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SYNOPSIS

Unmodulated carrier waves aé frequencies of 75.375, 85.875, 167.2 and
441.025 Miz have been radiated by aerials mounted on tall buildings or
prominent terrain features in the British cities of Bigmingham, Bath

and Bradford.: The .sspatial distribution of the r.f. signal envelope
existing within urban and suburban areas at these frequencies has been
recorded using a vehicle-mount;d receiver with a aerial fixed to the
vehicle's roof. An analysis of these measurements has shown the distance
over which the enéelope may be anticipated to be Rayleigh distributad

to be less than 75 m;

A median signal prediction model is derived from the measured data and
its performance is statistically assessed with the experimental values.
The measurements and the predictions have been found to be-in close

agreement.

Comparison of the Okumura model with measured values has demonstrated
that the proposed model exhibits similar prediction errors to those

obtained by the more widely used Okumura model. The Okumura model is
therefore concluded to be more complex, and hence more costly to use,

than is necessary for'applications in British cities.
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CHAPTER 1

INTRODUCTION

The radiotelephone, in its many guises, is rapidly becoming an
everyday item of electronic equipment. This development is hardly
surprising when one considers that the benefits affordad to the
users by such systems are many and varied and, in general, far out-
weigh any disadvantages they might impose. For example, a taxi can
be directed by a central controller to collect a passenger without
it having to return to base for instructions. Each taxi in the
fleet therefore has the capability of making more paying journeys
during a given time period when fitted with a radiotelephone than
would be possible without. Similarly, a police patrol vehicle can
be redirected away from its routine duties to deal with an emergency
as, and when, it happens. Furthermore, it is possible for the base
“station controller to locate those police vehicles closest to the
scene of the incident whiéh are most ably equipped to handle it and
to divert only those vehicles to the required location, thereby
dealing quickly and efficiently with the situation. This ability to
operate with dynamic assignment can provide a large increase in the
efficiency of each vehicle, thus making the mobile radiotelephone

extremely popular with the operators of large fleets of vehiclgs.

The rapid increase in the éuantity of operational radiotelephones
brought about by this popularity has created a number of problems,
however. For instance, in Great Britain during the late 1960's the
UHF civil land mobilé frequency band extended from 450 MHz to 470
MHz and was allocated ‘to users at 50 kHz channel spacing; The total

number of UHF channels available in any city therefore amounted to



only 400, insufficient to meet the rising demand at that time.

Even with the inclusion of the VHF bands the frequency spectrum can
be seén to be easily congested., Immediate solutions which have

been adopted have been to reduce the channel spacing to as low as

124 kHz for voice communications and to increase the width of the
frequency bands. Nevertheless, the attainment of the maximum number
of channels in any band by optimum spectrum usage is of great
importance. A large amount of interestle! has accordingly been
aroused in the application of single sideband modulation techniques
to mobile systems with the ultimate intention of achieving the
minipum practicable value of r.f. bandwidth for a voice link of
approximately 3 kHz. The problems concerned with the implementation
of ssb systems in electrically noisy, urban environments are
numerous, however, and much research is still needed before a viable

system can be made commercially available.

The range to which a radio link can operate depends largely upon
the aerial siting philosophy adopted. In a town or city these
siting rules often differ from those employed on long range point-
to-point links, primarily because conventional techniques are
impracticable, notably in that the mobile terminal, in order to be
mobile, must have its aerial fixed to the vehicle. The simplest,
and thus cheapest and most popular, form of aerial is a quarter
wavelength whip eﬁploying some portion of the vehicle's body as a
ground plane. The base of the aerial is therefore rarely more than
3 m above the ground level and is consequently well below the level

of the buildings.



The low aerial height associated with the mobile unit implies that
an obstructed transmission path will exist within a city when the
two terminals are separated by typically more than 1 km. The signal
must therefore propagate between the transmitter and the receiver
by way of reflection, scattering and diffraction mechanisms, l-2=1.4
giving rise to an interference situation at the receiving aerial.
As a result of this multipath propagation the receiver experiences
a standing wave type of pattern with both the amplitude and phase
of the resulting signal, measured with respect to some arbitrary
but fixed reference, fluctuating rapidly when the mobile unit
traverses small distances.le% 1.6 Examples of the signal magnitude
variations are given in Figs.1l.1,°1.2 and 1.3 for a location in
Birmingham measured using radiated frequencies of 85.875, 167.2

and 441.025 MHz respectively.

Receiving systems employing coherent demodulation techniques will
experience severe problems in maintaining the angular synchronism:
between the local oscillator and the received carrier necessary for
undistorted demodulation. Even in the case of narrow band non-
coherent demodulation systems, e.g. envelope detaction of a voice
modulated carrier, the rapid variations in-the signal amplitude
cause problems, usually in the form of brief signal "drop outs"
which mar the intelligibility of the transmitted message. The
severity of these rapid fading effects can to a large extent be
overcome by the use of diversity techniques;!+7 a subject which has

- received much attention in recent years.l'lsl'g"l'lo



While diversity systems are of use in reducing the depths of the
closely spaced nulls in the spatially distributed interference
pattern, they are generally impracticable against large area signal
variations caused by such factors as terrain obstacles. These
large scale effects tend to be evidenced when the mobile terminal
travels distances greater than approximately 200 m !+6,1.11 ap4
cannot be combatted using space diversity (the aerial separation
required would be many hundreds of metres), time diversity (the
mobile unit can be within the affected area for many minutes) or
polarisation diversity (the same probleﬁs exist with both hori-

zontal and vertical polarisation in the VHF and UHF bands).

Regions can therefore be established within the desired coverage
area about a fixed base station site where the propagation path
loss is sufficiently high to prevent radio communications. These
regions are termed radio "black spots" and are often located in
the diffraction shadows of hills or other prominent terrain
féatures.1°12:1-13 A solution frequently adopted in order to
ensure that the radio link:will operate satisfactorily within the
planned coverage area is to increase the effective radiated power
of the transmitter. This, however, has the undesirable effect of
increasing the coverage area beyond that required by the user,
thereby adding to the problem of spectrum congestion by making
that carrier frequency .unallocatable to other users-for a larger
distance than is absolutely necessary. A more satisfactory
solution to the problem would be to select that base station aerial
site which provides reliable service (say 98% of all locations

within the desired coverage area) while requiring the minimum



1.1

1.1

1.2

1.3

effective radiated transmitter power. To achieve this optimum
siting many measurements of the propagation path loss must be made
using all the base station sites of interest, thus making the
determination of the grade of service prohibitively expensive when
many base station locations are comnsidered. Accordingly,there can
be seen to be a definite need for a mathematical modél which will
permit the transmission loss to be predicted in terms of the large
area characteristics of the terrain at VHF and UHF in urban and
suburban areas. Formulation of such a model will facilitate the
production of coverage diagrams using'digital computer methodsl‘lu

at a fraction of the cost required for the execution of a complete

measurement programme.
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CHAPTER 2

FAST FADING PROPERTIES OF THE RECEIVED

SIGNAL ENVELOPE

The low aerial height associated with a mobile terminal results
in the line-of-sight path between a transmitter and a vehicle-
mounted receiver operating in a town or city being frequently
obstructed by buildings and trees. It is intuitively reasonéble,
therefore, to describe the signal received by an aerial fixed to
a vehicle as the sum of a number of components which have been
diffracted and reflected by the various obstacles found in
cities.2+152.2,2.3 These obstructions are normally fabricated
from an unknown inhomogeneous mixture of brick, concrete, glass,
steel and wood, and frequently have large surface irregularities.
The reflection coefficient and phase change on reflection will,
in the absence of an exact description of the reflecting surface,
be a seemingly random quantity. The incident r.f. energy will
therefore be better described as being incoherently scattered at
the surface rather than being coherently reflected. Under these
circumstances the signal, x(t), at a point in space may be
considered2¢2 to be the sum of 'N' components having random
amplitudes, X, with phase angles, ¢, uniformly distributed in the.
range O to 2w, and arriving at the aerial from random directions,

¢y (Fig.2.1), in the horizontal plane, thus:

N
x(t) = i§1Xi cos({w, + %g u éoswi}t * )

The resultant signal, x(t), is itself a random quantityz'“-z's

and varies rapidly when the receiving point moves distances of



2.1

only a few wavelengths, as demonstrated by the measured signal
envelope records shown in Figs. 1)1, 1.2 and 1.3. The closely
spaced noise-like signal fluctuations are colloquially termed
"fast fades" as a result of their observation in time series by
a moving receiver, or as "multipath fades" because of the multi-

ray interference situation which created them.

THE ENVELOPE DISTRIBUTION OF THE FAST FADING FIELD

The vector sum of a large number of sinusoids (greater than
approximately 6) with random amplitudes and phase angles has been
dembnstrated,2°“:2-5 by recourse to the central limit theorem,

to be a Gaussian random variable. The envelope of a Gaussian
random process has also been shown2+%:2:5 to be Rayleigh

distributed (Fig.2.2): .

2
X X
— exp (- ) , x320
b2 2b2
p(x) =
0 , x<0

The corresponding cumulative probability distributiom, P(x 5X),

is given by:

X g2
P(x$X) = [p(x)dx = 1 - exp(~ "—2)
- 2b
Table 2.1 lists some of the more important values on the Rayleigh

probability'&istribution and indicates that only the mode "b" of

the distribution is required to uniquely classify it.
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Parameter Value

Mode b

Variance , (2 - TT/Z)b2

R.M.S. Value YZ b

Mean /772 b

10 percentile 0.459 b

Median (50 percentile) ’ 1.1774 b

90 percentile 2.146 b
Table 2.1

Important Points on the Rayleigh Distribution

Many authors2¢8:12.7,2.11,2.12 naye reported the existence of a
Rayleigh distributed signal envelope when the distance travelled.
by the measuring receiver was small, typically less than 200 m.2.6
 Investigations in Birmingham at 85.875, 167.2 and 441.025 MHz
have indicated, however, that a Rayleigh distribution is rarely
to be found at all frequencies over the same measurement path

for the 250 m measurement interval employed. In a practical
situation a slight change in the position of the receiver can
result in a variation of the dominant low-frequency (slow fading)
signal level but, as the vehicle must necessarily travel a finite
and often large distance to cover sufficient fades (i.e. minima
in the spatiai interference pattern) to provide a statisticélly
valid signal estimate, the probability of observing this "ideal"

fading pattern is small.

Consider the transmission situation depicted in Fig.2.3 where -
the dominant component signal arrives at the receiver by way of

diffraction over an obstacle. The signal strength received in
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this example will be proportional to2.8 dez , suggesting that

small variations will be more relevant at UHF than at VHF.

Figs. 2.4, 2.5 and 2.6 show data measured over the same path at
each of the three frequencies of interest and demonstrate the
practical existence of the Rayleigh distribution. Figs. 2.7, 2.8
and 2.9, however, show a éath where the signal appears Rayleigh
distributed at the VHF frequencies but describes an indeterminate

distribution at the UHF frequency.

ENVELOPE POWER SPECTRA OF THE FIELD COMPONENTS

The baseband power spectrum of the electric field component of
the received signal envelope is given by:2:2,2.9

g2

s () = ==K (- )

z m o
This power spectrum is depicted in Fig.2.10 and shows that a
sharp cut-off frequency exists at twice the maximum doppler
frequency, implying that the maximum doppler frequency, and
therefore the vehicle's velocity, is a constant. However,
observations taken over a large distance in a city must be made
at variable velocity and theréfore with a varying value of fm'

The resulting spectrum will appear smeared and will not exhibit

a clearly defined cut-off frequency.

The magnetic field components of the received signal envelope,

2.
for a rmsmagnetic field strength of Ho, are given by:
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283 £ .2 2
Sg () = 52 (1 G EM - G
X m m m

- 2607 K (1 - G
us m

w2

1, £ f .2

sy B =2 1+ 3 DY KM - DY
y m m m
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-36- @IE M- N

LEVEL CROSSING RATES OF THE FIELD ENVELOPE COMPONENTS

The rate at which the signal envelope crosses a specified signal
level, X, in a positive direction is given by the level crossing

rate, Nx:

co

dx dx. dx
Ny £?c‘ Cp(x, ) AR

Assuming a Gaussian random process this expression, for the three

field components, reduces to:Z2.3P3!

_.2
N = o £, ne n

N = 37 fm n e-n

where n is a normalised variable given by:
. X g

n = —
xrmS'

These crossing rates are plotted as functions of n in Fig.2.1ll.
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AVERAGE DURATION OF A FAST FADE

The position and depth of a fast fade have been found to be
representable as random quantities.2¢752.10 Ap estimate of the
average fade depth will be of interest, therefore, in the absence

of an exact field description.

The probability that the signal envelope magnitude, x, will be

below a specified level, X, is given by:2+?

P(x £ X) =

)=

bzl _
T,
i=1 *

where T is the duration of the ith fade, there being a total of

N fades in the total observation period, T.

The three field components have average fade durations of:2.9

2
- e -1
TE = ———————
b4 n f V2
o
2 .
;ﬁ - en -1
X n £ e
m
2
- " -1
‘[' =

The average fade durations are shown in Fig.2.12 as functions of

the normalised wvariable, 7.

THE ENVELOPE COVARIANCE FUNCTIONS

The magnitudes of the autocovariance functions of the three field

components have been demonstrated to be:2.3
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TE2 2
S Jo (0 0

Vg (t) = "

,
vy (O - S, D + Jp ()

VHy('r) = %ngo (w,T) - JZ (uumi'))2

The magnitudes of the cross=-covariance functions are given as:

_VE I (v) = 0
2 X

v ,
HxHy(r) 0

These relationships hold for all t, provided that the probability
of the phase distribution of the individual signal components,
p($), is an even function. If ¢ can be assumed to be uniforml}
distributed in the range O to 2w, i.e. p(¢) = 1/2m, the remaining

cross-covariance function magnitude approximates to:Ze?

™
= ‘

oo oy 2
VEzHy(T) §'{E0Ho J1 (wy ™)

The forms of these covariances are depicted in Fig.2.13 as

functions of (fmr).
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CHAPTER 3

SEPARATION OF THE SLOW AND FAST FADING COMPONENTS

OF THE RECEIVED SIGNAL ENVELOPE

It has been stated previously that the amplitude of the signal
experienced by a radio receiver moving through the spatial field
pattern existing in urban and suburban areas has been found to be
well described as a Rayleigh distributed variable when the distance
over which the observations are made is small (typically less
than 200 m).3+! The envelope magnitude, however, has more
frequently been experimentally demonstrated to be better
described as log-normally3-13 distributed, especially when the
observation distance is greater than approximately 1 km.3.2,3.3
3.423.1% Eyxamples of measured Signal envelopes are given in
Figs. 3.1, 3.2 and 3.3 for a transmissionvfrequency of 75.375 MHz;
the corresponding probability distributions are shown in Figs.
3.4, 3.5 and 3.6 respectively. It should be noted that while the
envelope more often appears to be log-normally distributed than
Rayleigh, it is frequently neither if an intermediate measurement
distance is considered. In these cases the signal envelope has

some indeterminate distribution as indicated by Fig.3.7.

Close examination of the received signal envelope over large
distances suggests the presence of two distinct phenomena. The
more noticeable is the high frequency noise-like waveform, readily
associated with the fast fading pattern. The other phen&menon is
; large scale variatioﬁ extending over many tens of wavelengths

and is commonly termed '"slow fading'. Waveforms having this type
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. of characteristic, i.e. exhibiting changes in the '"local mean"

value over small sections of a stochastic waveform, have been
analysed by many authors3:5:3.6 a5 non-stationary random signals.
The slow fading patterns of Figs. 3.1, 3.2 and 3.3 are given,

for comparison, in Figs. 3.8, 3.9 and 3.10.

The parameters of the filter required to separate the slow and
fagst fading patterns must be determined before a full analysis
of the field pattern may proceeé. An investigation of the
influences of the filter variables is documented in the

following sections.

DETERMINATION OF THE FILTER REQUIRED TO ISOLATE THE SLOW FADING

FIELD

The separation of the low frequency spatially distributed

spectral components comprising the slow fading field from the
noise~like fasé fading requires the use of a low-pass filter.
This operation is, classically,3:7 the multiplication of the
measured frequency spectrum, X(w), with the filter frequency

response, W(w), to produce the output spectrum, Y(w):
Y(w) = X(w) . W(w)

This may be re—expressed in terms of the time domain variables
as a convolution integral:3.7
[ -]

y(&) = [ x(1) w(t - 1) dt

-0, "

where w(t) represents the filter's impulse response and:
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x(t),X(w)
y(t),Y(w)
and w(t),W(w)

are Fourier Transform pairs3:7 defined as:

F(w) = [ £(t) e 39 g¢
and £(t) = f%.f Flw) e-jwt dw

The waveform to be filtered has been measured as a time series
and it is required that examinations of the filtered waveform
are made in the time domain. Application of the multiplicative
process Qill therefore necessitate two Fourier transformations
but, even with the use of the Fast Fourier Transform algorithm
3.8, the -length of this technique makes ‘the convolution of -the
time series with a weighting function preferable. This latter

method was employed where necessary.

DETERMINATION OF THE FILTER SHAPE

The recténgular, triangular and raised cosine window functions
are shown, along with their associated power spectra, in Fig.
3.11. The spectra démonstrate that the rectangular window in
Fig.3.11(a) has the highest sidelobe levels while the raised
cosine weighting function in Fig.3.11(c) correspondingly has the
lowest. The rafsed cosine shape therefore appears to be the
most favourable of the three forms considered for the task in

hand.
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To facilitate a visual comparison of the performance of each
filter type, the unprocessed waveform shown in Fig.3.12 was
convolved with three weighting:'functions of the forms shown in
Fig.3.11; The slow fading patterns produced using a rectangular
window 256 data points wide (161), a triangular window 257 points
wide and a raised cosine function 257 points wide are given in
Figs. 3.13, 3.14 and 3.15 respectively. A close examination .
reveals that the differences in the performances of the raiéed
cosine and triangular windows are negligible and that fhese
filters perform only slightly better than the simple rectangular

window.

Examination of Fig.3.11.shows that the first null in the frequency
spectrum of the rectangular weighting function occurs at ﬁalf the
frequency of that for a triangﬁlar or raiéédvcbs{;éﬂ;inddw of:fh;
same overall width. If a valid comparison between the various’
window types is to be made, the widths of the main lobes of the
respective spectra must be equal. The slow fading pattern in
Fig.3.16 was accordingly produced using a rectangular window 128

data points (81) wide.

A comparison of Figs. 3.16, 3.13 and 3.15 indicates that the
improved filtering performance gained by doubling the filter
width, or by employing a raised cosine rather than the equivalent
rectangular window, is considerable. The difference between the
slow fading waveforms obtained using rectangular and raised cosine
windows of equal data width, however, is negligible. The

computation of the convolution integral for the raised cosine’



21

filter does not therefore appear to be justifiable while
comparable performance can be obtained by recourse to a

rectangular function, thereby requiring greatly reduced effort,

3.1.2 | | DETERMINATION OF THE FILTER WIDTH

A comparison of the slow fading patt;rns produced using the 16A
and 8) rectangular weighting functions shown in Figs 3.13 and
3.16 respectively illustrates that the window width is an
important factor in the selection of the filter parameters.
Consider the idealised situation depicted in Fig.3.17(a) where a
sine wave impinges upon a reflecting surface and produces the
classical standing wave pattern indicated in Fig.3.17(b). The
spacing between adjacent nulls in the interference pattern is
A/2. 1Inclusion of more waves into the simple picture arriving
from different directions, e.g. from randomly positioned
reflectors or scatterers, in general causes the depths of the
deep interference minima to be reduced while the total number of
these fades increases. If the field pattern is to remain
sensibly constant over many tens of wavelengths, therefore, one
dominant transmission path muét exist. -This is the slow fading
signal and must, with the gxcébtion of a line-of-sight situation,
result from either diffraction over the obstacles or reflection
around, or even through, them. This latter effect has been
shown3d«? to predominate at microwave frequencies in large North
American cities where the obstacles are extremely tall sky-scraper

blocks bordering relatively narrow streets.
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Low pass filtering by a rectangular weighting fuﬁction which
encompasses more than 10 of the interference minima has been
demonstrated3:10 to produce negligible error in the determination
of the mean signal level. A window was accordingly chosen which
would satisfy this criterion while remaining sufficiently narrow
to have a noticeable filtering effect. This window was fixed at
64 m, equivalent to 32 fades assuming a half wavelength spacing
at the 75 MHz frequency. The autocovariance functions of three
measured slow fading signals determined using this window are
shown in Figs. 3.18, 3.19 and 3.20. The position at which the
first zero in the autocovariance occurs may be seen to be greater
than 75 m from the origin. Over displacements of less than 75 m
it appears reasonable to assume that the variatioms in the slow
fading signal are negligibly small and that the signal envelope
will accordingly be Rayleigh distributed. The optimum window is
therefore concluded to be narrower than 75 m, but must
encompass sufficient data points to provide a statistically

valid estimate of the signal's statistics.

The autocovariance plots of Figs. 3.18, 3.19 and 3.20 demonstrate
the rate at which the slow fading signal fluctuations are
evidenced. The behaviour of the overall slow fading waveform,
inclusive of the mean level, is derived form the autocorrelation
function. A typical autocorrelation plot is given in Fig.3.21
and demonstrates that the magnitudes of the slow fading
variations, while being highly relevant, are very much smaller

than the mean value.



3.2

23

HIGH PASS FILTERING OF THE RECEIVED SIGNAL ENVELOPE

Variations in the mean and median values of a Rayleigh distributed

variable may be represented by changes in the mode "b" of that

- distribution (Table 2.1). Division of the measured signal at a

point in space by the "local mean" of the signal at that point
will consequently eliminate the effects of the mean variation on
the distribution.3+11 1If the variable arose from a Rayleigh
process, the resultant will subsequently exhibit Rayleigh

properties. 3.1l

The slow fading pattern of a given data record was determined_
using one of the weighting functions under consideration. The
filtered data was then divided into the "raw'" data record at the
appropriate displacement necessary to compensate for the window
width and the probability distribution of this high pass filtered
record determined. The probability functions created in this way
were compared with the theoretical Rayleigh distribution and an

assessment of the filtering performance made.

Cumulative probability distribuﬁions p:oduced using rectangular,
triangular and raised cosine weighting functions are shown in
Figs. 3.22, 3.23 and 3.24 respectively. These are compared with
the Rayleigh curve on both normal and Weibull probébility3-13
graph paper. It is immediately evident from a comparison of

Figs. 3.22, 3.23 and 3.24 that there is little difference between
the high pass filtered waveforms produced using the various window

widths and types under consideration.
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A comparison of the experimentally produced distributions with
the Rayleigh distribution on normal probability paper apparently
indicates that a good approximation has been obtained. This
conclusion has also been reached by other workers3:12 who have
performed the identical analysis. Turther comparion between the
experimental and the theoretical Rayleigh distributions on the
Weibull pfobability paper, however, reveals that the agreement is
poor and that the conclusion drawn previously is ill founded, the

distributions being better approximated as Weibull of the form:
—x2-5

P(xg¢X) = 1l=¢ ; X320
The explanation of this property could be derived from the base-
band frequency spectrum of the fast fading signal shown in Fig.
2.10. The large spectral content of the low frequency components
signifies that the fast fading spectrum will overlap the low
frequency spectrum of the slow fading signal. The slow and fast
fading fields will thgrefore be ‘inherently inseparable by simple
filtering techniques and references to slow and fast fading
signals as separate entities will only be approximations of the
true state. It is more reasonable under these circumstances to
define the~median value over a suitably small interval, the

"small sector" distance, and to categorise the fading properties

of the signal about this level over that interval.
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CHAPTER 4

A REVIEW OF MEDIAN SIGNAL PREDICTION TECHNIQUES

Before proceeding with the analysis of the measured data it is
prudent to examine the factors which, according to the literature,
are relevant in determining the transmission loss. This review
commences by considering the basic propagation situation
occurring in "free space" and progresses, in stages, to the case
of propagation over a smooth,spherical homogeneous earth. Real
terrain effects are included in this investigation by considering
the diffraction losses over an isolated knife-edge, a smooth
infinite cylinder and multiple knife-edge obstacles. Finally,
propagation path loss prediction models are examined and, where

possible, useful factors are isolated.

PROPAGATION THROUGH FREE SPACE

Radio propagation between aerials situated in a perfect, lossless
transmission medium, e.g. a vacuum, when both aerials and the
line connecting them are remote from aﬁy reflecting or absorbing
surfaces, is governed by the "free space" or Friis transmission

equation:™el

2
i} Pt Gt Gr A

r 16 72 a2

For isotropic radiators this expression reduces to the basic

transmission loss formula:

L, = 32.45 + 20 log)q £, + 20 log,y dy, dB
The loss may thus be seen to increase as f2 and d2 (6. dB/octave).

t
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PROPAGATION THROUGH THE EARTH'S ATMOSPHERE

The change in the refractive index of the earth's atmosphere
with altitude causes the radio wéves to propagate along curved
paths. This ray bending may be represeﬂted, within the first
kilometer above the surface, by the use of an effective earth's

radius (a) empirically determined as:+2s%:3,%.4
a = a(1-0.04665 exp(0.005577 Ns))'1 , km

where a is the true earth's radius (6370 km) and Ns is the

surface refractivity of the atmosphere.

The factor Ns can be expressed as a function of the refractive
index, n,, as:

' 6
N, (o, - 1) x 10
An average value of Ns is approximately 301, resulting in a

ratio of the effective earth's radius to the true radius of 4/3.
The effect of this curvature correction, however, is negligible

for ranges below 10 km, the height differential being less than

6 m.

