs. For more complicated programs this number

becomes astronomical. However, this seemingly infinite set

of test cases may be reduced to a finite and quite

manageable set if certain assumptions are made regarding the

program's response to carefully chosen data. This is the

goal of black-box testing. Black-box methodologies include

equivalence partitioning, boundary-value analysis, and error

guessing.

In selecting a small subset of inputs for testing, it is

obviously important to choose one which has the highest

probability of finding the most errors. A well-selected

test case should cover a large subset of other possible test

cases, and thereby reduce the number of other test cases

needed. This may be accomplished by partitioning the input

into a finite number of equivalence classes. An equivalence

class is a set of input data chosen such that a test

performed on a representative value of each class is

S. equivalent to a test performed on any other value in that

class. All possible input conditions should be partitioned
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7W, into valid and invalid equivalence classes. Test cases

should be written covering as many valid equivalence classes

as possible for the sake of thoroughness. Individual test

cases, each covering a single invalid equivalence class,

should also be written. This is necessary because some

erroneous input checks may mask others.

In equivalence partitioning, a random member of a class

is the subject of the test. However, this methodology

ignores the case of a value directly on the edge of a valid

equivalence class. The methodology of specifically

examining the edges of valid equivalence classes is known as

boundary-value analysis. Test cases are derived by ".

considering both input and output equivalence classes. One

should check the range limits of test variables as well as

just beyond these limits.

The last black-box testing methodology to be discussed is

error guessing. Error guessing is an extremely informal

technique based on programmer intuition and experience. One

approach is to simply list possible error situations, and

then write test cases based upon that list. Another

approach is to identify test cases based on programmer S

assumptions made regarding the initial specifications. In 1

any case, the development of test cases generally revolves

around the programmer's hunches concerning what types and

combinations of input will generate an error.

It should be noted that none of the above methods is

complete in itself. A prudent test strategy would certainly
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invoke several, if not all, of these methods. A logical

order of testing would be boundary-value analysis first,

followed by equivalence partitioning, error guessing, and

logic-coverage.

Program Testing. A large program is generally not tested

all at once, but rather functional modules are tested

individually. By narrowing the scope of testing to a more

manageable level, it becomes possible to achieve a certain

element of parallelism by testing several modules

simultaneously. Debugging is also facilitated, since it is

easier to discover and trace errors.

There are two considerations in module testing: module

function and module interconnection. Corresponding to this

are two major philosophies of program testing: non-

incremental testing and incremental testing. In non-

incremental testing, all modules are first tested

individually and then combined to form the program. In

order to do this, special driver modules must be written to

transmit test cases to the module under test and display

results. In addition, one or more stub modules must be

written to receive control when a module under test invokes

another. The stubs should return a meaningful result to the

calling module as well as returning control.

In incremental testing, the module under test is combined

with previously checked and validated modules. As modules

are progressively linked together, the individual module

functions as well as the soundness of their interconnections
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4W are tested, until the entire program has been pieced

together. Incremental testing has several advantages over

non-incremental testing. First, there are fewer drivers and

stubs to write. Also, errors related to interface problems

will be detected earlier, since combinations of modules are

tested together early. Finally, incremental testing results

in a more thorough test, since executing a module as a

result of an invocation by another module might trigger a

previously undetected error condition.

There are two basic strategies for performing incremental

testing: top-down testing and bottom-up testing. They each

have their relative advantages and disadvantages, and the

choice of which method to use is highly dependent upon the

characteristics of the program being tested.

In top-down testing, one starts at the top of the program

and tests downward. No drivers are needed since we are

beginning execution at the top of the program, but stubs

must be prepared for each non-terminal module at the current

hierarchical level of test. A terminal module is simply one

which does not call any other modules. The test proceeds

downwards until the program has been formed. The only

criterion for determining the next module to test is that at

least one of that module's calling modules must have been

previously tested. Top-down testing provides an initial

program skeleton that allows early program demonstrations

Wand proves the overall design.andO

In bottom-up testing, no stubs are needed since testing

begins at the terminal modules, but drivers must be written
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4for the modules under test. The only criterion for choosing

the next module to test is that all of its subordinate

modules must have been previously tested. Testing proceeds

upwards until the program has been formed. Test conditions

are easier to create in bottom-up testing, and the

observation of test results is easier. However, the program

does not exist as an entity or even as a functional subset

until the last module has been added.

After module testing has been completed, some type of

higher-order testing is appropriate. Software development

is largely a communication process, where information

regarding the eventual program is translated into various

forms. For example, system requirements are translated into

program objectives, and these are translated into external

specifications, and so forth. Breakdowns in this

communication process may readily lead to errors.

The first higher-order test usually performed is function

testing. This activity is designed to find discrepancies

between a program and its external specification. Test

cases are derived from the external specifications, and

testing is accomplished using the previously mentioned

techniques.

Another class of higher-order tests is system testing.

Its purpose is to compare the program to its original

objectives. Here, specifications cannot be used to derive

test cases, since this would be defeating the purpose of the

test. Instead, test cases are designed by analyzing general
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program objectives. Some categories of system testing

include facility testing (to see if every facility mentioned

in the objectives is indeed implemented), usability testing

(to determine how well the user interacts with the system),

and compatibility testing (to see how easily the software

can be installed on other systems).

This section has addressed the issue of system

requirements. The problem of stating complete requirements

is threefold, since one must address functional descriptions

of the system, the user interface with the system, as well

as a methodology for validating the end product. The

requirements stated in this chapter are considered to be

only a minimum set of criteria.
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IV. SYSTM DESIGN

The purpose of this section is to present the overall

system design from a global perspective. System design may

be thought of in terms of two distinct categories: system

architecture and design structure. System architecture

refers to the breakdown of the system into its major

subsystems, illustrating the scope and relative hierarchy of

each subsystem, as well as the relationships between

subsystems. System design concerns the functional mapping

into modules, and the interaction between modules.

Representation Techniques (8:44-62)

In this section, certain graphical techniques are used to

represent system architecture and design structure. The

following is a brief explanation of those techniques.

System Architecture. System architecture may be

represented by a modified Leighton diagram. This type of

diagram presents the issues of scope, hierarchy, and

external interfaces without the complexity associated with

excessive detail. Its notation consists simply of labels V

and line segments. The labels represent logical modules,

and the line segments represent logical connection. The

horizontal dimension portrays overall hierarchy, while the l6

vertical dimension portrays scope of control.

Design Structure. Design structure is represented via a

structure charts. The structure chart illustrates the

overall module hierarchy, as well as the interaction between
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modules. Its notation consists of rectangles representing

the modules, vectors representing control relationships, and

arrows with circular tails representing transfer of

data/control (solid circles represent boolean flags).

Synopsis of Overall System Architecture

The overall architecture of the system is concisely

illustrated in Figure 4-1. The global module MAIN

corresponds to the user's main menu. Via the appropriate

menu input, control then passes to one of five subsystems:

the satellite parameters group, the antenna gain patterns

group, the link analysis group, the database support group,

and the exit routine. Except for the exit routine, each

subsystem consists of a number of functional modules, and

hence are referred to as "groups." Each subsystem will now

be discussed individually in detail.

Satellite Parameters Group. The function of this group

is to perform several comnonly used calculations concerning

a satellite's orbit and position. Five modules within this

group perform the following tasks:

I. Compute Earth escape velocity at an altitude.

2. Compute the steady-state temperature of a satellite in

Earth orbit.

3. Compute various parameters associated with a specified

circular orbit.

4. Compute various parameters associated with a specified Os

elliptical orbit.
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Figure 4-1. Overall System Architecture
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5. Compute azimuth and elevation angles to a satellite

from two different ground sites.

Only the last module has any external connection with the

rest of the system. The computed elevation angles are

stored in memory, and may be used as input during link

analysis calculations. The remainder of the satellite

parameter data is discarded upon return to the main menu.

Antenna Gain Patterns Group. The function of this group

is to plot the gain patterns of various types of antennas.

Four modules handle the pattern plotting for horns, helixes,

parabolic reflectors, and phased arrays of dipoles. The

first three modules also display pertinent design

information along with the gain pattern for more meaningful

hardcopy. The last module does not display this

information, but does display each of the six standard polar

antenna plots separately.

Link Analysis Group. This functional group constitutes

the heart of the system. Although there are a large number

of individual modules within this group, the user perceives

only three distinct processes: link analysis, display link

budget, and recompute link budget. The entire system is, of

course, organized around the link analysis process. In this

process, the user is guided step by step through a complex

series of link calculations, with intermediate results being

displayed along the way. The engineer is provided with all

of the data necessary to design and analyze a satellite

link.
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The display link budget process displays all the

pertinent data computed above, and organizes it in an easily

readable and understandable format. The display has

separate columns for uplink and downlink data, and is color-

coded according to function and location in the link.

The recompute link budget process is included to allow

the design engineer the opportunity to alter various key

parameters, in order to determine the overall effect on the

link. Given a new value of a parameter, the entire set of

link calculations is recomputed with the new parameter

without the user having to manually re-enter all of the

previous input data. This feature becomes especially

valuable when one is engaged in the process of making design

tradeoffs, for example, allowing a smaller receiving antenna

while increasing the receiver noise figure.

Database Support Group. The purpose of this group is to

perform all of the housekeeping and disk management tasks

associated with the link database. Thus, the user is spared

the tedium of keeping track of what data is in what file,

what files are open, and on which disk; the system also

prevents the user from inadvertently erasing or not saving

an important file. The user interfaces with this group via

five options in the main menu. These options are concerned

with storing newly computed link files, recalling old link

files, deleting unwanted link files, listing the existing

files in the link file directory, and changing the default

data drive. These options are so complete in their function
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and behavior that they strongly resemble the corresponding

DOS commands.

Exit Routine. This routine is not associated with any

distinct module, and is actually embedded within the master

program. All it does is allow the user a clean way to

return to DOS. If a recently computed/recomputed link file

has not yet been saved, this routine gives the user the

opportunity to do so before exiting.

Synopsis of Overall Design Structure

At this point the system design structure is presented in

detail. The design structure may be considered one level of

detail down from the architecture. The emphasis here is on

module functionality and module interaction.

Explanation of Module Functionality. For future

reference, the functional modules on the system disk are

listed alphabetically below and described according to basic

function.

AIR - Computes attenuation due to atmospheric absorption.

ALOG - Converts dB to numbers.

ANTENNAl - Computes gains and beamwidths for earth

station antennas.

ANTENNA2 - Same as above, only for satellite antennas.

ARRAY - Plots gain pattern for phased array of dipoles.

AZEL - Computes azimuth and elevation angle to a

V.',. satellite from two different ground stations.

BESSEL - Computes first-order Bessel functions of the

first kind (Jl(x) ),
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BITRATE - High-level module which computes available

Eb/N O , required Eb/NO , and max data rate.

BLACKBOD - Computes steady-state temperature of a

satellite in Earth orbit.

CAPACITY - Computes Shannon rate and Nyquist rate, and

determines whether the link is channel-limited.

CIRCULAR - Computes velocity, orbital period, coverage

area, and duration of visibility for a satellite in

circular Earth orbit.

CUSTOM - Contains custom plotting and drawing routines.

DISH - Plots gain pattern for parabolic dish antennas.

ELLIPSE - Computes velocity at apogee and perigee,

average velocity, eccentricity, orbital period, and

coverage area for a satellite in elliptical Earth orbit.

ESCAPE - Computes escape velocity at altitude.

EXIST - Function that determines whether a given file

exists on disk.

FUNCTION - Low-level module used by many other modules to

perform actual calculations (e.g. gain, beamwidth, EIRP,

system temperature, figure of merit, received useful

power, CNR, available Eb/NO, required Eb/No, BER, and max

data rate).

GETALT - Obtains satellite altitude from the user.

HELIX - Plots gain pattern for helical antennas.

HORN - Plots gain pattern for horn antennas.

INTEGER - Polls the user for an integer input.

LOG10 - Computes log(x).
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LOG2 - Computes log2 (x).

MASTER - Main program.

NOISE - Makes beeping sound (used to signal error

conditions).

POWER - High-level module which computes received useful

power and CNR.

PWR - Function to perform exponentiation.

Q - Computes Marcum's 0-function.
• .

QINVERSE - Computes inverse 0-function.

RAIN - Computes attenuation due to rainfall.

REAL - Polls the user for a real input.

REC - High-level module which computes system temperature

and figure of merit.

SAVEIT - Routine to save a link file on disk. % j_

TRIG - Package of functions to compute arccos(x),

arcsin(x), and tan(x).

WAIT - Suspends execution until a key is pressed.

XMIT - High-level module which computes EIRP.

Module Interactions. The interactions among the above /

modules can best be expressed by structure charts. For the J*-

sake of brevity, only those structure charts illustrating .-

significant module inter-relationships are discussed. For

example, the case of one module calling another module to

compute a simple trigonometric function is not considered

significant. All graphics routines call the module CUSTOM;

by replacing this module with an alternate graphics driver,

the system should be capable of plotting on any MS-DOS
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machine. In addition, all modules requiring numeric inputs A

employ INTEGER and/or REAL to screen user input. Figure 4-2

presents the most important structure charts.

From this figure it may be seen that the modules

CIRCULAR, BLACKBOD, and AZEL, as well as the main program,

all employ the module GETALT to obtain a value for satellite

altitude from the user. The main program interfaces with

AZEL for the purpose of obtaining values for elevation
'q

angle. If the flag HAVEALPHA is true, then the user may 4 b

choose to continue using the elevation angles previously

computed in AZEL. The modules HORN, HELIX, and DISH all use

the module FUNCTION to obtain values for maximum gain. DISH 4.

also uses the module BESSEL to actually calculate values for

Jl (x). The modules ANTENNAl and ANTENNA2 both employ the

module FUNCTION to obtain values for gain and beamwidth.

The module REC uses FUNCTION to compute system equivalent

temperature and figure of merit; XMIT uses it to compute %

EIRP. The module POWER calls AIR and RAIN to obtain values

for attenuation due to the atmosphere and to rainfall,

respectively, and FUNCTION to compute received power. The

module BITRATE uses FUNCTION to compute available Eb/No,

required Eb/No, and max data rate. It also calls CAPACITY

to compute the Shannon rate and the Nyquist rate; if one of

these rates is lower than the computed max data rate, then

an appropriate flag is set and BITRATE makes the %

corresponding substitution for the max data rate.

This section has given the user an overview of the

overall system design. There are two fundamental facets to
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Figure 4-2. Significant Module Interactions
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system design: system architecture and design structure.

System architecture provides the user with insight regarding

the decomposition of the overall system into its constituent

subsystems; design structure examines the functions and

inter-relationships of the modules which serve as building

blocks for the system. A working knowledge of the overall

system design gives the user a feel for how the system

operates, without the frustration of having to dredge

through complicated equations or piles of source code.
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V. DETAILED DESIGN

In the previous section the system's functional modules

were considered black boxes, and no attempt was made to

explain their inner workings. It is the purpose of this

section to examine in detail the structure and behavior of

these modules. The issues of control flow and database

management are also covered.

Representation Techniques

In this section, certain graphical techniques are used to

represent control flow and database structure. The

following is a brief explanation of those techniques.

Control Graphs (8:96-98). Control graphs are used to

show the mechanisms by which a program may transition from

one logical state to another. It is implicit that a program

can only exist in one state at any given time. The notation

consists of node symbols representing a given state, solid

lines representing a control path, and dashed lines

representing input from some external condition. Control

graphs are borrowed from automata theory, and are used to

establish that all nodes in a system can be reached, and

that once reached they can be exited. The nodes themselves

may be only conceptual entities, and the resulting control

graph becomes an abstract program model rather than a

physical model.

Database Structure (8:77-81). The purpose of database

structure representation is twofold: to show flow of data
47"
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within the system, and to illustrate the basic file

structure. There are many types of data structure

representation techniques, each with its own particular

merits. Because of the relatively simple database

constructs in this system, only a rudimentary technique is

needed. The data structure diagram used to describe this

system consists simply of boxes representing disk files, and

vectors representing directional access. If a key is

required to access a particular file, then it is shown in a

box adjoining the corresponding file.

Key Detailed Design Issues

The previous chapter on system design examined the system

from a logical point of view, and the items discussed

therein do not necessarily correspond to physical,

implementAble sections of the program. In addition, all

functional modules were treated as black boxes. It is the

purpose of this section to examine the system from a

physical perspective, and to describe the system in terms of

software behavior. Three major topics are discussed: flow

of control, database management, and software design.

Flow of Control. Figure 5-1 illustrates the system flow

of control. There are 13 states in the system, which

correspond to the main menu, the 11 main menu selections,

and DOS. Although DOS is technically not a program state,

it is considered a system state. It may be seen from this

figure that the initial program state is MAIN, which

corresponds to the main menu from the user's perspective.
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The states Sat, Gain, Disp, and Drive correspond

respectively to four selections from the main menu:

satellite parameters, antenna gain patterns, display link

budget, and change default drive. These states are all

characterized by the fact that they are entered only from

MAIN, and once exited, control again returns to MAIN.

All of the remaining states also possess this control

path, but are also affected by other states or external

conditions (such as program flags). For example, when the

the state LINK is entered, it provides an external input to

RECOMP indicating that link analysis has just been

performed. Likewise, when the state RCL is entered, it

*provides an external input to RECOMP indicating that a link

file has been recalled from disk. The purpose of this

arrangement is to disallow recomputing a link budget unless i

a link budget has either been just computed or just recalled

from disk. This prevents the fatal errors which would occur

if the recompute module were directed to recompute a link

file which consisted only of garbage data. Multiple

recomputing of the same file is allowed. Note that the

external condition EXIST (not a state) will not allow

control to pass to RCL unless the file designated for recall

does in fact exist on the default drive. Similarly, control

cannot pass to DEL unless the file designated for deletion

exists on the default drive.

The state LIST cannot be entered unless the link file

directory is non-empty. This prevents the display of a

blank screen in the case of an empty directory.
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0 The remaining states are closely intertwined. The state

STO has the usual control path to and from MAIN. The state

EXIT can always be entered from MAINI however, control does

not return to DOS unless either there is no unsaved link

data, or there is unsaved link data but the user has given

permission to discard it. If neither of these two

conditions exists, then control passes to STO so that the

data can be stored on disk, and then to DOS. This

arrangement eliminates the possibility of exiting the system

without saving important data.

Database Management. The system database is relatively

simple, and consists of three basic filetypes: link

,directory, buffer, and link file. In the current system

there is one link directory, one buffer, and numerous link

files. The link directory is designated LINK.DIR, and

contains the names of the link files currently stored on

disk. The buffer file TEMP.STO is created only during the

file deletion process, and is used to temporarily hold

directory entries. Each link file contains all the data for

one link budget, and may be given any name from one to eight

characters long. All of the above files reside on the

default drive under the directory path drive:data\

[filename]. Figure 5-2 graphically shows the system

database structure.

When a link file is to be stored under a given filename,

the system first checks to see if there is already a link

file on disk with the same filename. If so, a warning
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notice is issued and the operation is disallowed. Otherwise

the file is written to disk with the extension .LNK, and an

appropriate entry is made in the directory.

When a link file is to be recalled from disk, the system

first checks to see if the requested file exists on disk.

If not, a warning notice is issued and the operation is

again disallowed in order to prevent a disk I/O error. If

it does exist, then it is opened and read. The user is

encouraged to check the directory for the existence of a

file before trying to recall it.

When an unwanted link file is to be deleted from disk,

the same check for existence is performed as above. If the

file does indeed exist, the user is asked to confirm the

decision to delete. If the user responds in the

affirmative, then the designated link file is erased from

disk, and the corresponding entry is removed from the

directory. However, since the actual location of the

deleted filename in the directory is unknown, the directory

LINK.DIR is first copied into the buffer TEMP.STO. Next,

LINK.DIR is purged of all records. Finally, all records in

TEMP.STO with the exception of the one being deleted are

written back into LINK.DIR.