Other effects such as ducting“f3 and ionospheric reflection™s3
have not been réported in the literature for the low powers
typically radiated by mobile systems in the VHF and UHF frequency

bands.
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PROPAGATION OVER A REFLECTING SURFACE

A situation where two aerials are mutually visible over a
spherical earth of effective radius 'a' is depicted in Fig.4.l.
The aerial heights measured above the earth's surface are h1 and
h2’ their heights above the tangent plane at the point of
reflection on the sphere are hl' and hz' respectively. Assuming
that these heights are small compared with the earth's radius,
the reflection point on the sphere can be located as:
'

4, = d(1+;—i—.-)'1

Substitution for hl' and hz' in the above expression results in

a cubic equation, a root of which is approximately:

-1
d, = a1 +E.1_)

The path length difference, Ar, between the direct and ground
reflected rays, when hl' and hz' are very much less than the

total range, d, is:

Ar = r1 + r2

2h.'h,’

- T
o

1 2
d

and the sigﬁal strength at the receiver is given by:teS

/{ + Re2 - 2Re cos(ztfr - C) x TFree Space Field Strength

Here R, is the.effective value of the reflection coefficient™:"
defined as the ratio of the magnitudes of the reflectéd and
incident waves. The reflected wave will lag the direct wave by
an angle of %; Ar + (m = C), where (m = C) is the ﬁhase change

on reflection from the surface.
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4.3.2

PROPACATION OVER PLANE EARTH

For a perfectly conducting surface (Re = 1, C =0), the received

signal will be given, for vertical polarisation, by:

/E(l - cos(%g Ar)} x Free Space Signal Strength

Substitution for Ar, assuming the aerial heights are small when
compared with their separation, yields the "plane earth"

transmission equation.%.6

2
] ]
p - (ar, itz Pe O G A
r A d 16 WZ d2
h,'h,'
1 242
Pt ct cr ( d2 )

Note that the loss associated with this expression (Pt/Pr) is

independent of frequency but is a function of d4 (12 dB/octave).

PROPAGATION OVER A SMOOTH CURVED EARTH

When a beam of radio waves is reflected from a smooth, plane
surface, the beam continues to diverge after reflection at the
same rate as the incident beam. Only the phase, magnitude and
direction of propagation are modified. The reflection of a
radio beam from a curved surface, however, results in the
alteration of the divergence, convex surfaces serving to diverge
the beam at a greater rate than the plane reflector and concave
having a focuésing influence. To account for this change in the
divergence of the incident energy, a "divergence factor" (Q)

may be calculated.“.3
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The divergence factor for the smooth sphere depicted in Fig.4.1
can be expr:essed"“3 as:

24d) 4,

(1 * a d tand

po
R

where the assumption that sind = tan® is implicit.

The effective reflection coefficient can then be defined:“.3

Gol and G°2 are the gains of the aerials in the direction of each
other, Grl and Gr2 are their gains in the direction if the

ground reflection point.

4.3.3 PROPAGATION OVER A ROUGH SURFACE

The application of simple geometric.ray theory becomes questionable
when the reflecting surface is roughened. In this case the
reflection is no longer a coherent divergence of energy but is an
incoherent scatter of the incident field occurring over a large
area of the surface. The signal at a point in space'above the
plane will therefore be the vector sum of component rays having
seemingly random amplitudes, by vir;ue of the scattering

mechanism, and random phase angles, as a result.of thg differing
path lengths travelled (Fig.4.2). The treatment of this type of
situation must, in the absence of an accurate surface profile

description, be statistical.

If the surface undulations are such that a single curve fit to
the mean level appears reasonable (Fig.4.3), an empirical estimate

of the effective reflection coefficient may be used:%*
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G ,G 0.6 s, sind
rlr2 o h
R, = RQ GEE! exp :
01 02
on condition that
-0.6 Sy sind
QR exp | by ) is greater than either vsin® or 0.5.

In the situation where the above condition is invalid, the
following approximation has been suggested:'*s"

R = ( S r2)§ Ty

01 02

Sy is the rms deviation of the terrain values from the smooth
s, sind

curve fit, _E—T—_- is the Rayleigh Criterion of roughness.

LIMITATIONS OF THE SMOOTH EARTH AND ROUGH EARTH MODELS

Line-0f-Sight Propagation Over Smooth Earth

The calculations performed in section 4.3.2 involved the use of

geometric ray theory and consequently have the following limit-

ations on their validity:%.7

(a) The operating region must be within the radio horizon.

(b) The aerials must be sufficiently high for the surface wave
to be neglected.

(¢) The grazing angle has the following testrictiont

tant > (g

For the case of propagation over a smooth homogeneous spherical
earth when the surface wave may be neglected, recourse to the

rigorous mathematical solution is required.*+?7 Nevertheless,
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significant simplifications are available if some degree of error

is tolerable and the range of the parameters is restricted.%:5,

4,8,4,9

The assumption that the earth is an homogeneous sphere of
gniform dielectric constant is generally untrue for terminal
separations greater than approximately 10 km. The presence of
water or minerals in the surface layers will produce a location-
ally variable surface conductivity, and the existence of water on
the surface will greatly modify the magnitude of the reflection

coefficient . Ho¥

At frequencies above approximatelj 1 GHz the treatment of the
earth as a smooth sphere is generally untrue. Consequently the
theory will only be strictly applicable to such surfaces as tide-
washed sand, tarmac or calm water*+10 and most practical surfaces

would be more reasonably treated as rough reflecting planes.

Line-0f-Sight Propagation Over Rough Earth

The method described in section 4.3.3 employs a single-curve fit
to the terrain profilé. In a situation where two effective
reflecting areas are possible (Fig.4.4) the method will be
inapplicable. Furthermore, the equations given for the effective
reflection coefficient will be wholly inappropriate when a high
degree of shadowing of the reflecting area results from the
predominance of a large irregularity. In this case diffraction

effects should be incorporated.
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DIFFRACTION

When the line-of-sight path between the two terminals 6f a radio
link is obstructed by, say, a mountain ridge, the propagation
path loss measured is much greater than that predicted using the
free space propagation eduation (section 4.1), even if it may be
assumed that, ignoring the ob;tacle itself, the transmission
medium-is indeed free space. The excess loss experienced may be
attributed to a diffraction mechanism, i.e. the means by which
radio waves bend around obstacles to partially illuminate the

"shadow" cast by the obstruction.

DIFFRACTION OVER ISOLATED OBSTACLES

Diffraction Over A Perfect Knife-Edge

The signal- strength at a point P behind a perfectly absorbing

infinite half-plane (Fig.4.5), or knife-edge, placed orthogonal
to the direction of propagation is determined as the vector sum
of all contributions from the secondary Hﬁygen's sources in the
half-plane above the knife-edge (Fig.4.6). The solution yields

a Fresnel integral of the form:%“.17

Fe) = G [ exp (Ginellae
v
where v is the Fresnel parameter defined as (Fig.4.5):

d,d
. 2 172
v = /_. . (____._.) 8 /
A d1 + d2

Evaluation of the Fresnel integral requires numerical techniques
and is shown graphically in Fig.4.7 as a function of v. If the
v parameter is greater than approximately 2.4 the iﬁtegral may be

determined using a series expansion of the integrand. Subsequent
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integration by series yields:“+!

F@l = 7

Approximations to the value of the integral are available'*e"

for v < 2.4 as:
AW = =10 log |F(v)| = 6.02 +9.11v - 1.27 v
for O < v ¢ 2.4

A(W) = -10 log |F(| = 6.02 +9.0 v + 1.65 v?

for ~0.8 s vgoO

Diffraction Over A Perfect Knife-Edge Situated On Conducting Ground

The placement of an absorbing knife-edgé on a conductiong ground
plane will permit four possible paths to exist by which radio waveé

may travel between a transmitter and receive‘r lbcate.;l"-;n opéosi:é
sides of the obstacle. For this reason the geometrical construct=

ion is termed the "four ray" method.“-!!

. The four rays shown in Fig.4.8 have travelled along different

paths and accordingly have different phase angles and amplitudes,
the latter being a eonsequence of the diffraction losses incurred.
by propagation over the obstruction. The resulting signal must
therefore be obtained by the vector addition of the individual

rays.

Diffraction Over Rounded Obstacles

The assumption that obstacles may be regarded as knife-edges for

the purpose of diffraction calculations is often invalid when
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physical obstructions are being considered, especially at UHF
frequencies and above when the wavelength is shorter than 1 m.
In these cases the influence of the diffractor's profile on the

loss must be incorporated into the calculationm.

Fig.4.9 depicts a semi~infinite cylinder placed nofmal to the
direction of propagation. The cylinder can support reflections
from its surface which subsequently modify the Huygen's wave-
front above it in a manner similar to that of the four ray

theory“+12 described in section 4.4.1.2.

An alternative approximate solution®«13,%¢1% pay be obtained by

defining a dimensionless parameter p as (Fig.4.10):

\E o3 d }
p = ()P R ()
T d1d2 .

where R is the radius of curvature of the obstacle's crest.

The diffraction loss can then be represented by a two dimensional
quantity A(v,p) which, in turn, can be related to the one
dimensional ideal knife-edge attenuation, A(v,0), and a

"ecurvature loss", A(0,p), by:

A(v,p) = A(v,0) + A(O0,p) + U(vp) , dB

where the factor U(vp) is a correction term.

The function A(v,0) has been given in Fig.4.7 for the case of a
perfect knife-edge. The functions A(0,p) and U(vp) are shown in

Figs. 4.11 and 4.12 respectively.
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A series of approximations for the term A(v,0) have been given
in section 4.4.1.1. The functions A(O,p) and U(vp) may be

calculated by:"’-ls

A(O,p) = 6 + 7,19 p - 2.02 p2 + 3,63 p3 - 0.75 p4

for p < 1.4

U(vp) = (43.6 + 23.5 vp) 10810(1 +vp) =6 -6.7 v
for vp < 2

U(vp) = 22 vp - 2010g10(vp) - 14.13

for vp 2 2

The curves of Figs. 4.1l and 4.12 are strictly valid for
horizontal polarisation only, but a series of documented
measurements has shown that they may be employed for vertical
polarisationlat VHF and UHF frequencies in the diffraction

shadow region with negligible error..12

The effective radius of curvature of a hill crest (Fig.4.13) has

been Suggested“°“ as:
2D 4 _d
S st ST
" 8(d 244 2)
st ST

where Ds = 4 -4 e " d. 1is the distance between the transmitter

L Lr
and receiver horizouns.

Irregularities on the surface of the cylinder have been found to
incoherently scatter the incident radio energy.“+12 The resulting
diffraction process then-tends to agree with results obtained by

recourse to knife-edge theory.
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MULTIPLE KNIFE~-EDGE DIFFRACTION

The application of single knife-edge diffraction concepts to the
problem of a two obstacle transmission path involves the
evaluation of a double Fresnel integral over the planes above the
knife-edges as indicated in Fig.4.14. The full solution“.165%.17
results in such considerable mathematical complexity th#t it
cannot easily be extended to cases involving three or more
Aiffractors. Consequently the trend has been for the continued
use of simple models, the most notable of which are outlined in

the following sections.

The Bullington Equivalent Knife-Edge Construction

Bullington“+18 suggested that the diffraction loss over a terrain
path containing multiple obstructions could be evaluatéd using

a single equivalentbknife-edge placed at the point of intersection
of the transmitter and receiver horizon réys as shown in Fig.4.15.
The diffraction loss over the original terrain situation is then

taken as that over the virtual knife-edge.

Because the equivalent knife-edge construction reduces a funda-
mentally complex propagation situation to a simpie problem it
has obvipus advantages. On the other hand, terrain paths having
more than two significant obstructions are oversimplified, only
two of these ever being relevant in the construction of the
equivalent knife-edge. The situation of Fig.4.16, by way of an
example, has two obstacles which are completely ignored and will

probably result in the final loss being under-estimated.
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The Epstein-Peterson Method

The method of determining the diffraction loss for a multiply
obstructed path proposed by Epstein and Peterson*:12 sums the
attenuations produced by the individual obstacles taken in
cascade. The diffraction loss for each edge is computed over
the path joining the crest of the previous obstacle (or trans-
mitter if the first edge in the chain is being considered) to
the crest of the knife-edge under investigation and then to the
crest of the following obstacle‘(or receiver if the last edge in
the chain is being considered). The total loss for the case of

Fig.4.17 will be given as:

A(T - 01l - 02) + A(01 - 02 ~R) , dB

where A(x = y - 2) denotes the diffraction loss, in dB, evaluated

for the general path connecting points x, 'y and z.

Comparisons of the results obtained using this approximate
construction with thosé from the rigorous solution“+1!6 for a

two knife-edge case have shown that large errors are produced when
the obstacles are closely spaced. A correction factor has been
derived“+16 for the situation where the Fresmel v parameters of.

both edges are much greatef than unity as:
1010310 (cosec8) , dB

where

_ /8, rdy
(d) +d, + dj) d)

cosec &

Accurate results from the Epstein-Peterson method have been

demonstrated*+20 to exist only when & > 80°.
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4.,4.,2.3 The Japanese Method

Inclusion of the previously specified correction factor into the
Epstein-Peterson method has been shown“22 to be equivalent to

a method originally attributable to the Japanese postal service.
4421 The difference between the geometric constructions used by
the Epstein~Peterson and Japanese methods lies in the positibning
of the hypothetical transmitter. For the Epstein-Peterson model
this conceptual radiator is placed at the summit of the previous
obstacle while the Japanese conséruction places it at the point
where the projected horizon ray meets the plane of the true
transmitter. The total diffraction loss for the two obstacle

case shown in Fig.4.18 is given by:
A(T - 01 - 02) + A(T' -02~-R), dB

The comments regarding the accuracy of the Epstein-Peterson

model are also true for the Japanese method .+ 13

4.4.2.4 The Deygout Method

Deygout:“'23 has proposed that the diffraction loss over a
multiply obstructed path be evaluated as the loss over each edge
in order of decreasing influence. This is a complicated
procedure and is best explained by way of an example. Consider
the two obstacle path shown in Fig.4.19. The Fresnel v parameter
of each edge is calculated in the absence of the other, vy and

v, say. The obstacle with the larger value is termed the "main

2

edge" and produces the greater diffraction loss., For the situation

of Fig.4.19 this is the edge labelled Ol and the associated loss
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is given as A(T =01 - R). The diffraction loss resulting from
the remaining obstruction is evaluated between the "main edge"
and the obstructed terminal, in this case the receiver,

A(01 - 02 - R). The total loss is therefore given as:
A(T-01-R) +A(01l ~02-R), dB

The process subdivides the patﬁ into sections on either side of
the main edge. If many edges are present the number of sub-
divisions created each time the problem is sectioned about
firstly the main edge, then a sub-main edge, and so on, are
numerous. Consequently a path containing more than four
obstacles results in al!lengthy solution which is not easily

programmed on a digital computer.

In a double knife-edge Situati§n'where oné edge is largely”
dominant (v1/v2 >> 1), good agreement with the exact solution"+¢18
'is obtained. When the magnitudes of the Fresnel v parameters

are comparable, however, the method is found to overestimate
the total diffraction loss.*+15 A correction factor for this

case has been derived as:

(a) when v, 2 vy and Vis Voo (v2 cosec § - v, cot §) > 1

1
. 2, V2
correction = 20 loglo{cosec § - == cosec § cot 8§} , dB
1

(b) when v, 2 A and Vis Vo (v1 cosec § - v, cot 8) > 1
. . 2, 1
correction = 20.log,.{cosec”§ = — cosec § cot 8} , dB
10 _ vy
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where
cosec § = //V(dl * d2)(d2 i d3)
(d1 +d, + d3) d,
and :
. d,d
- 173
cot & = //
(d1 +d, * d3) d,

This ‘correction factor reaches a minimum of 6 dB for vy =V, and

§ = 0°,

Comparison Of Diffraction Models

The Bullington, Epstein~Peterson and Japanese models, together
with some simple variants have been compared with the exact
solution for two knife-edges over many practical paths by
Wilkerson.“*+2% Each model was found to have specific regions
over which it produced ;he minimum error., ~*-
(a5 Unobstructed links with both obstacles below the 1inefof-
sight path (Fig.4.20).
The minimum overall error in this region was obtained by
summing the diffraction losses over each edge :in the absence
of the other: |

A(T-01-R) +A(T-02-R), dB

(b) One Edge Predominant (Fig.4.21)
Here the Bullington equivalent knife-edge model was found
to consistently produce the lowest errors although the

errors obtained from all the methods were small.
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(c) Lightly obstructed paths where both v parameters are slightly
greater than unity.
The Epstein-Peterson model proved the most accurate in this

region.

(d) Heavily obstructed paths where both v parameters are much
greater than unity.

The Japanese method was found to be superior in this case.

Consideration of the models' performances in all the classes
resulted in the Epstein-Peterson model being recommended“+2! for
general use.

A comparison?

3 of the Epsteln-Peterson and Deygout models with
measured values obtained over a limited number of hlghly o
obstructed paths has shown that the Deygout method produced the
lowest errors while the Epstein-Peterson consistently under-
estimated the loss. It is doubted, however, whether the

improvement gained by recourse to the Deygout model justifies the

increased procedural complexity entailed.

PROPAGATION PREDICTION MODELS

Many methods of predicting the-transmissioﬁ loss over practical
terrain situations have been advanced in the literature. The
techniques employed fall basically in two classes: empirical and
semi-theoretical..  Models in the former category result from
large quantities of measurements and are, as such, formulated

to be applicable without recourse to anything except the most
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fundamental of formulae or other methods. The latter series of
models combine the principles outlined in the preceding sections
in different manners to produce techniques which may be inter—. .:.

preted to provide some indication of the modes of propagation.

THE EGLI MODEL

This method“+25 was advanced in 1957 following an extensive
series of path loss measurements at frequencies above 40 MHz

over irregular terrain paths. The modellforces agreement between
the measured values and predictions made using the plane earth
transmission approximation by utilising a correction factor (§):

hthr 2
P-PGG(Z)-E

d

The correction factor is presented in the original publication®+25
as a function of the aerial heights, polarisation, terrain rough-
ness and transmission frequency. The standard déviation of the
predictions has also been related to the terrain undulations,
these being presumed to be a log-normally distributed raridom

quantity.

It should be noted that while the plane earth propagation
equation forms the basis of the prediction model, this is for
coavenience only and is not intended to signify the propagation

mechanisms existing along the path.

THE EDWARDS AND DURKIN MODEL

A method of predicting the signal level which will be received

over a communications link working in the VHF band has been
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proposed by Edwards and Durkin.%+25 The model requires the
terrain diffraction loss to be calculated as a parameter and
recommends that all the necessary'terrain profile analysis be
performed using a digital computer. The diffraction loss is
subsequently added to the larger of the free space or plane earth
transmission losses to provide the estimate of the total

propagation path loss.

In the region close to the transmitter the direct and ground
reflected rays interfere to form a signal fading pattern about
the free space loss value. As éhe range increases, however, the
path difference between the two rays decreasés until, at
differences of less than approximately A/6, the signal level
follows that predicted using the plane earth transmission
expression. The fesulting complex interference waveform®.33
(Fig.4.22) is therefore simply modelled as free space prop#gation
out to that range from the transmitter where the path difference

is A/6, and plane earth propagation beyond.

THE BLOMQUIST AND LADELL METHOD

P

Blomquist and Ladel11*+27 have advanced a model in an attempt to
describe the propagation path loss over irregular terrain. This

is essentially given by:

Total Loss = LF + (LDZ + (LP - LF)Z]i , dB

The path loss over flat land (LD = 0) reduces to the plaﬁe earth

transmission equation whereas a highly obstructed link

{LD >> (LP - LF)}_gives a total path loss equal to thé sum of the
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free space and diffraction losses (LF + LD). While the limiting
conditions appear intuitively reasonable, it is worth noting that
no justification, either mathematical or conceptual, has been
given in support of the model. The advantage of this technique |
over, say, the Edwards and Durkin method is that it is

continuous in all space and for all terrain types.

THE ARMY SCHOOL OF SIGNALS METHOD

The method“+28 employed by the British Armed Forces in_planning
their point-to-point radio relay links at frequencies above

2 MHz depends largely on hand calculations made using information
obtained from maps, 4/3 earth charts and nomograms. The basic
technique requires that the terrain profile of the transmission
path be compared with a series of reference profiles and a
decision made to determine which is the closest to the true
situation. The series of instructions accompanying the reference
profile must then be obeyed to calculate the propagation path

loss.

The technique is specifically intended for use with‘carefully
engineered radio links having both aerials clear of any local
obstructions (e.g. trees or buildings) and sited on high ground
or aerial masts. The influence of buildings on the propagation
loss is not included in the method but the attenuation resulting
from diffraction over terrain obstacles is computed using the

Bullington equivalent knife-edge construction.
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The big disadvantage of this technique is that a decision must

be made using human judgement ir order to determine which
reference profile is required. The method is therefore difficult
to programme on a digital computer and will be inapplicable to
paths which do not clearly fall into one of the defined

categories.

THE B.B.C. METHOD

This model“+29 has been forﬁulated by the British Broadcasting
Corporation (BBC) to facilitate the production of the area
coverage diagrams for their UHF (approximately 500 MHz) tele-
vision transmitters. The transmitting aerials are implicitly
assumed to be sited well clear‘of any local obstructions and the

receiving aerials are taken to be at.roof-top height, (10 m).

The total propagation loss is enumerated by summing, in dB's,

the following three factors:

(1) The free space path loss
(2) The terrain diffraction loss

(3) An "absorption loss"

This last item, the absorption loss, is incorporated in the
summation to account for tﬁe effects which buildings and trees
in the vicinity of 'the receiving aerial have on the transmission
loss. It is evaluated by considering the last mile of the
propagation path, i.e. that closest to the receiver, in ten 0.1
mile steps and computing a loss factor for each increment as a

function of the tree and building density within it. 'The ten
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resulting loss values are then weighted in inverse proportion

to their range from the receiver and Summed. The section

closest to the receiving aerial is therefore given the greatest
significance while the section 1 mile away is aﬁbortioned the
least influence. Factors are required in this prediction model
which are not readily attainable from Ordnance Survey maps of

the regions, therefore necessitating a specialised site survey
and, ultimately, the formulation of an extremely detailed terrain
data base. The commercial applicability of the model is

consequently limited by the expense entailed in performing the

survey.

The assumption that the transmitter is unobstructed and well
sited limits the model's use to systems where;the base station
(i.e. the broadcasting aerial) is aéop a prominent terrain
feature. If the base station aerial becomes partially obstructed
it appears reasomable to presume that an extra absorption loss
term must be evaluated to account for the effécts of the clutter

around the fixed terminal.

All ground reflections have been ignored in computing the trans-
mission loss, a reasonable assumption at UHF frequencies when
the magnitudes of the terrain undulaﬁions are large with respect
‘to the wavelengths. At VHF, however, the ground reflections
should be included unless the terrain path can be shown to be

extremely irregular.“.29

Modifications would also be necessary to enable the model to be
used when the receiver is below roof-top level, as is typical of

vehicle mounted equipment.
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4.5.6 THE OKUMURA METHCD

A large set of measurements®-3lobtained over various terrain

paths in Japan has provided the basis for an empirical propagation
prediction model,“+31,%4.32 The majority of these experimental
data were derived in towns or cities and consequently the model

is intended for use with radio links having the vehicular

terminal in the vicinity of buildings. Suitable correction
factors are recommended, however, for the cases when the mobile

station is in suburban and open areas.

The parameters which must be evaluated in order to determine the

various correction factors of the Okumura model are:

(a) The Effective Base Station Height (hte):
The height of the base station aerial above the average
ground level calculated over the range interval of 3 to

15 km (or less if the total range is below 15 km).

(b) The Interdecile Terrain Undulation Height (4h):
The difference between the 90 and 10 percentiles of the
"peak~to-peak' value of the terrain undulation height,
computed over the 10 km of the path closest to the vehicular

station.

(c) Average Ground Slope (BEP:
The average ground slope is determined over the 5 to 10 km

of the terrain path closest to the vehicular terminal.

The following corrections are given in graphical form within the

bounds of the relevant variables as specified.
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(1) Basic Median Attenuation (Amu):
1 to 100 km link range

100 to 3000 MHz transmission frequency

(2) Base Station Height Gain (Htu){
1 to 100 km link range

20 to 1000 m effective base station aerial height

(3) Vehicular Station Height Gain (Hru):
1 to 10 m vehicular aerial height
100 to 1000 MHz for a large city

or 100 to 2000 MHz for a medium city

(4) Rolling Hilly Correction Factor (KH):
10 to 500 m Interdecile terrain undulation height

450 to 1500 MHz transmission frequency

(5) Sloping Ground Correction Factor (KSP):_

-20 milliradians to +20 milliradians average ground slope

Further corrections are available for the situation

where the vehicle is free from all obstructions for a range of
300 to 400 m (open ground) at frequencies in the range 100 to
2000 MHz and in a village or sparsely tree lined road (suburban

area) at frequencies from 100 to 3000 Miz.

The total path loss is predicted as the free space loss plus (or
minus depending upon the context) all the various correction

factors.