When the directory is to be listed, a check is made to

determine whether there is anything in LINK.DIR to display.

If not, an appropriate message is printed and no action is

taken. If LINKoDIR is non-empty, then it is simply listed

record by record. 1,
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Changing the default drive merely changes the path to the

link data from olddrive:data\[filename] to newdrive:data\

[filename]. This permits multiple data disks to be used at

the same time.

Software Design

The purpose of this section is not to derive or verify

equations used in the calculations, but rather to explain in

a somewhat general sense the algorithms, engineering

principles, and assumptions involved in the design of each

functional module. Flowcharting every module and discussing

every line of source code does little to further the user's

understanding of the system. Hence, the software is

,discussed more qualitatively than analytically. For the

purposes of this discussion, all software is grouped into

one of six packages: utility, math, graphics, low-level

functional, high-level functional, and main program. For

further detail, the reader should refer to the software

listings in Appendix D.

Utility Package. The utility package is a set of small

modules which perform miscellaneous program tasks. These

modules are described below:

CUSTOM - Contains the procedures CUSTOMPLOT and

CUSTOMDRAW, which in turn use the standard Pascal

procedures PLOT and DRAW to plot points and draw lines in

graphics mode. If the system is transported to another

machine which has different graphics protocols, CUSTOM

can be rewritten to accommKodate the new machine. All
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graphics routines use CUSTOM, so modifying it will

automatically modify all the graphics routines.

EXIST - Function which checks to see whether a specified

file exists on disk. It works by turning on the $I-

compiler directive (which activates I/O error checking)

and then attempting to reset the file. If the file does

not exist, this operation will result in an I/O error.

The result of this test is returned to the calling

routine by a boolean variable.

GETALT - This module simply prompts the user for a value

of satellite altitude. The default value "G" is

geosynchronous altitude. This particular routine is made

into a module because it is called by many other modules

(it is essentially a subroutine).

INTEGER - Polls the user for integer numeric data. If

the user does not enter a legal integer, then an error

flag is set which can be detected by the calling module.

NOISE - Uses the Pascal procedure SOUND to make the

computer's speaker emanate a high-pitched tone. It is

used where an audible warning signal is desired.

REAL - Similar to INTEGER, only this module polls the

user for real numeric data.

SAVEIT - Saves a specified file on disk. In order to

prevent overwriting an existing file, the directory is

first checked to see if the specified filename already

exists. If so, a warning is issued, and control returns

to the main menu. Otherwise, the current link file is
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written to the default drive under the specified

filename, with the extension ".LNK." This module is

accessed in two places: once in the main "Store Link

File" routine, and once at the end of the program in the

case that the user has mistakenly chosen to exit without

storing a needed link file.

WAIT - Suspends execution until a key is pressed.

Control enters an infinite loop until the Pascal variable

KEYPRESSED is true. This routine is used to temporarily

halt program execution so that intermediate results may

be displayed.

Math Package. The math package is a set of modules which

perform various basic mathematical functions. For more

information, refer to any text of standard math tables.

These modules are described below:

ALOG - Converts dB to numbers by raising 10 to the power

of dB/l0. . .

BESSEL - Computes first order Bessel functions of the

first kind, J1 (x). This is accomplished by evaluating

the first 200 terms of the series expansion for J (x) (as

given in any handbook of standard math tables, such as

the CRC). Because of the extreme magnitude of some of

the terms in the series, an overflow condition will

result if they are computed directly. To circumvent

this, each term is broken up into smaller pieces which by

themselves cannot exceed the capacity of the machinel

these pieces are then combined to complete the series.
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If more than two consecutive terms do not contribute

anything to the series (i.e. they go to zero in the

limit) then the series is truncated before the full 200

terms.

LOG10 - Function to compute base ten logarithms via

natural logarithms.

LOG2 - Function to compute base two logarithms via

natural logarithms.

PWR - Performs real exponentiation by using laws of

logarithms. The cases of zero and negative arguments are

taken into account.

o - Computes Marcum's 0-function of the argument. If the

argument is greater than 13 then the value zero is

returned to avoid an overflow condition. If the argument

is between 4.24 and 13, then the exponential

approximation of the 0-function is used. Otherwise, the

0-function is computed by first calculating the error

function of the argument, and then deriving the 0-

function from that. This is done to facilitate the

Simpson's rule numerical integration which computes the

error function (16:656).

QINVERSE - Computes the inverse 0-function of the

argument. The equation for the inverse 0-function is

derived from the same exponential 0-function

approximation used above. However, since this is a

. nonlinear equation, and it must be solved numerically.

Initially, the method of halving the interval is used to

q.l
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isolate the general region of the root. This method is

predicated upon the fact that if the sign of a continuous

function changes between any two points, then a root must

exist within that interval; the region of sign change may

then be isolated as closely as possible. Once this

initial estimate of the root is made, the result is

passed to a routine which uses Newton's method to more

exactly determine the root. Newton's method extrapolates Sexactly~

along a tangent from a point near the root to its

intersection with the x-axis. This process is iterated

until the tangent lines are sufficiently close together;

the final point of x-axis intersection is the root. "

TRIG - Computes some simple trigonometric functions not

included in the standard Pascal library. The tangent Ile

function is computed by dividing the sine function by the

cosine function. The inverse sine and inverse cosine

functions are computed by evaluating simple formulas

involving the inverse tangent function.

Graphics Package. The graphics package is a set of four

modules which plot antenna gain patterns. This section does

not delve deeply into electromagnetic theory, but rather

explains the fundamentals of how these plotting routines

work. All of the plotting routines employ the utility 9?

routine CUS7OM to perform actual plotting. These modules !OI"

are described below: I-

HORN - Plots the gain pattern for a square horn antenna. .;..

The gain function for a horn antenna is given by
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G=E(sin x)/x] 2 where x=pi*sin(theta). This module

allows theta to sweep from -pi/2 to pi/2 in increments of

.05, and calculates corresponding values for G. Since

these are in terms of polar coordinates, they are

converted to rectangular coordinates for the purposes of

plotting on the screen. Appropriate offsets and scaling

coefficients are also used to insure that the resultant

plot fits on the screen as desired.

HELIX - Plots the gain pattern for helical antennas. The 0r

gain expression for these antennas is not quite as

simple, and is derived via antenna theory. To do this, OP,

the helix is modeled mathematically as an array of

circular current loops. Two quantities are derived, a

pattern factor due to the circular loops, and an array

factor due to the iteration of the loops. Then, using

pattern multiplication techniques, the overall gain

pattern expression is formed. This expression is plotted

in a manner similar to the above.

DISH - Plots the gain pattern for parabolic reflector

antennas. The gain function for parabolic reflectors is

given by G=(2J1 (x)/x)2 , where x=pi*d*sin(theta)/L, L

is wavelength, and d is dish diameter. Note that the

gain function is similar to a sine-over-argument squared

function, but instead uses a Bessel function.

Consequently, DISH calls the module BESSEL to actually

compute these values. The resultant gain function values

are then plotted as before.
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8 ARRAY - Plots the gain pattern for a planar phased array

of dipoles. The derivation of this depends heavily upon

array theory. This module first defines a number of

functions to be used later on in the computations; these

being the three rectangular direction cosines, the theta

and phi components of the element factors corresponding

to the three possible vector current directions, and the

pattern factors corresponding to the seven possible

current distributions. The actual values of these

quantities depend on the user input. Next, the main

pattern computation routine computes the array factors

for the x and y directions, and multiplies them together

along with the pattern factor and appropriate element

factor to obtain an overall expression for the gain

pattern. Finally, a plotting routine is used to actually

display the computed gain patterns. Six polar plots are

displayed: the theta-pi/2 plane, the phi-O plane, and the

phi-pi/2 plane (both theta and phi components for each).

The user also has the capability to magnify or shrink the

resultant plots to any size desired.

Low-Level Functional Package. The modules in this set

constitute the basis of the system, since they perform the

bulk of the actual link analysis. These modules are

described below:

AIR - Computes the total path attenuation due to

atmospheric absorption. This attenuation is a function

of two variables: elevation angle and frequency. The
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computations in this module are based upon a mathematical

model of atmospheric attenuation. For detailed

information on this model, the user is referred to

Appendix B.

AZEL - Computes the azimuth and elevation angles from two

specified ground sites to a satellite at a given

position. The user is required to enter the latitude and

longitude of the uplink site, downlink site, and sub-

satellite point; as well as the satellite's altitude.

The azimuth is computed in a straightforward manner using

basic spherical trigonometry. The elevation angle is

derived via simple plane trigonometry from the tilt

angle, which is the angle between a line from the

satellite to the ground site, and a normal from the

satellite to the ground. The altitude is normalized with

respect to the Earth's radius, in effect making the Earth

a unit circle. The tilt angle follows from basic plane

and spherical trigonometry (refer to Chapter II).

BLACKBOD - Computes the steady-state temperature of a

satellite given its altitude, total area, and fraction of

total area exposed to the sun. The value returned i.

only a crude estimate, and neglects such factors as

rotation of the satellite, internal heat sources, and

surface material considerations. The module models the

sun an a perfect blackbody, and calculates the total flux

at the satellite's altitude. The steady-state

temperature is found by setting the flux gained equal to

the flux lost.
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CAPACITY - Computes the theoretical Shannon rate and

Nyquist rate for the specified channel, and determines

whether one of these rates is limiting system performance

with the parameters specified. The Shannon and Nyquist

rates are given by

Rshannon m Blog2 (l + P/(BNo0) (38)

Rnyquist - 2Blog2M (39)

where R is channel capacity (bits/sec), B is bandwidth

(Hz), P is received power (W), NO is the single-sided

noise power spectral density (W/Hz), and M is the number

of signalling levels (16:7). If one of these quantities

is less than the previously computed bit rate, then an

appropriate flag is set.

CIRCULAR - Computes the velocity, orbital period,

coverage area, and duration of visibility for a satellite

in circular Earth orbit. Formulas for the first two

quantities may be found in any orbital mechanics text.

The last two quantities are derived via simple

trigonometry. For more detail, refer to Chapter II.

ELLIPSE - Computes the velocities at apogee and perigee,

average velocity, velocity at a specified orbital point,

eccentricity, orbital period, and coverage area for a

satellite in elliptical Earth orbit. Formulas for these

quantities follow from basic trigonometry and analytic

geometry, and may be found in any orbital mechanics text.

For more detail, refer to Chapter II.
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0 ESCAPE - Computes escape velocity at a given altitude.

The formula for escape velocity may be found in any

physics or orbital mechanics text. For more detail,

refer to Chapter II.

FUNCTION - Contains a number of link analysis functions

which are called by several other modules. FUNCTION

contains functions to compute gains and 3-dB beamwidths

for four different antenna types, effective isotropic

radiated power (EIRP), system equivalent temperature, G/T

figure of merit, received useful power, carrier power-to-

noise power density ratio, available and required bit

energy-to-noise power density ratios, bit error rate, and

maximum data rate. For more information on the

computation of these quantities, refer to Chapter II.

RAIN - Computes the attenuation due to rainfall in the

channel. Like AIR, this module relies upon a

mathematical model of rainfall attenuation as a function

of rain rate, frequency, and elevation angle. For

detailed information, the reader is referred to Appendix

C.

High-Level Functional Package. The modules in this

package do not perform link calculations per se, but rather

organize user input and call the appropriate low-level

modules. The high-level system modules are discussed below:

ANTENNAl - Allows the user to select the antenna for

uplink transmitting or downlink receiving at the

corresponding ground site. The user may choose a horn,
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helix, parabolic reflector, or phased array of dipoles.

The module then computes the gain and beamwidth for the

particular antenna chosen. These quantities are computed

by calling the appropriate routine in the module

FUNCTION.

ANTENNA2 - Allows the user to select the antenna for

uplink receiving or downlink transmitting on the

satellite. These antennas are currently restricted to be

parabolic reflectors. However, the user may specify

Earth coverage or spot coverage. The gain and beamwidth

are computed as before, along with the gain and beamwidth

required to achieve the specified coverage format. The

user is alerted if either the actual gain or actual

beamwidth is insufficient to achieve 25-dB sidelobes.

REC - Prompts the user for noise figure, receiver circuit

losses, and receiving antenna temperaturer and then calls

appropriate routines in FUNCTION to compute the system

equivalent temperature and G/T figure of merit.

XMIT - Prompts the user for output power and transmitter

circuit losses, and then calls an appropriate routine in

FUNCTION to compute the effective isotropic radiated

power.

POWER - Organizes all the input necessary to compute the

received useful power and CNR. First, the user enters

the rain rate, and RAINATTEN is invoked to compute the

attenuation due to rainfall. AIRATTEN is also invoked to

compute the atmospheric attenuation. Next, the slant

64

%e



range from ground site to satellite is computed, and the

total path loss is determined. FUNCTION is then invoked

to compute Pr and CNR.

BITRATE - Organizes all the input necessary to compute

available Eb/No, required Eb/No , margin, and maximum data .

rate. The user enters the desired data rate (which may

or may not be achievable), the type of modulation to be

used, and the desired bit error rate. FUNCTION is then

invoked to compute available Eb/No, required Eb/NO, and

max data rate; the margin is computed by subtracting the

required Eb/NO from the available Eb/No. The module

CAPACITY is then called to determine whether the Nyquist

or Shannon criteria will preclude transmission at the

desired rate. If so, the system will not allow the user

to use a bit rate which exceeds the capacity of the

channel, and either the Nyquist rate or the Shannon rate

is used instead.

Main Program The main program is highly modularized to

facilitate integration of the functional modules. Of

particular interest in the type definition section is the

variable type 'link', which is the type assigned to all

variables in the link files. It consists of a two-part

records one for uplink and one for downlink. In addition,

all link file variables are assigned to a single record, so

that an entire link file may be accessed by a single

variable. All of the functional modules are included for

compilation immediately before the program body by using the
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$1 compiler directive. Next, there is an initialization

section where various flags and strings are initialized and

files are assigned. The main menu is then displayed, and

the user is prompted for a menu item. The remainder of the

program consists of 11 segments which correspond to the 11

main menu selections. Following completion of a segment,

control always returns to the main menu unless the EXIT

option is selected.

It is neither practical nor desirable to analyze each and

every line of code in a document of this nature. Instead,

the underlying basis of operation of each module was

presented qualitatively. This approach was chosen to give

the user a better appreciation for the lower-level design of

the system.
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VI* TESTING AND EVALUATION

This chapter addresses the general procedures followed

during system testing. It is not the purpose of this

chapter to document the exact testing procedure for every

minor program error detected, but rather to give the reader

an understanding of the overall testing process, and to

explain how major program flaws were discovered. The end

product is also evaluated qualitatively according to the

criteria specified in the system requirements.

Code Testing

This section addresses the process of software testing,

starting with an explanation of the overall testing

strategy. Module testing and higher-order testing are then

discussed separately.

Testing Strategy. The system requirements chapter

discussed in detail the various types of test case

formulations, as well as the specific activities performed

during module and higher-order testing. This section does

not reiterate this material, but instead discusses the

overall testing strategy used to validate the code.

In all cases, black-box testing was performed prior to

white-box testing. In addition, by carefully choosing both

the type of black-box tests and the order in which modules

were tested, it was possible to greatly simplify the testing

Mprocess. In most cases, it was unnecessary to perform white-

box testing after black-box testing, because the process of
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*black-box testing itself satisfied all of the conditions of

logic coverage. In particular, exercising the input

screening routines (a type of black-box test) generally

guaranteed statement, decision, and condition coverage. The

main program (treated as a separate module during testing)

was an exception to this rule.

The functional packages were tested in the following

order: utility, math, graphics, low-level, high-level, and

main program. However, the modules within each package were

tested non-incrementally. This, in effect, is a two-tiered

testing mechanism. This procedure allowed the modules

within each package to be tested independently, with the aid

of small driver modules. The only exception to this was in

the math package, where PWR had to Le tested before ALOG

because the latter calls the former.

The main program itself was tested using both black- and

white-box methods. In addition, as new modules were

completed, it was tested incrementally in a top-down

fashion. This was an ongoing process throughout program

development.

Lastly, function testing and system testing were

performed to insure that the final product satisfied all of

its intended objectives. k
Module Testing. Module testing was performed in six

stages, corresponding to the five functional packages plus

the main program. The utility package was tested first.

Because these modules are so simple, testing formalism
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* was dispensed with, and they were tested simply by running

them to see if they worked. No errors were found here.

In the math package, PWR and ALOG were tested in order

for the reasons mentioned above. All modules were tested

using boundary-value analysis and equivalence partitioning.

Overflow errors occurred in BESSEL due to large floating

point values in the series representation. This problem

could have been alleviated by drastically reducing the

number of terms in the series, but this would have reduced

accuracy. The solution finally decided upon was to break

both the numerator and denominator of each term into smaller

pieces, and then perform arithmetic on these pieces in such

a way as to avoid an overflow condition. The modules LOGI,

* LOG2, Q, and QINVERSE all fail when given a negative

argument; however, input screening prevents this situation

from occurring. Inaccuracies in the resulting output by 0

led to the discovery of two errors in the numerical

integration routine. First, a term was missing from the

Simpson's rule approximation. Second, the curve being

integrated was not necessarily partitioned into an even

number of panels, as required by Simpson's rule. Finally,

boundary-value analysis discovered that the inverse cosine

function in TRIG produced a division by zero for an argument

of zero, as did the inverse sine function for an argument of

one. All these errors were easy to correct.

The graphics package was tested next, since the modules

within it call a number of the modules in the two previously %L1
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.ll

* tested packages. The plots made by HORN and DISH do not

vary with the input due to the ambiguities that would result

if the plots were scaled to fit within the screen. In

HELIX, stray lines unrelated to the gain pattern would

always appear before plotting began. This module was

modified to suppress these lines; however, for some

combinations of input (usually near the range limits), a few

points near the x-axis may be omitted. Lastly, when the

object code exceeded the 64K limit set by Pascal, a memory

overflow condition occurred. This problem was remedied by

converting the module ARRAY into an independent program to

be compiled separately from the rest of the system. It is

invoked in the main program with the 'chain' command.

Next, the low-level functional package was tested.

Because the modules in this package are so simple in design,

very few errors were found. There were a few problems

encountered with CIRCULAR and ELLIPSE in particular, due to

the fact that the sine and cosine functions expect the

argument to be in radians, and degrees were sometimes

mistakenly used. Slight inaccuracies in AIR and RAIN were

traced to some interpolating polynomials not being

normalized properly. Finally, FUNCTION contained a litany

of errors due to inconsistent units (e.g. bandwidth is

specified in MHz, while frequency is in GHz, etc.).

Next, the six high-level functional modules were tested.

I No problems were found in REC, XMIT, or BITRATE. ANTENNAl

and ANTENNA2 presented some difficulties. Both modules
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initially had problems correctly storing the input

parameters associated with a given antenna. Because there

are four different antenna types, each with a different set

of input parameters, the modules had to first correctly

identify the antenna type, and then store the input

parameters in the correct order. ANTENNA2 also contained a

ubiquitous logical error. While it was able to correctly

compute the gain and beamwidth required for global or spot

coverage, there was no reason to assume that the satellite

antenna was capable of achieving the desired performance.

Lastly, it was found that POWER failed when the rain rate

was identically zero. The above anomalies were easily

remedied.