4.6

4.1

4.2

4.3

4.4

4.5

52

Extrapolations of the curves and re-definition of the parameters
will be required if the Okumura model is to be employed for

radio links operating below 100 MHz and over ranges below 15 km.
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CHAPTER 5
MEASUREMENT AND ANALYSIS OF THE RECEIVED

SIGNAL ENVELOPE MAGNITUDE

A detailed investigation of the spatially distributed r.f.signal pattern
created when the propagation path contains many obstructions
necessitates the motion of either the transmitting or the

receiving terminal. Furthermore, the complete characterisation

of the properties of the signal envelope requires the precise
knowledge of the mobile unit's position at every point on the

received waveform,

Communication of the details relating to a remotely located,
moving transmitter's instantaneous position can pose formidable
problems, particularly when the distance .to be travelled is
large. If the instrumentation is to be usable anywhere within

a city, it is preferable that the positional data be communicated
to the receiver by means of a radio link, thereby obviating the
need to trail cables behind the transporting vehicle., The
behaviour of the radio link under investigation, however,
normally has unknown properties and it would be unwise to

utilise this channel as the data link unless it can be ensured
that severe signal fading will not be in evidence at the receiver.
For the data link to be reliably established over a

large area, frequencies in the h.f. band (3 = 30 MHz) are
occasionally used, higher frequencies being judged to produce
intolerable fading patterns. The need for an h.f. #erial on, or

in the immediate vicinity of, the vehicle can result in serious
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E.M.C. problems being evidenced, notably in the deformation of

the aerial polar diagrams.

The movement of the receiver, on the other hand, does not require
a secondary communications channel, the positional information
being directly accessible at the receiver, However, much more
equipment must be transported in a receiving vehicle than in a

transmitting vehicle.
The problems posed by conveying positional data from a mobile
transmitter to a stationary receiver makes the moving receiver

method highly preferable,

THE TRANSMITTING STATIONS

A qualitative determination of the properties of radio signals

requires a radiator and a receptor of the r.f. energy.

Precise quantification of the propagation path loss between the
two terminals further demands the exact knowledge of the power
radiated and the use of a calibrated deteﬁtor. A requirement is
established, therefore, for a controlled, continuously monitored

power source.,

The investigations were largely conducted at frequencies in the
civil land mobile radiotelephone bands at 85.875 MHz (Low-Band
VHF), 167.2 MHz (High-Band VHF) and 441.025 MHz (UHF). Certain
of fhe investigations were also éerformed at 75,375 MHz, notably
during the period while the three main frequency allocations
were being obtained and the transmitting equipment was being

commissioned. In all cases the transmissions were radiated by
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aerials atop prominent buildings in selected British cities and

received at a mobile unit driving along the streets of the

relevant city.

THE TRANSMITTING EQUIPMENT

The city being investigated was irradiated using the transmitting

equipment outlined in Table 5.1.

unmodulated, frequency stable carriers.

All transmissions were of

The lack of modulation

over prolonged periods was, itself, found to be sufficient

identification of the signal at the receiver.

Observation of the power output of the transmitters over many

hours of continuous operation revealed that negligible

fluctuations occurred,
FREQUENCY| APPROX ' POWER AERIAL APPROX AERIAL
AT AE. TERMINALS CAIN (dB REL
MHz (W) TYPE } WAVE DIPOLE)
75.375 10 CENTRE FED } WAVE 0
DIPOLE
85,875 30 0
END-FED A/4
_ ONOPOLES ABOVE
167.2 30 GROUND PLANES 0
441.025 3.8 4 CO~LINEAR FOLDED 5.6.
DIPOLES SPACED 90°
IN AZIMUTH :
TABLE 5.1

DETAILS OF THE TRANSMITTING EQUIPMENT .
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THE TRANSMITTING AERIAL SITES
The transmitting equipment outlined in Table 5.1 was transported
between sites in the cities of Birmingham, Bath and Bradford. An

indication of these sitings is given in Table 5.2.

MAP APPROX HEIGHT
CITY ABOVE LOCAL OUTLOCOK
REFERENCE | TERRAIN (m)

BIRMINGHAM | SP 4050 2839 36 FLAT CITY

BATH ST 3773 1646 18 ON THE SHOULDER OF
A VALLEY. APPROX 10°
DOWNHILL TO CITY
CENTRE

BRADFORD SE 4157 4329 S0 TALLEST BUILDING IN
THE VALLEY. COMPLETELY
SURROUNDED BY HILLS

TABLE 5.2

THE TRANSMITTING SITES

The Birmingham Aerial Site

The transmitting aerials were mounted on the roof of the Department
of Electronic and Electrical Engineering's building at the
University of Birmingham. The installations £for the 85.875,

167.2 and 441 MHz aerials, shown in Figures 5.1 and 5.2, provided
an unobstructed view of the city centre (Fig 5.3) and many .
surrounding suburban areas. The 75.375 MHz half-wave dipole,
however, was mounted at a different location on the roof of the
building from that employed for the other three frequencies.

While a clear siting was again achieved, care must be exercised

in comparing the results at 75 MHz with those at the alternate

frequencies.
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The Bath Aerial Site

The investigation in the city of Bath was conducted with the
aerials atop the Department of Electronic Engineering's
building at the University of Bath., This building, while having
a fairly low profile, is on the top of a large hill and affords
a view of the city centre and its surrounding districts unob-
structed by terrain obstacles. The positioning of the base
station aerial on a prominent hill is a technique frequently
employed in civil land mobile radiotelephony to achieve large
coverage areas and is considered to be a useful case for the
purposes of the research. The steep downhill slope into the city
centre of approximately 10° is not anticipated to have caused

significant modification of the aerial gains.

The Bradford Aerial Site

In the city of Bradford, the transmitting aerials were installed
atop the main builaing at the University of Bradford. This is
the tallest building in the valley and provides an excellent view
of the city centre., The site is completely surrounded by hills
at small ranges (approx 5 km) and afforded an opportunity to
examine the effects of terrain obstacles on the propagation path

loss.

THE RECEIVING STATION

Determination of the statistical parameters of the spatially
distributed field requires that the received signal envelope is
measured over a large distance of travel, typically many tens of

wavelengths.
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The necessary mobility was provided by mounting the receiving
equipment in alwvehicle'and deriving the power supply from a towed,
petrol fuelled mains generator. The resulting system constituted

a semi-permanent mobile test station, usable in any town or city

without major alteration,

THE FIELD STRENGTH MEASURING SYSTEM

Quarter wavelength whip aerials, cut for resonance at the
frequencies of interest, were mounted in the centre of the
vehicle's roof and employed as the signal receptors. The whip
elements for each frequency were interchangable and all utilised
the same physical mounting structure, the vehicle's roof acting
as a ground plane. This aerial, being the only protrusion on the
vehicle's roof, produced an omnidirectional radiation pattern in

the azimuthal planés'l.

The received signal was fed along screened coaxial cable to a
field strength measuring set having a large dynamic range (80 dB),
a small IF bandwidth (25 kHz) and internal calibration facilities.

This receiver was tunable between 25 and 600 MHz.

The envelope detected output of the receiver was recorded, with
suitable buffering5+2, on an analogue FM instrumentation tape
recorder for analysis at a later time. The transfer characteris-
tic of the receiving system measured between the r.f. input
terminals of the receiver and the input terminals of the tape
recorder is shown in Fig 5.4. 1In the absence of suitable low =

noise standards the characteristic has been extrapolated from
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1 uV down to 0.3 uV r.f. input level, thereby extending the

operating range of the system.

The receiving system was continuously monitored during .

its operation by listening to the audio output of the receiver

and by observing the input to the tape recorder using an oscillo
scope, By these means such faults as interfering transmissions

and receiver drift were noticed immediately.

The field strength measuring system is shown in the upper half of

Fig 5.5.

DERIV;\TION OF POSITIONAL INFORMATION

A complete desc?iption of the spatially distributed field
envelope pattern requires that its'physical location at every
instant is known. This positional information was obtained usiﬁg
pulses derived at regular intervals of the vehicle's travel and
by subsequently counting the total number of pulses produced
since a known reference point along the route, e.g. a street
intersection. These distance markers were generated by
photoelectrically sensing the rotation of a wheél fowed behind
the measuring vehicle. The electronic systemS+2 created short
duration pulses at intervals equivalent to approximately 2.8 cm
of the vehicle's travel for the 85.875, 167.2 and 441.025 MHz
data and, using a slightly different configuration, 25 cm for the
75.375 MHz measurements. The markers were recorded on the tape
recorder co-igstantaneously with the field strength information

as shown in the lower half of Fig 5.5.



5.2.3

65

THE MEASUREMENT PROCEDURE

The desired distance marker separation was achieved by inflating the

pneumatic tyre of the towed wheel to a pressure of approximately 16

" psi and by providing a spring loading on the wheel of approximately

20 1b. This latter adjustment ensured that the wheel would remain
in contact with the road surface at a speed of 9 m/sec (20 mph) even
on qui;e rough roads.>®’ The time invariance of these parameters
was such that the checks only needed to be made at the start of each

day's recording.

The apprépriafe quarter wavelength whip aerial for the frequency of
the investigation was installed on the mount in the centre of the
vehicle's roof, ensuring that any other aerials were removed. . The
field strength measuring receiver was set for AM detection and 25 kHz
IF bandwidth, tuned for a maximum deflectioﬁ on the field strength
meter at the transmission frequency being used and the rf input att-
enuator adjusted such that the internai meter ind{cated approximately
mid-range. The input attenuator se;cing was found to affect the
loading on the receiver's input stages and was accordingly held con-
stant at its operational value while the receiver was calibrated

using the internal oscillators.

The tape recorder was started and the vehicle driven along the meas-
urement route at approximately 9 m/sec (20 miles/hr). Continuous re-
cordings of the signal envelope magnitude, the distgnce marker pulses
and a voice commentary of geographical details for future use were

made.
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The calibrations were checked at the end of each series of measure-

ments to ensure that no equipment malfunctions or receiver drift

had occurred.

. THE AREAS UNDER INVESTIGATION

Propagation path loss values have been measured in three British
cities over differing, but frequently encountered, geographical situ-
ations. The most comprehensive set of measurements was obtained over
the ostensibly flat terrain of Birmingham, permitting the influence of
the buildings on transmission to be determined largely in isolation
from terrain effects., The remaining two measurement sets were ob-
tained over the sloping ground of Bath and the hilly .terrain of

Bradford.

The Birmincham Measurements

Terrain profiles drawn along radials from the Birmingham transmitter
site to locations in the outlying districts of the city are shown in
Figures 5.6, 5.7, 5.8 and 5.9. The magnitudes of the ground undula-
tions can be seen to be typically less than approximately 20m, suffi-
ciently small to suggest that the influences of the térrain on the -
propagation may be ostensibly neglected.' The urban case to be con-
sidered in Birmingham, therefore, is one of a city constructed on
sensibly flat ground-with suburbs comprising two or three étorey
buildings extending for a range of approximately 10km around a heavily

built-up centre.

The propagation situation to be investigated is one where the trans-
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mitter is mounted atop a large building and radiates to oﬁtlying
districts in the manner shown, in idealised form, in Fig.5.10.

In these circumstances the presence of the urban obstacles (eg
buildings) may be considered to be responsible for the departure of
the measured values from simple theoretical predictions. The meas-
urements were accordingly tailored to enable the influences of physi-

cal urban parameters to be isolated.

The vehicle containing the field strength measuring system was driven
along routes selected to provide‘a representative sample of street
widths and street orientations on all compass bearings around the
transmitter at ranges from 1 to 10 km. The lower of these range
limits was imposed by the unavailability of suitable roads at

smaller ranges, and the upper limit by the maximum to%erabie'path
loss which, as indicated in Chapter 4, is a function pf the trans-

mission frequency.

Where possible the measurements were taken as a continuéus series.
This ac;ion greatly reduced the time 'wasted" in moving from one
location to another and correspondingly increased the amount of data
collected. Routes were thus devisgd by which the vehicle might
traverse all the preselected individual streets within an area in.
sequence. This process often resulted in the vehicle being compelled
to travel along meandering paths. The quantity of data eventually
collected in this mannér was equivalent to approximately 50 km of

the vehicle's travel at each of the frequencies used.



5.2.4.2

5.2.4.3.

5.3

68

The Bath Measurements

The city of Bath is situated in a river valley and is composed of

taller buildings than are generally found in suburban Birmingham

. along narrower streets. These buildings, while being taller than in

the suburbs of Birmingham, are much smaller than in central Birmingham.
The suburbs of Bath, however, are largely similar to those of Birm—

ingham except that their extent is substantially less.

A terrain profile drawn from the transmitter, through the city centre
and out to one of the suburbs investigated is presented in Fig,.5.11.
The topography, in so much as the central regiom is concerned, may be

regarded as downward sloping but otherwise flat (Fig. 5.12)

The Bradford Measurements

The city centre of Bradford is situated in a river valley and is véry
similar in building type and‘denéity to central Birmingham. Trans-
mission to the outlying suburbs and villages, however, is obstructed
by gross geographical features. An estimate of the effect of terrain
obstacles on propagation can therefore be gained from measurements
made in the outskirts. Terrain profiles to the measured regions are

shown in Fig, 5.13.

DIGITISATION OF THE MEASURED SIGNAL ENVELOPE

The quantity of measurements needed to average the effects of any un-
controlled parameters and consequently derive a valid statistical

estimate of the influence of known factors is large. The storage.and

-
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manipulation of this bulk data calls for the use of digital computers,
both for the mass storage media available and for the high processing
speeds attainable on such machines. These benefits are most readily

attained on large computer installations such as the University of

' Birmingham's central ICL 1906A.

~—

A problem is encountered, however, in the conversion of the analogue
record into binary form prior to the mathemaﬁical manipulations by
digital computer. Here the computer in command of‘the digitisations
must be exclusively occupied in monitoring the conversion process if
none of the digitisations are to be overlooked, a facility not gener-
ally available on large machines because of the large running costs
incurred by the inefficient operation. A system was accordingly de-
veloped which enabled analogue-to-digital conversions to be performed ..
on a PDP-11 minicomputer and transferred to a 1906A installation by

the various means described.

ANALOGUE~-TO-DIGITAL CONVERSION OF THE RECEIVED SIGNAL ENVELOPE RECORD
The analogue record of received signal strength stored on magnetic
tape as part of the measurement process Qas digitiéed on a PDP-11
minicomputer using the system described in detail in Appendix A.

Each analogue-to-digital cénvefsion was perfbrmed when commanded by ~
the existence of a distance marker pulse. The points on the resulting
digitised signal envelope were thus effectively spaced by appéoximatenr
2.8em of the receiver's travel, giving equivalent average detectable
fade depths of 34, 28 and 20 dB at 85, 167 and 441 MHz respectively.

The 25cm distance marker spacing used
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at 75 MHz provided an equivalent average detectable fade depth of

18 dB.

The interconnection of the equipment for the conversion process is

. shown .in Figure 5.14. The x10 temperature compensated amplifiers

were incorporated to ensure that the full +10V dynamic range of the
converter was utilised when working from the +1V output of the tape
recorder. A simple passive R-C low-pass filter was included to re-
duce the effects of impulsive noise. This filter's cut;off frequency
(30 Hz) was selected to be slightly greater than the maximum baseband
spectral component ofthewavefdrm. Reference to Figure 2.10 reveals
this to be twice the maximum doppler frequency which, for a 440 MHz
receiver travelling at 9 m/sec, is approximatelx 25 Hz. The analogue
signal envelope record was monitored continuously at conversion time
using a storage oscilloscope operating with a slow scan rate. By this
means the presence of interferers could be instantly recognised and

appropriate allowances made in the subsequent analyses.

The distance marker pulses also recorded on the magnetic tape were

amplified on playback to attain TTL logic circuitry compatibility

.and checked using the pulse verification network shown in Figure

5.15. This network examines both the amplitude and duration of an
incoming pulse and produces an 'output pulse only if these were
within permissible limits. Any spurious pulses originating from such
vagaries as power supply fluctuation or magnetic tape vibration

across the ferrite heads were therefore eliminated.



5.3.1

(cont'd)

5.3.2

5.3.2.1

5.30202

71

The signal envelope record was digitised in sections over which the
parameters of street width and orientation remained sensibly constant.
Close scrutinisation of a town plan reveals this interval to have a

maximum value of approximately 250m . The route was accordingly

. plotted on a street map and subdivided at easily locatable positionms,

eg street intersections, which were specified on the voice commentary

of the tape record.

DATA TRANSFER TO THE ICL 1906A COMPUTER

The data samples created by the analogue-to-digital conversion process
were written in unformatted binary mode onto the magnetic disc stbre.
This enabled the converter system to operate at maximum speed by
using the most compact data format available. Before analysis may
proceed, however, it needed to be transferred to the central ICL 1506A
computer from the PDP-1l1 minicomputer. The two methods of transfer

employed, namely magnetic tape and direct data link, are described.

Data Transfer by Magnetic Tape

During the period while a data link to the 1906A was being commiss-
ionéd, a system involving 7-track magnetic computer tape was developed
as an interim measure. This system is operable with all forms of
frequently encountered PDP-11 files and is described.in detail in.

Appendix B.

Data Transfer by Data Link

The operation of the data link connecting the PDP-11 and 1906A com-

puters is described in detail in Appendix C. The PDP-1l is inter=

faced to the link to appear as a remote card reader on thé 1906A
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and, as such, must transmit card image records in formatted ASCII
(GRAPHIC) mode. The data is written to the PDP-1l magnetic disc
store in unformatted binary mode for maximum efficiency of the

analogue~to-digital conversion process and maximum packing density

. on the disc store. Consequently the data must be reformatted before

being sent along the link.

ANALYSIS OF THE SIGNAL ENVELOPE

The received signal enveiope records were analysed on the University
of Birmingham's central ICL 1906A digital computer using FORTRAN IV
programmes. These analysis programmes, documented in Appendix D,

calculate the mean and.median.signal levels of the 250m small sector

segments, the signal envelope probability distributions, produce

visual signal presentations on the incremental graph plotter, auto-

‘correlation analyses,etc.
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CHAPTER 6
FACTORS INFLUENCING THE SMALL

SECTOR MEDIAN PATH LOSS

. The investigation of the filtering processes detailed in Chapter 3
demonstrated that the magnitude of the signal experienced by a moving
receiver must be described in terms of its "small sector" statistics.
The characteristics of the spatially distributed field pattern ex—
isting within these small sector cells have been documented in Chap-
ter 2 as those of the fast fading field. The factors influencing the
small sector median received signal level are now examined with a view
to the formulation of a prediction model based on the measurements

obtained in the largely flat city of Birmingham.

Before commencing the analysis of the experimental data it should be
noted that the broadcasts at 75.375 MHz were detected using a rec-
eiver which travelled along routes of up to 1 km and that the resul-
ting signal records were digitised at displ;cements eduivalent to

25 cn of the vehicle's movement. The total number of routes invest—
igated by these means was less.than 100. Furthermore, the base
station aerial was sited at a different position on the building's
roof from those ;t the alternate three fr?quencies. For these
reasons, the results obtained at 75.375 MHz will not be directly com-
pared with those at 85.875,.167.2 and 441.025 MHz, but trends will

be examined where possible.
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6.1 _RANGE DEPENDENCE

A significant factor in thequantification of the propagation path
loss incurred by a radio link is the distance (d) by which the trans-
mitting and receiving aerials are spatially Separated (Qhapter 4).

In order to establish the precise nature of this range dependence
the measured small sector median transmission loss values have been
regressed against a curve Qf the form Pr;1 ar applied by the

least squares error method to the experimental data. The results
shown in Table 6.1 indicate that an inverse fourth power range law
may be used to describe the path loss measurements at the two VHF
frequencies with reasonable accuracy. No such conclusion.is evident

for the 441 MHz values.

. Frequency Exponent Mean Error Standard Deviation}
' n ~ ' of Error
MHZ dB dB
85.875 3.8 0.004 7.4
167.2 3.9 0.005 6.2
441.025 2.4 0.002 7.8
TABLE 6.1

REGRESSION AGAINST A CURVE OF THE FORM P_a ' (TOTAL LINK RANGE) "

-~

As a further test the measured data has been regressed against a curve

4

of the form Pr ad '. The results are given in Table 6.2.
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Frequency Mean Error Standard Deviation
of Error
MHz dB dB
85.875 ‘ 0.005 7.5
167.2 0.005 | 6.2
441.025 0.004 8.3
TABLE 6.2

REGRESSION AGAINST A CURVE OF THE FORM %:a (TOTAL LINK RANGE)-4

Examination of the error statistics of the UHF measurements shown

in Tables 6.1 and 6.2 révealsAthat recourse to an inverse fourth
power range dependence, rather than that of the optimum exponent
value, only results in a small degradation of fhe'statistical ﬁara—
meters. It 1s reasonable to suggest, therefore, that the small sec-
tor median path loss can be satisfactorily predicted using a model of

the form proposed by Egli®! :
h h_ \2
Pr = PSS (—t—z-l;) 8
d

Here the.factor "8" is incorporated to correct the plane earth propa-
gation expression (Section 4.3.1) for the influences which buildings
and trees have on the propagation path loss and in no way attempts to
physically describe the propagation mechanisms which exist.(Section

'

7.1). Accordingly "B8" is termed the "urban cluttef factor".

Figures 6.1, 6.2, 6.3 and 6.4 depict the variation of the measured

small sector median transmission loss values at 75,375, 85.875, 167.2
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and 441.025 MHz respectively against the total link range. Fourth
power range laws describing the propagation path losses are drawn
through the measured points and are compared with the plane earth

propagation curves computed utilising the aerial heights measured

* gbove local ground. Table 6.3 shows the results of a statistical

‘comparison between the measured data and their equivalent Egli

predictions.

Frequency ] Mean Error Standard Deviation
: of Error
MHz dB dB ) a5
85.875 16 0.8 7.5
167.2 19 0.2 6.2
441.025 36 0;8 8.3
TABLE 6.3

STATISTICAL COMPARISON OF MEASURED DATA WITH EGLI PREDICTIONS

FREQUENCY DEPENDENCE

The departures of the small sector median path loss measurements from
their corrésponding plane earth values are plotted against frequency
in Figure 6.5. For ease of comparison only the spread of the points

and the mean value at each frequency @ are shown.

The curve sketched through the measured data in Figure 6.5 has the
same general shape as results reported by other workers 52: 63,64
inasmuch as the loss (expressed'in dB) is not linearly related to the

logarithm of the frequency. The precise form of this dependence will
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be discussed in more detail in later sections.

THE INFLUENCE OF PHYSICAL URBAN PARAMETERS

The knowledge of the manner in which the urban clutter factor (B)

" varies with frequency (Figure 6.5) permits the measured values to be

normalised against both range and frequency to form a secondary'data
set which will be referred to as the "frequency corrected urban
clutter factors" (B'). This correction process wiil facilitate a
direct comparison of the measured small sector median path loss data
at all the frequencies (some 900 values in all) with relevant physical

parameters.

VARIATION WITH STREET ORiENTATION

For the purposes of this investigation the.street orientation. (o) is
defined as the angle subtended between the longitudinal axis of the
road and the line joining the transmitting and receiving aerials. To
enable the influences which uncontrolled variables have on the
propagation path loss to be minimised, large quantities of measure-
ments needed to be analysed at each of the stréet orientation angles
considered. For this reason a quantisation interval of 5° has been
employed, thereby providing approximately 50 values at each of the

angular steps.

Figure 6.6 shows the spread of the measurements and their mean value

at each angular interval. Although street orientation is undoubtedly

6.3, 6.5

an important factor » @ simple relationship cannot be immedi-

ately discerned.
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VARIJATION WITH STREET WIDTH
If the street width is measured as the distance between the buildings
on opposite sides of the road, open spaces such as gardens, footpaths

and cycle tracks are then included in the value obtained. In most

" practical situations this action places the vehicle very close to the

centre of the street and therefore obviates the need to know the pre~

cise position of the receiver at every measured location. Localities

where buildings only exist along a single side of the street will have
an indeterminate width and consequently the measurements pertaining

to these cases must be examined with care.

The spreads of the frequency corrected urban clutter factors and their
mean values are shown in Figure 6.7 at 3m intervals of street width.
The form of this relationship will be examined in detail in the
following sections. |

VARIATION WITH EFFECTIVE STREET WIDTH

Figure 6.7 demonstrates that the width of the street in which the
mobile terminal is situated is closely related to the small sector
median path loss. A more relevant factor, however, will be the dist-
ance between the mobile unit and the buildings measured along the
line-of-sight path between the transmitting and receiving aerials, as
sthn in Figure 6.8. This distance will be termed the "effective
street width" (W!) and may be seen to directly incorporate the vari-
able of street orientation and width, possibly making it a useful

physical parameter.
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The mean values of the frequency corrected urban clutter factors at
3m intervals of the effective street width variable are shown in
Figure 6.9. The general trend indicates that higher path losses are

experienced in narrow streets than in wide, a not altogether un-

6.5

RELATIONSHIP OF PATH LOSS TO DIFFRACTION LOSS*
The single knife-edge diffraction situation depicted in Figure 4.5

has a Fresnel-Kirchoff v parameter given by (Section 4.4.1.1):

The case under consideration normally has..the mobile terminal located
close to the diffractor, assumed to be a building, and remote from
the fixed station. The assumption may therefore be made that df> d2’

in which case the v parameter simplifies to:

2 (ho-hr)
2 ~

The resulting diffraction loss, ifv >1, may be approximated &8 by:

A(v)= - 20 log /dz + constant , dB

10

A curve of the form "-10.log d, + k" is compared with the measured
values in Figure 6.9 and can be seen ta closely describe the overall
trend of the excess clutter factor (8'). This observation leads to
the hypothesis that the diffraction loss over the buildings adjacent
to the mobile terminal and obstructing the line-of-sight transmission

path is an important factor in determining the small sector median

* Please see over,



Footnote to page 80

Here the diffractor is positioned at a
distance W' from the mobile terminal and
is taken to be orthogonal to the line-of-

sight path between the transmitter and the

receiver, However, the influence of an
inclined diffractor may be assessed using
techniques developed in the Geometrical

Theory of Diffraction.6°9

The field strength existing behind a diffractor
inclined at an angleo<t6 the direct ray
(Fig.6.8) can be shown to be inversely
proportional to sin(x). The assumption of

an orthogonal knife-edge therefore holds to
within approximately 1dB for inclinations
greater than 60° and to 3dB for inclinations

greater than 45°,
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path losses'&7'&“

If it is assumed that the buildings are 12m tall, that the vehicle's.
aerial is 2m above local ground and that the mobile unit is located
30m away from the obstructing buildings, diffraction loss values of
16, 19 and 23 dB are obtained at frequencies of 85, 167 and 441 MHz
respectively. These values are compared with the measured data in

the frequency dependency of Figure 6.5 and demonstrate that a good -
estimate of the urban clutter factor (B) may be derived at VHF from
the use of the simple knife-edge diffraction approximation. The
departure of the measured values from the theoretical knife-edge

model at 441 MHz however, suggests that the buildings must be treated

as diffracting wedges having finite thicknesses when compared with

~ the 60 cm wavelength.