The last module to be tested was the main program

itself. Both black- and white-box testing methods were

used. As new modules were completed and tested, they were

incrementally added to the main program, which was then

tested in a top-down fashion. Of course numerous minor

errors were found and corrected, but by far the most

significant problem was the implementation of the link
budget recomputation function. The difficulty arose from

the fact that the modules ANTENNAl and ANTENNA2 prompt the

user for antenna type, then for various antenna parameters,

and then compute the gain and beamwidth. However, when a

recomputation is performed, the antenna type has already

6zp. been chosen, and the user is just changing its original

parameters. This means that the recomputation software has
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to know the original antenna type, where the original

parameters are stored, and whether it is to work on the

uplink or on the downlink. It took a great deal of

restructuring before a suitable scheme for accomplishing

this was devised. Finally, it was discovered that the order ..

in which the inclusion files are listed at the beginning of

the program is crucial, since this governs the order of APO..

compilation. Consequently, modules must always be listed .' .

11 AP
before any other modules which call it.

Higher-Order Testing. Two types of higher-order testing

were performed: function testing and system testing. This

type of testing is much less rigorous than module testing,

and tends to be somewhat subjective. The purpose of

function testing is simply to determine how well the end

product satisfies the original program requirements. The

program does, in fact, satisfy the primary, secondary, and

housekeeping functional requirements as specified in Chapter

I II. "P

System testing, on the other hand, is designed to

qualitatively compare the product to its original

objectives. First, every facility mentioned as a program

objective was indeed implemented. Second, the use of menus,

display of intermediate results, and color displays greatly

enhanced the usability of the system. Lastly, the high

degree of modularity (especially the graphics driver)

assures compatibility on other MS-DOS machines. Thus,

adherence to the original objectives is very close.
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Code Evaluation

This section comments on the merits of the end product

from the user's perspective, as opposed to the programmer's

perspective. Since the concept of usability has already

been addressed, two additional aspects of the code are

discussed: accuracy and maintainability. 
Z..

Accuracy. One can group all of the modules which return

numerical results into one of three categories: those which

rely upon a formula for generating the result, those which .0

rely upon numerical methods, and 
those which rely upon a

mathematical model. Most modules fall into the first

category, and if the formula is correct (as verified by P

testing), there is really very little room for error.

The modules BESSEL, 0, and QINVERSE comprise the second

category. BESSEL evaluates an infinite series, so its .

accuracy depends upon the number of terms included. Q

performs a Simpson's rule numerical integration, and its

accuracy depends upon the number of panels that the

integrand function is partitioned into. QINVERSE solves a

non-linear equation, and its accuracy depends upon the value

of the error tolerance specified in the code. It should be .P%.

noted that this non-linear equation is based on the 6

exponential approximation to the 0-function, and thus has

inherent inaccuracies.

The modules AIR and RAIN fall into the last category.

Both of these modules suffer from the inevitable errors that

result from ill-fitting interpolating polynomials. While
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the vast majority of data points could be connected by a

polynomial, in several cases the concavity/convexity of the

curve was improper. In addition, both models make

simplifying assumptions (see Appendices B and C) which limit

their accuracy somewhat.
Maintainability. A significant percentage of total

software cost is due not to development, but to

maintenance. For this reason, software must be

intentionally designed to be maintainable. The high degree

of modularity of the system greatly facilitates expansion

and maintenance. If a new function is to be added, then the

modules needed to implement it are written and tested

separately, and then included for compilation in the main

program (taking care to place them in the proper order). A
9.

stub is then inserted in the proper place in the main

program. Testing with the stub in place assures that the

overall structure is still sound. Finally, the stub is

replaced by the code required to call the previously written .%

inclusion modules. In this manner, the system can be

expanded continuously without having to alter the system

architecture. The system modularity also makes it much

easier to trace program bugs.

This chapter has addressed the issues of system testing

and evaluation. Since the program itself is highly modular,

an eficient testing process must also be modular.

validating a piece of software of this size requires a

rijorous and thorough testing plan in order to assure

proqraP reliability.

74

.... I4-



VII. COUCLUS IO5 AND UICOMSI)ATIOl

The resultant end product of this research effort is a

comprehensive, integrated, and transportable software

package for the analysis of digital satellite links. While

the primary objective of this software package is link

budget analysis, the package also includes routines for

computing various satellite orbital parameters, as well as

for plotting antenna gain pattern@. All of the nominal

functions specified in the system requirements have been

implemented.

System portability to other MS-DOS machines is

facilitated by a removable graphics driver. Expandability

is straightforwardt a new function is written as a separate

module and tested Independently. it is then included for

compilation in the main program via the $1 compiler

directive. In addition, the problem of tracing perceived

errors is mitigated by the display of intermediate results

following each major calculation.

The man-machine interface is designed to maximize the

user's efficiency as well as to minimize confusion. Menus

are used extensively to guide the user through the program,

and the use of prompting and input validity checking insure

the accuracy of all data entries. In addition, color

displays are used to present the data in an organized, easy-

to-read format.

The system has successfully withstood the rigors of both

module testing and higher-order testing. It is highly
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improbable that the user can cause the system to crash by

entering inappropriate data.

This software package is far from complete. There are a

number of recommendations for future modification and

expansion:

1. Develop a mathematical model for calculating

antenna noise temperature. The greatest challenge to

this will be computing the sky noise temperature,4

component, which is a function of both frequency and

elevation angle.

2. Examine the effects of depolarization, ice p
crystals, multipath propagation, and atmospheric

scintillation; and determine if they can be quantized

and incorporated into the rain and air attenuation

models.

3. Apply some of the results of Navas (6), so that

link availability may be estimated based on local rain

rate statistics.

4. Give the user the option to employ pulse shaping

and error correcting codes.

5. Allow multiple accesses to the link, and introduce

a noise term due to interference from other users.

The incorporation of these recommendations should make %

the package much more flexible, and therefore more IZ.

applicable to real-world design problems.
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APPENDIX A

User's Manual

While the program is highly modular and highly menu-

driven, there are a few points regarding its operation which

require amplification. It is not the purpose of this manual

to teach link analysis, but rather to show the user how to

use the program correctly and efficiently.

The host computer must be an IBM PC or equivalent

compatible with at least one floppy disk drive. A dot

matrix printer is also suggested for obtaining hardcopy of

plots or other displays. The system disk contains 36 source

files, which occupy 92K. When compiled, the object code

occupies 63K. Since DOS requires an additional 27K, it is

recommended that the host computer be equipped with at least

128K of memory. Also, the displays will only be readable on

a color monitor.

If only one disk drive is available, then the system disk

and the data disk will be one in the same. Otherwise, it is

recou-ended that the data disk reside on a separate drive.

This is especially useful on machines with Winchester-type

hard drives, which can hold very large link analysis

databases. The program initially assumes drive A to be the

default data drive, until told otherwise by the user. At

any rate, it is imperative that the path drive:data\ exists

on the data disk, since this constitutes the directory under

which all link files are stored. Failure to include this

path on the data disk will result in a fatal I/O error.
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To start-up the system, boot the operating system, and

then place the system disk in drive A and type 'run.' The

main menu will then appear (see Figure A-i). The default

drive should be switched now if desired. A listing of all

link files on the default data disk can be obtained by

choosing menu option 9, 'List Link File Directory.'

Unwanted files may be deleted by choosing menu option 8,

'Delete Link File,' and specifying the filename to be

deleted without the .Ink extension.

Menu item 1, 'Satellite Orbital Parameters,' contains a

submenu which permits the user to choose from computing

escape velocity, satellite steady-state temperature,

circular orbit parameters, elliptical orbit parameters, or

azimuth and elevation angles. User input in this section is

very straightforward. The circular orbit parameters include

satellite velocity, orbital period, coverage area, and

duration of visibility. The elliptical orbit parameters

include satellite velocity at apogee and perigee, average

velocity, velocity at a given reference angle phi (where

phi-0 at perigee and phi-pi at apogee), orbital period, and

coverage area. The elevation angles computed in this

section may be used later on during link analysis. This is

the only connection to the rest of the program.

Main menu item 2, 'Antenna Gain Patterns,' also has no

connection to the rest of the program. It contains a

* submenu from which the user may choose to plot the gain

patterns of horn, helical, parabolic reflector, or phased
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MAIN MENU

1. Satellite Orbital Parameters
2. Antenna Gain Patterns
3. Link Analysis
4. Display Link Budget
5. Recompute Link Budget
6. Store Link File
7. Recall Link File
8. Delete Link File
9. List Link File Directory
IS. Change Default Drive
11. EXIT

Figure A-I. Main Menu Display

79

MUM=



p

array antennas. The first three selections require the user

to enter the frequency and various items relating to the

geometry of the particular antenna, and their use is also

straightforward. The phased array selection, however, is

considerably more complicated.

This selection plots the gain pattern for a planar phased

array of identical dipoles. First, the user must enter the

length of the individual dipole elements normalized to the

wavelength. Next, the user must choose from one of seven

current distributions on the dipoles. The desired array

must then be decomposed into homogeneous subarrays in both

the x- and y-directions. The program prompts the user for

the number of x- and y-subarrays, the number of elements in

each subarray, the spacing between those elements normalized

to wavelength, and the phase taper between consecutive

elements. For many cases, the separations and phase tapers

between any two adjacent elements may well be identical;

consequently, there will only be one subarray in each

direction. Given this data, the program will generate six

polar plots, those being the theta and phi components of the

planes theta-pi/2 (xy-plane), phi-O (xz-plane), and phi-pi/2

(yz-plane). After each plot, the user is prompted for a

magnification factor. Entering a value greater than unity -.-s n

will cause the same gain pattern to be plotted, only larger

than before. The converse holds for values less than

unity. Entering a value of zero will cause the screen to be

cleared, and the next polar plot to be drawn.
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Main menu item 3, 'Link Analysis,' is used to perform

link budget analysis. The user is guided step by stop

through every calculation, and intermediate results are

displayed along the way. The final link budget can be

displayed by selecting menu item 4, 'Display Link Budget.'

Menu item 5, 'Recompute Link Budget,' allows the user to

recompute all the link calculations with new values of

frequency, antenna design, transmitter power, receiver noise

figure, bit error rate, or data rate. It also permits the

user to perform the reverse process of computing bit error

rate given the data rate. Once a desired link budget is

obtained, the user may store it on the data disk by

selecting menu item 6, 'Store Link File.' Previously stored

link files may be recalled for review or recomputation by

selecting menu item 7, 'Recall Link File.'

The following is an ordered listing of instructions for

designing and analyzing a typical link, starting from the

main menu.

1. Enter the frequencies for the uplink and downlink.

2. Enter the elevation angles and latitudes for the

transmitting and receiving ground sites. Elevation

angles previously computed in the satellite parameters

section may be used again here.

3. Enter the mean sea level altitude of the transmitting

and receiving ground sites.

4. Enter the satellite altitude (enter 'G' for

geosynchronous altitude).



5. Enter the system bandwidth (The signal bandwidth is

taken to be equal to the noise bandwidth).

6. Specify the type of antenna for the uplink

transmitter.

7. Enter the appropriate antenna parameters asked for.

8. Specify the type of coverage for the uplink receiver,

along with the antenna parameters asked for.

9. Repeat steps 6-8 for the downlink transmitter and

receiver. The maximum gain and 3-dB beamwidth for each

antenna is displayed as an intermediate result.

10. Enter the output amplifier power level and

transmitter circuit losses for the transmitters at the

first ground site and onboard the satellite. The

effective isotropic radiated power is then calculated and

displayed.

11. Enter the amplifier noise figure, circuit losses, and

antenna noise temperature for the receivers at the second

ground site and onboard the satellite. The effective

system temperature and G/T figure of merit are then

displayed.

12. Enter the rain rate at the uplink and downlink

sites. If it is not known exactly, choose one of the

qualitative descriptors that best matches the estimated

rain rate.

13. Specify the desired data rate, modulation type, and

bit error rate for the uplink and downlink signals.

After a slight delay, the available Eb/No , required

Eb/N O, and maximum data rate will be displayed.
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14. This is the end of user data entry. The link budget

may now be displayed by selecting menu item 4, 'Display

Link Budget.' The display consists of two columns: one

for the uplink and one for the downlink. The display is

also organized into color-coded groups for convenience.

Cyan corresponds to general information, blue to the

transmitter, yellow to the channel, green to the

receiver, magenta to link performance criteria, and red

to critical link constraints. If the computed data rate

exceeds the maximum data rate, then it will blink. The

same holds for negative power margins. This is to call

attention to the fact that the link cannot exist as

specified.

15. The user may now select menu item 5, 'Recompute Link

Budget' in order to tailor the system to his needs.

16. The final link budget may be stored on disk for by

selecting menu item 6, 'Store Link File.' Previously

computed link files may be retrieved for review or

additional computation by selecting menu item 7, 'Recall

Link File.'

This manual should enable the user to efficiently use the

link analysis program. Because all user input is screened,

it is doubtful that erroneous input can cause the system to

crash. In the unlikely event that this does occur, the user

should restart the program. The only data potentially lost

A will be that data entered subsequent to the last 'Store Link.,

File' command.
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0APPENDIX B

Mathematical Model for Determining Atmospheric Attenuation

At sufficiently high frequencies, atmospheric attenuation

may significantly degrade a satellite link. This

attenuation is due to absorption of electromagnetic waves by

various constituent gases in the atmosphere. These

interactions occur at the gas resonance frequencies. In the

1-100 GHz frequency band, the only significant contributors

to atmospheric attenuation are water vapor and oxygen. The

water vapor absorption band is centered at 22.235 GHz, while

the oxygen absorption lines extend from 53.5 to 65.2 GHz.

Satellite connunications bands are generally chosen to avoid

these frequencies, so resulting attenuation values are

typically less than 1 dB (2:94-951 9:323).

The total atmospheric attenuation depends upon a number

of variables; namely frequency, elevation angle, ground

station altitude, relative humidity, and surface ,#

temperature. Of these, only frequency and elevation angle

play a significant role. Since the uncertainty of the link

may be on the order of several dB anyway, it is perfectly

acceptable to neglect the other variables. Hence, the model

described below determines atmospheric attenuation as a

function of frequency and elevation angle.

Figure B-i in a logarithmic plot of atmospheric .0

attenuation versus frequency for a vertical path over the I-

I" GHt range. The mathematical model for atmospheric

attenuation was developed by fitting approximating
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polynomials to various sections of this curve. The

equations of the polynomials were obtained via a

commercially available curve-fitting program. Thus, a

quantitative relationship between attenuation and frequency

was established. Because of the complexity of this curve,

it was partitioned into four regions: 1-22 GHz, 22-40 GHz,

40-60 GHz, and 60-100 GHz.

Figure B-2 shows the first region. Note that both axes

have logarithmic scales, even though attenuation is in units

of dB. While taking the logarithm of a quantity already

expressed in dB may not make sense intuitively, it was

necessary in order to generate the curves properly. A

single approximating polynomial joining all the data points

in this region could not be found, so the region was

decomposed into three subregions. The first two subregions
%.

correspond to areas of the curve where the relationship

between attenuation and frequency is approximately linear,

so two different linear regression lines are used to model

this relationship. The last subregion corresponds to an

area of approximately cubic data dependence, so a third-

degree polynomial is used.

Figure B-3 shows the second region. The data points in

this region display a good quadratic relationship, so a

second-degree polynomial provides a good approximation.

figure B-4 shows the third region. Several higher-degre*

poiynomlalm were fit to this data, but only the second-

ieqreo pulynamala provided an acceptable fit. Note that

Lt. f e,,



there is some measurable error along the center of the

curve.

Figure B-5 shows the fourth region. This region also had

to be decomposed into three subregions, and proved to be the p

most difficult to model. Only two data points occupy the A'.

first subregion, since no way could be found to connect

these points with the rest of the curve. These points are

joined by a regression line. Similarly, the second

subregion is also occupied by only two points. However, a

quadratic polynomial is used to connect them in order to

more closely approximate the true shape of the curve. The

last subregion is modeled quite nicely by a fourth-degree

polynomial.

The above discussion has explained in some detail how the

mathematical model for vertical path atmospheric attenuation

was developed. To include the elevation angle dependence,

it is necessary only to multiply the vertical path

attenuation by the cosecant of the elevation angle.
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If APPENDIX C

Mathematical Model for Determining Rain Attenuation

Rainfall is the most serious degrading factor in a

satellite link. Rain droplets scatter and absorb impinging

electromagnetic radiation, causing potentially severe signal

attenuation, particularly at wavelengths approaching the

size of the droplets. These interactions depend upon the

number of droplets encountered (and thus upon the rain rate)

as well as the geometry of the droplets.

There is a wide variety of rain attenuation models from

which to choose. However, many of them rely heavily upon

the knowledge of extensive local rain rate statistics or

rain droplet distributions, which are unavailable to many

users. The model presented here estimates rain attenuation

as a function of frequency, elevation angle, rain rate,

ground station altitude, and ground station latitude.

The attenuation A due to rainfall has been commonly given

in the literature by

A - aRbL dB (C-l)

where a and b are frequency-dependent coefficients, R is

rain rate in mm/hr, and L is effective path length. The

quantity aRb by itself is called the specific attenuation,

and has units of dB/km. Note that the attenuation depends

on the rate of rainfall, rather than on rainfall

accumulation. The process of measuring rain rate is inexact "%-

at best, so the model allows the user to qualitatively
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describe the rain intensity (light, medium, etc.), and then

inserts a ballpark value. Hence, calculating attenuation

involves two basic steps: determining the coefficients a and

b, and then determining the effective path length (2:96-99;

9:327-335).

Approximations for the coefficients a and b are given in

[7] as functions of frequency only. However, these

coefficients are also dependent upon the microstructure of

the rain, such as the rain temperature, droplet shape, and

droplet size distribution. With a little extra work, it is

possible to obtain a very accurate approximation. In [7],

there is extensive tabular data for the coefficients a and b

up to 1000 GHz, for rain temperatures of 200C and 0°C, for

several different droplet distributions. These droplet

distributions include those of Laws and Parson, Marshall and

Palmer, and Joss et al. While it is beyond the scope and

intent of this report to present these distributions in

detail, it should be mentioned that the Laws and Parsons

distribution was chosen because it is a little more accurate

than the others above 30 GHz. This distribution also yields

different a and b values for low and high rain rates. As

for rain temperature, while the assumption of 200C gives

suitable results for terrestrial links, 00C is more

appropriate for satellite links. All of the figures in this

appendix were obtained by plotting the tabular data for the

coefficients a and b (12:1466-1467).

Figure C-1 is a plot of a(f) versus frequency for low

rain rates (i.e. less than 25 mm/hr), and is approximated by .
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4 a sixth-degree polynomial. Figure C-2 is simply a

magnification of the previous figure for frequencies below

10 GHz, and is also modeled by a sixth-degree polynomial.

Figure C-3 is a plot of a(f) versus frequency for high rain

rates (i.e. greater than 25 mm/hr), and is approximated by a

tenth-degree polynomial. Figure C-4 is also a magnification

of the previous figure for frequencies below 10 GHz, and is

given by a cubic.

Figure C-5 is a plot of b(f) versus frequency for low

rain rates. Due to the nature of this particular curve, a

single approximating polynomial could not be found. Hence,

the curve was divided into two regions: 1-8 GHz, and 8-100

GHz. Figure C-6 shows the section of the curve from 1-8

GHz, which is approximated by a fifth-degree polynomial.

Figure C-7 shows the section of the curve from 8-100 GHz,

which is approximated by an eighth-degree polynomial.

Figure C-8 is a plot of b(f) versus frequency for high rain

rates. Due to the considerable complexity of this curve, it

was broken-up into three regions: 1-6 GHz, 6-30 GHz, and 30-

100 GHz. Figure C-9 shows the section of the curve from 1-6

GHz, which is approximated by a sixth-degree polynomial.

Figure C-10 shows the section of the curve from 6-30 GHz,

which is approximated by a fifth-degree polynomial. Lastly,

Figure C-11 shows the section of the curve from 30-100 GHz,

which is approximated by fourth-degree polynomial.