VARIATION ﬁITH AERIAL HEIGHTS

The plane earth propagation equation (Section 4.3.1) has, for con-
venience only, been used throughout fhe preceding analysis to describe
the manner in which parameters such as the overall link range and the
heights of the aerials influence the transmission loss. While the
range dependence has been demonstrated to be largely in accordance
with this expression, verification of the effects which the aerial

heights have on the propagation loss has yet to be given. An invest-

igation to this end has, regrettably, not been performed, primarily

as a result of the unavailability of the specialised equipment re-
quired, eg a large aerial tower (up to around 50 m) for the base
station height investigation and an extendable mast on the vehicle

(up to 10 m). It is therefore necessary to draw upon suitable results
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published by other authors.

Okumura ®? has measured the height gain dependency of the transmission

loss on both the base station and vehicular aerial heights. The base

" station aerial height, ht’ was found to satisfactorily describe a

law of the form P_ @ hc2 for all aerial heights above 20 m when the
link range was less than 20 km. The vehicular aerial height, hr, was

found to obey the following:-

<
PO hr for hr 3m

Pah 2 for h 2> 3m
r T r

The error in using the term (hthr)2>thg§efore appears to be relevant
in the region where the vehicular aerial is below 3m. In this case
the law would be better described as htzhr. However, when hr attains
its maximum value of 3m in this region the error betwewn the two forms
is only 5 dB, insufficient to cause any serious problems. At the 2m

vehicular aerial height used, this error is 3dB.
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CHAPTER 7

THE SMALL SECTOR MEDIAN PATH LOSS PREDICTION MODELS

COMPARISON OF POSSIBLE PREDICTION TECHNIQUES

. The propagation situation depicted in Figure 7.1 is an idealised rep-

resentation of a path chosen at random from amongst those encountered
in Birmingham. The small sector median transmission loss over this
path was measured as 127dB at 85.875MHz. Path loss predictions cal-
culated using various techniques are compared in Table 7.1. These

methods are:
(1) Edwards and Durkin (Section 4.5.2).

(a) Free Space Path Loss + Diffraction Loss

(b) Plane Earth Path Loss + DiffractionLoss , dB
(2) Blomquist and Ladell (Section 4.5.3).
‘3) Multi-Ray Analyses (Section 4.4.1.2).

(a) All four rays indicated in Figgre 7.2.

(b) Rays 1 and. 2 in Figure 7.2.

(¢) Rays 1 and 3 in Figure 7.2
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Model : Method ’ Predicted

Path Loss
dB
Edwards and Durkin: Free Space + Diffraction 99.4
Edwards and Durkin Plane Earth + Diffraction 124.4
Blomquist and Ladell Section 4.5.3 113.7
Multi-Ray Analysis Rays 1,2,3 and 4 in Fig 7.2 | 131.6
Multi-Ray Analysis Rays 1 and 2 in Fig 7.2 120.8
Multi-Ray Analysis Rays 1 and 3 in Fig'7.2 96.2

TABLE 7.1

COMPARISON OF VARIOUS PREDICTION TECHNIQUES

Of those models emplqyéd,_the Edwards and Durkin method of combining
the plane earth and diffraction losses can be seen from Table 7.1 to
provide the closest estimate of the measured value, the error in this
case being less than 3 dB. Also giving a good measure of agreement

is the multi-ray analysis utilising all the four rays shown in Fig
7.2, the error produced being 4.6 dB wheﬁ a perfect reflection is ass-
umed. However, a number of points are worth noting before any con-

clusions about this latter method are drawn.

The g;azing angle of the ray which is reflected from the ground sur-
face on the vehicle's side of the obstacle (¢2) has a value in the
region of 0.4 radiané for'the_ﬁarameters speciéied in Fig 7.1. This is
very close to the pseudo—Brewster angle for vertically polarised sig-

nals over land ™' (of all forms) and, in reality, the magnitu&e of the

‘theoretical reflection coefficient will be less than approximately

1

0.4 for frequencies above 30 MHz. ! The presence of surface rough-

ness and ground undulations will serve to further reduce the magnitudes
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of the rays propagated in this manner "2 (Rays 3 and 4 in Fig 7.2).
By comparison, the grazing angle of the ray reflected on the base
station side of the obstacle 6@1) has a value of approximately 0.01

radians, giving rise to a reflection coefficient with a theoretical

. magnitude in excess of 0.9.”} The value of 120.8 dB derived by

summing rays 1 and 2 in Fig 7.2 is therefore more realistic than those

obtained using the other multi-ray constructions.

If it may be assumed that d|>>d2,h . and h0 (Fig 7.3), the diffraction
loss for ray paths rl.and r2 can be approximately expréssed, for v

greater than unity 73, as:

A(V) ~ . VXdz
2m¢h - h )
0 2

If isotropic radiators are used, the total path loss for the construc-

tion of Fig 7.3 approximates to:

2 -
- , 21rd1 . (h0 hz)) , dB
20 logyg /T T RB

The Edwards and Durkin model utilises the same diffraction loss value

as stated above but incorporates the plane earth expression to give:

Zﬁdf (h - hZ) dB
- . Q - ?
20 log, (7172';— Y )

The error generated in the use of the Edwards and Durkin model is

therefore:

20 log Eﬁj o , dB

h - .
1
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~For the situation under consideration, ho = 16 m and h2 = 2m, the mag-
nitude of the error is 15 dB., It should be noted that the predicted
values in Table 7.1 obtained using the multi-ray analysis assumed a
unity reflection coefficient but dia not resort to the approximate
knife-edge diffraction computation. The final solution may accord-
ingly be seen to be sensitive to the factors involved in the determ-

ination of the magnitudes of the rays. The application of the multi-

ray constructions is therefore limited to transmission paths which have

accurately defined parameters, The use of approximations becomes nec-
essary, however, if the propagation path loss prediction is to be cal-

culated quickly and easily.

A final point to note is that, in a practical situation, the location
of the reflecting plane is a difficult task, especially in a town or
city. Indeed, it is unlikely‘to be a simple, smooth plane but more
probably a large irregular surface supporting reflections of the rf
signal over a large area., The magnitudes of the various parameters are
therefore difficult to define but will rarely be the true values meas-
ured with respect to the local ground level, as were used in the com—
putations of the figures in Table 7.1. Nevertheless, the accuracy

attained using the mast heights appears sufficient to warrant their

continued utilisation.
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7.2 THE "FLAT CITY'" MODEL

The results of the analysis of the small sector median path loss meas-
urements detailed in Chapter 6 and the comparison of the prediction
techﬂiques given in Table 7.1 indicate that the transmission loss mﬁy

" be satisfactorily estimated at VHF by summing, in dB, the plane earﬁh
path loss and the diffraction loss incurred by the pfopagation of the
signal over the buildings adjacent to the mobile terminal. At UHF a
further correction was found to be necessary, accordingly termed the
"UHF Correction Factor" (¥). This correction factor, given‘in Fig.
7.4, is the departure of the measured and the predicted curves shown *

i in Fig. 6.5.

The "flat city" prediction model, so called because it does not in-
corporate‘factors to account for effects attributable.;o terrain

features, is similar in form to that proposed by Edwards and Durkin -
(Section 4.5.2) for propagation over irregular terrain. The differ-
ence is that the diffraction loss for the terrain features computed
in the Edwards and Durkin model is replaced in the "flat city" model

by the diffraction loss for the buildings plus the UHF correctiom.
Path Loss '.LP + LB + Y » dB

7.2.1 COMPARISON OF THE BIRMINGHAM MEASURMENTS WITH PREDICTED VALUES
Path loss predictions calculated using the "flat city" model have been
compared with the equivalent small sector median transmission loss
measurements made in Birmingham. A statistical analysis of the:pre-
diction errors (measured-predicted path loss values) obtained using

all the 918 Birmingham measurements at 85.875, 167.2 and 441.025 MHz
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revealed the mean prediction error to be 0.8 dB with a standard devia-
tion of 8 dB. The performance of the model at each individual frequ-

ency is shown in Table 7.2.

Frequency Mean Error Standard Deviation
of Error
MHz dB dB
85.875 | 1.8 7.5
167.2 2.3 6.5
&41.025 -214 802
TABLE 7.2

PERFORMANCE OF THE "FLAT CITY" PREDICTION MODEL IN BIRMINGHAM

Th; standard deviations of the predictiod%rrors at each of the frequ-
encies shown in Table 7.2 are similar to those obtained using the range
regressions (Tables 6.1 and 6.2). Tﬁe pérformance of the proposed
model is therefore comparable with that of a purely statistical app-

roach tailored specifically to the measured data.

The mean prediction error derived using this "flat city" model can be
seen to be sufficiently small to vindicate its-use over level ground
but the validity of its application to other types of ostensibly flat

cities must be investigated further.

COMPARISON OF THE BATH MEASUREMENTS WITH PREDICTED VALUES

The eleyated position of the transmitter site at the University of
Bath (Figure 5.11) afforded an unobstructed view of a large part of
the city centre. The Bath measurements will accordingly be assumed to

have been obtained from a flat city situated on a sloping base as re-

presented in Figure 5.12,
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7.2.2 A statistical analysis of the prediction errors obtained using the

(cont'd) "flat city" model revealed the following:

Mean Prediction Error = 3.6 dB
Standard Deviation of the Prediction Errors = 7.9 dB

Total Number of Measurements Analysed = 98

The increase in the mean prediction error over that arising from the
Birmingham analysis is a possible result of the partial intrusidm by
the shoulder of the valley into the first Fresnel zone ellipsoid having
the transmitter and receiver as foci, therefore requiring that a cor-
rection should be included for the terrain diffraction loss produced.
However, the magnitudes of the mean error and the standard deviation

of the errors are.sufficiently:small to éuggesﬁ that the "sloping-flat -
city" assumption has been largely verified and that the "flat city"

nodel could become a viable prediction technique.

7.3 THE "HILLY CITY" PREDICTION MODEL

The influences of terrain irregularities on the propagation path loss
have not been considered in tﬂe preceding an;lysis and cdnsequently
the "flat ‘city" model is only applicable to cities built on sensibly
lével ground. Further investigations must therefore.be conducted to
establish an appropriate means of quantifying the effects of the var-
ious geographical parameters, i-e.the terrain diffraction losses, and
to determine how these additional factors should be incorporated into
a mathematical prediction model. The resulting "hilly city" model may

ultimately be dissimilar from the "flat city" version as a result of
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the existence of differing propagation mechanisms, notably in the in-
ability of rough or mountainous terrain to support a coherent reflect-
ion from the ground surface. In this case the criteria governing the

use of the two models must be defined. However, it would be prefer-

_able if a single model could be formulated for use in cities con-

structed on any type of terrain, this latter "continuous" model re-
ducing to the "flat city" form as the terrain diffraction loss becomes

negligible.

Values of terrain diffraction loss determined using the Bullingtom
(Section 4.4.2.1),Epstein;Peterson (Section 4.4.2,2), Japanese atlas
(Section 4.4,2.3) and Deygout (Section 4.4.2.4) approximate knife-
edge models for Ehe terrain profiles shown in Figure 5.13 are given

in Table 7.3. As anticipated in Section 4,4.2.1 the Bullington Equi-
valent knife-edge construction underestimates the.magnitude of the
diffraction loss wheA it is compared with the remaining three methods.
It is worth noting from Table 7.3 that the Epstein—Peter;on, Japanese
atlas and Deygout constructions produce similar values and that the
additional compexity entailed in the application of the Deygout method
does not therefore appear tovbe warranted. It is concluded from this
cﬁrsory examination of the diffraction models that the Japaﬁese atlas
method 1s the most appropriate for the terrain péofiles considered,

7'3

having been shown to be more accurate than the Epstein-Peterson

model yet being easily calculable.
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7.3 Three propagation prediction models are compared with measured path loss

(cont'd) values in Table 7.4. These models, in detail, are:
(1) Edwards and Durkin Models (Section 4.5.2)

(a) Free space path loss + terrain diffraction loss
+ building diffraction loss
+ UHF correction

L.=L_,+L +L_,+ Y , dB

(b) Plane earth path loss + terrain diffraction loss
+ building diffraction loss
+ UHF correction

Lp=Llp+Lly+tLlp +y . .- 9 dB

(2) Blomquist and Ladell Model (Section 4.5.3)
L.=L_ + ((Lp = L )2 + L 2)i + L+ dB
T *LF P~ Ly D gt Yo

The limited data available appears to indicate that the Edwards:and
Durkin plane earth based model (1(b)) is the best of those examined
for paths having an isolated obstacle while the Blomquist and Ladell
model (2) gives the smallest prediction erroré for paths having two
or more obstructions. In the case involving an unobstructed path the
Edwards and Durkin model (1(b)) and the Blomquist and Ladell model
(2) agree. Even for the single obstacle situation the Blomquist and
Ladell model produces a more accurate prediction than does the free

space based Edwards and Durkin model (1(a)), and is within 10 dB of
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7.3 prediction obtained using the plane earth Edwards and Durkin version
(cont'd) (1(d)). The Blomquist and Ladell model therefore appears tobe areas-
onable compromise as the "hilly city" model and achieves compatability

with the "flat city" case.
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COMPARISON OF THE BRADFORD MEASUREMENTS WITH PREDICTED VALUES
A statistical comparison of path loss predictions calculated using
the "hilly city" model and the corresponding small sector median

transmission loss measurements obtained in Bradford has been performed.

' The statistical parameters were found to be:

Mean Prediction Error = 5,5d8
Standard Deviation of Error = 10.7 dB

Total Number of Measurements Analysed = 118

Insufficient experimental data have been collated over irregular ter-
rain paths to enable any definite conclusions to be drawn but-the

error statistics derived from the Bradford measurements suggest that

-the "hilly city" prediction model may not be summarily dismissed.

THE OKUMURA EXTENDED MODEL

The Okumura prediction model has been applied by various authors '*27$
to radio links operating in towns or cities and has given close agree-
ment with measured values. This, coupled with the ability of the
model to operate over all forms of terrain, with various building
densities and at frequencies in the VHF and UHF bands, has led to the
Okumura model being frequently quoted as a stardard against which

other prediction techniques are compared.

The Okumura model ™8

» described in detail in Section 4.5.6, was speci-
fically formuldted for use over the frequency range 100 to 3000 MHz.
Extrapolation of the various curves to facilitate operation down in

frequency to 75 MHz is a straightforward process and will not be

reported.
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Some of the correction curves given by Okumura are directly applicable
in terms of the range between the two terminals and the transmission
frequency, eg the basic median attenuation, while others are presented

as functions of intermediate terrain factors,.eg the base station

‘height gain factor. The definitionsof these physical terrain para-

neters are only given 1in the literature for radio links having a
total operating range greater than approximately 10 km, the precise
range limit depending upon the factor to be calculated. The methods
of calculating these parameters over paths of less than 10 km have not

been clearly defined by Okumura *%.

If the Okumura propagation prediction model is to be employed for-the
1 to 10 km urban radio link ranges under consideration a method must
be devised whereby the terrain parameters may be calculated for any
link greater than 1 km, thereby enabling all the varioué correctién
factors to be utilised. Suitable laws governing the computation of
these terrain factors, produced largely by recourse to "engineering
judgement", are presented. These are not necessarily the optimum
choices and therefore a great deal of experimental validation of this

"Okumura Extended” model is required before it may be freely employed.

BASE STATION AERIAL EFFECTIVE HEIGHT

For a radio link with the transmitter and receiver separated by a
distance 'd', the base station effective aerial height is determined
as the height of the base station aerial above the straight line curve
fit to the terrain profile computed using the least squares error

method over whichever of the following intervals is appropriate:
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d to d if 8km> d > 1 km
4

3 kn to d if 15km> d > 8 km
3 km to 15 km if d > 15 km

The base station is assumed to be located at zero range.

INTERDECILE TERRAIN UNDULATION HEIGHT

The interdecile terrain undulation height is calculated as the diff-
erence between 90Z and 107 of the peak excursions of the terrain un-
dulation height about the least squares regression line to the terrain

profile over the following link range intervals:

(d - 10 km) to d if d>°12 km
2 km to d if 12 km > d> 6 km
1l km to d if 6km>d 21 km

AVERAGE VEHICULAR GROUND SLOPE
The average ground slope in the vicinity of the vehicular terminal is
determined as the slope of the least squares regréssion line applied

to the terrain profile over the following intervals:

-

1 km to d if4dkm>d> 1 km
2 km to d if7km> d> 4 kn

(d - 5km) tod if 9 km> d >77 km

In the case where d > 9 km, the larger of the computed slope values

over the following intervals is taken:
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(d - 5km) to d .
and(d - 10 km) to d if d 212 km

or 2 km to d ' if d <12 km

- COMPARISON OF THE OKUMURA EXTENDED MODEL WITH MEASURED VALUES

Measured values of small sector median path loss héve been selected
from amongst the set of measurements made in Birmingham such that the
corresponding locations of any two measureﬁents wére.never closer than
1 km. A statistical evaluation of the errors obtained when predicting
these transmission losses using the Ckumura extended model and, for

comparison, the "flat city" model is gi@en in Table 7.5.

Okumura Extended "Flat City"
Model Model
Mean Prediction Error (dB) 4.9 : 2.2
Standard Deviation 7.7 6.75
of Error (dB)
Total Measurements 176 . 176
TABLE 7.5-

COMPARISON OF PREDICTION MODELS WITH THE BIRMINGHAM MEASUREMENTS

A similar comparison using the Bath measurements was found to be un- \
feasible because of the limited area (only a few square kilometers)

over which the path loss values were obtained.

Predictions of ‘the path loss for the terrain paths shown in Figure

5,13, calculated by both the Okumura Extended and the "hilly city"”
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models, are compared with the measured losses in Table 7.6. The two
prediction techniques can be seen to produce very different estimates
of the path loss at UHF, the Okumura model being the closer to the

measurements. The UHF correction factor (Figure 7.4) incorporated in-

to the "hilly city" model therefore appears to be inappropriate for
' P pprop

highly obstructed terrain paths. However, insufficient data is avail-

able at UHF to enable a corrective procedure to be determined. At the

" 85.875 and 167.2 MHz frequencies the predictions calculated using both

models can be seen to be similar to the measured values, thereby demon-

strating that the models are adequate for general use. An important

factor to note is that the number of computations required in the

employment of the "hilly city" model is much less than in the Okumura

Extended model.
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CHAPTER 8

CONCLUSIONS

An investigation aimed at uniquely identifying the so-called slow and

fast fading field components of the signal envelope experienced by a
moving vehicular receiver using simple filtefing techniques has been
performed. This has shown thatthe improvément in the filtered output
gained by recourse to raised cosine or triangular weighting fuhctioqs
rather than a rectangular window having the same overall width is

negligible.In this context anvimprovement is judged to have been _
obtained if the magnitudes of the hish frequency spectral components

of the field are diminished,i.e. the ripple on the filtered waveform

is reduced in amplitude.

The wiéth of the window function was noted to influence the output
waveform produced and is concluded to be a highly relevant parameter.
In order to establish the optimum window width required to isolate the
slow and fast fading fields, the au;ocovariance functions of low-pass
filtered waveforms, determined using a 64 m rectangular windéw, have
been calculated. These demonstrated that the slow fading signals
changed by negligible amounts over distances of up‘to approximately

75 m. The optimum weighting function was therefore deduced to be
rectangular in shape,and to encompass less than 75 m of the received
signal record while containing sufficient d;ta samples to ensure that

a valid statistical estimate of the signals properties is obtained.

The fast fading signal patterns proddced by high-pass filtering meas-
ured signal records using various window shapes and sizes have been

examined. These have indicated that the resulting envelope probability
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8 distribution, rather than being Rayleigh as anticipated from multi-

(cont'd) path constraints, was better described as Weibull of the form:

_@3

P(x<X) =1-e ;) X >0

!

It has been suggested that this distributionis a consequence of the
inherent inseparability, by simple filtering methods, of the slow and
fast fad}ng fields caused by an overlapping of the two frequency - =
spectra. The terms "slow fading" and "fast fading" were therefore
deemed to be inappropriate and it was recommended that the field
pattern should be described in terms of the statistical parameters
existing within "small sectors" over which all discernable factors
influencing the received signal strength remain sensibly constant.
The measured data were accordingly analysed in terms of small sector
records comprising the equivalent of less than 250 m of the vehicie's
" - movement.. This distance was selected because such variaﬁles as street
width, street orientation and the terrain profile of the transmission

path were judged to remain largely unaltered.

The application of curves of the form P.a (Range)-'n to the median -
values of the mﬁall sector measured data using the least squares error
method has shown the exponent (n) to have optimum values of 3.8, 3.9
aﬁd 2.4 at 85.875, 167.2 and 441.025 MHz respectively. These results
lead to the hypothests that a significant amount of the energy arriving
at the receiver has undergonesome form of reflection from the ground
surface over nearly all the paths at the two frequencies in the.VHF

band whereas this infrequently appears to be the case at the 441 MHz
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frequency. This is perhaps to be expected from consideration of the
Rayleigh criterion of roughness which evaluates the amplitudes of the
surface irregularities in terms of the transmitted wavelength. As the

frequency is raised, therefore, the larger the effective heights of

- the irregularities become and comnsequently the surface appears rougher.

The magnitude of the coherent reflection from the surface at any given

non-zero grazing angle is accordingly reduced.

The use of a curve of the type Pr o (range)-4 to describe the small
sector median path loss measurements was found to produce negligible
degradation of the error statistics at VHF over those obtained by ﬁhe
use of the optimum power law. The 441 Mﬁz measured data, perhaps sur-
prisingly, was found to yield only a slight increase in the standard '
deviation of the errors about the curve fit from 7.8 dB to 8.3 dB.

It appears, therefore, that the received signal can be satisfactorily

described using a model of the form proposed by Egli:

2
P_= P.G,G, (hcgr) 8
d

where 'B" is termed the "urban clutter factor".

The urban clutter factor values for the measured small sector data,

assuming that the aerial heights in the above expression are taken

- above local ground, have been demonstrated to be statistically well

described by the diffraction loss over the buildings adjacent to the
mobile terminal and lying on the line-of-sight path between the trans-

nmitter and thereceiver. The use of knife-edge diffraction-theory was
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8 found to be adequate at the frequencies in the VHF band but grossly
- .
(cont'd) | underestimated the total loss at UHF, possibly as a result of neglec—
.\W‘

ting the large thickness of the buildings compared with the 60 cm

wavelength.

Two mathematical models have been proposed»to facilitate the prediction
of the median small sector propagation path loss, one empirical and

the other semi-theoretical. The empirical method is an extension to
the Okumura model formula;ed to enable all the relevant correction
factors to be utilised for any link range greater thanvl km. The sem%r
theoretical method, on the other hand, is based on a technique acc-
redited to Blomquist and Ladell and includes correction factors found

to be necessary from the analysis of the measurements. This latter

model evaluates the propagation path loss, in dB, as:

PR

Free Space Path Loss + ((Plane Earth Path Loss - Free Space
Path Loss)

+ (Terrain Diffraction Loss)z)£

+ Diffraction Loss over the Adjacent
Obstructing Buildings

+ UHF Correction Factor

O

The terrain diffraction loss required as a parameter in the mo&el
has been found to be satisfactorily estimated using a conmstruction
suggested by the Japanese Postal Service, and this method is recom-
mended even though the Epstein-Peterson construction was advocated
in Blomquist and Ladell's original publication. By comparison the
Bullington equivalent knife-edge model was thought to underestimate
the loss while, over the paths under consideration, the Deygout

construction did not warrant the comsiderable complexity entailed by

its use.
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The UHF correction factor is the deviation of the measured path loss

o i

(cont'dji values from predictions based on simple knife-edge diffraction theory
|

and is only significant at frequencies above approximately 200 MHz.

" Predictions derived using both models have been compared with the

corresponding path loss values measured over the flat terrain of
Birmingham, the sloping ground of Bath and the hills of Bradford. In
the case of the semi-theoretical model the mean errors were found to
be consistantly less than 6 dB in magnitude while the empiriéal model
exhibited a slightly worse performance. The standard deviations of

t?e prediction errors were deemed to be comparable with those produced
using a purely statistical approach and, as such,vwere small. The use
of both techniques therefore appears to have been vindicatéd and little
can be seen, insofar as .the prediction accuracy is concerned,..to rec-
ommend one rather than the other. The semi-theoretical model, however,
utilises physical urban parameters and may be interpreted to give an
indication of thepropagation mechanisms ekisting in an urban mobile

radio situation.