Once the coefficients a and b have been determined, the

effective path length through the rain must be found. For a
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*given elevation angle El, the path length L through the rain

is given by

L - (H - Ho)/sin(El) km (C-2)e 0

where H is the effective storm height in km, and H is thee0

ground station elevation in km.

The temperature gradient where T=0°C is called the zero-

degree isotherm, and is generally the point above which no
'4

liquid water exists. The height of the zero-degree isotherm

Hi, (also known as melting layer height), is related to the

latitude by

H. = 4.8 km abs(lat)<=30 0  (C-3)

= 7.8 - 0.1*abs(lat) abs(lat)>300

Seasonal variations of the melting layer height have been

neglected. The effective storm height is related to the

melting layer height by

He = Hi  R<=10 mm/hr (C-4)

= Hi + log(R/10) R>10 .um/hr

Note that C-4 accounts for the fact that higher rain rates

are associated with more active convective rain cells, which

contain strong updrafts that can carry water well above the

zero-degree isotherm.

The above relations are generally accurate for relatively

low rain rates (less than 10 mm/hr). However, high rain

rates create another wrinkle in the problem. The same
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convective rain cells which carry water above the zero-

degree isotherm also render the distribution of rain non-

uniform in the horizontal direction. Much data on this

problem has been collected using rain gauge networks, but

these experiments are beyond the scope of this report. The

end result of this research was the derivation of a path

profile model which takes the presence of convective rain

cells into account. Putting all the pieces together, the

total path attenuation A due to rain is given by

A = aRbL R<=10 mm/hr (C-5)

A = aRb[I - exp[-PL)]/P R>10 mm/hr

where P = gb ln(R/10)cos El
and g = 1/22

By specifying the rain rate as a value which occurs a given

percentage of time, the resultant attenuation will also be

expressed as a percent time occurrence. Likewise, if a link

is designed to operate with a fixed amount of rain

attenuation, then the link availability can be determined

from the percentage of time that rain rate is exceeded

(12:1466-1471).

The above discussion has presented the development of the

rain attenuation model. It should be noted that this is

only a crude model, and does not take into account such

factors as ice crystals, fog, suspended particulates, and

depolarization.
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APPENDIX D

Source Code Listing

(* SATELLITE LINK AMLYSIS WWTATIGN FOR IBM PC (Vr 1.1)
(* Copyright 1986 by Bill Jackson

program master( input ,output);

const mu=3.964e14; (* gmvitatioml constant times Earth mass *)
e-.378e6; (* Earth radius *)
dr=1.7453e-2; (* degrees-to-radians conversion *)
rd=57.2958; (* rdians-to-degrees conversion *)
k=1.38e-23; (* Boltanan's constant *)

type legal=set of char;
fi lenmnestri ng[23J;
1ink-record

upl :real;
dnl :real;

end; :-..e
1 inkrecord-record

altitude (* satellite altitude *):real;
lat. ground station latitude *),
b(* ground station MSL elevation *),

alpha (* elevation angle *),
freq (* frequency *),
TxEfficiency (* transmitting antenna efficiency *),
FEfficiency (* receiving antenna efficiency *),
TxGain (* transmitting antenna gain *),
RWGain (* receiving antenna gain *),
beamnwidth (* 3-dB be dth *),
Pout (* transmitter output power *),
TxCircuitLoss (* transmitter circuit losses *),
RbCircuitLoss (* receiver circuit losses *),
EIRP (* effective isotropic radiated power *),
NoiseFigure (* noise figure *),
lWfitTemp (* receiving antenna noise temperature *),
Teq (* system equivalent temperature *),
GT (* G/T figure of merit *),
SlantRinge (* slant range to satellite *),
rainrate (* min rate *), -
RainAtten (* rainfall attenuation *),
Air/tten (* atmospheric attenuation *),
PathLoss (* free space propagation loss *),
Pr (* received useful power *)
CNR (* carrier-to-noise power density ratio *),
bandwidth ( syst bandwidth *), I

* datarate (* transmitted data rate *)
modtype (* mdulation tye *)
m (* number of signalling levels *),
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BER (* bit error rate *), -
Aail bN (* available )/Nb *),-
RIqIbN) (* reqired R/ND *),
MaxDatarate (* maximum data rate *),
margin (* link powr margin *),
fitennaType (* antenna type *),
beamtype (* bean type*)
argl,arg2,arg3,arg4,arg5 (* dummy variables *) :1 ink;

end;

var InputErrr (* illegal numeric input *):boolean;
integerdata (* integer input data *):integer;
realdata (* real input data *):real;
legalinteger,legalreal (* valid input sets *):legal;

duu (* duy file *):file;
data (* link file record containing all pertinent variables *):linkrecord;
linkfile (* link file *):file of linkrecord;
buffer (* storage buffer for use in deleting link files *),
library (* directory of current link files *):file of string[23];
I (* loop variable *),
option (*menu item option *),
choice (* submenu item choice *),
site (* antenna site *):integer;
Eb% (* temporary storage for Eb/No *),
rate (* tporary storage for datarate *),
err t8Iporary storage for bit error rate *),
limit (* limiting data transmission rate *):real;junk (*dumW variable *):real ;

path (* link file directory path *):string[11;
oldnamenamedumiV e (* link filename temporary storage *):string[23];
letter (* dumiy variable *):char;
inp (* dcmwy variable *):string[8];
killnane (* nmine of file to be deleted *):string[8];
havealpha (* elevation angles previously computed *), w
skip (* skip reentry of elevation angles in link analysis *),
recompute (* it is possible to recompute the existing link budget *), 4,

AlreadyThere (* filenme already exists *),
uplink (* uplink portion is being computed *),
newinfo (* new unsaved data has neen generated *),
standard (* FALSE Wien computing BER given datarate *),
shannonflag (* indicates Shannon rate is limiting factor *),
nquilstflag (* indicates lWcquist rate is limiting factor *):boolean;
title (* display titles *):array [I..10] of strng[20];

INCLUSION FILES INSERTED HERE

§$I A:integer.past
§$1 A:real .past
§$I A:exist.past
§$I A:trig.past
§$I A:pw.past
§$1 A:bessel .past
§$I A:loglO.past

109

....,, ..... ... . .. . . , - . .-, .. ,, ,- , - -. - , . ....,- .- : .: . ,- ,- -,- -.- .- .,, , -,-l,-o g- ;

".e'." '' " " '-'. , ", ".'# '., - ' '€ " " • • ." ',.. v ' 'I. ." .'.#_ ," "._. .' # ," .- .%-/' . 4- , . _.f .M11' '



4 ~ §$I Aalog.past
§$I A:log2.past
§$I Amise.past
§$I Amcustan.past
§$I Amit.past
§$I A:getalt.past
§$I A:escape.past
§$I A:blackbod.past
§$I Acircular.past
§$I A:ell ipse.past
§$I A~azel .past
§$I A:q.past
§$I A:qinverse.past
§$1 Akfunction.past
§$I A:honi.past
§$I A:hel ix.past
§$I A:dish.pasl
§$I A:anteml.past
§$I Aanterrna2.past
§$I A:mait.past
§$I Akrec.past
§$I A:rain.pdst
§$I Akair.past
§$I A:power.past
§$I A:saveit.past
§$I A:capaclty.past
$1A-bitrate.pasl

INITIALIZATION All) SET-UIP

begin
title[):='PIN TRANSMITTER';
tltle(2:'ULIK RECEIVER';
title3]:'DWN.IN TRANSMITTER';
title[4:L'ff4..I RECEIVER';

title[6]:'SATELLITE;
title 7:'PLINK SITE';

title(9J:z'U P L I N K';
title[1O>:'D O WN L I N K';
path :-=axat*';
l egal integer: -['01 .. '191]
1 egalreal10'O'.19','. .1'-1 ,1+1 ,'e' ,'E');
haveel phu:-fal se;
sklp:-false;
reomipute:=false;
Alreadylhere:-false;
newinfo:-false;
standard :-true;
asslgl(chmnd,arry.chv');
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if not exist(path+link.dil) then
begin

rewite(library);
close(l ibrary);

end;

repeattextbiode;

textbackgrund(green);
clrscr;
gotoXY(30,5);
textbackgrvund(yel low);
textc.olor(black) ;

writeln(' MA I N MENU ':19);
textbackground(green);
textcolor(white);

gotoXY(1,10);
writeln(' 1. Satellite rbital Parameters');
writeln(' 2. Antenna Gain Patterns');
witeln(' 3. Link Analysis');
witeln(' 4. Display Link Budget');
witeln(' 5. keconpjte Link Budget');
writeln(' 6. Store Link File');
writeln(' 7. Recall Link File');
writeln(' 8. Delete Link File');
writeln(' 9. List Link File Directory');
writeln(' 10. Change Default Drive');
writeln(' 11. EXIT');
repeat

writeln ;writeln ;write(' ENTER OPTION :');
Get Integer;
option :=integerdata;
if not (option in [1..11]) then InputError:=true;
if InputError=true then noise; '-'

until InputError-fal se;
case option of

1:begin (* Satellite Orbital arameters *)
textbackground(red);
clrscr;
gotoXY(1,10);
writeln(' 1. Escape Velocity');
writeln(' 2. Steady-State Temperature');
witeln(' 3. Circular frbit Ibrameters');
writeln(' 4. Elliptical Orbt Parameters');
witeln(' 5. Azimuth and Elevation Angle');
repeat

witelnWriteln ;rite(' ENTER CHOICE :');-:k-
Get Integer;
choice :-integerdata;
if not (choice in [1..5]) then InputError:=true;
if InputEmoratrue then noise;

until InptError-false;
case choice of
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1:Escape~elocity;
2:blackbody;
3:.cirrcular;
4:elIi pt ical;
5:azel;

end;
end;

2:begin (* Pitenn a (in Patterns
textbackground( red);
clrscr;
gotoXY(1,10);

writeln(' 3. Parabolic Dish');
witeln(' 4. Phased Array of Dipoles');
repeat

,riteln~writelnwvrite(' ENTER CHOICE :)
Get Integer;
choice :=integerdata;%
if not (choice in [l..4]) then InputError:=true;
if Input Error--true then noise;

until Inpt Error-false;
case choice of

1:hom;
2:hel ix;
3:ish;
4:chain(ckdim);

end;
end;

3:begln (* Link Amlysis *
recanpute :=true;
newinfo:=true;
textbackground( red); A
ci rscr;
gotoXY(1,5); J

wie'ENTER UPLINK FREQUENCY (1 - 100 Gtz) :1);

GetRel;
data.freq.upl :srealdata;
if not((dafta.freq.upl>=1.0) and (data.freq.upl<=100.0))
then InputErrr:=true;
if InputErrvrtrue then noise;

until Iput Error-fal se;
repeat

wite(' ENTER 0CI*4INK FRE(IJENCY (1 - 100 Gz) :)

data.freq.dnl :-realdata;
if not( (dita.freq.dnl>=1. 0) and (data.freq.dnl<=10O. 0))
then Input Ero: tnje;
if InputError-true tUe noise;

until Input Error--fal se;
witeln;
if havealpha-tn~e then
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beginb rite(' USE ELEVATIGN ANGLES FROM MENU ITEM #1? ');
readln(letter);
if ((letter='Y') or (letter='y')) then skip:=true else
skip:=false;

end;
if skip=false then
begin

repeat
write(' ENTER TRANSMIITING TEIIR4MINAL ELEVATION ANGLE'+
' (deg) :.);
CetFeal;
data.alpha.upl :=realdata;
if not((data.alpha.upl>=O) and (data.alpha.upl<=360))
then Input Error:=true;
if InputError=true then noise;

until Input Error= false;
repeat

write(' ENTER TRA M ING TERMINAL LATITUDE (deg) :');
Get Ral;
data.lat.upl :=realdata; .
if (abs(data.lat.upl)>90) then InputError:=true;
if InpEortnie then noise;

until InputError=fal se;
writeln;
repeatwrite(' ENTER RECEIVING TERMINAL ELEVATIN ANGLE (deg)'+1 :' ); " K-

et Peal;
data.alpha.dnl :=realdata;
if not((data.alpha.dnl>=O) and (data.alpha.dnl<=360))
then InputError:=true;
if InputError=true then noise;

until InputError=fal se;
repeat rwrite(' ENTER RECEIVING TER4INAL LATITUDE (deg) :');

GetPealI ;

data.lat.dnl :=realdata;
if (abs(data.lat.dnl)>90) then noise;

until InputError=fal se;
end;
writeln;
repeat

write(' ENTER TRAIN94IMING SITE ALTITUDE (m) :') -
Get Peal;
data.Fb.upl :=realdata;
if (abs(data.Ib.upl)>Re) then InputError:=true;
if In Eror=te then noise;

until Input~rfalse;
repeat

write(' ENTER RECEIVING SITE ALTITUDE (m) :');Get~l R13 II
data.Ib.dnl :=raldata; , 7,'
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if (abs(data.Ib.frl)>Ie) then InputError:=true;
until ktputError--false;
witein;
getal titude;
data .al titude :=real data;
writeln;
repeat

brite(I ENTER SYSTE14BANDWIDTH (ft) :)
Ct~al ;
data.bandwldth.upl :=realdata;
data .bandwldth .cdi :creal data;
if not((data.bandwidti.upl>O) and (data.bandwidth.upl<1000.O))
then Input Errar:=true ;
if InputError--true then noise;

until Input Error--fal se;
for site:=1 to 4 dop.

if ((site=-1) or (site=-2)) then uplink:=-true else

uplink:=false;
case site of

1,4:antennal;
2,3:antenna2;

end;
wait;
end;
upl ink: --true;
transmitter;
uplink:=false;
transmiitter;
upl ink:=true;
receiver;
uplink:=false;
receiver;
PecRbver;
uplink:=triue;
bitrate;
upi ink :-fal se;
bitrate;

end;
4:begin (* Display Link &xdget *

textbackgrmund(black);
cl rscr;

writeln( UPLINK: :36, DOWNLINK' :25);
with data do

beg c lorlghtcyan);
witeln(Frequency (Gbz) ':21,freq.upl:15:2,freq~dnl:25:2);
writeln('Slant 11ange (hui) 1:21,Slantrunge.upl:15:2,

wirteln(-3-dB BeaWdth (dog) ':21,beamidth.upl :15:3,

textcolor(lightblue);
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wkiitel( ssx kbw :5(W); 0:1Ru~p:52Pu~ :25:2);witeln('Tx Crcuit Losses ':21,TxCirvuitLoss.up1 :15:2,

Txandl:25:2);
writeln('EIRP :21,EIRP.upl :15:2,EIRP.dnl :25:2);
textcolor(>tllow);
briteln('Path Loss :21,IbthLoss.upl :15:2,
PattiLoss.dnl1:25:2);
witeln('Rain Attenuation :21,Iain~tten.up1 :15:2,
RainAtten.ckil :25:2);
writeln('Abmo Attenuation ':21,Air~tten.up1 :15:2,
Ai rAtten~dnl :25:2);
textcolor(1 ightgreen);
writeln('Peceived Usefiul Rbverl :21,Pr.up1 :15:2.Pr.ckil :25:2);

Fbd~in.dn1 :25:2);a.'
writeln('PIx Cirtuit Losses :21,RcCircuitLoss.upl:15:2, N
IbCircuftLoss.ckil :25:2);
writeln('bx rtise Figure ':21,NbiseFigure.upl :15:2,
WiseFigure.dnl:25:2);
witeln('Systan Eq leap, (K) ':21,1eq.up1 :15:2,Teq.dnl :25:2);
textcol or(1 ight-nagenta);
witeln('G/T Fig of Itrit ':21,GT.upl :15:2,G.bil :25:2);
witeln('C N R ':21,CIfLupl :15:2,CN.kn1 :25:2);
wite('Lata Pate (I'o/sec) ':21);
if datarate.up1)MxItarate.up1 theni
textcolor(1 ightmagenta~bl ink);
write(datarate.upl : 15:2);
textcolor(1 ightnagenta);
if datarate.ki)bxt atarate.kn1 then
textcolor(lightnuagerita~blink);
w-iteln(datarate.dnl1:25:2);
textcolor(1 ighflnagenta);
witeln('B E R ':21,1 'BE~upl :8,

I IBER.dnl1 :8) ;:
vriteln('Aa1able Eb/Wi ':21,Af ai IBft.upl :15:2,%
Avai 1 Hft.ki :25:2) ;
witeln(' Required Eb/Pj ':21.RqbRbt.upl :15:2.

textcolor(l1ightred);
wrlte('Ihrgln ':21);
if margin.upl<O then textcolor(lightred~blink);
write(margin.upl :15:2);

t c lorlightred);
if margin.dil<O th'eni textcolor(l1ightredbl Ink);
witeln(margln.dnl :25:2);
textcolor(1lightred); :1'xbaaeul:52

end aIxItarate.dr1 :25:2);
end;

5:if recompute-tn~e then (RIcompute Link &xdgt e
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neif:-true;re)

ci rscr;
gotoXY(1,5);
witeln(I 1. Fqecy')
writeln(' 2. Anitenna Design');
witeln(' 3. Transnitter ber');
writeln(' 4. Receiver Wise Figure');
witeln(' 5. Bit Erro Pate');
wlteln(' 6. Data Rate') ;
writeln(' 7. Compute BER given data rate');
repeat

vriteln ritelnmwrite(' ENTER CfOICE : 1);
GtInteger;
choice :uintegerdata;
if not (choice in [L..7]) then lhputError:=true;
if InputError--tre then noise;

until InputErrorufalse;
ci sra;
if choice<>2 then
begin
repeat

writeln~orite(' (U)plink or (D)omlink V');
redln(letter);
if not ((etter in L'a'..'z']) or (letter in ['A'..'Z'l))
then noise;

until (letter in ['a'..'z']) or (letter in ['W..'IZ'J)
if ((letter='u') or (letter-'U')) then uplink:=true
else upliInk :=false;,
end;
case choice of

1:begin (* enter new frequency *

gotoXY(2 5);
write(' ENTER NEW FRE(QJEPCY (G) :1);

junk :-realdata;
if not((jwik>-l.O) and (jwik<=100.O)) then
InputEmro:-true; r-
if lnputEmrrtne then noise; w

until Input Eror-fal se;
if upl ink-true then data.freq.upl :-jnk else
data.freq.kil :uik;

end;
2:begin (* enter new antenuna design *

reagotoXY(1,5);
writeln(I 1. Upl ink Transiitter')

writeln(' 3. Lbil ink Transnitter');

writelnwritelnwrite(' ENTER NUI SITE :)
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kt Integer;
site :zintegerdata;
if not(site in [l..4]) then InputError:=true;
if InputError--true then noise;

until JnputErrom-false;
if site<=2 then upllnk:u-true else uplink:=false;
if ((site-i) or (site=4)) then antennal else antenna2;

end;
3:begin (* enter new transiiitter power *

reegotoXY( 2,5);

write(I ENTER OUTPUJT POWER LEVEL (W) :)
Get~al ;
junk :=realdata;
if junk<=O then InlltError:=true;
if InputError--true then noise;

until InputError-false; %f

if upl ink=tnue then data.Ibut.upl :=junk else
data.Fbut.dnl :=jjnk;

end;
4:begin (* enter new receiver noise figure *

repeat
gotoXY(2,5);
write(I ENTER NEW NOISE FIGUIM )
GetIeal;