It is worth noting that the number of computations required to evaluate
the propagation path loss prediction using the empirical Okumura model
.is far greater than that needed by the semi-theoretical model to obtain
a largely similar prediction accuracy. It is therefore concluded that
the Okumura prediction model is more compiex than is essential for

applications involving British cities.
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APPENDIX A

AN ANALOGUE-TO-DIGITAL CONVERSION SYSTEM FOR THE

ANALYSIS OF STOCHASTIC WAVEFORMS

INTRODUCTION

The analysis and subsequent characterisation of random signals
require that large quantities of data are considered. Even the
calculation of such simple parameters as the mean value and standard
deviation needsmany hundreds of individual measurements from a

single ensemble if negligible statistical errors are to result. In

this type of situation the application of digital computers is

beneficial both as bulk data storage devices and for the high
processing speeds attainable. Analogue waveforms cannot be handled
as such, but must be converted into digital form before they are
manipulated by digital computers. The monitoring of the analogue-to-
digital conversion process and the subsequent transcription to a high
capacity storage unit, such as magnetic disc or tape, calls for the
total involvement of the computer's central processor unit for the
duration of the digitisations. The permanent utilisation of the
central processor unit is generally unavailable on large computer
installations because of the inefficiency incurred and comsequential

prohibitive cost.

A system for performing analogue~to-digital conversions using a PDP-11

minicomputer is described in the following sectionms.
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THE ANALOGUE-TO-DIGITAL CONVERTER ASSEMBLY

THE SYSTEM REQUIREMENTS
A general purpose analogue-to-digital conversion system having eight

multiplexed analogue input channels was required. The assembly was

. required to operate in conjunction with a PDP-11 minicomputer

and must commence conversions upon receipt of either an external

(user supplied) or internal (computer supplied) convert command pulse.

THE GENERAL INTERFACE UNIT

Operational on the PDP-11 minicompute; at the Department of Electronic
and Electrical Engineering during the design phase were a series of
general purpose data buffers and status registers connected to the
computer's "uni-bus" peripheral communications system. The schematic
diagram and a list of the connections to_this general interface unit

are given in Figs.Al and A2 respectively.

THE ANALOGUE-TO-DIGITAL CONVERTER

An analogue-to-digital converter and eight channel analogue multi-
plexer with the specifications shown in Table A.l were connected to
the general interface uﬁit (Section A2.2)»as detailed in Fig.A3. The
quantisation interval available using this system is approximately

5 mV with a peak signal capability of * 10 V.

Data buffer 1 (Address: 160002) holds the three bit code needed to

select the multiplexer input channel. This lies in the range O to 7.

Data buffer 2 (Address: 160004) stores the digital output of the

- analogue-to-digital converter. This is sign extended (bit 12) to
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occupy all the available 16 bits of the standard PDP-11 word., The
buffer is loaded only while the converter is inactive, determined by
performing a logical 'AND' function on each of the individual bits

with the STATUS output from the converter.

Bit O of the status.register (Address: 160000) flags the current state
of the analogue-to-digital converter. It is set while a conversion
is in process and is cleared on completion, The bit is loaded by a
logical 'AND' operation between the STATUS line of the converter and
the logical 'OR' of monostable multi&ibrators connected to the STATUS
and STATUS outputs.’ The condition of the STATUS function is loaded,
therefore, when either conversion starts (STATUS becomes positive) or

when conversion stops (STATUS becomes positive).

Conversion may be commanded by a +5 V pulse supplied either ‘externally

or by a programmed reference to the 'SELECT 10' pulse (Address: 160010).

THE ANALOGUE-TO-DIGITAL CONVERSION PROGRAMME

The electronic System described in the previous sections is of little
use in its own right. To achieve versatility and efficiency of
operation, the PDP-1l minicomputer must be programmed to function in
conjunction with the converter assembly.

The tasks to be performed by the programme are basically the monitoring
of the conversion process and the subsequent storage of the digitised
samples on a bulk storage peripheral, in this instance a high packing
density magnetic disc. It is vital that no time is wasted during the

execution of the real time operations assigned by the programme, a
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factor which rules out any possibility of using a high level computer
language (e.g. FORTRAN IV) and necessitates the utilisation of an

efficient coding system such as assembly language.

THE PROGRAMME OUTLINE

A general purpose PDP-1l computer programme was required to operate
in conjunction with the analogue~to-digital converter system working
under externally clocked conditions. The functions performed fall

into three sections:=-

1. A programme pre-amble comprising the operator commands (input/
output functions on teletype), disc file manipulation and checks

prior to opening the file for write access.

2. A real time segment composed of recursively setting the multi-
plexer channel as.required, monitoring ofvthe converter status, .
reading the data word into core memory and transcription onto '
the disc file. This portion of the .programme must fulfill its

duties at the maximum speed possible.

3. A programme termination routine consisting of closing the disc

file and communications with the operator,

The Programme Pre—amble

A large number of the operations required by the programme are performed.
prior to the real time computing section., During this period the
converter is assumed inactive, with the consequence that slow execution
speed is tolerable. The steps transacted fall into‘two broad

categories:~
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1. Operator = Programme Communications.

2. Magnetic Disc File management.

In order to achieve the minimum time wastage during the real time
programme segment, the file on disc must be in the most compact form
possible. This uses unformatted binary mode data in a contiguous

file, thereby entailing no unnecessary disc head manipulations.

Data files may be easily handled using FORTRAN IV bug the subsequent
loss of speed during write processes is intolerable. ‘This high level
language is therefore restricted in its applicability, as far as this
programme is concerned, to teletype management,

On a single disc drive computer installation the data must be written
to the same physical magnetic disc as-storeS'thé<system‘uti1ity-- SRR
programmes. It is consequently imperative that the greatest care is
taken when writing to this disc to ensure that a disc "wreck" does

not occur. To guard against this possibility the programme only
permits a file to be used which already exists on the disc. A full
series of tests can then be performed to check the "start" and "end"
disc file addresses, that the "length" is consistent with the difference
between these and that it is a contiguous file. These checks are only

available when using assembly language instructionms.

The Real Time Programme Segment

In order that the completed analogue-to-digital conversion system be

capable of performing at the maximum clock speed attainable, while

still maintaining the ability to handle the data output, the minimum
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number of programme steps are employed. The programmé applicability

and disc security are not sacrificed to achieve the desired speed.

The steps necessary are:-

1.

The analogue multiplexer input channel is selected prior to a
conversion being commanded. This is performed at the earliest

moment available within the programme.

The multiplexer channel may be specified as a sequence of

channelé determined by the operator for the analysis to be

performed.

The programme now waits for a conversion to commence. This. is
gsignalled when bit O of the status register becomes set. In
waiting for this event, the programme ensures that only one

sample is read from the converter for each digitisation performed.

The system waits for an external comvert command pulse to be
supplied. Time can only be guaranteed to be available at this
instant in the real time segment and all non-data manipulations
must be performed here. One such important facility, hitherto
unmentioned, is the ability for the operator to "HALT" the
conversion process at any time and to "FINISH" when desired. The
former request is required when the operatér wishes to blank out
a portion of the analogue waveform for any reason. In this case,
the digital output of the converter is disregarded until the
operator requests the continuation to be undertaken. The "FINISH"
command is supplied by the user when no more of the conversions

being performed are to be stored in the current disc file. The
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current core buffer is appended with zeros and written to disc
as described in the following section. The fastest and most
advisable means the operator has of signalling his intentions to
the programme is by way of the computer console switch register.
0f these, bit O is designated the "HALT" switch and bit 1 the
"FINISH" switch. Switch down (clear) indicates that no action
is required. If the programme finds both bits O and 1 set
simultaneously, while waiting for a conversion to begin, the
segment is exited via the programme termination section. If
bit O is set and bit 1 is clear, the programme re-examines both
bits sequentially until either changes. Bit O set prevents any
examination of the converter status register being performed.
Bit O clear, however, results in a recursive examination of the
converter status register and bit O until either becomes set.
The converter status becoming set causes” a jump' to the next

step.

Having detected the start of an analogue-to-digital conversion
the programme waits for the digitisation to be completed. This

is heralded by bit O of the status register becoming clear.

Upon completion of a conversion, the digitised data sample is
read into the next available word in a core memory data buffer:
The routine is restarted from step 1 if this buffer is not full.
When the data buffer is full, however, it is written to the next
section of the disc file. The disc address is automatically
incremented and a check made that this is within the file

boundary. If this check proves false, an error is generated and
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the programme terminated. Providing that the disc address is

valid, the data buffer pointer is reset and the routine restarted

from step 1.

The magnetic disc on a PDP-11 installation uses blocks of 256

words regardless of the quantity of data supplied. Efficiency

of operation is therefore improved by the use of the full block
size, reducing the number of occasions on which the disc is
accessed., The use of a single block buffer increases the

versatility,

The Programme Termination Routine

This routine is entered when the operator commands the programme to
"FINISH" by use of the console switch register. The data buffer is
appended with zeros and written to disc. The file is closed and

details of the quancitf of data handled aré written on the teletype

for user reference.

THE PROGRAMME

The final programme 1is realised in two sections. The section manip-
ulating the disc file and monitoring the conversion process is a
FORTRAN IV subroutine written in assembly code. The FORTRAN '"CALL"

statement for this routine is:-

CALL ATOD (FILE, IX, ICH, ILOOP, IERR)

The variables input to the subroutine are:-

FILE; The disc filename for the data storage. This may be an



117

A3.2 array containing a Hollerith string in 3A4 format.
Cont'd

ICH; An array containing the required multiplexer sequence.
ILOOP; Four times the length of the multiplexer sequence.' The

quadruple arises because a FORTRAN variable uses &4 bytes of

storage.
The variables output by the subroutines are:-

IX; Number of data points in the last block of file. This does

not include the zeros written when the "FINISH" command was

encountered.

ILOOP; The number of full and partially filled blocks of file written

to disc.

IERR; An error indicator in the range O to 7. These values corres-

pond to:-

0 No error
1 : Filename error - illegal syntax

2 : A non-existant file

3 : A non-contiguous (linked) file

£
.o

File has an invalid disc start address
S ¢+ File has an invalid disc end address

6 : Disc control was not ready at the time of a disc

operation

7 3 File is full,

Return to the main program is not possible if the subroutine is
entered with an incorrect argument count. The program is commanded

to "HALT" with zero displayed in the console register.
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A3,2 The complete programme is given in Fig.A4 and the outline flow diagram

Cont'd
in Fig.AS.

A general purpose FORTRAN IV main programme is given in Fig.A6.
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FUNCTION A/D CONVERTER ANALOGUE MULTIPLEXER
Power Surply +15V @30mA +15V@sSmA
~15V@40mA -15V@45mA
+5V@300mA +5Va13mA
Number of Inruts 1 8
Analogus Input Range =10V 10V
Analogue Cutput Range - 10V
Input Impsdance >1M >1K ~

Settling Time

Digital Output

12 bits (inc. sign)

. pBinary (2's ccmp.)

Zps for 20V step

Conversion Time §9us -
Convert command >100ms -
Pulse )200V
Maximim Conversion
Rate 4kilz -
Table All

Specifications of the Analogue -~ to - Digital Converter

end Analogue Multiplexer
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DATA BIFFER

TWO DATA BUFFERS ARE AVAILABLE, EACH ARE 16 BIT. INPUT
AND OIJTPUT DATA FOR EXTERNAL USE ARE AVAILABLE AT 3KT: POSITIONS 17 & 25
UIA A 43 WAY EDGE CONNECTOR BOARD TYPE:- "CABLE BOARD/Z/31'",

ALL OUTPUT SIGNALS FROM THIS UNIT ARE VIa OPEN COLLECTOR LOGIC
THEREFORE IT IS5 SUGGESTED THAT ALL USERS NOT WORKING ADJACENT TO THE
P.D.P. 11 SHOULD RECIEVE THESE SIGNALS AT THEIR UNIT WITH TdE FOLLOWING
CIRCUIT. THOSE WHO ARE WORKING ADJACENT TO THE COMPUTER REQUIRE ONLY

A 1K RESISTOR TO THE +5V SUPPLY LINE ON EACH SIGNAL RECIEVED.

SIGNALS RECEIVED BY THE INTERFACE, FROM HSERS NOT ADJACENT TO THE
COMPUTER, ARE ASS!MED TN BE FROM OPEN COLLECTOR LOGIC I.E.

TH1S DOES NOT AFFECT OTHER USERS.
PIN CONNECTIONS FOR BOTH DATA RUFFFDS ARE AS FOLLOWS. ALL SIGNAL VAMEb

CARE WITH RESPECT TO THE INTERFACE AND ARE HIGH FOR ASSERTION.

LeSeBa=CD

PIN NO: JSE » PIN NO: USE
1 FARTH 21 . . 1/P LOAD PULSE (AIGH)
o EARTH 22 SLT 19 PULSE
3 17/P 29 ' 23 COMPUTER INT:
4 1/P 31 ‘ . 24 -
5 1/P 02 o 25 -
6 I/P @3 26 0/P 20
7 N/C 27 0/P 91
3 1/P 04 : 28 o/P 22
9 /P 25 29 _ 0/P 33
10 I/P Q6 _ 32 0/P 4
11 /P 017 31 0/P 25
12 I/P €3 32 Q/P 06
13 17P 29 33 o/P 07
14 I/7P 10 34 0/P &3
15 1/P 11 35 0/P 39
14 /P 12 36 0/P 13
17 I/P 13 .37 " O/P 11
18 1/P 14 33 osP 12
19 I1/P 15 ' 39 . 0/P 13
20 I1/P LOAD PULSE (LOW) 40 o Q/P 14

: 41 osP 15

STATUS BUFFER
ONE 146 BIT STATUS BUFFER IS AVAILABLE. EACH OF TdE 16 BITS
CAN BE LOADED INDIVIDUALLY OR ONE PULSE CAN BT USED TO LOAD ALL
14 BITS. CONECTIONS FOR I/P DATA & SINGLE PULSE LOAD ARE MADE viAa
SKT: POSITION S1 USING A 43 WAY EDGE CONNECTOR BOARD TYPZ:-
CABLE BOARD/3/01. TO LOAD BITS INDIVIDUALLY THE BOARD IN POSITION 47
1S REMOVED AND A 43 MAY EDGE CONNECTOR BOARD JSED TO CONNECT TO THE
INDIVIDUJAL LOAD LINES.

AS FOR THE DATA BIFFER ALL 0O/P SIGNALS ARE VIA 0OPEN COLLECTOR

e s

-

S - - FIG A2
~ CONNECTIONS TO THE GENERAY, INTERFACE UNIT PAGE Y ef S




LOGIC.
PIN CONNECTIONS FOR THE BUFFER ARTZ AS FOLLOW3. «LL SIGNAL NAMES AR
WITH RESPECT TO THE INTERFACE AND ARE HIGH FOR ASSERTION. L«S.B. =0J.

PIN NO: HSE : .PIN NO: USE
1 EARTH 21 COMPUTER INT:
2 EARTH 22 INIT:
3 177 20 , 23
4 I/P 21 24
5 I/P 02 2s
6 1/P 03 26 0/P 82
7 N/C 27 o/P 01 .
R 3 I/P 24 23 o/sP 22
9 I/P 85 29 0/P &3
10 Ise Cs6 39 Q/P 24
11 /P 27 31 os? 25
12 1/P 38 ‘ 32 N0/P 06
13 I/P 29 33 osP 27
\ 14 ' I/f 12 . 34 0/P 33
15 I/P 11 35 Q/2 29
15 I/P 12 35 0/P 12
17 . I/P 13 37 0/P 11
18 /P 14 33 osP 12
19 I/P 15 39 o/P 13
) 23 I/P LOAD PULSE 49 O/P 14
41 0/P 15

PIN CONNECTIONS FOR THE EDGE'; CONNECTOR BOARD UJSED TO LOAD ALL 16
BITS INDIVIDIJALLY ARE AS FOLLQUWS :

3 PIN N2t 1ISE

i 1 EARTH

: 2 EARTH

; 3 1/ LOAD PIJLSE 832

i 4 1/P LOAD PULSE 0J1

i 5 I1/P LOAD PULSE @2

% 4 I/P LOAD PULSE 23

7 N/C

? 3 1/P LOAD PULSE 24

: 9 : I/P LOAD PULSE 25

’ 10 I/P LOAD PULSE 256
11 1/P LOAD PULSE @7
12 I/P LOAD PILSE 98

i 13 I/P LOAD PULSE @9

y 14 | I/P LOAD PULSE 10
15 - I1/P LOAD PIULSE 11
16 1/P LOAD PULSE 12
17 I1/P LOAD PILSE 13
18 I1/P LOAD PULSE 14
19 1/P LOAD PULSE 15

. _

COUNTER -

ONE 16 BIT COUNTER IS -AVAILABLE. INPUT DATA, INCREMENT CLOCK.
AND COUNTER = ZERO SIGNAL' CONNECTIONS ARE AVAILABLE AT POSITION 42
VIA A 43 WAY EDGE CONNECTOR BOARD TYPE :- CABLE BOARD/3/91

AS FOR THE DATA BUFFER ALL OYTPUT SIGNALS ARE VIA OPEN COLLECTOR
LOGIC. - ‘ —

PIN CONNECTIONS FOR THE CO!NTER ARE AS FOLLOWS. ALL SIGNAL NAMES

)

CONNECTIONS TO THE GENERAL INTERFACE UNIT FIG A.2° -
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ART WITH RESPECT TO THE INTERFACE AND ARE HIGH FOR ASSERTION L.S5.B=03.

PIN NO: SE PIN NO: yse ‘
1 EARTH 21 v COUNTER=ZERD
2 CARTH , 22 INC: CLOCK
3 I/7P BY 23
4 172 01 24 .
5 17/7P 32 25
I3 1/7P 23 - 26 0/P 39
7 N/C 27 , o/P 21
3 . I/P G4 28 osP 22
9 I/7P 85 29 Q/P 23 -
12 17/7P 05 30 O/P @4 i
11 I/P 07 31 0/F @5 A
12 1/7P @3 32 Q7P 86 :
13 17P 99 . 33 osP 07
14 1/ 12 34 Q/P 093
15 I/P 11 35 0/P 39
14 I/P 12 36 o/P 19
17 I/° 13 37 osP 11
15 I/7P 14 33 , Q7P 12
19 1/P 15 ' 39 0/P 13
29 I/P LOAD PULSE 42 O/sP 14
41 o/P 15

ADDRESS CO'INTER

REQUIRED WHEN NON-PROCESSOR REQUESTS ARE TO .Bt .CARRIED 0UT.

INPUT ADDRESS, INCREMENT CLOCK» AND . N.P.R CONTROL SIGNAL CONNECTIONS
ARE AVAILABLE AT POSITION 34 VIA A 43 VWAY EDGE CONNECTOR BOARD TYPE -
CABLFE BOARND/B/91. AS FOR THE DATA BUFFER ALL OQOUTPUT SIGNALS ARE VIA
NDPEN COLLECTOR LOGIC.

PIN CONNECTIONS FOR THE COUNTER ARE AS FOLLOWS. ALL SIGNAL NAMES

ARF® WITH RESPECT TO THE INTERFACE AND ARE HIGH FOR ASSERTION L.S.B=23.

PIN NO: USE PIN NO: USE
1 EARTH 21
2 EARTH 22 INC: CLOCK
3 I/P 30 23
4 I/P 21 ' .24
5 1/P 02 25 : , TIME OUT
% I/P 23 26 NeP.R DIRECTION
7 N/C 27 END CYCLE
8 1/P B4 : 23 OBTAIN BUS FOR N.P.R
9 1/P @5 29
12 1/P 8% 39
11 1/P 27 31
12 1/P C3 39
13 1/P 99 33
14 1/P 12 - . 34 -
15 I/P 11 .. ~35:
16 I/P 12 T 36
17 I/P 13 : 37
18 I/P 14 ) 38
19 1/P 15 39
20 ‘ I/P LOAD PULSE 49
“CONNECTIONS TO THE GENERAL INTERFACE UNIT FIG A2 " )
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THE M 135°* ADDRESS SELECTOR PROVIDES GATING 3SIGNALS FOR INPUT
AND OHTPUT QOF DATA FROM THE P.D.P. 11. THE ADDRESS OF THE INTERFACE
caN BE CHANGED BY THE POSITION OF THE CONNECTORS ON THE FRONT. THIS
ADDRESS CAN BE SET BETWEEN 168320 & 177763 OCTAL AS THE 4 L«S.B.
ARFE NOT CHANGABLE BY HARDWARE. :
A LINK INSERTED = Q

THE M 782 INTERUPT 80ARD PROVIDES INTERUPT OF THE P.D.P 11 AND
ALSO A NIQHE VECTOR ADDRESS BETWEEN 0904 & 374 0CTAL.
A LINK INSERTED = O

VECTOR = X X 4

LOCATION 27 |
- IF A NJP.R IS TO BE CARRIED OUT BY THE INTERFACE THE
BROARD IN LOCATION 27 SHOULD BE REPLACED BY THE ONE MARXED "N.P.R"
FOR ALL OTHER VSES THE BOARD IN THAT LOCATION SHOULD BE THE ONE
MARKED “INT'.. .

NON=-PROCESSOR REQUESTS

TRANSFER OF DATA BETWEEN THE INTERFACE aND MEMORY
CAN BE CARRIED OUT VIA A N.P.R. THE DATA TN BE TRANSFERED SHOULD
BE PLACED IN,0R RECEIVED FROM,THE DATA BUFFER USING LOCATION 17
THE ADDRESS OF THE TRANSFER SHOUILD BE IN THE ADDRESS COUNTER. THE
DIRECTION OF TRANSFER IS DETERMINED BY A LEVEL ON PIN 26 OF LOCATION
34. +3.6V0LTS =TO MEMORY GROUND= FROM MEMORY

TIME OUT

THIS SIGNAL WILL BE ASSERTED (H) BEFORE A N.P«R IS CARRIED
OUT, IF AN ERRONEQOUS ADDRESS IS IN THE ADDRESS REGISTER,OR IF
THE SLAVFE FAILS TO RESPOND‘IN 20 MICROSECONDS.

END CYCLE L
AN END CYCLE PULSE WILL BE ASSERTED AT THE END OF EACH
N.P.2 DATA TRANSFER AND IS USUALLY USED TO RELEASE CONTROL OF THE BUS.

[ —
" CONNECTIONS TO THE GENERAL INTERFACE UNIT FIG Ae2 -
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INITIALIZATION CINIT)
THIS SIGNAL IS ASSERTED BY THE PROCESSOR
WHEN THE START XEY ON THE CONSOLE IS DEPRESSED,WHEN A REST INSTRUCTION
1S EXECTED,OR WHEN THE POWER FAIL SEQUENCE OCCURS.IT CAN BE USED
To CLEAR AND INITIALIZE PERIPHEIRAL DEVICES.

1/P LOAD PULSE

A PULSE OF AT LEAST 150 NANOSECONDS DURATION AND
LOGICAL "1 LEVEL >2.C8UOLTS IS REQUIRED AS AN INPUT LOAD PULSE

TO ALL BUFFERS AND REGISTERS.
THE DATA TO BE LOADED SHOULD BE PRESENT ON TAE INPUT LINES
FOR THE COMPLETE DURATION OF THE LOAD PHULSE.