16 junk :zreal data;
if not((junk>O) and (junk<=1.O)) then
Input Error:=tue;
if InputErromrne then noise;

until Input Error--fal se;
if uplink=true then data.fbiseFigure.upl :=jwik else
data.I biseFigureAl :=Junk;

end;
5:begin (* enter new bit error rate *

standard :=true;
repeat

gotoXY(2,5);
write(I ENTER NEWd DESIMED BIT ERROR RATE :)
GtReal ;

junk :=realdata;
if not((jnk>O) and (junk<1.O)) thnm

until InptError-false;
if upl ink-true then data.BERupl :-junk else

en;data.BERdnl :zjunk;

6:begin (* enter new data rate *
standard :-tre;
repeat

gotoXY(2.5); 1 A

write(I ENTER BTA RATE DESIIED (I'b/sec) :1);
GetReal;
junk :-realdata;
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if juik~le-3 then 1nputError:=true;
if InputErrortrue then noise;

until InputErrorfalse;
if uplink-true then data-datarate.upl :z-juk else
data .datarate .ckl :=junk;

end;
7:begln (* onpite BER given data rate *

standard:=false;

write(I UMTVAX DATA RATE DESIRD (Mt/sec) :)
Get1~al;
rate :=realdata;
if rate~le-3 then InputError:--true;
if kIputErrmrue then noise;

en;until InputError-false;
end;

with data db
begin (* perform actual recarpitaticms *

case tnumncktennaType.upl) of

1egnTx~b n .upl :=101log1O(ga n 1(argl.upl ,fmq.upl )); w
bemidth.upl :=bwl(argl.upl ,freq.upl); .

end;
2: egin xbln.upl :zlO'loglO(gain2(argl.upl arg2.upl,

freq.upl));
bewtwdth.upl :=b2(argl.upl ,arg2.upl ,freq.upl);

3:begin
Tx~kln.upl :=l0loglO(gain3(argl.upl ,freq.upl ));
beidth.upl :ubw3(argl.upl ,freq.upl);

end;
Tx~k1n.upl :=UDtlog1O(gain4(arg3.upl ,argl.upl ,
freq.upl));
beumwdti.upl :at*4(arg3.upl ,argl.upl ,freq.upl);

end;
end;
case trnc(fitenaType.dril) of

2:IkxG1nski1 :u10*log1O(gal(arg1.dnl fareq.dnl))

2:IPcGuin.cil :ul0bloglO(gain2(arg3.dkl,argl.ckil,
freq.dnl)); .

end;
FkUmin.upl :ml0loglO(gain3(arg5.upl ,fteq.upl));
T Gin.dnl : - ID*loglO0(ga n3(arg54inl ,freq.dnil )) ;
EIRP.upl :-isotropic (Riut.upl TxUiinupl ,TxCimuttoss.upl);

Teq.upl :ueqtemp(cAtberj.upl ,ttiseFlgure.upl ,
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ift bkCirtuitLoss.upl);
Teq.dnl :*ue ap~k~ntbq,.dnl fbtiseFigure.dnl,

GT.upl :=figuerit(IbUaInupl ,Teq.upl);
GT~il :zfignerit(bUain.k1 ,Teq.dnl1);
Path~oss.upl :-36.6 1*oglO(sane.up*e36.214e-4*
freq.upl*1e3);
PathLossA'i1 :-366-Dko gls~ lnt nge.d *1e% 214e-4*
freq~dil*1e3);
Air~tten.upl :-air(freq.upl ,alpha.upl);
AirAtten.cil :uair(freq~ilal phi .ckl);
PainAtten.up1 :=vin(ruinrmte.up1 ,freq.upl alpha.upl , b.upl,
lat.upl);
Iainktten.dnl :=rain(ruinrate.dnil ,freq.dnil ,alpha.dnl ,fb.dnl ,
lat4dnl);
Pr.upl :-pover(Fbut.upl Tx~Ci rcuit Loss.upl Tx1iin.upl ,
TxEfficiency.upl,PathLnss.upl ,AirAtten.upl ,RainAtten.upl ,
IbEfficiency.upl ,Ikbin.upl ,IClrcuittoss.upl);

TxEfficiexcy.ckl PabthLoss.dnil Airten.&1 ,Iain~tten.dnl ,
JkEfficiency~dnl Fk~ain.dnl ,IkCiruitLssdnl);
CIW.up1 :-cnrtio(Pr.upl .Teq.upl);

if standard-true then
begin

lkai1 EBfIt.upl :-EbINbAiail (Prupl ,Teq.upl ,datarate.upl);
Awa11EbN.cil :zEbNDAvail (Pr.ckil Teq.cktl datarate.dn1);
Peq~blt.up1 :=EbRIPq(tnaic(nxdtype.up1 ) jn.up1 ,BERupl);

capacity(bandwldth.upl Pr.upl ,Teq.upl J'bEatarate.upl,
MKupl);
if ((shariuiflag-true) or (nyquistflag-true)) thoen
F'bxDatrate.upl :-l miit;

capacity(bandwidth.dfrl ,Pr.fri,Teq~dnl, x~btrate.dn1,
Mdnl);
if ((shamancufliag-true) or (nyquistflag-tne)) then

niargin.upl :uAvail BIt.upl -IeqEbIt.up1 ;
mrargin.dil :=Avall1 EbN,.cdl -Jeqft.nil ;

end else
begin

if uplink-true then-
begin

enr:-biteror(trunc(modtye.up1) ,i.upl,

end else

begin
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* end;
cl rscr;
gotoXY(I.5);
if upllnkutrue then w'lteln(title9:46) else
witeln(title10]:46);
gotoX(1.10);
textolor(l ightnuagenta);
wrlteln(I Desired Data Ilte, - ,rate:0:2,' Mblts/sec');
witeln(I fiallable Eb/WD - '.aft:0:2,' dB');
wiiteln(I Bit Error Rate - 1,err:8);

en;end;

end else
begin

noise;
textcolor(yellow);

end;wrtl(I LBE 0RCORT
textcolor(white);

6:begln (* Store Link File *
rewinfb:c-false;
textbackgraxW( red);
cl rscr;
gotoXY(1,5);
saveit;

end;
7:begin (* Pecall Link File * .~

recnpte :-true;
ruwinfo :=fal se,
taxtbackgrvnd( red);
ci rscr;
gotoXY(1,5);

ret ite(' ENTE FILENE (W'o extensioni) )
readln(nhne);
if not((length(me)>z1) and (length(rme)(u8)) then noise; .

until (length(ruue)>-1) and (length(name)<-B);
nne :-path~nune+' .lnk' ;
if exist(rnme)ztrue then
begin

asslgn(linkfilenAm); '
reset (I inkfll1e);
with data do read(llnkfiledata);
close(l inkflle);-

end el se
begin

noise;

writelnwrlteln(I" FILE NONEXISTENT )

end; ed

8:begln (De~lete Link File *
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tetakruand(red);
crscr;

goytoXY(l1);

write(' DELETE WHICH FILE ?1);
readln(killname);
if not((length(killnuie)>-1) and (lenigth (kilIInme) <.8))

lnthen noise;
until (length(killuine)>=1) and (length(killnme)<-8);
wlteln;wite(' AFE YOUJ SURE ? (Y or N)'); I
if ((letter-'Y') or (letter'y')) then

bgn ne:path~killnane+'.lnk';
if exist(rune)=true then

cl rscr;
gotoxY(1,12);
textcolor(yel lah+bl ink);
witeln('D EL ET I NG F ILEV:52);
assign(l inkfile,rune);
erase(linkfile); (* erase disk file *
reset(library);
rewrite(buffer);
wile not EOF(library) do
begin (* copy all other filernaes, to buffer *

read(library,nmie);
if pos(killnmename)=O then wite(buffernme);

end;
reset(buffer);
reiwite(l ibrary);
wh'ile not EOF(buffer) do (*copy buffer into library *
begin

read (buffername);
wite(l lbrary~nane);

end;
close(buffer);
close(l ibrary);
ci rscr;

end else
begin

textcolor(yel low#+bl ink);
noise;
witeln;writeln(I" FILE NONEXISTENT"');
textcolor(white);

end;
end;

end;
9:begin (*List Link File Directory *

reset(library);
textbackground(red);
clrscr;
if filesize(library)-O then
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begin
ci rscr;
noise;
textcolor(yellowibl ink);
witeln;witeln(I ** LI8RMAY EMPTY **)

end;
vhrile not EDF(library) do
begin

read(l1ibrary,nane);

close(library);
end;

1O:begin (* Change Default Drive *
textbackground(red);
ci rscr;
gotoXY(1,5);
writeln('NOTE: the path disk Adata nust exist on the DATA disk I');
repeat

witelnwite(I ENTER NIEWr DEFAILT DRIVE )

if not((etter in ECa'..'elJ) or (letter in ['A'..'E']))
then noise;

until (letter in [Ia..'e') or (letter in ['A'..'E'));%e
path:=letter+:data9";
assign(library,path+'link.dir');
assign(buffe-r~path+'tel,.sto&);
if not exist(path+link.dir') then
begin

rewite(library);
close(i ibrary);

end;
end;

end; (* end of case *
if option<>11 then ait;
until opticm=11; (* EXIT routine *
if newinfontrue then (* last chance to save data *
begin

witeln~ite(I WARNING: DATA NOT SAVED ... save ? (Y,N) ;p..
read(letter);
if ((letter='Y') or (letter-lyl)) then saveit;

end;

textbakgviad(black);
ci rscr;
end.
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(4~(* custom graphics driver*)
procedure custanplot(x yn :integer);
(* plot a point
begin

plot(xy,n);
end;

procedure customdraw(xl ylx2,y2,n :integer);
(draw a line between two points *)
begin

draw(xl,ylx2,y2,n);
end;(**) ~ ,

(* determine if a disk file exists *)
function exist(rame:filenare):boolean;
var fil(* dukny filename *):file;
begin
assign(fi1 ,ime);§$1-t

reset(fil);§$1+t !
exist :=(I0result=O);

end;(**)
(* poll user for satellite altitude *)
procedure getaltitude;
begin
repeat

wrlte(' ENTER STLITE ALTITUDE (m) ( or G for geosynchrnous ) :');
Get Real V

if real dta<l.5e5 then InputError:=true;
if InputError=true then noise;

until InputError=false;
end; '-'V.

store an integer input *) "
procedure Get Integer;
var i (* loop variable *),

code (* error code *):integer;
character (* individual input character *):char;
datain (* input data string *):string[5];

begin
Input Error: -false;
readln(dataln);
for i :-i to length(datain) dD
begin

character:=cow'(datain,i ,1);
if not (character in legalinteger) then InputError:=true else
val (datain ,integerdata ,code);

end;

(* make beeping sound *) 123

123 .
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procedure noise;
begin
sound(1000);
delay(51fl);

nosound;

(*store a real input *
procedure GetIoal;
var i (* loop variable*)

code (* error code *):integer.;
character (* individual input character *) :char;
datain (* input data string *):strng[l5);

begin
Input Error: =false;
readln(datain);
if ((coPY(datain,1,1)='g') or (copy(datain,1,1)='G)) then realdata:=3.5784e7
else for i :=1 to length(datain) do
begin

character :=copy(datainj i,1);
if not(chardcter in legalreal) then InputError:=tnre else
val (datain ,realdata 'code);

end;
end;

save a file an disk
procedure save it;
begin
repeat

,riteln~write(' ENTER FILENMIE (1 - 8 chars ):)
readln(name);
if not((lengti(zn)>=1) and (length (name)<=8)) then noise;

until (length(rwne)>=1) and (length(nane)<=8);
nam:=path~tnme+ .lnk;
dum~yrne :=rUIe;
del ete(dywivyme,1, ength (path));
reset(l ibrary);
(* see if file already in library *
kbiile not EDF(library) do
begin .I.'~

read(library,oldkiae);
if pos(olckine dumnyame)0<0 then AlreadyThere :=true;

end;
(*if not already in library, w'ite to disk and update library *
if AlreacyTherefalse then
begin

asslgn(llnkfilejwne);

with data do wte(inkflledata);" t

close(l lnkflle);
reset(library);
if filesize(llbrary) > 0 then seek(library,flleslze(llbrary));
ri te(l i brary Autyine);
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close(l ibrary);
end else
begin

AlreacLythere :=false;
noise;
textcolor()ellowbl ink);
witeln;writeln( ** FILE AlIfM EXISTS *');textc:olor~wite);

end;
end;

(* suspend execution pending keyboard entry *)
procedure wait;
label here;
var wide(* width of message *) :integer;
begin
gotoXY(1,25);
textcolor(yel low);
if ((option=2) and ((choice=I) or (choice=3))) then wide:=34 else wide:--54;
write('[press any key to continue]' .-wide);
textcolor(hite) ;

here:if keypressed=false then goto here;
end;(**)
(* convert dB to numbers *)
function alog(db :real ) real;

begin
alog :=pw(lO,db/10);

end;(**)
(* first-order bessel functions of the first kind *)
function bessel (x :real ) :real;
var ctr (* counter to truncate insignificant series terms *),

Sim (*max # terms*),
sign,il ,z:integer;
a,subten,term,old:real; (* constants and loop variables *)

begin
ctr:=O;
lim:=200;
old:=0;
a :=x/2;
term:=1;
sign:=1;
i :=0;
(* evaluate series until 200 terms added or 3 consecutive terms not
contribute to sun *)
wihile ((i<lim) and (ctr(=2)) do
begin

i :=i+2;
sign :=-sign;
subterm:=1;
for I:=I to i dlv 2 do subterm:=subtern/((1+l)*l);
for z:-l to i dD subterm:=subtenuhx;
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tenr:=term+(sbtern/pwr(2,i))*sign;
if aetenwold then ctr:zctr+l;
old :=a*term;

end;
bessel :=old;
end;(**)

(* natural logarithms *)
function log2(x:real ):real;
begin
log2:=ln(x)/ln(2.O);
end;(**)

conmo logarithms *)
function loglO(x :real ) :real;
begin
loglO: =ln(x)/l n(10);,,

end;C")
(* raise x to the power of n
function pwr(x n:real ):real;
begin

if x=O then pwr:=O else if n=O then pw:,--1 else
if x<O then

if (trunc(n) mod 2)=O then pr:=exp(n*In(-x)) else pw:=-exp(n*ln(-x))
end; else pwr:=exp(n*ln(x));

( arcum's Q-function *)
function q(u :real ):real;
var 1 (* lover limit of integration *),

N (* # partitions *),
inc (* partition width *),
sum,loop (* loop variables *),
area (* intermediate result *),
erf (* value of corresponding error function *):real;

(* approximation of Q-function *)
function qapprox(x :real ) :real;
begin

if x>13 then qapprox :=O else .
qapprx :=exp(-(sqr(x)/2))/(x*sqrt(2*pi));

end;(**)I
begin
clrscr;
textcolor(el low+bl ink);
gotoXY(1, 12);
witeln('S T A N D B Y':46);
(* evaluate error function using Sinson's rule *)

A*? if u<4.24 then
begin

1 :-0;
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N:=1000.0;

(* get first and last points *

sun:=exp(-sqr(l ))4exp(-sqr(u));
loop:=l+inc;

(get remaaning points *
begin

sun: :=sui+4*exp(-sqr( loop))
loop:=loo~p2*inc;

loop:=l+2*inc;
begin

st1:=uxJ+2*exp(sqr(loop));
loop:=loop+2*inc;

end; "
area :=9n* i nc/ 3.O0;
erf:=2/sqrt(pi )*area;

(extract Q-fuinction fromu corresponding error function *

end else q:=capprvx(u); (*if 0=4.24 then use approximation *
textcolor(whbite);
ci rscr;
end;

(inverse Q-function *
fu~nction, qinverse(q :real) :real; -
var xlx2,x3 (* duriiy variables *):real;

(equation for argument given the correspon~ding Q-liinction*
fuincticn f(x:rel):rel;
begin

f :=sqr(x) +2* n (x) +2* n (qsqrt (2*pi))
end;

de rivative of above equation *

begin
g :=2*x+2/x;

end;

begin
clrscr;
textcolor(yel low#+bl ink);
goto XY (1, 2);
witeln('S T AN D B YI:46);

(establish search range [xlx2] *
xl:=0. 1;

-N., x2:=13;
(use method of halving the interval to localize moot *

while 0.5*ajbs(xl x2)>=le-6 do
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begin
x3:=(xl+x2)/2.0;
if abs(f(x3)) + abs(f(xl)) o abs(f(x3)+f(xl)) then x2:=x3 else xl:=x3;

end;
x2:=x3;
(* use ~Wton's method to precisely isolate root *
while abs(x2-xl)>=le-6 do
begin

xl:=x2;
x2:=xl-f(xl)/g(xl);

end;
qinverse :=x2;
textcolor(white);
clrscr;
end;

(*inverse cosine *
function arccos(x :real ) :real;
begin

if x=O then arccos:=pi/2 else
arccos :=artan(sqrt(1-sqr(x))/x);

end;(**)
(* inverse sine *)

~ function arcsin(x :real ) :real;
I m begin

if x=1 then arcsin:=pl/2 else
arcsin:=arctan(x/sqrt(l-sqr(x)));

end;, (**)
(* tangent *)
function tan(x :real ) :real;
begin

tan :=sin(x)/cos(x);
end;(**)
(* plot gain pattern for horn *)
procedure horn;
var flag (* plot first point flag *):boolean;

fx,fy (* scaling factors *),
d (* horn dimension *),
f(* frequency *),
Inc (* plotting resolution *),
theta (* polar angle *), -
xgalnax (* gain variables *):real;
oldk,oldyxplot, ylot (* plotting coordinates *):integer;

begin
flag :=false;
fy:-lOO;fx :-220;

textbackgrowid(blue);
clrscr;

~ writ ENTER FREWENCY (1 - 100 Giz) :');
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GetIeal;
f:=realdata;
if not((f>=1.0) and (f<=100.0)) then InputError:=-true;
if InputEnmor--true then noise;

until In put Error-fal1se;
repeat

wite(I ENTER HORN DDMh[NG (mn) )
GtRea I;
d :=realdata;
if d<=0 then InpuitError:=true;
if Input Error-trije then noise;

until lnixtError-fal se;
max:=1D~log10(gain1(d ,f));

palette(3);
graphbackgrounid(black);
theta:-i2
inc:=0.05;
(* sveep theta 180 degrees to generate polar plot *
viile theta<pi/2 do
begin

x :=pi*sin(tileta);
gain :=sqr(sin(x)/x);
xplot :=50+round(gain*cos(theta)*fx); "9
yplot :=100-round(gain*sin(theta)*fy);
(* plot first point, then draw lines to each successive point *
if flag=false then

flag :=true;

olcbc:=xplot oldy:=yplot;
end else
begin .,*

custamiraw(ol dxol dyxpl ot ypl ot,2);..k.4
ol d : =xpl ot ;old4y:=ypl ot;%

end;
theta :=theta+inc;
end;

(drcaw l ittle horn to represent antenna *
custmuirw(4,94,47,106,3);V
custandraw(47,106,40, 103,3); % 4
custandrw( 40, 103,36, 103,3) ;
custondraw(36,103,36,97,3);-
custonidraw(36,97,40,97,3);
custandraw(40,97,47,94,3);
gotoXY(1,1);

witeln('REQ DIM61N:=0: :01, ' m');

gotoXY(1,20);
writeln('MX (AIN = ,iax:O:1,' dB');