'(

“CONNECTIONS TO THE GENEHAL INTERFACE UNIT TIFIG Al2-
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| UNI-BUS

THE A - D CONVERTER

| ANALOGUE INPUTS EXTERNA
ERDERVL
Q O O ?
POP - 11 | T T T T T 2l
| CHANNEL
| DATA ADDRE SS ANALOGUE
<> BUFFER l > MULTIPLEXER
.
INHIBIT
| ANALOGUE
QUTPUT
| [ —
B
| Y |
| anaLocue STATUS
N ;%TS = INPUT . - converT L |/
| DATA 2 PR ==  A/D CONVERTER COMMAND [ |
BUFFER OUTPUT | =
STATLS. OR
| MONO- L 1 -
STABLE -.J
MONO-
| STABLE
( MONO-
/)/f A\ . STABLE
CR OR
STATUS I '
| REGISTER 2 | .
SELECT 10 l -

_FIG.A.3



3 ATOD.MAC

3 ANALOG TO DIGITAL FORTRAN SUEBROUTINE
5 - FOR USE WITH EXTERNAL CLOCK PULSES

ALLOCATE CONTIGUOUS FILE BEFORE CALLING:
CALL ATODC 'FILE.EXT',1X,1CH,1L0OP, 1ERR)
"FILE.EXT' MAY BE INSTEAD A REAL ARRAY DIMENSION 3
;¢BEAD INTO AREAY IN 3A4)
;1X BETUBNS FINAL ‘DATA POSITION WITHIN FINAL ELOCK (<256.)
;AFRAY ICH COMNTAINS MULTIPLEXER CHANNEL SEGUENCE
;ILOOP IS FOUR TIMES THE DIMENSION OF 1Cd,
AND RETUFNS NUMBER OF BLOCKS TRANSFERRED.
IERPR PETUMIS 2 FOR NO EEROR OR:
FILENAYE ERROR
FILE DOES NOT EXIST
FILE NOT CONTIGUOUS
INVALID START BLOCK
INVALID END BELOCK
DISK CONTROL WAS NOT REALY
FILE FULL o
4ALT WITH @ IN DISPLAY REGISTER: WRONG NO OF ARGUMENTS
DITTO WITH4 177777: DISK DEIVE NOT READY
- OTHERWISE DISPLAYS PKER AFTER A DISK ERROR
SWITCH PR=GISTER EBIT 2: UP = PAUSE
' DOWN = GO / CONTINUE
SWITCH4 REGISTER BIT 1: UP = FINISH
(CUPRBENT BSLOCK APPENDED WITH ZERO3)
DOWN = NOFMAL OPERATION

e ‘s o

e wo we

“e e Me we Mo
SO0 -

“e Mo s “e e

e %o Yo Mo

.TITLE ATOD
.GLOBL ATOD o
.MCALL INIT, .LOOK

PO=%0

R1=%1

R2=%2 |

R3=23 -
R4=7%4

RS5=%5

$p=26

PC=%7

STATUS=16C000
EUF=STATUS !4
CHAN=STATUS!2
SWR=177570

RKDS=1774¢20Q sDRIVE STATUS

RKEP=177402 3ERROR REGISTER
PKCS=177404 3 CONTROL REGISTEPR
RKWC=177406 ;WORD COUNT
RKBA=177410 3 BUS ACDRESS B
RKDA=177412 - 3DISK ADDRESS S . _ . .
RKDB=177416 ; DATA BUFFER. '

. 2,0 " e .-
FILBLK: ,0,0 :

1)
ANALOGUE-TO-DIGITAL . FIG. AJb
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[\]

LNKBLK:

[ S L)

+BYTE 1,0
.PADS2 /DK/

FILE: 2,2,2,2,9

ATOD: CLR R@ 3HALT WITH @ IN DISPLAY REGISTER
. CMPB (RS5), #5 35 ARGS ? :
BEQ .+4
HALT
CLR @12(¢(RS) 3NO ERRORXS YET !, 1ERR=02
MOV 2¢R5), R0 sFILENAME.EXT
MOV #FILE, R!
MOV #7, P2 3 7CHARACTERS (+'. ') MAXIMUA
NCHAR: TSTB (E@) ;s ANY CHARACTERS LEFT ¢' "
BEQ FIN 3NO
CMPB (RQ), #40
BEQ FIN
CMPB (P2, #55 3=,
BEQ EXT YES
MOVB (ROY+, (R1)+ 3NO, UNPACK NAME
DEC R2
_BNE NCHAR
ERRl: MOV #1,e@12¢RS) ;FILENAME ERROR
RTS RS
EXT: INC RO
MOV #4,R2
SPCHR: CMP RIl, #FILE+6
- BEQ NCHAR
B4l ERRI
MOVB #40, (R1)+
BR SPCHR
FIN: CMP RI1,#FILE+11 3LAST CHARACTER?
' BEQ PACK JYES
B4l ERRI 3 TOO MANY!
MOUB #4@, (R1)+
BR FIN '
PACK: MOV #FILBLK,R3
MOV #FILE,=(SP)
NPK: CLR =¢SSP
EMT 42 5 «RADPK
BCS ERRI
MOV ¢SPY+, (R3)+
CMP R3, #FILBLK+6

'?

-e

"BLO NPK

TST (SPY+ s REMOVE ARG FROM STACK

CLR BLOCKS ; BLOCKS TRANSFERRED COUNTER

CLR ENDFL 3EQF TEST-

JINIT #LNKBLK _ S ,

.LOOK #LNKBLK, #FILBLK, | : JFIND FILE ON DISK
MOV ¢SPY+,START - .. - .. .3START BLOCK NO.

MOV ¢SPY+,LENGTH - . .3NO..OF BLOCKS
TSTB (SPY+

EM! EI

ANALOGUE-10-DIGITAL FIG. A
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El:

E2:

E4:

RTN:
RET:

WAIT:

CONT:

PHASE;

MOV #2,@12(RS) 3FILE DOES NOT EXIST

RTS RS
ASL =-2(SP)
TSTB -2(SP)
BMI E2

MOV #3,@12¢R5) SLINKED FILE

RTS RS
CMP START, #4800,
BLO E3

MOV #4,@12¢(R5) INVALID START BLOCK

RTS RS

MOV START, RO
ADD LENGTH, RO
DEC RO

MOV R@, BLK

JSR PC, BLOCK
MOV @#RKDA,END
CMP RO, #4800.
BLO E4

MOV #5,@12¢(RSY 3INVALID END ELOCK

RTS RS

"MQV START, BLK

JSR PC, BLOCK

TSTB e#RKCS - ;WAlIT FOR CONTROL

BPL o-‘l

MOU @10¢RS),R2 ;R2=4xCHANNELS

MOV #BUFA, R4

CLR RI 3 FIRST CHANNEL

CLR R3
MOV 6(RS)Y,CH
MOV 2¢(RI1Y,@#CHAN

ADD #4,RI
CMP P11, R2
BLT WAIT

CLR RI

BIT #2,8#SWR

BNE DUMP

BIT #1,8#5WR

BENE WAILIT

BIT #1,0#STATUS
BEQ WAIT

BIT #1,e#STATUS
H\’E "6

BIT #12,e#CHAN
BNE PHASE ‘
MOV @#BUF, (R4Y+
INC R3

CMP R3, #256.

BLT RET JNO
JSR PC, DKWRT

CMP R4, #BUFB+512.
BLO «.+6 .

MOV #BUFA, R4

BR RTN

MOV @#STATUS,PH

3FINISHED?

JYES ‘

3NO, PAUSE?

JYES

3NO,WAIT FOR A-D TO START

sWAIT FOR A-D TO FINISH

;BINARY OR ANALOGUE INPUT?

;s BINARY WORD TO STATUS REGISTER
3 FULL BLOCK?

,YES,WRITE BLOCK TO DISK
5END OF BUFB?

" 3YES,START ON BUFA

- ANALOGUE-TO-DIGLiTAL "~ FIG. Al
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DUMP:
CLEAR:

EXIT:

PH:
START:
LENGTH:
END:
BLOCKS:
ENDFL:
BLK:
CYL:
SUR:
SECTR:

DKWRT:

DKWT:

DKC:

DKWT!:

ASR PH

ASR PH

ASR PH

BIC #177770,PH
MOV PH, (R4)+
BR CONT

MOV R3,@4(RS) ;i IX=R3

CMP R3, #256.

BGE EXIT

CLR ¢R4Y+ 5 APPEND BLOCK WITH ZEROS
INC R3 C )

BR CLEAR

COM ENDFL JNC EOF ERROR -
JSR PC, DKWRT 3 PREPARE TO WRITE

MOV BLOCKS, @10C(RS)

TSTB e#RKCS SJWAIT FOR END OF TRANSFER !
BPL 0'4 '

RTS RS

[STO IS IS IES IS IO RN B RN

“TSTB e#RKDS ;s DRIVE READY ?

EM! DKWT

MOV #-1,R0 3DRIVE NOT READY
HaLT

TSTB @#RKCS 3 CONTROL NOT READY ?
BMI DKC :
MOV #6, @12(¢(RS)

TST C(SPY+

TSTB @#RKCS

BPL .-4

RTS RS

TST e#RKCS 3 DISK ERROR?
BPL DKWTI

MOV e#RKER, RO
HaLT

CMP @#RKBA, #BUFB+512. ; BUFA OR BUFB?

BLO .+83. , " ;WRITE BUFB

MOV #BUFA, @#RKBA 3JWRITE BUFA

MOV #177400, e #BKWC ;WORD COUNT =-256.
INC BLOCKS

CMP @#RKCA,END

BLO DKWT2 .

TST ENDFL " ;DUMP SW USED ?

BNE DKWT2 -
MOV #3,@#RKCS  SWRITE,GO ~
MOV R3, @4(RS) 3I1X=R3

MOV BLOCKS, @10(¢(RS)

MOV #7,e12¢(RS) FILE FULL

3 DISPLAY RKERR IN CONSOLE

ANALOGUE-TO-DIGITAL

FIG. Alb
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TST ¢(SPY+
TSTB @#FKCS ;warT 1t
BPL .-4
RTS RS

DKVWT2: MOV #3, @#RKCS JWEITE, GO
RTS PC '

BLOCK: MOV BLK,R2 JINTERPRET MON BLOCK NUM
CLR RI 3 SEE DISK DRIVER FOR COMMENTS
BER DKINZ20
‘DKIN1@: ADD R2,RI!
ASR R2
ASR R2

ACD R4, P2 : -

DKIN22: MOV R2,R4
BIC #177760,R4
BIC R4, R2
ENE DKINIO
CMP R4, #12.
BLT ++6
ALDD #4, R4
ACD B4, Pl JEKDA IN Rl NOW
CLP SECTR ;L0AD SECTR
B1S R1l,SECTR
BIC #177762,S5ECTR
CLR SUR ~ 3L0AD SUR
BIT #20,RlI
BEQ .+6
[ INC SUR
CLR CYL ;L0aD CYL
BIS Rl,CYL
ASR CYL .:
ASP CYL
ASR CYL
ASR CYL
ASR CYL ,
BIC #1774022,CYL
TSTB e#RKCS $sRK11 CONTROL REALY ?
BPL .-4 ‘
MOV RIl, 8#RKDA
MQV #BRUF A, @#RKEBA
RTS PC

BUFA:
o=o+5120
BUFE:
o=o+5120

«END

T ANALOGUE-TO~-DIGITAL
CONVERSION PROGRAMME

T FIG. Adb
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(: ENTER :)

NO | DISPLAY ZERO
IN CONSOLE REG.

YES f

CHECK D1SK FILENAME (i' HALT j)
SINTAX AND UNPACK NAME

SLT ERROR FLAG
0 1

LOCATE FILE ( EXIT )

VALID?

ON DISK
ES
‘ILE EXIST NO | SET ERROR FLAG
ON DISK? 0 2
1ES ‘ EX1T j)'
S :
ISK FILE YES o o
LINKED? bL¥QLR§OR FLAG

Y

NO '
EXIT

IS :
DISK FILE NO —
< START BLOCK ShgohliiOt{ FLAG
> 480Q. . *
) YES | | '
: . (: EXIT :)
R

-

ANALOGUE-TO~-DIGITAL CONVERSIUN EROGRAMME

- FIG. A.5
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DISK FILE
END BLOCK
VALLD?

YES

!

SET buROR FLAG
I0 5

SELECT MULTIPLEXER CHANNEL.

r

P

Y

WITCH
REG. BIT 2
SET?

STATUS
REG. BIT 1
SET?

Y

IES STATUS
REG, BIT 1

SET?

1
= )

ANALOGUE~TO-DIGITAL CONVERSION RROGRAMME

FIG. A.5 _
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NO

YES

| READ A/D CONVERTE

DATA BUFFER

READ 3 BIT BINARY WURD
FROM STATUS REGISTER

\
Y ¢

A 4

256
WORDS READ?Y

WRITE DATA BLOCK
TO DISK FILE

APPEND CURRENT DATA BLOCK
WlTn ZEROS

Y

WRITE DATA BLOCK
TO DISK FILE

Y

-

ANALOGUE-1O-DIGITAL CONVERSION BROGRAMME

- FIG. A. 5
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103
104

195

106

121

192

197

108

12
112

13
113

14
114

1S
11s

16
116

17
117

20
21 .

- a2

ADC.FTN

GENERAL ANALOG TO DIGITAL CONVERSION PROGRAM
DIMENSION FILEC3),I1CH(C!I2).

WRITE(6, 123

. FOPMAT(!HS, ' LENGTH OF SEQUENCE?: ")

READ(6, 124)1IL

FORMATCI 1D

WRITE(6, 185)

FORMATC(1H4S,' WHAT IS THE SEQUENCE?:(¢! FORMAT, 1 SPACEY ")
READ(6, 126)(CICHCJIIJ=1,1L)
FOFMATCI12CI 1, 1K)

WRITE(6,121)

FOFRMAT(IHS, ' FILENAME?: ")

READ(6, 102)FILE

FOPRMAT¢ 3A4)

ILOOP=1ILx4

CALL ATODCFILE,IX,1CH,ILOOP,I1ERR)
IFCIERR.EQ.2YG0T0O20
IF(IERR.GT.7YWRITE(6, 1371 ERR
FOPMATC1X, ' UNKNOWN ERROR: ',12,/)
WRITE(6, 1903YIERR

FORMAT(1X, ' ERROR NUMEER:',12,/)
GOTOC!1,12,13,14,15,16,17Y1ERR
WRITE(G6, 11 1) ‘

FORMAT¢ !X, ' FILENAME ERROR'> /)
GOTOS

WRITE(6,112)

FOPMATCIX, ' NG FILE!'> /)

GOTOS

WBITECG6, 113

FOPMATCIX,"' FILE NOT CONTINGUOUS', /)
GOTOS

WRITEC6, 1 14)

FOPMAT(1X,* INVALID START BLOCK', /)
GOTOS ‘
WRITE(6, 115)

FORMAT( IX, ' INVALID END EBLOCK',/)
GATOS

WRITEC6,116) ‘ |
FORMAT(1X,* DISK WAS NOT READY', /)
GOTOS '
WRITE(6, 11T

FORMATC¢ 1X, ' FILE FULL!',/)

GOTOS .

WRITE(6,21)

FORMATCIX, 'FINISHEDI 111", /)
WRITE(6,22)1L00P, IX

FOPMAT(///5s 1Xs12, ' BLOCKS FILLED; ',13,
1'* DATA SAMPLES IN LAST BLOCK',/)
GOTOS e A

-

END T Tame =

. e

I
ANALOGUE=-10-DIGITAL CONVERSION e
MAIN PROGRAMME ‘ . FIG. Aef__
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APPENDIX B

TRANSFER OF DATA FROM A PDP-11 TO A 1906A COMPUTER

USING 7-TRACK INDUSTRIALLY COMPATIBLE MAGNETIC TAPE

Digital computers are commonly interfaced using industrially compatible
magnetic tape systems, even though their internal and tape character
codes may differ. The immediate problem of finding a medium suitable
for both machines is of prime importance, a problem which may be

solved by recourse to magnetic tape insofar as the physical dimensions
of the tape are machine independent, e.g. tape width, number of tracks,
inter-track gap, packing density, etc., but Are only a function of

the tape transporter.

The two computers to be iqterfaced were a PDP-11 minicomputer and a
1906A genéral purpose installation, the latter having both 7 and 9
track magnetic tape stations at packing densities of 800 and 1600 bpi
respectively, A PDP-11 was available on campus with a 7-track, 800
bpi magnetic tape unit, therefore enabling this mode of transfer to
be employed. The basic differences in the character sets and the
word storage bit patterns between the two computers required that

assembly language instructions be used for all data manipulationms.

MAGNETIC TAPE FORMAT

The single reel file structure of FORTRAN IV on the 1906A is shown
in Fig.Bl. It must comprise, in sequence, a header label to define
the tape to the operating system, a start-of-data sentinel to define

the data file structure, as many data blocks as are required, with the
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Cont'd
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proviso that the tape is physically long enough to contain them, and

finally, an end-of-file trailer label.

THE HEADER LABEL

The header label defines the magnetic tape to’fhe GEORGE III operating
system (1906A). It must, therefpre, contain information which makes
it unique within the system, i.e. serial number and tape name,
together with housekeeping information such as date written and

retention period.

This block must have 9 (or more) words of data. These are:-

WORD
.0 : The 4 characters 'HDDR'

1 The tape serial number (s 37777777 Octal)
l2

3 The filename (12 characters)

4

5 Reel sequence number (0 to 511)

6 File»generation number (= 0) |

7 Retention period

8 Date written
The tape serial number must be unique within the 1906A operating

system and should be obtained from the chief operator.

The filename may be any 12 alphanumeric characters, the first.being

a letter. The name 'TRANSFERTAPE' is implicit in the programme.
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Bl.1 The reel sequence number for a single reel file (the only form
Cont'd
permitted under FORTRAN 1IV) is O.

The file generation number and retention period are set to zero.

The date written is given as the number of days since 31st December

1899.

Bl.2 START-OF-DATA SENTINEL

The start-of-data sentinel must contain 20 words and follow the

header label and a tape mark. The words required are:-

WORD

0 Bit 0 = 1
Bits 18 = 23 = the character '2' -

1 Maximum Data Block Size to follow or zero

)
zero

3

4-19 Qser information (set to zero).
Bl.3 THE DATA BLOCKS

There may be as many sequenﬁial data blocks oﬁ a magnetic tape as are
required by the application, provided that the tape is physically

long enough to accommodate them. Each data block must contain between
S5 and 32767 words with at least one complete record of between 2 and

512 words.

It should be noted that the maximum number of words in any data block
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Bl1.3 has been defined as word 1 of the start-of-data sentinel (if not
Cont'd

given as zero). A formatted data block is as follows:-

WORD
0] Number of words in a record
1 Space, Space, Space, Carriage Control
22 " Records space filled to the record boundary.

The carriage control character (Byte 4 of Word 1) may be 41 to 47 or
51 to 57 giving 1 to 7 lines or page advances respectively when the

tape is listed on a line printer.

Bl.4 END-OF-FILE TRAILER LABEL

The trailer label indicates that the end of the data has been reached.
No further read operations should be performed unless a REWIND or

BACKSPACE command is executed.

The trailer label should be the last valid block on the tape and

should be preceded by a tape mark. It contains:-

WORD
0 Trailer identification (Bit O = 1)
1 Data block count (excluding labels, sentinels, tape

marks and dumps)

2
:} zero
3

4-19 User information (set to zero).
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THE PROGRAMME REQUIREMENTS

A PDP-11 programme was required which would write a header label and
start-of-data sentinel to a magnetic tape, read data blocks from disc

file as formatted or random access records, reformat these using 1906A

. tape character codes and write them onto the tape. It should

correctly terminate the tape by an end-of-file trailer label when the

data is exhausted.

The serial number of the tape must be a variable and the data files

should be easily accessible on the 1906A.

Binary (random access) data stored on the disc should be written to

tape in the equivalent format to 8 (I6, 1X) for a FORTRAN IV programme.

THE PROGRAMME REALISATION

The programme assumes that a linked disc file consists of formatted
ASCII records while a contiguous disc file contains unformatted

binary records. These are the only two file types permitted.

Each data record written to tape starts with either a O or 1. The
character 0 indicates that the next line is a data line whereas al
denotes the last record of the file. Each data file on tape is

preceded by its filename as shown in Fig.B.2.

As no pre-knowledge of the number of data files to be written is
available, each data file is terminated by a tape mark, an end-of-file
trailer label and two backspaces of the tape. Any attempt to write

another data file in the input chain will then overwrite these two
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blocks, whereas termination of the programme will result in a valid

single reel data file,.

THE PROGRAMME ''MAG"

. INPUT/OUTPUT ON TELETYPE

Control Commands are accepted from the keyboard and error messages are
displayed on the teletype. The programme may be terminated in the

normal manner at any time.

Input data is required in response to the BATCH stream prompt "
printed on the teletype. The first dafa record entered must be the
required tape serial number. Any error at this point will result in
an error message or, if undetected, an incorrectly labeled magnetic
tape. Subsequent keyboard inputs are- taken to.be data filemames on. .
the PDP-11 disc filestore. Errors in the filenames are signalled on

the teletype.
All inputs may be given as a BATCH stream.

After each file has been written to the tape, a count of the total
number of blocks written is printed on the console as an octal
integer. This provides the capability of verifying that all the data

records in the files have been handled.

Console switch register bit O controls the monitoring of data transfers.
With bit O up (logical 1) and a contiguous disc file, the data records,

after formatting, are written to the teletype and the magnetic tape.
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Bit O clear (down) condition causes this facility to be cancelled.

PROGRAMME OPERATION

A simplified flow diagram is given in Fig.B3 for the programme of

_ Fig.B4,

Tape Initialisation

To ensure that the tape is correctly loaded, no operations are
allowed unless the tape is at the beginning-of-tape (BOT) mark.
Failure of this condition causes an error to be flagged and the

programme loops until corrective action is taken.

The Header Block and Start—of-Data Sentinel

The~various parameters for the header block are-now calculated. - The
date given by the PDP-11 is converted to the number of days since

31st December 1899 and placed into a buffer store.

A character "}" is printed on the teletype and the tape serial number
read from the keyboard and checked for eight octal digits. Failure
at this point causes the programme to.be termin;ted. The tape is
given the label "TRANSFERTAPE" while the reel generation number, the

file generation number and the retention period are set to zero.

The header block, a tape mark and the start-of-data sentinel are now

written to tape.
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Data Blocks

The prompt character "#" is printed on the teletype and the name of a
disc file read from the keyboard. This is scrutinised for legal

structure, syntax and to ensure that a file of that name exists. This

.file is then examined and its disc location and length noted. Failure

to this point results in an error diagnostic on the teletype and a

restart from the "#" prompt.

The file is examined to determine if it is linked (formatted ASCII
mode) or contiguous (unformatted binary random access mode) and a

block of the file read in whichever mode is appropriate.

The filename is preceded by the character "0" and written to tape in

1906A 7-track tape code.

A block of contiguous file (if a contiguous file has been read) is
formatted to be the equivalent of FORTRAN 8 (16, 1X) format and each
line preceded by "0", unless it is the final line of the file in

which case it is preceded by "1".

Each line of a linked file is preceded by "0" or "1" as indicated

above but reformatting is unnecessary.

This block of data file is now converted from PDP-11 internal machine
code to ICL 1906A 7-track tape code. The block is transferred to the

magnetic tape.
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B3.2.3 If more data is present in the disc file it is read and the process
Cont'd
of reformatting repeated. If the file is exhausted, however, the
programme continues by writing a tape mark and a trailer label on

the magnetic tape, followed by two backspaces. The next filename is

requested and the program either terminated or continued,
The total number of blocks written to tape is printed on the teletype.

B3.2.4 The End-of-File Trailer Label

This block is set up in a buffer and is now transferred to the tape

to signify the end of the data records. It is accompanied by a tape
mark and two backspaces.,

Termination of the program results in the tape being correctly written.
Any subsequent attempt to write on the tape will overwrité the trailer
‘and permit more data to be placed on the tape. A new trailer will be

required at the end of this new data.
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DATA BLOCK

VISR RASEIsINaasaiIn
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DATA BLOCK
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DATA BLOCK
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TAPE MARK
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TRAILER LABEL

SINGLE REEL FORTRAN DATA FILE
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L

END-QF-FILE
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0 FILENAME

0 DATA

0 DATA

0 DATA

(

0 DATA

1 DATA

0 FILENAME

|

0 DATA

0 DATA

0 DATA

:::;;ﬁ::::

0 DATA

1 DATA

MAGNETIC TAPE DATA STRUCTURE
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( START )

READ TAPE SERIAL NUMBER
REQUIRED

APE SERIAL
YaLID?

WRITE HEADER BLOCK omy ‘

MAGNETIC-TArL

WRITE STaRl-0F-UATA
SENTINEL -ONTQ TAPE /

@

1
!

READ FILENAME FOR
TRANSFER ;

MAGNETIC TAPE TRANSFER PROGRAMME

FIG., B.3
~Page 1 of 3 -
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YRINT ArrrROYELATE
ERROR MESSAGE

PRINT APYROPRIATE
EiROR MESSAGE

WRITE FILENAME ONTO
MAGNETIC TAPE .
v
—0
READ BLOCK OF FILE
FROM DISK

y

FORMAT DaTA
BLOCK

!

CONVERT DATA TO
1906A TAPE FORMAT

v

/ WRITE DATA BLOCK ONTO
MAGNETIC TAPE -

MAGNETIC TAPE TRANSFER PROGRAMME

F1G. B.3
Page 2. of 3 °
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©

WRlTh LAl dMARN AN
TRAILER LABEL ONTO TaPE /

PERFORM TWQ BACKSPACLS
OF THE MAGNETIC TAYE

!

PRINT TOTAL NUMBER OF
BLOCKS WRITTEN TO TAPE

° )

MAGNETIC TArk THANSFER PROGRAMME
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oTITLE 1NAG

oHCALYL = JPARAN, JHPENT, TRAN, « SPEC, s INILT
+JHBALLE S @MITE: JREAD; «CLUSE, GC517, TaLocy
JHOALE * 7FOSTeEY JUALET . JBLSE, JLUUK

« PARAN

i PRUGRAM TU T?AKSFEX DATA FROM A PDP=11 FILE ONTO
JUHAGTAPE IN IGL 1900 FURTRAN DATA FILE FUPRMAT,

sVAGTAPE FILEHAI'E: TRANSFERTADE
sTAPE SEKIAL "UNMSBFER 1S KEAUIRED FOLLUYING FIRST ¢
JENTER IT AS 84 UCTAL DIuLTS

DATA STRUCTURE:
LINKED FILE = MUST CONTAIN FORMATYTED ASCII LINES (TAR ALLOWED)
v EACH LIne CUPIED DIRECTLY, 1U0 UHARACTERS MAX,:
CONTIGUUUS FILE = 1UST CONTAIN YMFORMATTED BINARY DATA
EACH "JORD IS CUMVERTED TU FURTRAN 16 CHARACTER FUPWAT
EACH LINE HAS 3 NUMBERS = 3(1X,18)
EVERY FLLE YH\AS A DATA LINE IMSERTED AT THE BEGINMING
CONTAINING THE FILENAME CHAKACTERS AS TYPED
FOLLOY TG THE '#° SYMBOL TO THE CSI.
EVERY DATA LINE HAS A CAARACTER INSERTED AT THE REGIMAING:
U = HEXT LInE IS ANUTHER DATA LINE
1 = HEAT LINE IS THE FILE!HAME

We Na WM Ve Ve M Ve Ve N ‘Be Na we

CR=15
LF=12
vT=13
MTS=172540

START: JI81T #LNRIP
JINIT FLNKUPY
JINIT ALNKMT
CLR DILKS
CLR VBUVF
RITE #LNKUPT 201
JHUAILIT #LNKOPT

«SPEC ALNKINT,#SFB00
SIT #40U,SFOU0O+,
BHE “THD
JRITE  TLNRKUPTLRDG s TAPE NUT AT BOT
JMHAILT s LNKUDPT
BOTWT: BIT #40,d7MTS sHAIT FUR BUT MARKER
fo SEQ 8OTWT
WTHD ¢ MOV a4V, RY
MOV S52(RY) ,RZ tUBTAIN DATE
ADD ®54704 K2 i1906A IS MUCH OLDER 11
MOV R2,RU -
BIC #177¢00,R0O
JSR PC,CHCONP
MOVB RO,DATE=+3
ASR R2
ASR R2 :
ASR R2 . T e
ASR R2 t."
ASR R2

e et T
MAGNETIC 1;23 TRANSFER PROGRAMME . pA i‘o( ¥




BADTSHM:
: TSNUK:

TSN ¢

BEGIN:

CEXIT:

ASR

R2

OV R, RY

BIC ALY, RO
JSR PC.LACLNP
20, VATE*L

nouvy
ASR
ASR
ASR
ASR
ASR
ASR
nay
BIC
JSR

IR
WAL
«REA
JHAL
citp
BEQ
SUR1T
JHAL
BR

R2
R2
R2
R2
R2
R2

R2+R"

#1700, RO

PC,LCHCOMP ; =
MOVB RO ,VATE®]

TE
T
L
1

TE
T

SLNKUPT @M INPT

ALNKUPT

ALNKIP,#BUEN

SLNKLP

BUF1*4,#10, :MUST HAVE » CHARS + CTRWLF
TSNUK

BLNKIPT #0806 s3AD TSH

#LNKOPT

eXIT

MOV R4, RS

MOV HBUF1+6,RS
MOV BTSN,R3
MOVB (RD)+,RY
CHPB RU,R60
BLO BADTSH
CHPB RUWRO7
dHI BADTSH

BIC #177770,R0

ASL
ASL
ASL

RO
RO
R

MOVE (RY)+,R1
CHPB R1 .76V
BLO BADTSH
CHPB R1,767
8YHI BADTSH

BIC R#177¢70,R1
ADD R1,RU

JSR PC,CHCOMP
MOVB RO, (R3)+*

VEC R4
BHE TSN1

+« TRA
« SPE
«TRA
JURI
JHAIL
«REA
WAL
8178
BEAQ
+MAL
«RLS

N
¢
[
T8
T
D
T

T

E

ALNKMAT,#TRANHD JURITE HEADER
FLNKIIT»# TMARK

FLNKNT 58008

ALNKUPT ,3MINPT

ALNKUPY

ALNKIP,,#BUF1

RLNKIP : :
%100,8BUF1+3 = . JEWD OF BATCH INPUT 2?2
SteGEY . L

BLNKMT

#LNKAT

: FIG. Bed
‘MAGNETIC TAPE TRANSFER PRO GRAMME . - BAGE 2 of 10




STRGET:

Afl:

IP:

Bhe
ES:

€1:

=5

CX:

"UPEN:

+RLSE TLEAOPT
+RLSE JULNKLIP

=T o

LIHP CHEFT1+4 0 d

BGT A1 PANY INPUT 2
JURITE A ULNKOPT ,#UNINPT

B R BEGIa

sl #CBA

st (SP)+ tANY ERRORS ?
BEW ip

JURITE  »LNKUPT,RERKMI sSYNTAX ERRUR
uR 3ELIN

MOV #2,C8H4 JGET OUTPUT DATASET
oV ALNKSK,CSIBK+2

MOV AFILBK,LSIBK+4

+ £51¢ 2CS1IBK

nov (SP)+,R1

BIT #1+R

BME €5

LIRITE ALNKUPT ,#ERRME 12 UK MURE 1/° FILES
JIP BEGILH

BIT #2,R1

BEQ (44)

JHRITE RLNKUPT yFERRMT? :12 UR MURE SWITCHES
JI'P sEGIN

cne FILBK,#5¢Z

BiHE (W

JURITE #®LNKUP1,#CERR1 3= 1N FILENAME
J1p BEGIN

LHP FILBK+4,R52

BHE c2 4
JIRITE  #LNKUPT,®CERR2  °'»' IN EXTENSIUN
JIP BEGIN

LitPB FILBK+6,#37¢

bEQ C3

Cnee FILBK*7,8377

BIME CX

JURITE #LNKUPT1,SCERR3 §'*' InN VUIC -
“JIP BEGIN

NOP

JINIT #LNKBK

«LOOK ALNKBYX,2FILBK

MOV (SP)*,LENGTH

ISTB (SP)+

811 UPEN

+RLSE FLHKBK

JMRITE #LNKOPY,#B2

JI'P BEGIN

UCLR BLK*Z +FIKST BLOCK

MOV #64,B8LK i READ

LLR CONTLG 3

ASL =(SP) .

TSTB (SP)+ e Gty

Bl ,+6 4

LOM CONTILG

MOV BFILBK,RUY : = a1

'MAGNETIC TAPE TRANSFER PROGRAMME

FIG. B.4
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JOPENT S LNRBKsRY
JSR RO, LHCHYV
BUE1+6
DATA
BR WTDATA
MULINE: JSR R3,LUCHYV
BUF+0
UI‘TA
WTDATA: JSR PO.,READ
FHOVB #75:DATA+TV
sITH 2100 ,BUF+5 JFOF ?
MOVEB #74,DATA+TU
TRAN: « TRAN ALNKMT ,# TRNDAT
JHAILT 7 LNKIT
1HC DBLKS
BHE .+6
11C DOOVF
CI'PB DATA+10,#76
BEQ HULINE
JIHP CLOSE

" LENGTH: v
CONTIG: Vv
READ: ST CONTIG
BPL CON
LKRD: JREAD  RLNKBY,#BUF
JUAIT ALNKBYK .
BITB #1,8UF+S JEXCESSIVE LIME LENGTH ?
BHE ,+4
RTS PC
JURITE ALNKUPT,RDS
JUAIT ALNKOPT
BR LKRD
CON: TST CONTIG
BME CONLN
VEC LENGTH
BPL CONC
BISB #10U,B8UF+3
g RTS PE
- CUNC: +BLUOLK ALNKBY,#BLK
A JHAILT #LNKBYX
e rST8 RLR*1
S BEQ COn : ;
A : JHRITE #LHKUPT,#D5 sRLUCK READ ERRUR
i JUAILT #LNKUPT
lieten IST (SP)+ sPRESET STACK
et JHMP CLUSE
INC BLK+Z
MOV B32.¢00NTIG
MOV BLK+4,PUINT
MOV ®8, R4
MOV gOUF+*6 RS
JSR PC,FATLN
VEC R& e e aeey
BME CONZ ? S b
MOVB #CRs(R3)+ !
MOVB #2LF,(RS)+

MAGNETIC TAPE TRANSFER PROGRAMME pmggéi—fzklo



CONS:

POINT:
FMTLN:

FMTY:

DOCTX:
pOCT:

PIVUCT:
DECDIV:

CLOSE:

SHIFT:

PEC CONTIC

BIT #Yeug1??O74¢

BHE .+4

KTS PC

MOV #58.sTUF*4
JHRITE ALNKOPT s #RUF
JHALTY ALNKUPRT

KTS PC

v
MOV aPOINT KU
ADD #H2,PUINT
MOVE #' (RS)+
MmOV3 #°' 1(R3)+
ST RO

gPL FUTA

MOVS #'=s=1(R3)
NEG RO

JSR PCsULYCT
RTS PC

v

MOV #10000,,0IVECT
JSR PC,DECDILIY
MOVS DULTX,(R3)*
MOV #10uY9,,01YOLT
JSR PC,LECDIY
MOVB DOLTX,(R3)+
MOV #100,,0IVOCT
JSR PC,LECDIV
MOV3 DOCTX,(R3)*
MOV #10.0IVUCT
JSR PC,DECDIYV
MOVE DOCTX,(R3)+
ADD #60,RC

MOVB RO(P3)*

RTS PC

Y

CLR DOCTX

CHP DIVOLTRU
sHI .+1<.

sSUB DIVULT,RY
tHC DOCTAR

L BR =14,

ADD ®6U,DNCTX
RTS PC

+SPEC ALNAMT s #THARK

MOV F6+Te=T1:RUF+L s CHAR
MmOV ARUF+16+T2=T1,RS

MOV BT21RS

MOVB =(R&),=(R3)
CHP R&,»#T1 s
BH1 SHIFT e
MOV DALKS,RY &
MOV RO .RE

JSR PC,WTBLK

N

countt

MAGNETIC TAPE TRANSFER PROGRAMME

FIG. B.4
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JSR PC,LHCOLP

MOVE RUODCHT*S

MOV DBUVF,R&

KNR Ré&

ROR RZ2

ROR R4

KOR RZ2

ASR RZ2

ASR RZ

ASR RZ2

ASR RZ

MmOV RZ2,hRU

JSR PCywWTELK

JSR PC,CHCOMP

MOVEB PUJDRCHT+2

ASR Ra

ASR rZ

ASR RZ

ASR RZ

ASR RZ

ASR R2

MOY RZ2,RY

JSR PC,WTZLK

JSR PC,CACOMP

MOVS RU,V3CHT+

MOVEB #76¢DBUNT

+WRITE #LNKOPY ,#BUF =~ URITE BLOCKS On TAPE
JHMAILIT #LNKOPT ;
« TRAN FLNKMTREOFTL
«SPEC BLNKMT  #BKSP
JCLUSE #LNKBK

+RLSE #LNKBYK

JHRITE ALNKUPY @M IuPT
JI'P BEGIN

WTBLK: MOV RO,R&
BIC #17/((704R&
ADD #6EU R
MOVE R4,=(R3)
MOV RO.R&
ASR R&
ASR R4
ASR R&
BIC R177¢70,4R4
ADD ®6U/RHL
MOVB R&,=(RS)
RTS PC

LMCNV: CLR R& s CHAR CUUNT
MOV (R5)+,Re
MOV (R3)*,RS
ADD #9.sR3 1 SPACE FOR REC LEMGTH & CARR CNTRL & 1 C
5 -nAR
i wiNs MOVE (RE)+,RU™
i BIL BI27000,R0 . % 0,
8EQ DLN i
CHPB RU,#11 i TAE ?
BEQ TAB ‘

FIG. B.é
... PAGE 6. ef 10
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CHPB RO« 7/( sRUBOUT ?
HE@Q DL
CHPB RU.#CR
pEQ gEnoLY
JSR PC,LHCONYV
MOV3 RU.(P3)+
1MC R&
BR DL
TAB: MOVEB #36s(RII+
INC K&
BIT #7106
BEQ DL
sR TAB
ENDLN: ADD A9, /R4 JINCLUDE WORD COUNMT,CARR CTRL & 1 CHAR
PAD: CHP R&riad, ;80 CHARS MIN
3L0 PADSP
81T B#3,K4
BEQ DLGTH
PADSP: MOVEB #56¢(R3)+
1HHC R&
8R PAD
PLGTH: LUNP R&,#d0, smIN BLOCK SIZE = 5 WORVDS
BHIS DLRUK
MOVB #76,(R3)+
1NC R&
4R DLGTn
BLKUK: ASR R& := PDP 11 WURDS
MOV R&,TRNDAT#4
ASR R& 1= 1906 WORDS
MOV R4, RY
JSR PC,CHCOMP
MOVB RUDATA®S
RTS RS

= 1906 TAPE CUDE
NMAX 63 WORDS = 252 CHARS

.
.’
°
L

CHCNV: 8IC B177600 R0
cHP RO,#100
gL0 CHLUY
CHP RO,#134
BFQ CHERR
CHMP RO,#137
BHI CHERK
SUB w40, R0
gR CHCOMP

CHLOW: CHIP RU,B60
gdls CHnun
CHMP RO,#%60
BLO CHERR
CNP RO ,#64
BEQ DOLLAR
SUB #20,R0
R CHCOMP

POLLAR: MmOV 874, R0
BR CHCOMP

CHNUM: SuUB #60,R0 . _ ;

CHCOMP: MOV RO R1 L B

: sIC #3.R1 o i
BIS R764,R0
8I1C R1,RY

: FIG. B.4
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CHERR:

LHKIP:

LMKUPT ¢

LMKBK:

LNKMT @

FILBK:

CSIBK:

CBH:
BUF1 :

|=.*64Q

BUF:

.81‘1000

SF800:

TRANHD:
HEADER:

TSN

RTS PC
MOV B77,R0
BR CHCOR?

J

V)

«RADDO /sCINLY/
«OYTE 1,V
«RADDO [/KB/

u

+HORD O

«RADDOD /CMuyY 7
«BYTE 1,0

«RADYD /KB/

V)
U
«RADDO /JVSF/
JBYTE 1,0
(V)
v
5}
Y
+BYTE 1,0
s RALDD /n1TY/
v ¢ FATAL ERROR
+BYTE 2.,V
dHWOKRD VLsV,0,0,0
CBH
LNKe K
FILBK
JHOKD 04,2,0,0,040,0 +CSI AUF HEADER
04, ¢MAX BYTE Counr
U
V)
+1/P BUFFER
100, sMAX CHAR CouNT
(V]
v
«BYTE 6,5
JHORD U
+BYTE 0,¢ +300 BPI, ODD PARITY
«HORD O

+HWORKD O,HEADER4U,,2,0
+BYTE 24,30,50,106 SomrE

eBYTE 74,74otb,76  7°
«BYTE 10 +16,35,22,17,32

+BYTE 31+16,10,55,14,31

HDDR
TAPE SERIAL MUMBER
FILENAME = TRANSFERTAPE

®s %0 ,%

MAGNETIC TAPE TRANSFER PROGRAMME

FIG.- B:‘ :
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DATE:

SODS:
SO0

.=.¢64.

TRNDAT:
PDATA:

.2.+110.,

BLK:

TMARK:

DBLKS:
DBOVF:

EOFTL:
E0F:
DBCNT:
.2,%064,

BKSP:

OFFLN:

(e lbolbold
(o740 lb ol b
/u,?k.(&,?b
loe?bollis b
100 7bslbolb
Taslbolh,lh
(61 7bollslb
la,276006,704
PLs?b6olb,y (b
Tar?7bylborls
TuiPbolb,yln
T4Le76) Lo 4
,“l?‘a/‘n?“
(aeTbollbolls
lasPbelb,y 06

WBYTE
«BYTE
+BYTE
«BYTE
W3YTE
«EBYTE
+BYTE
«BYTE
«BYTE
+BYTE
+BYTE
+BYTE
+BYTE
«BYTE
«BYTE

«YORD
+BYTE
+BYTE
«BYTE
«BYTE

CrSADs6lasd,0
56076404470
7440026404470
laot?belb s lb
(6s74slb,ylb

DeDATAL0,2.0
/“v?‘;f‘i,“
T4 074 603D

JHORD
sBYTE
+BYTE

JHORD & INPUT FUNCTION
v ;BLK MUMBER

U s SUFFER ADDRESS
) +BUFFER LENGTH

2¢3
VeV ,.0

+ HORD
BYTE
+BYTE
«BYTE
«BYTE

VsENF,60,,£,0
34474e04L 074
76,740 06,74
?“l?‘c(‘l?§
Tei?760lbalb

«BYTE
+HORD

3¢5
Vedo0

.BYTE 1'-’
«HWORD 0,9,0

+YORD 0 ,0,B2=B1=0

JASCIT '1906 MAGTAPE = VOUOZA'

-

JBYTE CR/LF -
JUORD U,9,BS=B2=0_ 'z -
LASCIT *FILE HOT FUUND !

W BYTE CReLF'#.VT

+WORD 0,V ,B4=B3=06

s PADDING, .,

: HURDS

s TRAILER
iDATA BLOCK COUNT

tDEEL GENRERKATION
sFILE GENERATIIN
sRETENTILIONM
sDATE WRITTEN

PELUD

N RECORD
sCARRIAGE CUNTROL

MAGNETIC TAPE TRANSFER PROGRAMME

N0,
MO,
=

u u

sSTART UF DATA SENTINEL
PHAX BLuCx SIZE

FIGe Bed
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YA

b5

b6

HINPT:
ERRMT 2
ERRMZ:
ERRM3:
ERRMG:
ERRM6:
ERRM/Z ¢
CERRT:
CERRZ:
CERR3:

) i

T2:

JASCII °*EXCESSIVE LINE LENGTH °
+BYTE CReLF

JUORD 0,0 ,B5=R4=0

JASCLI 'TAPE NOT AT BOT MARKER 1°
JBYTE CkeLF

JUORD U,V ,B0=05=0

JASCII '"RBLUCK READ ERRQR 1
«BYTE CR.LF

HORD 0,0, nPT=86=0

LASCLI “HAD TSN 11°

+BRYTE CR.LF

JWORD UsV,ERKMI=NINPT=6

«BYTE '#.VT

JUORD U sV, ERRINZ=ERRIMT =6

WASCII /SYNHRTAX ERRUR 1/

il 5 CRILF,'®#,VT

«HORD 04V, ERRN3=ERRMNL=6

JASCII /uUME UUTPUT DEVICE UdLY V/
«BYTE CRoLF "4 VT

JHORD 0,V ,ERRING=ERRNS=E

JASCIT /NO UUTPUT SWITCHES ALLOWED 1/
«BYTE CRoLF»"#4VT

JHORD U,V ,ERRII6=ERRIIL=6

+ASCI! /SPECIFY QUTPUT VEVICE
«BYTE CReLFs"toVT

JHORD U»U,ERRN7=ERRIIG=06

+ASCII /TUU MANY INPUT FILES Y/
BYTE CRsyLF,"#,YT

JUORD 0,0 ,CERRI=EPRIT7=6

«ASCI!I /TOO NANY SWITCAES ' /

«BYTE CRIyLF,"# VT

s JORD 0sYV,CERRZ=CERRTI=6

«ASCII /% NUT ALLOWED FUR FILENANE/
+BYTE CRILF,"# VT

JHOKD 0,U,CERP3I=CRERRZ2=6

JASCII /% NUT ALLOWED FOR EXTENSION /
.BYTE CRyLF"# YT

«WORD 0sY,T1=CERR3=0

+ASCII /* NUT ALLOWED IN UIC/

+BYTE CRyLF,"®,VT }

"JASCII * DATA BLUCKS ON TAPE'®

+BYTE CReLF

+END START

MAGNETIC IAPE TRANSFER PROGRAMME

FIG. B.4
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APPENDIX C

.TRANSFER OF DATA FROM A PDP-11 TO A 1906A

COMPUTER USING A DATA LINK

The ICL 1900 series of computers allow remote job entry terminals,

comprising a line printer, a card reader and an operator's.teletype,.
to be linked to the main frame installation via telephone lines.
These are known as "7020" terminals; the block diagram of the basic

hardware configuration is presented in Fig.Cl.
It is possible, by the use of a synchronous interface, to replace the
transmission control unit of Fig.Cl by another computer. This is .

commercially available for PDP-11 computers as depicted in Fig.C2.

THE PDP-11 CONFIGURATION

The system block diagram shown in Fig.C2 must be modified to cater for

the real peripheral configuration of the cbmputer employed as the line
termination., The system incorporating the PDP-1l in the Department

of Electronic and Electrical Engineering is given in Fig.C3.

It should be noted that the 1906A requires a card reader as the input
peripheral and a line printer as the Temote output peripheral (Fig.Cl).

These both operate on "card image' records in "GRAPHIC" (formatted

ASCII) mode on the data link. Any string of characters input or

" output via the PDP-11 must therefore be in this format if it is to be

compatible with the 1906A.
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THE PDP-11 PROGRAMMES
A suite of programmes; known as the "7020 Emulator Package", was
developed by the University of Nottinghah to permit a PDP-11 nmini-

computer to opérate‘as a standard 1906A remote installation. The

. package operates in a time-shared (multiplexed) mode under the control

of an executive programme (PIPIT); Data flow is achieved by a system:
of hardware priority interrupts, the DP-11 synchronous transmitter/
receiver having the highest priority level and the input/output

devices having the lowest.

The programmes rea& déta récordé-fin fofmatted ASCII mode) from disc,
teletype or card éea&er and transmit them aldng the data link tO'ﬁhé
1906A. Data strings recelved from the line are written to a line
prinﬁer or teletype as required by.the operatxonal context. The PDP-11
employed, howeQer, did not have a line printer or a cafd'reéder;
thereby necessitating slight modificationé in the progrémmes'tp
re-routevall output ﬁo the'operator;s consdig. This means that the
single low séeed device is performing a multiplicity of input and

output functions and, as a consequence, becomes very congested. . .

The keyboard has to perform three input duties:—

(1) Control of the PDP-11 programmes and system
(2) Remote operator control of the cluster

(3) Pseudo-card reader data input to the 1906A.

To indicate which of the above facilities is requlred the separate
duties have differing programmed input channels on the same keyboard.

These are numbered O, 1 and 2 for the three input duties listed,
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these being preceded by the character "*" to change the conceptual
teletype. All data strings commencing with an asterisk (cf the
GEORGE III default file terminator of ****) are consequently

misinterpretted as requests for a change of input function.

TRANSFER OF FILES FROM PDP-11 TO 1906A

The default terminator of **** js forbidden via the teletype. To

overcome this a terminator must be specified, e.g. ////. The

GEORGE III input command is required on the card reader channel (*2):

*2 INPUT : username, filename, T////

where : username is the 19C6A user's registered name and filename is

the required name for the 1906A file.

The statement has the effect of opening,vfor input, a file under the
GEORGE III operating system. It is now required that the file on thg

PDP-11 disc store is opened for read access:
. OPI PDP-11 file / FA

where PDP-11 file is the PDP-11 filename and the /FA switch indicates
that the file is stored in formatted ASCII mode. Note that all
character strings, typed on keyboard 2 commencing with ',' are

interpretted as commands.

The transfers must now be started:
.GO
The file is transmittgd along the data link until-it is exhausted. At

this point the message:-
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ITP « END OF FILE

is printed. The PDP-~11 and 1906A files must be closed:

.CLO
1111

The "card reader" is devoid of cards at this instant and causes the

main installation to signal:
UNIT I115 FREE

where I115 is the unit number of the pseudo-card reader for the

cluster.,

CLOSING A 1906A FILE WITH UNKNOWN TERMINATOR

If the terminator option (T or S parameter to the INPUT command) is
neglected for any reason, it is possible to close the file correctly
by typing, in response to the message "ITP « END OF FILE", the

statement:- :

*1TE I115

where I115 is the unit number of the cluster card reader on the

1906A.

MULTIPLE FILE INPUTS TO THE 1906A FILESTORE

When m#ny files are to be transferred to the 1906A filestore from the |

PDP-11 disc, the ins;ructions dgtaiied‘above may be typed for

each one.‘ The ensuing prqceés iS»lengthf and requires an‘0perator's,
pfésence :o‘:espond to ;he 1906A prémptsé It would be advantégeous,~
obviously,4tc structure ﬁhe sysiem.in # ﬁﬁnner aliowing auéoma;ic

data transfers to be performed.

e
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The 1906A treats all inputs along the line as if they had been issued
by a card reader. , Knowledge of the real peripheral used.is, insomuch
as the 1906A is concerned, irrelevant. If it were possible to place

all the commands and data records into one large file, they could be

" sequentially transmitted to line and decoded upon reception by the

1906A.

In this case, the default file terminator of **** is permitted because

it is not handled by the teletype decoder.

A sample data file on PDP-11 disc would appear as Fig.C4 with the

files destined to : USER yith filenames of FILEA, FILEB and FILEC.

To send the records in this file to line, all that is needed is to

provide read access to it-and to start the operationi=. . ... ... .o

.OPI filename/FA

.GO

and in response to the end-of-file message to close the file:-

.CLO

CONVERSION OF BINARY TO FORMATTED ASCII DATA

The analogue-to-digital conversion programme of Appendix A writes to
PDP-11 disc in unformatted binary (random access) mode whereas the
data link requires formatted ASCII records. A basic restructuring of

the data files must be performed before the latter may be used.
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The basic method is straightforward, requiring that the data is read
from disc in random access mode and written back in formatted ASCIi.
The process necessitates a DEFINE FILE statement and a random access

read operation while the latter needs a formatted WRITE only.

A programme demonstratiﬂg this:and the data file stacking of Section

C3.2 is given in Fig.C5 with an outline flow diagram in Fig.Cé.