*0 iteln;witeln(' FIRST SIDELOBE LEVEL =jnax- 13. 0:0: 1.1 dB)
end;
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(* plot gain pattern for helix *)
procedure helix;
var flag (* plot first point flag *),

check (* flag to supress garbage on screen *):boolean;
fx,fy (* scaling factors *),
max (* maxinium gain *)
f(* frequeny*),
k (* vve number *),
radius (* helix radius *),
alpha (* pitch angle *),4.
turns (* # turns *),
d (* height of one coil *),
theta (* polar angle *),
inc (* plotting resolution *),
AF,PF (* array factor, pattern factor *),
fjde(* plotting error adjustment *):real;
oldxoldyxplotyplot (* plotting coordinates *):integer;

begin
textbackground(blue);
cl rscr;
fudge:-O;
check:=false;
flag :=false;
fy:=500;
repeat

wite(' ENTER FREQJEICY (.1 - 1.0 ft) :)
Ge.Real;
f :=realdata;
if not ((f<=1.0) and (f>=0.1)) then InputError:=true;
if InputError=true then noise; 5,

until InputError=fal se;
k :=2*pi*f*1e/3e8;repeat

write(' ENTER HELIX RADIUS (optinun = ',l/k:0:3,' m) :');

GetReal ;
radius :=realdata;
if not ((radius>=0.9/k) and (radius<=1.1/k) then InputError:=true;
if InputError=true then noise;

until InputError-false;
repeat

wite(' ENTER P1TCH ANGLE (12 - 18 ceg, 14 = optimum) :);
Get ReaI ;
alpha :-realdata;
if not ((alpha)=12) and (alpha<=18)) then InputError:=true;
if InputE'orm*tie then noise;

until InputErrormfalse;
alpha :=alpha*dc;
repeat

wite(' ENTERNMER OF TUF6 (N > 3) :');
GeRal ;
turns :-int(real dta);
if turns<4.0 then InputError:-true;
if InputError-true then noise;
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until 1nptError--alse;
d :=2*pi*rmdius*tan(al pha);
max :=gain2(2*radius ,turns*d ,f);
fx :zfy*2. 2+turns*40. 0;
hires;
hirescolor(l ightblue);
custvnraw( 20, 180,620, 180,1) ;
custanfdraw( 320,0,320,180,1);
inc:=1/(6.01turns); (* adjust resolution *
oldx :-500;
theta :=pi+0.1;
(* sweep theta *
while theta<2*pi do
begin
if theta<=2*pi-fildge+0. 01 then
begin (* total pattern--array factor X pattern factor *

AF -=abs(sin(cos(theta)*torns*pi*d)/ (turns*siri(cos(theta)*pi*d)));
PF:=cos(k*radius*sin(theta)-0.75*pi)*(1.0/(pi*kkradius*sin(theta)));
xplot :=3204run(AF*PF*cs(theta)*fx);
yplot :=1804rvun(AF*PF*sin(theta)*fy);

(suspend plotting unitil first change in direction *
if chock=false then if xplot~olck then oldx:=xplot else if xplot>300 then
begin

check :=true;
en;fudge :=theta-pi;

(plot first point, then draw lines to each successive point *
if chock=true then

if flag=true then
begin

custczmrawoldx,oldy,xplot,yplot,l);
oldx:=xplot oldy:=yplot;

end el se
begin

flag:=true;

olcd :2xplot ;olcy:=yplot;
end;

end;
theta :-ti'etainc;
end;
gotoXY(1,1);

writeln(RADILIS z I radius:0:2,' Wi);
wlteln('PITCg = ',alpha:0:1,' deg');
witeln('# 11.06 = turns:0:0);

end;

(*9;R plot gain pattern of parabolic reflector *) a
var xlyl,fk,fxl,fy,fyl (*scaling factors*)

f (*frecy*)
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diameter (* dish dianeter*)
dl (* dianeter/wavelength*)
x,gainjina (* gain variables*)
theta (* polar angle *),
jpc (* plotting r'esolution *):real;
oldx,oldyv,xplot,yplot (* plotting coordinates *):integer;

begin
fy :=100. 0;fx :=130. 0;
fyl:=20.0;fxl:=10.0;
textbackgrund(blue);
cl rscr;

pawrite(' ENTER FRE JEICY (1 - 100 Giz) :)

Get Ral ;
f:=realdata;
if not ((f>=1.0) and (f<=100.0)) then InputError:=true;
if InputError--true then noise;

until Input Error--fal se;
repeat

write(' ENTER DISH DIMiETER (in) )

dianeter:=realdata;
if diameter(=0 then InputError:--true;
if InputEn-or-true then noise;

until InputError--false;
dl :=diamieter*ffr1e9/3e8;
max:=10*logl0(gain3(di areter ,f));
graphcol omoxi;
palette(3);
custaxlraw( 160,100,3)0,100,1);
custaidraw( 160,40,160,160,1);
oldx :=l6O;oldy:=100;
inc:=0.1;
xl :=0;

(draw small parabola to represent antenna
while x1<1.0 do
begin

yl:=sqrt(xl);
xplot :=1604.run(x1*fx1);
yplot :=10-rund(y1*fy1);
customdraw(ol dxoldyxplot yplot, 1);
oldx:=xplot oldy:=yplot;
xl :=xl+inc;

end;
xl:=0;
oldx:=160;oldy:=100;
while x1<1.0 do
begin

yl:=sqrt(xl);
xplot :=160"vrund(xl*ficl);
ylot :m100s~run(y1*f1:y);
custaodw(oldxoldyxplot,plot,1);NN
oldx:-xplot oldy:-yplot;
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xl:=xl+inc;
end;
oldx :=160;oldy:-100;
theta :=-pi/2;
(* sweep theta over 180 degrees and plot gain pattern *)
while theta<pi/2 do
begin

x :=pi*sin(theta);
gain :=sqr(2*bessel (x)/x);
xplot :=160+round(gain*cos(theta)*fx);
yplot :=10-round(gain*sin(theta)*fy);
custandraw(oldxoldy.xplotLyplot,2);
oldx:=xplot ;oldy:=yplot;

end; theta :=theta+inc; P4

gotoXY(1,1);
wri tel n( F ,f :o0:1, ' z)%
witeln('DIMETER ='dianeter:0:1,' m'); ".

gotoXY(1,20);
witeln(IlU GAIN = I.mx:O:1,' diB'); I

writeln;writeln('FIRST SIDELOBE LEVEL = ',max-17.6:0:1,' dB');
end;(**)i

w

(* plot gain pattern of dipole array *)
program PhasedArray;
type legal=set of char;
var InputError (* illegal numeric input *):boolean;

integerdata (* integer input data *):integer;
realdata (* real input data *) :real;
legalinteger,legalreal (* valid input sets *):legal;
inc (* plotting resolution *),
fy,fx (* scaling factors *),
mmnag (* plot magnification variables *),
thetaiii (* spherical coordinate angles *),
lerg (* length of elents*),
k (* particular direction cosine *), -
AF,AF1,AF2 (* array factors *),
PF (* pattern factor *),
EFtheta,EFphi (* elent factors *),
Gtheta,GOhi (* gain for theta and phi components *):real;
n,i j (* loop variables *),
cd (* vector current direction *),
dist (* current distribution *),
xy (* # subarrays in x and y directions *),
xplot Yyplotoldxoldy (* plotting coordinates *):integer;
xnumnum (* # elements in a subarray *),
xspcyspc (* spacing between elenents *),
xphase yphase (* phase taper between elements *),
kdx,kdygarmaxgaimay (* array factor camonents ,
num,denxuIydey (* interim results *),
AFx.AFy (* interim array factors *):arrayf1..O] of real;
title,subtitle (* polar plot labels *):strng[20];
flag (* plot first point flag *):boolean;
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myftle (* dumny file *):file;*** ******************

§$I Axustan.past
§$I A:nolse.past
§$I A:integer.past

I Areal .past
*$1*rl* ***************

(* procedure/fulnction declaration area *)*** **** ************* *)
(* define direction cosines *)
function kx(theta,phi :real ) :real;
begin 

V

kx :=sin(theta)*cos(phi);
end;

function ky(theta,phi :real ):real;
begin

ky:=sin(theta)*sin(phi);
end;

function kz(theta,phi:real):real;
begin

kz :=cos(theta);end; "

(* define both components of element factor *)
function ZEFthet(theta phi :real ):real;
begin

ZEFtheta :=-sin(theta);
end;
(**)
function ZEFphi(theta,phi :real ) :real;
begin

ZEFPhi :=0. O;
end;(t*)

function YEFtheta(theta phi :real ):real;
begin

YEFtheta :-cos(theta)*sin(phi);
end;
(**) .
function YEFphi(thetaphi :real) :real;
begin

end; -
function XEFtheta(thetaphi :real ):real;
begin

XEFtheta :-cos(theta)*oos(phi);
end;

fanction XEphi(thetaphi:eal):real;
ubegin (')I

XE~i :-sln(1i)3;
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end;
(* define pattern factors *
function pettem1(lengtii,k:real ):real;
begin

pattern 1:=1. 0;
end;

function pattern2(leng ,k :real ) :real;
begin

if k=0 then pattem2:=1.O else
pattern2:=leng*sin(pi*leng*k)/(pi*lergkk);

end;

function pattern3(leng,k:real ) :real;
begin

if k=O then pattern3:=1.0 else L

pattern3:=sqr(sin(pi*leng/2*k)/(pi*lengJZ*k) )*leng/2;
end;

function pattern4(leng ,k :real ):real;
bgnpatten4 :=cos(pi*leng*k)*(2*leng/pi )/ ( 1sqr(2*leng*k));

end;

function patten5 (leng ,k :real) :real; IL

bgnpatteni5:=(sin(pi*leng*k)/(1sqr(leng*k)))*leng/pi;

end;

function pattern6(leng ,k :real) :real;
begin te atr6=.

if k=0 hnpte6=. else

en;pattern6: =(leng/2)* (sin (p*leng*k)/ (pi*leng*k) )(1-sqr(leng*k))

function patternl(leng ,k :real ) :real;
begin

patten7 :=sqr(cos(pl*leng/2*k) )/ ( -sqr( leng*k) )*2*leng/pi;
end;
(* get runerical values for direction cosines and elenent factors %
procedure casey;
begin
case cd of

1:begin
k :mkx(thieta phi);
EFtheta :=XEFtheta( theta ,phi);
EFphi :=XEFphi(theta~phi);

end;
2:begin

k:sky(theta~phi);
a. EFtheta :-YEFtheta(theta ,phi);

EFphi :-YEFhi (thetaphi);
end;
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3:begin 1

k :=Iz(tieta ,phi);
EFtheta: =ZEFtheta( theta ,phi)
EFphi :=ZEFph i (tetaphi);

end;
end;
case dist of (* get nieerical values for pattern factors *

1:PF:=patternl(leng~k);
2:PF:-pttern2(leng,k);
3:PF:=pattern3(leng ,k);

4:PF:=pttem4(eng*k)

4:PF:=pattern4(leng ,k);
6:PF:-pattern6(leng,k) ; *A

7:PF:=pattern7(leng ,k);
end;
end;

(*pattern ccipitation procedure *
procedure canpute; A
beginl
AF1:=1.O;
(* canpite x array factor *
for i:=1 to x do
begin

gmaxi]:=kixi*kx(thetaphi)4xphase~i];
mIm1~i]:=sin(xnai]*ganaxfi]/2);
derui]:--xnulki]*sin(gamaiJ/2);
if denx[i)<>O then

en;AF1:=AF1*AFx[i];
end;

AF2: =1. 0;
*conpte y array factor j.

for j:=1 to y do
begin .A

gmAnyj]:=k1yfj)*ky(theta,phi)'+.phsej];
nifLyj]:=sin(ymuT(j)*gam18,yj]/2);
denyj):ynj)*sin(gunAyj]/2);
if denyfj]C0O then
begin

AFyfj]:=abs(nwnrj3/denYj));

F:A1AF2: (*oAl ry fco rduto niiua]ra;atos* P.

end; 5

(use pattern nu.ltiplication to get gain pattern*

(routine to draw 6 polar plots *
procedure plotit; ~%
var loop~arg:real;

136



begin

while mOO do
begin

hime;9
hirescolor(l ightblue);
custandraw( 0, 100,639, 100, 1) ;
custoiidraw(320,0,320,199,1);
(* choose appropriate plane ,omporent ,and titles *
case n of

1,4:begin
theta :=pi/2;phi :=O;
title:=lIETA = pi/2 PLAE';
if n=-1 then subtitle:='theta cmponent' else
subtitle:='phi carponent';

end;
2,5:begin

theta :=O;phi :=0; 2
title:='PHI = 0 PLAE';
if n=2 then subtitle :='theta component' else
subtitle:='phi caiofent';

end;
3,6 :begin

theta :=(hphi :=pi/2;
title:='PHI = pi/2 PLAE';
if n=-3 then subtitle :='theta am~xuent' else
subtitle:='phi ccunoent';

end;
end;

writeln(stitle);

Inc :=0.05;
loop:=0;(
flag :=false;
(sweep angle and perfoim plotting *

whiile loop<=2*pi do
begin

if ((n=1) or (nm4)) then phi :=phi+inc else theta :=theta+inc;
Casey;
compute;
if r<=3 then arg:=Gtheta else arg:-(phi;
xpl ot:=320'rvrun(arg*cos(l1oop-pi/2 )*fx~n1);
yplot: 0-or~r~snlo-i2*

(plot first point, then draw lines between successive points *
if flag-false then
begin

fl ag : =true

olcd :-xplot ;oldy:=yplot;
end else

begin
custandrawoldx,oldy,xplot.yplot,1); ".

oldx :-xplot oldy:.Yplat;
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end; .. U
loop:=loop4~inc;
end;

repeat .

wite(' ENTER W4G4IFICATI(?4 FACTOR :)

1Ma :=realdata;
if not (mag>=O) then InputError:=tnue;
if Input Error--true then noise;

until Input Error-fal se;
iii:mi1tag;
end;
end;

(main arm-y canputation section *

begin

fy:=200;fx:=44O;
ci rscr;
assign(myile,'a naster.cxn');
repeat
write(' ENTER LENGTH OF ELEMENTS (units of veeength) :)
GtPeal;
leng :=realdata;* if not ((leng>O) and (leng<4)) then InptError:-true;
if Input En-or--tre then noise;
until Input Error--fal se;

wie( ENTER VECTOR CUR~RENT DIRECTION (1=x,2=y,3--z) :)

GInteger;
cd :=integerdata;
if not (cd in [l..3]) then InptError:=true;
if Input Error--true then noise;

until InputError-false;
repeat

w.iteln(I 2. RECTANGULAR RILSEI);
witeln(I 3. TRLANJL4R PULSE'); *

wilteln(' 5. SINE');

writeln~riteln(' SPECIFY CURRENT DISTRIBUJTION :)
et Integer;

dist :=integerdata; 
eif not(dist in [1..7]) then Input Error: =true;

if InputError-true then noise;
until InputErrorfalse;
writeln;
repeat

wite(' ENTER IOIER OF X-OIRECTED SL6ARRYS :)

138



Get Integer;
x:=integerdata;
if x>1O then InputError:=true;
if InputError=true then noise;

until InputError=fal se;
repeat

write(' ENTER Nt0 ER OF Y-DIRCTED SUARRAYS :');
Get Integer;
y :=integerdata;
if y>1O then InputError:=true;
if InputError=true then noise;

until Input Error-false;
for i::1 to x do
begin

repeat
write(' ENTER # ELEMENTS IN X',i,' :');
Get Real ;
xnum[ i ]:=real data;
if (xnm[i]=O) then InputError:=true;
if InputError=true then noise;

until InputError=fal se;
repeat .

write(' ENTER ELEMENT SPACING FOR X°,i,' (units of wavelength) :');Get R~al ; :7

xspc[i]:=realdata;
if not ((xspc[i]>O) and (xspc[i<l)) then InputError:=t e;
if InputError=-true then noise;

until InputError=false;
repeat

write(' ENTER PHASE TAPER FOR Xl,i,' (units of pi) :');
Get RBal ;
xphase[ i] :realdata;
if not ((abs(xphase[i])>=O) and (abs(xphase[i])<=2)) then
Input Error:=tne;
if InputError=true then noise;

until InputError=false;
kdx[ i]: =2 pi*xspc[ i];.., .,
xphase[i]:=xphase[i]*pi;

end;
witeln;r .

for j:=1 to y do
begin ' "

repeat
write(' ENTER # ELEMENTS IN Y' J,' :);

ynwmj]: =real data;
if (ynum[j]<=O) then InputError:=true;
if InputError=true then noise;

until InputError-false;
repeat

write(' ENTER ELEMENT SPACING FOR Y',j,' (units of velength) :');
Get l; -q

yspcfj]:=realdata;
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%

if not ((yspc[j'bO) and (yspc[j]<l)) then Input Error ::true ;

if InputError-true then noise;
until Input Error=false;
repeat rite(' ENTER PHASE TAPER FOR Y',j,' (units of pi) :');

Get Real ;
yphase[j]:=realdata;
if not ((abs(yphase[j])>=0) and (abs(yphase[j])<=2)) then

Input Error:=true;
if InputError=true then noise;

until Input Error-false;
kdy[j]: =2*pi*yspc[j];
yphase[j]:=yphase[j ]*pi;

end;
for n:=1 to 6 dD plotit;
execute(myfile);
end.(**)
(* compute atmospheric attenuation *) '-

function air(freq,elev :real) :real;
var x (* normalized frequency *),

y (* log of attenuation *)'
f (* log of frequency *),
atten (* frequency-dependent part of atmospheric attenuation *):real;

begin
f:=loglO(freq);
if ((f>=O) and (fM1.34)) then
begin

x:=f/1.4;
if ((f>=O) and (f<0.48)) then y:=7.823e-2*f-1.504;
if ((f>=0.48) and (f<1.0)) then y:=3.223e-1*f-1.614;
if f>=l.O then y:=52.3*pw(x,3)-l.119e2*sqr(x)+8O.67*x-20.86;

end;
if ((f 4.34) and (fl.6)) then "1-
begin

x :=(f-1.3)/0.5;
y:=3.323*sqr(x)-2.42x-0.175;

end;
if ((f>=1.6) and (f<=1.78)) then -.

begin
x :=(f-1.6)/0.2;
y:=3.25*sqr(x)-0. 1298*x-0. 425;

end; ',C
if ((W>=1.78) and (f<=2.0)) then
begin

x :=(f-l. 78)10.22; ...

if ((f0=1.78) and (f<1.81)) then y:=-3.331*f+7.979;
if ((f>=1.81) and (f1.8)) then y:=-1.031e2*sqr(x)+10.15*x+2.

483;
if f>=1.82 then y:--5.114*pw(x ,4)-16. 58*pwr(x ,3)+20.43*sqr(x)-
11. Ig*x+2. 373;

end;
":'," atten :-pw(10y) ;"-

air:-atter1sin(elev*dr);
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'.2 end;

(* compute azimuth and elevation angles *)
procedure azel;
var alt (* satellite altitude *),

latl (* latitude of first ground site *),
long1 (* longitude of first ground site *),
lat2 (* latitude of second ground site *)
long2 (* longitude of second ground site *),
lats (* latitude of subsatellite point ,),
longs (* longitude of subsatellite point *),.
rl,r2 (* ground site-subsatellite point great circle distances *)"
tiltl,tilt2 (* tilt angles *),
p (* altitude normalized Wresp to Earth radius *),
azl,az2 (* azimuth angles *),
elevl,elev2 (* elevation angles *):real;

begin -.textcolor(white) ;.,

textbackground(blue); t_
clrscr;
getaltitude;
alt :=realdata;p :=l+alt/Fe; .:

writeln;writeln(' ENTER COORDINATES OF FIRST GROUND SITE (deg)');
~repeat r awrite(' LATITUDE :');

GetReal;
latl:=realdata;
if (abs(latl)>90) then InputError:=true;
if InputError=true then noise;

until Input Error- false;
latl:=latl*dr;
repeat

write(' LONGITUDE :');
GetIRI; Pe.
longl :=real data;
if (abs(longl)>90) then InputError:=true;
if InputError=true then noise;

until Input Error=-false;
long1:=Iongl*dr;
writeln;writeln(I ENTER COORDINATES OF SECOND GROUND SITE (deg) :');
repeat

write(' LATITUDE :');
GetReaI ;
lat2:=realdata;
if (abs(lat2)>90) then InputError :=true;
if InputError-true then noise; '

until Input Error- false;
lat2:=lat2*dtr;
repeat

write(' LONGITUDE ');
Get Rea;
long2:=realdata;
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if (abs(long2)>90) then Input Error:=true;
if InputErrrtrue then noise;

until InputError--fal se;
long2 :=long2*dr;
witeln-,writeln(' ENTER COORDINA~TES OF SUB-SATELLITE POINT (deg)');
repeat

brite(' LATITUDE )

lats :=realdata;
if (abs(lats)>90) then InjitErrar:=-true;
if Input Error--true then noise;

until Inpt Error-fal se; J
l ats:=l ats*dr;
repeat

wiite(' LONITUflDE:)
CetReal;
longs :=realdata; 4
if (abs(longs)>90) then InputError:=true; IsP
if Input Error--true then noise;

until InputError-false;
longs :=l angs*cfr;
rl:=arccos(cos(latl-lats)*cos(long1-longs));
r2:=arccos(cos(lat2-lats)*cos(long2-longs));
(* take all cases into account and adjust azimuth accordingly *
if latl=lats then if longl-langs<O then azl:=90.O else azl:=270.O S

else az 1: =rd*artan(tan(longl ngs) /sin (at 1-1ats)) ;
W if lat2=lats then if long2-longs<O then az2:=90.O else az2:=2700

else az2:=rd*arctan(tan(long2-ongs)/sin(lat2-lats));
if latl-lats>O then azl:=az1+180.O;
if lat2-lats>O then az2:=az2+18O.O;
if azl<O then azl:=azl+360.O;
if az2<O then az2:=az2+360. 0;
tiltl:=arctan(sin(rl)/(p-cos(rl)));
tilt2:=arctan(sin(r2)/(p-cos(r2)));
elev1:=arccos(pftsin(tilt1));
elev2:=arccos(p*sin(tilt2));
(* store elevation angles and ground site latitudes *)
data.alpha.upl :=rdkelevl;
data.alpha.dnl :=rd&elev2;
data.lat.upl :zlatl; 5

data.lat~dil :=I at2; IN
haeuipha :-true;
textcol or(l lghbnagenta);
wrlteln;

wrlteln~wrlteln(' azimuth - ',azl:0:2,' deg');
wirteln(' elevation - I elevl*rd:0:2,' deg');
wrlteln ;wlteln ;wrlteln(' SECONDi GROW STATION');
wiltelnWrteln(I azimuth - ',az2:O:2,' deg);
wilteln(I elevation - ',elev2*rd:O:2,' deg');

end;
('cmpute steady-state teaperature V
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, procedue blackbody;
const. PHItn3.926;( average flux emitted fran sun *
var z (* satellite altitude *).

Tot~rea (*total satellite surface area
EXPArea (*percent of total area exposed to suni*)
Eorbit (~irradiance at the satellite's orbit *),
Tsat (* steady-state satellite temperature *) :real;

begin
textbackgrvund(blue);
ci rscr;
getal titude;
z :=real data;
repeat

witeln;
write(I ENTER TOTAL SATELLITE SURFACE AREA (nP2) :1);
Get Peal ;
TotArea :=real data; j
if Totkrea(=O then InputError :ztrue;
if Input Error-true then noise;

until Inpt Error-fal se;
repeat

waiteln;
wite(' ENTER PERCENT OF TOTAL SURFACE AREA EXPOSED 10 SU4 N )
Getfeal;
Expkrea :=real data;
if not ((Expkrea>O) and (ExpArea(=100)) then Input Error:-.true;
if InputErrot-true then noise;

until InptEr-false ;
ExpArsa:-ExpArea/10W*TotArea;
Forbit :z-tIsun/(4*pi*sqr(1.5el1-z));
Tsat :=sqrt(sqrt(Eorblt*ExpArea/(TotArea*5. 67e-8)));
textcolor(l ightmagenta);
writeln;writeln~riteln('Steady-State 1Teraeture =',Tsat:O:2,' deg K');
end;

(*capute Shannon rate and tbquist rate *
procedure capacity(bandwidth,Pr,Teq,rateJ4:real);
var shamnn(* Shannon rate *).

nyquiist (* 'cuist rate *) :real;
begin

shannonflag :=fal se;

nyquaistflag :-fal se;shaman :4)andwidti*e6*log2( lislog(Plr)/ (bandwidth*1e6*k*Teq) )/1e6;
nyquist :-2*bandwidth*1e6*log2(M)/ Me;
(use Shamnon rate if it is limiting factor It)

if shannon~nycqist thien
begin

limit :-shamon;
shamaonflag :-true;

b egin(use tf'qujst rate if it is limiting factor It)
I imit :-nycpst;
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Ism

nyqulstflag:-tnme; I
end;
(* otherwise use previously cnpited data rate *
if liit>rate then
begin

Ilinit:=rmte;
sharvtaiflag :-fal se;
nycpistflag :-false;

end;
end;

(* Npte circular orbit parmieters *
procedu~re circular;
var h (* satellite altitude*)

alpha (*mininun elevation angle*)
theta (*subtended angle *),
velocity (* satellite velocity*)
period (* orbital period *),
coverage (* are of coverage*)
Te (* Earth's rotation period*)
visibility (*duration of satellite visibility *):rwl;

begin
textbackgrcund(blue);
cl rscr;
getal titude;
h:=realdata;
velocity :zsqrt(ou/ (Reh));
period:=~2*pi/sqrt(nuJ)*pwr(F4Hb,1.5)/3600;

witeln;
wrlte(' ENTER MINIJ4 TEMIINAL ELEVATIGN ANGL.E (deg) :)

alpha :-realdata;
if ((alpha<=-O) or (alpha>360.O)) then InptError:=true;
if InputEnror-tnre then noise;

until ktputError-false;
repeat

witeln;
write(' [R~etrograde or [P~rograde orbit ? )

if not (letter in ['p' ,'P' ,'r' ,'R]) then noise;
until letter in ['p','P',Yr,'R'J;
if letter in ['p' IP'] then Te:=-24.O else Te:-24.O;
theta :aarcs (Re*cos(al pha*dr) / QFle) )*rd-al ph&;
coverage :a2fpi*sqr(Re)*(1lcos(theta*dr) )/1e6;
visibil ity:z2theta*period/(36&t(1period/Te));
textcolor(l ightnagenta);

w-iteln (ICoverage Area - 1,coverage:8,' sq kn');
witte(Uration of Visibility 1)
if h-3.5784e7 then witeln(CC(TINJOLS') else witeln(visibllty:O:2,' hr');
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end;

(compute ellIiptical orbit parmneters *
procedure elliptical;
var apogee (*satellite apogee*)

perigee (*satellite perigee*)
a,b (*mjr ad minor axesof orbit*)
r,phi (*polar coordinates of orbiting satellite*)
alpha (*elevation angle*)
theta (*subtended angle*)
VA,VP (*velocities at apogee and perigee*)
Vavg (*average velocity *).
velocity (* velocity at a specified reference angle phi*)
eccentricity (* orbit eccentricity*)
period (* orbital period *),
cover-age (* coverage area *) :real;

begin
textbackgr=Wd(blue);
cl rscr;
repeat

vriteln;
wite(' ENTER ALTITUE @ APOGEE (in) )
GetRel ;
apogee :=realdata;

A~d. if not (apogee>O) then InputError:=-true;
if InputError--true then noise;

until Inpt Error-fal se;
apogee :-apogee.4e;
repeat

wite( ENTER ALTITUDE @ PERIGEE (mn) :');
GetReal ;
perigee :=real data;
if not (perigee>O) then InptError:=true;
if InputError--true then noise;

until InptError-false;
perigee :=perigee+Fe;
a :=(apogee~perigee)/2;
b:zsqrt(apogee*perlgee);
eccentricity :-sqr( 1-(sqr(b)/sqr(a)));
va:zsqrt(n/a*((l-eccentrcity)/(14eccentricity)));
vp:usqrt(nu/a*((14eccentricity)/(1-eccentricity)));

reetwiteln;

wlte(' ENTER REFERENCE ANGLE (deg) :)

phi :-realdata;
if not (phi>u'O) and (phi<.360) then InpitError:-trwe
if nptErortrue then noise;

until InptError-false;
vavg: sqrt(vp~va);

Af~kr:-a*(1-sqr(eccentricity) )/(14.ecentricityl*cos(phi*dr));
IV velocity:-sqrt((Z/r-1/a)*mu);

period :a2pi*w(a ,1. 5)/sqrt(nu)/3600;
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w'lteln;
wite(' ENTER TER41NPL ELEVATION ANhLE (deg) :1);
Geal;
al pha:=veal data;
if not ((alpha>=O) and (alpha<=360)) then InpjtError:=true;
if InputError-tnie theni noise;

until IziptErr-false;
theta :zarocos(Re*cos(alpha*dr)/(Qe+r) )*yvJ.alpa;
cover-age :=2*pi*sqr(P)*(1-cos(theta*dr) )/1e6;
textcolor(l ightinagenta);
writein ;wrlteln;
witeln(I Velocity@ Apogee = ',VA:0:2,' ni/sec');
witeln(' Vlocity @ Perigee = ',VP:0:2,' nVsec');
wrlteln(lAverage Velocity = ',Vavg:0:2,' ni/sec');
if phioO than witeln(' Vlocity @ phi = ',phi :0:0,' deg =' ,velacity:0:2.
InVsec');

waiteln(' Eccentricity ='eccentricity: 0:2);
witeln('fkbital Period =',Perlcxi:0:2,' hr');
wrlteln(I Coverage Area = ,coverage:8,' sq kn');
and;

(carpute escape velocity at altitude *

var z(* launch site altitude ),i

Vec(* escape velocity *).real;
begin
textbackground(blue);
clrscr;

writeln; 
'

wrlte(' ENTER LAULH SITE ALTITLJE (in) )
GetRea 1
z :=realdata;
if z(O then InputError:=true
if InptError--true than noise;

until InptErro-false;
vesc :=sqrt(2*nu/(Fie+z));
textcolor(l ightnagenta) ;
writel n;writel nwtel n('Escape Velocity - 1,Vsc:0:2,' iWsec');
end;

( it pute gain for horn*

begin

en;gaili:4*pi*sqr(dkfkleg/3e8);

(ioanpite beuarddti for hornit

begin
bw1:uQM*8/(f1e9*d)*rd;

end;
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(* mpite gain for helix *
fujnction gain2(d,l ,f :real ) :real;
begin

gain2:z15.0?pi*dkl*sqr(fble9/W8);
end;

(*capite bean~tdtii for hel ix *

begin
M:-U ke/(kl9p~~qt(

end;

(*cmpute gain for parabolic dish *
fuinctioni gain3(,fireal):real;
begin

en;gai n3 :=sqr(pi*d*fk1e9/3e8);

(* cipute bemniidtk' for parabolic dish *
fijnction bw3(d,f :real) :real;
begin

bw3:=1.02*38/(fke9*d)*rd;
end;

co mpute gain for phased dipole array *
fu~nctioni gain4(nd,f:real):real;

bgngain4:=pi*n*d*f~1e9/(1.4*3e8);

end;

(* aute beanidth for phased dipole array *

begin
bw:M3e8/(n*d*fkle9); I

end;

(*ampite required bemmwidthi for global coverage *

begin
bM:=(2*amsin(Re*cos(elev*dr)/(Re+alt) ))*rd;

end;

(*ampte required gain for global coverage *
functioni gain5(bw:real ):rel;
var c:real;
begin

c:-u1.27; (*typical value *
gain;:-sqr(pi*c/(bwr~dr));

end;

(cxmpte required beamwidth for spot coverage *
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* begin

en; w:(2*amctan(nadi r/ (2kalt) ))*yvj.

(*coMPite required gain for spot coverage *
function gain6(al tMidir:real ) :real;
var c:real;
begin

C:-1.27; (* typical value *
gain6:zsqr(pi*c*alt/nadir);

end;

(compute EIRP *
function isotropic (Pout,Tx(iin ,TxCi rcuit Loss :real ):real;
begin

isotropic :=10"loglO(Pout) +Tx~iin+TxCi rrult Loss;

*compte equivalent temerature *
function eqtep(W tTem,bi seFigure,WCi rru itLoss: real) :real;
begin

eqteqm : 4WtTem+(ui seFi gure/al og (RxCi r-cu it Loss) )-1. O)*290. 0;
end;e (* compute (j/T figure of merit *
function fignerit(Pbcain,Teq:real ) :real;
begin

end;

(compute received useful poer
function power(Pout, ,xCi rcuittLoss ,TkGai n, ,TEff ic iency, Pathto~ss ,Ai rAtten,

beinRainAtten, RcEfficency, W Gin, N~Clrcu it Loss: real) :real;

pover :=1Clog1O(Pout)+TxCircuit Loss+Tx(ain+10*tlog10(TxEfficierrcy) +
Pathtoss4AlrAtten+RainAttet+01log 10(WIb Efficiency) 4&b Gain+
NbCicult Loss;

end;

(*comprute CMN *

function cnratlo(Pr,Teq:real ):real;
cnratio :-Pr-10*logl0(k*Teq);

end;

*compute available Eb/D *N)
function Ebtt~dailI (Pr, Teq,datarate: real): :real;
var %t (* noise poer density *):real; - l
begin

tb:aI$Teq; 1
en;EbfbAail :-Pr-10klog1O(t,dtate*1e6);
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(caipite bit error rate *
fuinction blten'vr(modtype :integer n,Arwai 1 Ebft:real ):real;
begin

Afail Et:ialog(fial Etb);
if (((01) and (A/ailEbt*log2(m)<4&0.)) or (Pmail t)b<=86.O)) then
case modtype of

1 ,2,3,4:biterror :-q(sqrt(2*Pvai 1 Ebb))
5:biterrir:=q(sqrt(2*Avail EbNb*log2(m) )*sin(pi/m))/log2(ni);

7:biterrcr:=05*exp(-0.5*Pmail EbND);
8:biterror :-V4.1rexp(-AwailIEbWIog2(m));

1092(m);
l1:biterror:=.5xp(-AwailEbND);

end else biterror:=O;
nosouhld;

end;

(cxnpite recqiired Eb/ND *
function, EbND q(nodtype:i nteger~,BER: real ) :real;
var EbIb :eal;
begin

case rnodt3 pe of
1,2,3,4:Ebtb :=sqr(qinverse(BER))/2.O; ,.

5 :Eblb :=sqr(qinverse(log2(ni)*BER)/sin(pi/m))/ (2.c1,log2(m));
6,9:Ebb:=sqr(qinverse(BER));
7:Ebb:=-2.Utln(2.O'WER);
8:Eblb :=ln(4.%t&MBE)/1og2(m);
1:EbND:=(sqr(m)-1.O)/(6.0"log2(m) )*sqr(qinverse(nV (m-1)*
log2(m)*BER));

end;
EbIq :z10flog1O(EbA);
nosouaid;
end;

(compute mux datarate *
functic,, maxrat e(Pr,Teq,FeqEbN: :real) :real;
var tb (* noise pover density, *):real;
begin

Ib:-k*Teq;
maxrate :-(alog(Pr)/ (ND*alog(IeqEbtb)) )11e6;

end;

*conpte rainfall attenuation *
functioni rain(rainrate,f el ev,al tjlat: real ) :ml;
var x *normal ized fIe.ey ,

y (*chmi variable *),
a,b (* w~efficients a(f) and b(f) )
gawa (* eimirical constant *),
wi1tLayer (* nelting layer height )
StonuIeight (*effective stom height )
FhthLength (*path length thrugh storm*)
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Effist (* total effective distance *) :real;
begin
if rainrate>O then
begin

(calculate a(f) and bNfO*

if rainrate<=25.0 then

eif fR=10.0 then
begin

x :=(f-1. 0)/9. 0;
a :=3. 475e-3pr(x ,6)-l.82e-2pw(x ,5)+2. 76e-2*pw(x ,4)-
1. 036e-2*pw(x ,3) +7.87Be-3ksqr(x) +9. 815e-4*x46. 5C~e-5;

end else
begin

x :=f/100.0;
a :-5. 231*Iw(x .6)420. J2*Ip(x ,5)-28. 12*pw(x ,4)+15. 28*pvr(x ,3)-
1. 067sqr(x) +0. 1094*x-1. 707e-3;

end;
if fR8.0 then
begin

x :=(f-1. 0)/i. 0;
b :=1. 238*pw(x ,5)-2. 749"pw(x ,4)+1. 495*pw(x ,3)+7. 341e-2*sqr(x) +
0. 2389xO.89C8;

end else

x :-(f-/1.0;
a :-2.34p(x ,1)-59*p(x ,)-4. w(x ,)4.9*p(x ,)+
7.0454pwr(x,4)-3.7*pw(x,5)+2.1*pr(x)s25992*px,3)18

i f =1.0)ad6.) then .%.

x :=(f-1. 0)/5.0; hw~

a:-1.45712*p(x 6). i6' -3ajx , )+.e-3*rx.4-. 744* rx,3+
end else i (>.)ad(u)0)te

x :uf-60.02;

b -.1pr(x 5)-l.75lwr(x 4)487.0(* (x 3)-i9.23sr(x)-

150 Irx+0253x253e3
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end el e4 ~'28
begin

x :=(f-3O. 0)/70.0;
b: 40. 5882*pr (x.4)-1. 709*pw(x, 3) +1.858*sqr(x) -0. 927x+0. 964;

end;
end;

(calculate effective distance *

if abs(lat)<=30.0 then t'WtLayer:=4.8 else t4WtLa.er:=7.8-0.1I*abs(lat);
if rainrate<=10.0 then StormHeight:Vlt~ayer else
StormIei ght : z4e1 t Layer+l ogl0(ra n nrate/ 10. 0) ;
PathLength :=(StormHeightalt/Ie3)/sin(elev*dr);
g~ua:=1. 0/22. 0;
if rainrate<=10.0 then EffDl st :=Path Lenigth else
begin :

y:=gann*b*ln (ai nrate/ 10. 0)*os(el ev*dr);
EffDist :=(1lexp(-y*PathLenth))/y;

end;
(* canpute total rainfall attenuation *
rain: =-a*pwr(rainrate,b)*EffDi st;
end else rain:-O;
end;

(grounid station antenna analysis *
procedure antenrial;
var gai n (* antennia gai n*)

OW (* antenna beamwidth*)
rho (* antenna efficiency*)
f (* frequency *),
d,l ,n (* antenna dimensions *) :Mel;
Puitlype (* antenna type *):integer;

begin V
textbackground(blue);%
cl rscr; V
wlteln~writeln('A N T EN N A A NA L Y S I S':55);
gotoXY(1,5);
brlteln(title~slte]:50);
gotoxY(1,10);

wteln(I 3. Parabolic Dish');
wlteln(' 4. Phased Armay of Dipoles');
repeat

witein;writeln-trlte(' ENTER ANTENMATYPE :)
Ge teger;
AnitType: :zntegerdata;
if not (/Aitlype in [l..4]) then lnpu tError:--true;
" IputEmor-true then noise;

urti' I-putErrorsfalse;

writet' ENTER A~NTENN4A EFFICIENCY :)
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rho :=realdata;
if not((rho>=0) and (rho(=1.0)) then Input Error:=true;
if InputError--true then noise;

until InputError--false;
if uplink=true then f:=data.freq.upl else f:=data.freq.dnl;
case PritType of

1:begin (* horn*
rm2peat

write(' ENTER DIMENSION OF HO)RN (in):)
GetReal ;
d:=realdata;
if d<=O then Input Error:=true;
if InputError--true then noise;

until Input Error--fal se;
gain :=gainl(d,f);

end;
2:begin (* helix *

repeat
write(' ENTER DIMETER OF HELIX :)
GetReal ;
d :=realdata;ti
if d<=O then Input Error:=true; 9

if InputError--tnje then noise;
until InputError--false;
repeat

write(' ENTER LENGTH OF HELIX :)

unI l:=realdata he oie

if l<=O then Input Error: =true;
utlInput Errorase

gain:=gain2(d,l ,)

end;
3:begin (* parabolic dish *

repeat
write(' ENTER DIAMETER OF DISH (in):)

d :=realdata;
if d<=O then InputError:=true;
if InputError-true then noise;

until Input Ermrrfal se;-
gain :=gain3(d,f);

end; B:b3df
4:begin (* dipole array *

repeat 1:
wrlte( ENTE # LINEAR ELEMENTS:)
n:-lnt(realdata);
if n<2.0 then InputError:-true;
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if InputEror-tnje then noise;
until Input Error=fal se;
repeat

write(' ENTER ELEIENT SPACING (m) :');
GetReal;
d :=realdata;
if not((d>O) and (d<1.0)) then InputError:=true;
if InputError=true then noise;

until Input Error-fal se;
gain:=gain4(nd,f);
BW :=bw4(n d,f) ;

end;

end;
textcolor(lightmagenta);
writeln ;writeln;
gain :=1Olog1O(gain); ,v
writeln('AX GAIN = ',gain:O:2,' dB');
writeln('3-dB BEAMWIDTH = ',BW:O:3,' deg');
(* store antenna data *)
if uplink=true then with data do
begin

AntennaType.upl :=int(AntType);
argl.upl :=d;
arg2.upl :=l;
arg3.upl :=n;~TxGain.upl :=gain;

beamwidth.upl :=W;
TxEfficiency.upl :=rho;

end else with data do
begin

kntennaType.dnl :=int(AntType);
argl.dnl :=d;
arg2.dnl :=l;
arg3.dnl :=n;
RGain.dnl :=gain;
RxEfficiency.dnl :=rho;

end;
textcolor(white); II

end;
(**) .. "-
(* satellite antenna analysis *)
procedure antenna2;
var beau (* beam type *):integer;

gain (* actual antenna gain *),
reqgain (* required antenna gain *),
BW (* actual antenna bewwidth *),
reqBW (* required antenna beauwidth *), .19
f (* frequency *)
elev (* elevation angle *),
rh (* antenna efficiency *),
d (* dish diameter *)
nadir (* desired nadir diameter *) :real; .:...

begin
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if uplink=true then f:=data.freq.upl else f:=data.freq.kn1;
if uplink=true then elev:data.alpha.upl else elev:-data.alpha.dnl;
textbackground(blue);
clrscr;
writeln~riteln('A N T E N N A A N AL Y S I S':55);
gotoXY(1,5);

gotoXY(1,1O);
witeln(' 1. Earth Coverage');
writeln(' 2. Spat Coverage');
repeat

writelnwritelnwrite(' ENTER DESIRED BEAM TYPE :)
GetInteger;
beani:=integerdata;
if not (bemn in [1..2]) then IriputError:=true;
if InputErr-true then noise;

until Input Error--fal se;
repeat

write(' ENTER ANTENNA EFFICIENCY :)
GetReal;
rho :=realdata;
if not((rtio>O) and (rho'=1.O)) then Iput Error: =true;
if InputError--true then noise;

until InputErmrrfalse;
repeat

write(' ENTER ANTEN(A IETER (m) :)
Get Real;
d :=realdata;
if d<=O then Input Error: =true;
if InputError--true then noise;

until Iniput Error--fal se;
case beam of

1:begin (* global coverage *
reqBvJ:=bw5(data.altitude,elev);
reqgain :-gain5(req8W);

gain :gain3(d ,f);
end;

2:begin (* spot coverage *
repeat

write(' ENTER NADIR DIMIETER (mn) )
Get Real;
nadir:=realdata;
if nadir<=O then Input Error: =true;
if Input Error--true then noise;

until Input Error--fal se;
reqEW:=bw6(data.altitude,nadir);
reqgain :-gan6(data.altitude,nadir);

gain :-galn3(d ,f);

end;
textcol or(l i ghtinagenta);
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writein ;witeln;
gain:=1O*loglO(gain);
reqgain:=10*log1O(reqgain);
writeln('AX GAIN ='gain:0:2,' dB');
witeln('3-dB BEAMWIDTH- = , BW:0:3,' deg');
(* check if requ~ired parameters are attainable *)6
if (gain<reqgain) and (uplink=false) then
begin

textcolor(yellow); r-

writeln ;writeln( 'NOTE: Required Gain ='reqgain:0:2,

dB for 25-dB sidelobes');
end;
if (Bt6(reqBI) and (uplink=false) then
begin

textcolor(yellow);
writeln~writeln(' NOTE: Required Barrwidth =',req9vJ:O:2,

deg for 25-dB sidelobes');
end;
(store antenna data *
if uplink=true then with data do
begin

beamrtype.upl:=int(beam);
arg4.upl :=nadir;
arg5.upl :=d;
Rbctain.upl :=gain;
RKEfficiency.upl :=rho;

end else with data do
begin

beantype.dnl :=int(beam);
arg4.dnl :=nadir; I.*
arg5.dnl :=d;
TxGain.dnl :=gain;
TxEfficiency.dnl :=rho;
bemiwidth.dnl :=OW;

end;

end;

*receiver analysis *)F
procedure receiver;
var Wf (* noise figure )

loss (*receiver circuit losses*)
temp (*receiving antenna noise teniperature ):real;

begin
textbackground(bl ue);
clrscr;
witeln~mriteln('R E C E I V E R A NA L Y S I S':56);
gotoXY(1,5);
if uplink=true then writeln(title[5]:41) else witeln(tltle[6]:44);

worlteln;DM WEVER AMPLIFIER INOISE FGR
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GetReal;
NF:=realdata;
if not (NF>=I.0) then InputError:=true;
if InputError-tne then noise;

until InputError=false;
repeat

writeln;
write(' ENTR RECEIVER CIRCUIT LOSSES (-dB) :');
GetReal ;
loss :=realdata;
if not (loss<=O) then Input Error:=true;
if InputError=true then noise;

until Input Error=fal se;
repeat

writeln;
write(' ENTER RECEIVING ANTENNA TEMPERATURE (deg K) :');
GetReal ;
temp:=realdata;
if not (temp>O) then Input Error:=true;
if InputError=true then noise;

until Input Errr=fal se;
(* store input data and perfom conptations *)
with data do
begin

if uplink=true then*begin
NoiseFigure.upl 

:=NF;
RxCircuitLoss.upl :=loss;
Rx~ntTemp.upl :=temp;

Teq.upl :=eqtemp(RxcntTemp.upl ,fbiseFigure.upl ,WcCircuitLoss.upl);
GT.upl :=fignerit(PxGain.upl ,Teq.upl);
textcolor(l ightnagenta);
writelnWiteln(' SYSTE14 EJIVALENT TE PERATURE = ,
Teq.upl :0:2,' deg K');
writeln(' G/T FIGURE OF MERIT = ',GT.upl :0:2,' dB'); .e

end else
begin

NiseFigure.dnl :=NF;
RxCircuitLoss.nl :=loss;
FRxAntTen.dnl :=temp;
Teq.dnl :=eqtanp(RxntTemp.dnl ,tbiseFigure.dnl ,WbCi rcuitLoss.dnl);
GT.dnl :zfigmrit (xGain.dnl ,Teq.dnl ) ;

textcolor( ightmagenta);
writeln ;writeln(' SYSTEM EQUIVALENT TEMPERATUE = ',
Teq.dn1l:0:2,' deg K');
wrlteln(' G/T FIGURE OF MERIT = ',GT.dnl :0:2,' dB');

end;

AN
end;
wait;
textcolor(vbite) ;

transmitter analysis
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procedure transnitter;
var powr (* transmitter power *),

loss (* transnitter circuit losses *):real;
begin
textbackground(blue);
c1 rscr;
witelnwriteln('T RANSM ITTER ANAL Y S I S':60);
gotoXY( 1,5);

if uplink=tne then writeln(title[5]:47) else writeln(title[6]:44);
gotoXY(1,10);
repeat

writeln;
write(' ENTER OUTPUT AMPLIFIER POWER LEVEL (W) :');
GetReal ;
power :=raldata;
if not (power>O) then InputError:=true;
if InputError=true then noise;

until Input Errrfalse

writeln;
write(' ENTER TRA ?SMITTER CIRCUIT LOSSES (-dB) :');
GetReal ; 'S
loss :=realdata;
if not (loss<=O) then InputError:=true;
if InputError=true then noise;

until InputEr o&rfalse;
(* store input data and perform conptations *)
with data do
begin

if uplink=true then
begin

Pbut.upl :=power;
TxClrcuitLoss.upl :=loss;
EIRP.upl :-isotmpic(Pout.upl ,TxGain.upl ,TxCircuitLoss.upl);
textcolor(l ighbnagenta);
writelniwriteln(' EIRP = ',EIRP.upl:0:2,' dB');

end else
begin Pbut.dnl :=power;

TxCircultLoss.dnl :=loss;
EIRP.dnl :=isotropic(Pout.dnl ,Tx~kin.dnl ,TxCircuittoss.dnl);
textcol or(l i ghtnagenta) ;
writeln~wrlteln(' EIRP = ',EIRP.dnl:0:2,' dB');

end;
end;
textc.olorltifte) ;
wait;,',)

end;

link receiving performance analysis *)
procedure PecFRer;
var i (* counter *):integer;

rate (* rain rate *):real; ,q
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begin
textbackground(blue);
for i:-1 to 2 do
begin
ci rscr;
gotoXY(1,5);
wrltel n(tltle[6+i ]:46);
gotoXY(1,1O);
witeln(I 1. Negligible (< .25 nm/hr))
writeln(' 2. [k'izzle ( .25 - 1.25 nil/hr);
wlteln(' 3. Light Pain (1.25 - 12.5 nilhr ))
writeln(I 4. t'ediun Rain (12.5 - 25 nuV'hr ))
witeln(I 5. Heavy Rain (25 - 100 nmhr )'1);
writeln(' 6. Tropical [bwipour ( > 100 nilhr ))
witeln(' 7. SPECIFY EXCT RAII'RATE ( 0 - 150 nm/hr ))
repeat

witeln~riteln~wite(' ENTER RAINRATE :)
Get Integer;
choice :zintegerdata;
if not choice in [1..7] then 1Ipt Emor:-tije;
if Input Error--true then noise;

until Input Errrfal se;
case choice of

1:rate:=0.125;
2:rate:=0.75;
3:rate :-6.88;
4:rate:=18.75;
5:rate :-62.5;
6:rate :=125.0;
7:begin

repeat
writeln~vrte(' ENTER RAINRATE (nm/hr) :)

rate :=realdata;
if not((rate>s0) and (rate<=150)) then Iput Eror: -true;
if InputError--tn*e then noise;

until InputError-false;
if rate-O then if i-1 then data.Pa initten.upl :=0 else
data.RainAtten.dnl :=0;

en;end;

if rete0 then with data do
if i-1 then Paln~tten.upl:-riin(rute,freq.uplalpha.upl,b.upl,lat.upl)
else RainAtten.dnl :-rain(rate,freq.hil ,alpha.dnil HIb.dnl ,lat.dnl);-

if i-1 then data.rainrate.upl:-rate else data.rainrate.dnl:-rate;
end;
data.Ai r~ten.upl :xai r(data.freq.upl ,data.aljpia.upl);
data.AirAtten4nl :.air(data.freq.kI ,data.alpha.cbnl);

(* conpate slant rmngepath 1oss,recv poerand CNR *
with data doU

Slant~ange.up1 :a(sqrt(sqr(Pe)*sqr(sin(alpha.upl*dr) )+2Rai!data.altitude+
sqr(data.al tltude) )-Resin(alpha.up1*dr))/1e3;

158i



SlantImwngl :z(sqrt(sqr(Re)*sqr(sin(a1 pha.kil*dr) )+2*Re*data.altitude+
sqr(data.altitude) )41esin(alpha.dnl*dr) )/1e3;
PathLoss.upl :=36.6-2Dlog10(SlantI~ng.up1*1e3*6.214e-4*freq.upl*1e3);
PathLoss.dnl :=-36.6-20*1og1O(S antIbnge.dn1*e. 214e-4*freq.dnl*1e3);
Pr.up1 :-pover(Rxjt.up1 ,TxCirmuitLoss.upl ,Tx4ain.up] ,TxEfficieixy.upl ,
PathLoss.upl ,Air~tten.up] Ra~in~tten.upl ,IkEfficiency.upl Rkbdain.upl1,
FkCircuitLoss.upl);
Pr.dnl :=pov'er(Pout .dnl ,TxCimruit Loss .dnl ,Tx~ain.dnl ,TxEfficieixy.dnl ,
PathLnss.ckil ,AirAtten*dnl ,RainAtten.dnil ,FkEfficioxiy.dnil Fk~Gain.dnl,
NbCiruittss.dnl);
CIMupl :=cnratio(Pr.uPl ,Teq.upl);
CNR.dnl :=airatio(Pr.dnl ,Teq.dnl);

end;
end;

(link transmiission performance analysis *
procedure bitrate;
var rate (*datarate*)

err (*bit error rate*)
minj ( rummer of signalling levels *):real;
modulation (* modulation type *)-.integer;

begin
clrscr;
gotoXY(1,5);

* if uplinkztnjue then witeln(title1):50) else writeln(title[3]:50);
gotoxY(1,10);

wite(' ENTER DESIRED DATA RATE (M4/sec) :');
GetReal ;
rate :-realdata; i

if rate<le-3 then Input Error:-tnue;
if InputError-tnue then noise;

until Input Error--fal se;
repeat

writeln( 1. BSK')
witeln(' 2. (J'SK');
witeln(' 3. 0(JSK);

wlteln(' 5. M-PSK');
weiteln(I 6. Cohret FK)
witeln(' 5. M-PSI)ChretFS
witeln(I 6. CohretFSK);

writelr,(' 9. ASK');
witeln(I 10. M-ASK');
witeln(' 11. DPSKI);

write(' ENTER MOD)ULATION TYPE:);'
GetInteger;
nvcdulaticm :*lntegerdata;
if not(n~dulat1i in (I..11]) then Inpt Error:-trw lw ;
if InputError-true then noise; V

until IrputErrorfalse;
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nun:=2.O;
W case modulation of

5,8, 1O:begln
repeat

wrlte(' ENTER M )
GetReal ;
nni:=realdata;
if ((run<2.O) or (frac(riun)(O)) then InpztE~rr:-tnie;
if InputError--true then noise;

until Input Error--fal se;
end;

end;
repeat

write(' ENTER DESIRED BER :)
Cit~eal ;
err:=realdata;
if not((err>O) and (err<1.0)) then Input Error: -true;
if Input~rrrtrue then noise;

until Input Error-false;
(* store input data and performi conpitatlans *
with data do if uplink-true then
begin

datarate .upl :=rte;
motype.upl :=int(modulatlon);
M.upl :-nu;
BER.upl:=err;

Req~Bft.upl :=EbNb~q(trunc(modtype.upl) ,1.upl ,BEupl);
margln.upl :=Avai 1 bft.upl-IeqEbNb.upl;
Iwtxktarate.upl :zmarate(Pr.upl ,Teq.upl ,ReqEbNb.upl);
capaclty( bandwidth .upl ,Pr.upl ,Teq.upl ,t~axatarate.upl KMupl);
textcol or(1lightbnagenta);

witel n( C x Data Rate r ',limlt :0: 2,' Fb/ sec');
if sharuionflag-true then
begin

noise;
wrltel('** &4AN[O RATE USED ~)

end;
if nyq.Jstflag-true then
begin

noise;
wrten('* NYJUIST RATE UISED ~)

end;
end else
begin

modtype.dnli unt(M~dulltion);
45 K~dnl :fnum;

BE~nl :-err;
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VW ReqBbn :mIbND q(tninc(nu~dtype.dn1) AMdnl ,BERdnl);

capacity(bandwdthdnl Pr4.dnl ,Teq.dnl , xW~trate.dnl M14dnl);
textcolor( 1ightbilgenta);
writeln~erteln(I Available Eb/1*, = ',AilBbdnl:O:2,' dB');
writeln(' Rec~ired [b/ND ',eqEbtb.cdi1:O:2,' dB');
writeln(I ibx Ibta Rate I ',imit:O:2,' I'b/sec);
if sharuionflag=tnue then
begin

wrten('* S9I1KI RATE USED ~
MxDatarate.dnl :=limit;

end;
if nycqistflag=true then
begin

noise;
writeln('*** NY(QJIST RATE LUD ')

end;

textcolor~viiite);
if upllnk=true then vait;
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The product of this research effort is a comprehensive

and integrated software package for the analysis of digital

satellite links. The system is designed to run on the IBM

PC, and should also run on most compatibles.

The system performs three basic classes of functions:

satellite orbital analysis, antenna gain pattern plotting,

and link analysis. The first class of functions includes

the computation of such quantities as velocity, orbital

period, and coverage area for satellites in circular and

elliptical orbits. The second class of functions is

concerned with plotting the gain patterns for horns,

helixes, parabolic reflectors, and phased arrays of

dipoles. The last class of functions represents the major

thrust of the system, and entails computing such items as

the G/T figure of merit, received useful power, carrier-to-

noise ratio, bit error rate, maximum data rate, and power

margin. Inherent within this class are mathematical models

for computing the attenuation due to rainfall and

atmospheric absorption.

The link budget itself appears as a color-coded display

with two columns: one for the uplink path, and one for the

downlink path. The user also has the capability to change

certain key inputs, and then have the system automatically

recompute the entire link budget with the modified data.

,.. N



UNCLASSIFIED
SECURITY CLASSIFICATION 

7 ? , 17 f)
Fr.m Apwovd

REPORT DOCUMENTATION PAGE omNo. 070401

la. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

J UNCLASSIFIED
CURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT

2b. DECLASSIFICATION /DOWNGRADING SCHEDULE Approved for public release;
distribution unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

AFIT/GE/ENG/86D-38
Ga. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

(If app cable)
School of Engineering AFIT/ENG
6C. ADDRESS (Cty, Stote, and ZIP Code) 7b. ADDRESS(City, State, and ZIPCode)

Air Force Institute of Technology
Wright-Patterson AFB,Ohio, 45433-6583

So. NAME OF FUNDING ISPONSORING 8b. OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applikable)

Sc. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK IWORK UNIT
ELEMENT NO. NO. NO CCESSION NO.

11. TITLE (Include Security Casslflcation)

Development of a Microcomputer-Based Workstation for Analysis of Digital
.9atpl lJif T.inkg U

PERSONAL AUTHOR(S)
William C. Jackson, B.S., Capt, USAF

130. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year,Month, Day) IS. PAGE COUNT
MS Thesis FROM TO 1986 December 174

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 16. SUBJECT TERMS (Continue on reverse If necefary and identiy by block number)
FIELD GROUP SUB-GROUP communication satellites, microcomputers,

09 02 computer programs, computer aided design

19. ABSTRACT (Contnue on reverseif ncefvy and dentify by block number)

Thesis Advisor: Dale V. Hibner,Major,USAF
Department of Electrical and Computer Engineering

DISTRIBUTION /AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIED/UNLIMITED 0 SAME AS RPT C DTIC USERS UNCLASSIFIED

Ma. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 22c OFFICE SYMBOL
Dale V. Hibner,Malor,USAF 513-255-6027 AFIT/ENG

DO Form 1473, JUN 86 Prevlouseditionsare obsoite. SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED

. .i% i-pro



VN F-Y n