The data files specified by the user in response to the teletype
questions are each read from disc énd written back into a file called
G3FILE.ASC. Each individual original file (presumed to have " .BIN"

as the filename extension) is preceded by a GEORGE III INPUT command

"and trailed by the default terminator ***% BATCH mode operation

is permitted by the programme.
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INPUT :USER,PILEA
data line

"data line

v
HH R

INPUT s USER,FILEB
I

data

\ 4
HH%

INBUT :USER, FILEC
A

dﬁta

"

y
L 22 2 BN

'STACKING OF DATA FILES TO PACILITATE MULTIPLE
TRANSFERS

- FIG. C.4
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WRITZ FILES FFROA LEVICE #1 VT LeVite #9
ZaC4 PRECEDEL &Y THE wbBuBiel S LWPUT Lutidesc
el TERMINATED EY '=amal

Ci

]NPUT FILEN&ME wUST EE 4

$&ReCTERS» DEFIGEL &

.- ~ "
1T =2 3IN

U1IAENS1OU I:JTCES):FIL‘ElC{B);FIL.A".E,CE):L:C:»~J.’-:;-‘lt;(l:);u't‘1L.¢Cd)

DATA FILEIC2),FILELICIY/ "sBl0 'y’ 0
peTe STeRS/ '=ax=x'/

DaTe ENL/'FInl '/

WRITE(O, 12

FORMeT¢ 148, 'GEORGE USERN&HdE?2: ")

FOEMATC1X, 12X "OUTFUT 1IRTY GAFLLERSU T » /LD
CaLlL SETF1L(C3 rG3rlEEcaSG s I EhEs YUK )

FOEMAT( 1485, " FILENRAE?: ")

Fy
F)A*clpa)
(FILEl(l).E&.END)GUTOLL:
Y ,

GaeT¢14%, 'G3 FILEwAAR?: ")
RE&D({3, 11)GFILE ;

CALL SLTflbflarILul)luhE; L")
LWRITECSE, 25) '

. FORMAT(148, "40W M eNY ELOCKSK192?2: ")

READ(3,206)NE
FORMAT(I D
NR=NE=32
WRITE(S, 27)¢ JEJFILEI(1’:UJ\J9“‘-)UF1U~
FORA6TC¢1X,13, ' ELOCKS OF 'y lré4y’ LaTd s 9k4s
URITE(2,36)G30AMES GFILE
FQR'I@TC'I.\] _'; SEed, ey 'y 364)
CEFINE FILE 1¢NR,3,U,1IVAR)
DO 3z JAS=1,0E
1 R=J &S
1RS=SC¢IR=1)=32+1
1RT=1Rk=32
DO 3 J=1RS,1RT
READCI'JUNCINTCIN,1=1,3)
WEITEC3, LY CINTCL),1=1,3)
FORMAT(SCIXs10))
ConTINUE
CONTINUE
MRY?E(3J57)STARS
0RMAT(1Aag)
LNDFILL l : <
GOTO111 LEEERN TS e
ENDFILES -
CaLL EXIT
END ; i : : £

i

. . PROGRAMME TO PERMIT THE SEMI-AUTOMATIC DATA TRANSFERS

BETWEEN THE PDP-11 AND THE 1906A COMPUTERS

rs Yy SBL42 /)

..FIG. C.§



BEGIN

4

"[/’READ GEORGE III
./ USERNAME

4

SET OUTPUT DISK FILE| R
TO 'G3PILE,ASC! L -
A 4

~et

READ PDP-11 FILENAME
FOR TRANSFER ‘

END OF
INPUT PILES?
FINT !

I TERMINATE
PILE

- [ om0
-/ READ DESIRED GEORGE 11T/ - -
'FILENAME )

Y

READ NUMBER OF 256 WORD BLOCKS/
CONTAINED IN PDp=-11 FILE

/ WRITE DETAILS ON TELETYPE
FOR USER REFERENCE

WRITE 'IN susername,filename’
IN PDP-11 FILE 'G3FILE.ASC' /

\ 4

>
/ READ DATA RECORD ¥ROM FILE /
. T |

/%RITE RECORD TO 'G3?ILE.Ascb/

WRITE *#*# TQ
'G3FILE.ASC'

Y

T LOGIC FLOW DIAGRAM FOR PROGRAMME FACILITATING MULTIPLE
_ " 7. FILE TRANSFERS.

_FIGo Ce6
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ATPENDIX D

DIGITAL COMFUTZR PROGRAMMES FCR THE ANALYSIS
OF THE MEASURED DATA

The computer programmes in this appendix a*e documented
" as a nurber of illustrations, each of which is
subdivided into three sectionst

(a) 4 Brief Programme Description
(v) An Outline Logic Flow Diagrem
(¢) A Listing of the Programme Statements

All the programmes reported here are written for

use with the ICL 1906A background FORTRAN IV compiler
and the GEORCE III or IV operating systems. The data
files raquired by the programmes are assumed ‘£0 . - -
consist of card image records written in GRAPHIC

modee. ‘



Dl

" DATA ANALYSIS PROGRAMMES

- The following prograames are documentedt

FIG. No.

Programme Purpose

- Name

D.l.1l

[Dela2

|Da143

Dl.4

o 1Da1e5

D.1.6

Graphical plot of tke measured
signal (4B above luV) against
distance travelled. ‘
Graphical plot of the signal

against distance travelled.

Determlnatlon of the meen and

median values for wany data files
~ Determinaticn ot _‘che pdf histom
. grams of’manyndataufilesm“ i
Determination of the pdf histo=
gran of a high-peass filtered;

signal.

Determination of the auto-

covariance function of a low-pass

filtered signale

PLOTFL

~|AVPLOT
“after weighting (¢3 avove 1V) 1

ALIMEANS
ALLPDFS

REMNANT

~ |auToav

136
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CEVERALLY USED SUBROUTINES

The following generally used sub-progracmes are reporteds

FigeNo. Programme purpose Nane
De2.1 Conversion of stored data to dB  |CCNVRT
sbove 1AV | _ |
| Conversion of signal from volts | recowv
to dB above laV ‘ _ v
D-2:24| Conversion of signal from ¢3 above|DECCHV
~ LAV to volts - R I
De243 Sorting of stored data and dis— ADJ
; carding of spurious points. . o
D.2.4 Rectangular window function AVS
D.245 Triangular weighting function AVS
D.2.6 Raised cosine weighting functicn (4&VS
D.2.7 Calculation of median values along|ME
signal record” L o
D.2.8 Determination and plotting of ‘the PIF
pdf histogram for a given data set] . .
D.2.9 Scaled plot routine on graphical |FLCT
display , : .
D.2.10 | Issuing of CECRGE commands IGECOH

137



RAW SIGNAL PLOT

(1) INFUT/OUTPUT CHANNEL ASSIGNMINT ~ - E o
:  'In“ut ckannel 5 3 On-Line CéfdkRéaderkJ ;
Input Charnel T Card Reader Fo* Data File .

Outnut Channel 6 : On-Line Line Prlnter
Additlonal Output : Flle Writer Channel For ..
Incremental Graph Plottef H

(11)  ON-LIVE CARD READER LRT REGITZED EE R DR
Card No. 1 3 A title consistlng of 80 alphanumeric _' :
' characters to be written onto the v
graphical output (This cannot be a
: totally blank cardl)
" Card No. 2 3 Three variables read in free fleld ;ormat.
o NB,NS,ATTEN P e
where NBa*he number of 2‘6 word blocks of the
file containing ¥alid data samples.
NSethe number of valid data samples
witkin the NB'® block of the file.
ATTEN:the setting of the rncelver

‘input attenuator at measurement time.

Card No. 3 ¢ The éharacter L,H or U representing data at
the frequencies 85.875,167+2 and 441.025MHz
respectively.

(114) ON-LINE LINE PRINTER OUTPUT GIVEN

The total number of spurious points detected in the data
file are printede |

PROGRAIME PLOTTL

- FIG. Dsl.1(2)
Page lof 2 .



(iv) SUB-PROCRAMMES REQUIRZD

Routine Fige Noe- -. .| - Routines required by
Called : Called routine
ADT ‘De2e3 ' -
i el o
PLOT D.2,9 7| coup8 (FORTRAN 1ibrary)
o _ REGION
LIMITS
“orpER | cxost
CURPTO [ LIBRARY
AXzssI .|
CRSIZE
. PLOTCL J
GREND ] R GHOST LISRARY
(v) PURPCSE

To convert a data file to dB above yv‘and plot it on
the incremental graph plotter using the LEEDS GHOST
plotter packages I

PROGRAMME PLOTFL

= FIG. D.1.1(3)
"Page 2 of 2



(» BEGIN : )
1

INPUT CHANNEL: 5 / READ title (80 chars)///

-—-- /:xequired on output plot

-
INPUT CHANNEL: 5 / READ NB,NS,ATTEN .)/7

. ) -in free field format.

!

Calculate total number of data
' points in the file:
"MAX=(NB=1)*256+NS

INPUT CHANNEL: 5 / READ frequency BAND ‘//

.{a single character)

INPUT CHANNEL: 7 ' a,rREAD'ggéa.. file into /
S ./ array !

!

Sort data array and diéca£5‘
any spurious points

Y

_Convert every data .
.value in array to
dB above lmv

Y

'Plbt data-érray on graphical
- dispay unit

- -
-,

RAW SIGNAL PLOTTING
PROGRAMME (BLOTFL)

i

| SUBROUTINE *ADJ"
" SUBROUTINE " CONVRT"

N e

| SUBROUTINE "PLOT"

L FIG D.l.1(b)



PROGRAM (FORT)
INPUT 5 = CRO
OUTRUT 6 =LPO
INRUT 7 = CR1
END

MASTER MAIN

COMMON RARR(8192), x(8192) CHAR(lO)
§5,6)CHAR

READ(5,2)NB,NS,ATTEN

FORMAT(210,F0.0)

MAX=256%(NB-1)+NS

READ(5,7)BAND .

FORMAT(14A8)

READ(7,1) (RARR(I), 1.1 MAX)

FORMAT(8192F0.0)

FORMAT(1048)

CALL ADJ(L,MAX)

MAX=MAX-L - .

WRITE(6,5)L '

FORMAT(1H1,13,16H spunxous POINTS

0 3 Jel,MAX

CALL CONVRT(RARR(J),RARR(J) ATTEN)

J=NB

MAXM=T %256

 IF(J +EQ.NB)MAXMaMAX

CALL PLOT(MAXM,BAND)

CALL GREND

STOP 'OK'

END |

RAW SIGNAL PLOTTING PROGRAMME (FLOTFL) -

B

FIG. Doloi(c) E

SR A




WEIGHTED SIGNAL PLOT

(1) INPUT/OUTFUT CHANNEL ASSIGNMENT

Input channel 5 s On-Line Card Reader

Input Channel 7 s Card Reader For Data File

Outrut Channel 6 3 On~line Line Printer

Additional Output : File writer Channel For -
' Incremental Graph Plptter

(11) ON-LINE CARD READEZR INFUT RIQUIRED

4s skown in FIG. D.1.1(a)
(1it) ON-LINE LINE PRINTZR OUTPUT GIVEN
As shown in FIG. D.1.1(a)

(iv) SUB~PROGRAMMIS REQUIRED

Routiné Fige Noi Routines required
called by called routine
ADT De243 -
CONVRT D.2.1 -
gggw} D.2.2 .
AVS D.2.4,D.2.5%D.2.6| = = = , -
| rOT | D.2.9 COUP8 FORTRAN LIBRARY
o | | REGION *
LIIITS
. BORDER
' CURPTO q
AXESST | GHOST
CRSIZE - SISTEY
| ) PLOTCL LIBRARY
GRIND - v - )
(v) PURFOSE

To weight a data file and plot on the graph plotter. .
PROGRAMNE AVPLOT ’

- FIG. D.1.2(a)

]



( BEGIN )

o+« wewo . READ ~title (80chars)
INPUT CHANNEL: .S required on outpant plot/
. o Y ) LA
READ NB,NS,ATTEN .
INPUT CHANNEL: 5 / 'in free field format

Calculate total number of
data points in the file:
MAX=(NB-1) #*256+NS

o 1

T READ frequemcy BAND. ‘
INPUT CHANNEL: 5 / (e single character)

- e [TUREAD data file int:/
INPUT CHANNEL: 7 . array 'REC!

Sort data and discard
any spurious points _

!

: Select first data point
i in array: J=1

2
\

_Convert data point to
dB above ya.V

Select next data point : ,
in array: J=J+l *

| Convert data point
| to volts |

i SUBROUTINE
: "A_DJ"

. e
SUBROUTINE
"CONVRT"

. SUBROUTINE
|__"DECONV"

"MEIGHTED SIGNAL BLOTTING °
PROGRAMME (AVPLOT)

CFG DTam)

. Bage 1 of 2




Weight data array 'SUBROUTINE -

"AVS"

Reconvert. data te SUBROUTINE

dB &bove ]ykkv : . "RECONV"’
Plot weighted field SUBROUT INE
pattern on graph plotter "PLOT"

A 4

=

. -
LN
B e Y

'WEIGHTED SIGNAL PLOTTING
~ PROGRAMME (AVPLOT)

" FIG D.1.2(b)
Page 2 of 2




Y=

\
.

v

KAN={FORT

G
u
Py}
U -

FTIRU(A1020 A I 00=

812

ALl
Lo

I erczoIE

Ii
il
i b~
i =
j [
i =
:,w o
iR
seil D
<t (&
s P
«! =]
M~ n
[ 07,
j~e it
ot e
- % -
Loz setillll =
cskdr
.Ju At - urie _Evo
__f“ s - q&ﬂ\l R.f» -
st eI
W6T%22*711ﬁ$e1

i | sesi f(g [t "\961\
RPN P AR I P o S 2L

_mz

“_,. |
,,:, .;,_.1

FRFCW‘HUXFILC

;“ z i
,

iy
I

.;g;.

:._

ﬁ

Lr\vn!n

PR o v A AL __EAR._W. 3:..
OSHT NS AL IHE W
S.nE.l.ﬁTK.&R«nRX;ﬂRxAQ\
RNUNNAOEBA!EEOEOAEOEOARONA Rt
P!O!EMCNNBT”RF.&F o

Wi
: il ’
I
il
.t i
i
vn.wm _
o 1 I
e
[ i ﬂm =4
i e it
LA e | R A
Lt~ o~ m_-
RJ&;. 1% !
s il
Jih 4
S k) =
(NG e ri: “
iy uw
J.CS;&CG_. Y |
W 00 tuss wwld el
ECDAJD\J_@M' ”w
vA...- LFH-L.LD_:
Ay _
rjetate
DMCC&E

___

P

o T

- WEIGHTED SIGNAL ELOTTING -

. | PROGRAMME' (AVPLOT) - '

i,

LT it iy g o S e a2 e

[

B e L

.2(e) .



(1)

DETERMINATION OF MEAN AND MEDIAN VAIUES
INFUT/OUTFUT CEANVEL ASSIGIMENT .

Input channel 5 @ On-Line Card Reader. . :
Input channel T Card Reader (1) unassigned at start

- this will be swmtched by the programze.

A“Incut channel 8 1 Card Reader (2) assigned to a fils containing

””Output crannel 9 ¢ Card Punch (O) assigned to an output fi.le.,:wT

(14)

» all the GEORGE puay "ASSIGN" commands requlred

T by input channel Te i

Output ckannel 6 : On-Line Line Printer.

1.

2.

 CARD READER INWUT RBQHIRE‘IEI‘ITS

On-Line Card Reader ( Unit No. 5 )

The input'fequired on unit S'eonsists of two cards for

- each data file to handled.These are: ,
"~ Card 1 ¢ A series of 80 alphanumeric char racters to be

printed on the cutput (not all blanks!) .

Card 2 3 Three vavlables to be read in free fleld format. i

NB,NS ATTEN . -
where these are described in FIG.D. l.l(a)
At the end of thes input data ,i.e. when no more files
are to be handled and the pregramme is to be terminated,
a card containing the alphanumeric character string
NOMORE is needed. | |

The GEORGE Assignments File ( Unit No.'8 )
The inputs required on unit no. 8 are the GEORGE ITII

cormands to be issued by the programme. Firstly the
directory must be selected (e.g. $USER say ) and then

each file of data must be assigned to the relevant csrd

reader ( say filenames FILE1,FILE2 and FILEJ are rqulred

on card reader 1).The file would then containt

DY :USER

AS %CRL,FILEL

AS %CR1,FILE2 . . . .

AS *CRI,FILE3 - ' - |

and so on for all the input files.The files assigned by the

programne in this manner must be synchronlsed to unit 5e
PROGRAMME ALIMZANS ' T

.. FIG. D.1.3(a)
Page 1 of 2 -




(ii1) ON-LINE QUTFUT GIVEN

The mean and mediaﬁ'vaiues of the file currsntly
assigned to the card reader on input channel T

are written on the card punch-alohgéide tka
annotation requested on input channel 5.

(iv) | SUB-PROCRAMMES REQUIRED |
Routine - FMg. No. Routines reguired by
called ' ‘called routine
COMPS - - - FORTRAN COMPILER
. o o IR . -~ LIBRARY
IGECOM D.2.10 -~ sGEUCI . SYSTEM LIBRARY
- : 'BHAMLIB'
ADS S D243 | o
CONVERT ‘D2l |-
DECONV S D
zeowvl| - 222 | T
YEDS C D2 =
(v) PURPOSE

To calculate the mean and median vaiues of'files

read from input channel_?.

PROGRAMME ALIMEANS I TR
o _ FIG. D.1.3(a)
Page 2 of 2 .




( mew )

et up entry for -
correct user flle

--—-\\\ directory -
B > 4

v

—-—’/' READ title (80chars) fj7/

INPUT CHANNEL: 5 output into array 'CH'

 SUBROUTINE
" IGECOM"

§f inputs

CH(1)= 'NOMOR

READ NB,NS,ATTEN. //f |

_ _INPUT CHANNEi{,SZ in free field format

Talculate total number of
data points in file: -
VAX=(NB-1)*256+NS -

KsSsign required data
file to input channel 7

S READ data file intogJ//
_ INPUT CHANNEL: 7 array 'REC'

Sort data array and .

"discard any spurious
points

 Set SIM=0.0 -

DETERMINATIOh OF MEAN
AND MEDIAN VALUES (ALLMEANS)

§

SUBROUT IXE

"~ WIGECOM"

' SUBROUT INE
UADI"

FIG Dol 3(b)
Page 1 of 27



Select first data point
o J=1

-
v

Convert data point to
~ dB above. l/uv '

1

'Select next data p01nt
J=J+1

Convert data polnt
f 1o volts

— +

“"Add data values
SUM=SUM*REC(J) -

— QUTPUT CHANNEL: ¢

Calculate-mean value
SUM/MAX«

!

Convert mean value to
vdB above }#Y 

Convert all data values
to dB above'}py

Print méﬁﬁwzﬁq
median values

Calculate medlan value

RO

DETERMII\ATION OF MEAN -
AND MEDIAN VALUES (ALLMEANS)

"FIG D.1.3(b)
Page 2 of 2

- SUBROUTINE
~ "CONVRT"

~ SUBROUTINE

"DECONV? |

 SUBROUTINE

. "RECONV"

'SUBROUTINE
- WRECONV".

"SUBROUTINE

WMEDS"

.- "



19

12

1

pRAUNANIC MG

1HPUTE S04

OUTPUT H=Ldy

[NpIl 2=3CRY .
[UPUT D=CR2

ONTRPUT Y=Lpn

EnD

fiASTed At

A %
Colimedl a8l &), %“(J'("),C'i\'l,))
DATA E?n:"ﬂw ol 3 vy
CALL - ISECUMLd 1)
IF(II.CO.T)?T P OYEALL GEUKGE EPRLUR I8 TDy"?
READC(D,130

‘J” \T(1~J"))
CALL Cﬂi‘d(Pn\‘).hlov.xl)
IFCLil .E0.1)570P 20K AFTER PRUGRAN?
READ(9,2)uD 2 ,ATTEN
FORMAT(2IU,FL.0)
MAX=Z56% (i0=1)+1L3
CALL [SEQUICIT)
IFCIL,SQ,1)STP sFALL GEUKGE COMMAND ERRUR?
READCZ,3)(RELLT) oIz aiAX)
FONMAT(BIVYFU.D)
CALL ADJ L pttinii)
SUll=iu 9
DO 9 J=1,0144 o
CALL CORNVET(REC(4)sREC(IILATTE) i
CALL DECOHYNMARECLE)) |
Sii=sUteteC (il :
SUMSSUN/FLNAT(AN) : 1
C\LL "E",,V(‘l'?-\)
DO 1¢ J=1+1'An
CALL RECIONV(REC(J))
CALL MEDSUIIAALIIAR)
WRITE(O 1) (i) I=1, 0).de.R'(1)
FORMAT (15 1% A0 FT 80 F0.3)

GOTO1Y
STOP 'OK AFTLY PRUGRAL®
END

DETERHINATION OF MEAN AND
MEDIAN VALUES (ALLMEANS)

| FIG D.1.3(c)

i



RAW SIGNAL PLO” :

(1) INFPUT/CUTFUT CEANNEL ASSIGN.IENTS
Channels 5,6,7 and 8 are the same as shown in
FIG. D.l. 3(a)

! /‘

(11) CARD READER INPUT REQIREMENTS

These requirements are as shown in EIG. D.1.3(a)
(11i)  ON-LINE LINE PRINTER OUTRUT GIVEN

The kistogram of the pdf of the datz file input on
channel T is plott ed in 143 eteps» -

(1v)  SUB-PROGRAMLES REQUIRED
Routine Fige No. ' | Routines required
Called . ) 1 by routine called
ICECOY C p.2.10 | semuct SYSTEM LIERARY
» . o b o . . ' o P ' . | 'Eu \ B'
car8 |~ - . | - FORTRAN LIBRARY
ADS De2.3 ; .
CONVRT © De21 T e T
(v) FURPOSE = -

To determine tke pdf 6f data files read in on input

channel 7.

A

PROGRAMME ALLEDFS

~ FIG. D.l.4(2) ‘



A

INPUT CHANNEL: 5

_INPUT CHANMEL: §

INPUT CHANNEL: 7

( - BEGIN )
‘ Y
Set up entry to
correct user file SUBROUTINE
directory _"IGECOM" .
y
y—
M B
' /LEAD title (80 chars) fo
output into array C!
. END
READ NB,NS, ATTEN
in free field format
‘ v
alculate total number ot
oints in data file
MAX=(NB-1)*256+NS
3
‘Assign required data - :
file to input channel 7 : SH?égggéﬁE,
‘ TRCOMYT
READ data file into
array 'REC!
Y
Sert dafﬁ and discard .
any spurious points ‘SfiggETIhE
4
Convert all data values .
to dB above 1luV ‘SggggggiﬁE
Calculate the pdf of th o
data and plot histogram sg?ﬁgHTIhE

. DETERMINATION OF .THE PDF

HISTOGRAM (ALLPDFS)

FIG D.l.

|

e
~i

(b



PROGRAM (PDFS)
INPUT 5 = CRO
OUTPUT 6 = LPO
INPUT 7 = CR1
INPUT 8 = CR2
END

MASTER MAIN

COMMON REC(8192)
DIMENSION c(3§ :
DATA END/'NOMORE '/

_ CALL IGECOM(I)

IF(I.EQ.1)STOP 'FAIL IN DY!
READ(5,1)C |

© FORMAT( 348)

CAIL coms(c(l),mm I)
IF(I.EQ.1)STOP 'OK!
READ(5,2)NB,NS,ATTEN
FORMAT(210,FO. o)
LIAX:-(NB-—I)*256+NS

CALL ICECOM(I)
IF(I.EQ.1)STOP 'FAIL comm'

- READ(T, 3)(REc(1g I-l,MAx)
- FORMAT(8192F0.0

CALL ADJ(L,MAX)

MAX=MAX-L

D0 4 J=1,MAX

CALL comm(mc(.r) RE C(J) A’I'J‘EI\I)

" CALL PDF(MAX,REC,0,80,121,4.0) |
WRITE(6,5)C,MAX -
FORMAT (1HO, 'PDF OF ARRAY ',3A8,' TOTAL POINTS =

GO’I‘OlO

DETERUINATION OF THE PDF HISTOGRAM (ALLPDFS)

',14) ]

FIG'.'D.I.4(c) |



HIGH PASS FILTERING '
(1) INPUT/OUTRUT CHANWEL ASSICRMINTS
Input Channel 5 & On-Line Card Reader
Input Channel 7 ¢ Card Reader For lata ?ile
Output Channel 6 3 On-Line Line Printer\«

(11)  ON-LINT CARD READER REQUIRELENTS
Card No. 1 3 The Filter width (i.e. no. of points)
required for the filter in free field format.
This is requir°d to be a power of 2.
Card Nos 2 ¢ Three var iables read 1r frae field fo*mat.
N3,NS, ATT
where these are descri“ed in FIG. D, l 1(a).

(iii) u’\T—LIN" LIN® P'QI\’T“‘Z CUTPU’F’ GIV’.".N
Histograms of tkhe low pass filte ed and “1gh pass

filtered versions of the fleld env=loae are’ givsn.

(iv) SUB-PROGRAMLTS chmﬁm' “

Routine Fig. No. . Routlnes required‘"i
-{Called R by routine called
DECONV B R
R.E‘CONV D.2.2 . -
AVS : 30204,D0205&D0206 ot
(v) FURPOSE

To plot tke pdf of the filtered signal'envelope.

PROGRAILE RIMNANT

" FIG. Du1,5(s)



INPUT CHANNEL: 5

INPUT CHANNEL:

INPUT CHANNEL:

5

Compute total number of
"] data points:-in file -~

~

7 “

BEGIN

C

D)

READ window width

equlred (free field )

READ NB,NS,ATTEN
free field format

v/(/

MAX=(NB—1)*256*NS '

READ data file 1nto
array 'REQ'

1

Sort data and discard .
any spurious--points

'SUBROUTINE
"ADIM

K3

in _array: J=1 -

_Select first data value

Select next data
value in array:J=J+l

V.Y.

Convert data point to
. dB above,}ﬂvb ,

Y

A

 Convert data polnt to
volts

C‘Last Ll
” data value

-
s T A

J=MAX? .

et

_HIGH PASS FILTER PROGRAMME

' SUBROUTINE
. "CONVRT"

'SUBROUTINE

!

% "DECONV"

<

FiG D.1.5(b)

‘Page 1'of 2

-



g S0

Weight raw data;
result in array ‘'AV!

v

[ eft shift raw data array
o align with weighted arra)

Y.

Select first data wvalue

b J=1 _ -

Convert raw data value
. to dB above 9&?

. Convert weighted data

Select next data value
‘ value to dB above ;pv

JmJ+l Sl

l — . T
SR ' Normalise data value
S REC(J)=REC(J)—AV(J\

~data value
‘JaMAX?

Yes

Compute pdf of normalisec
data- and plot histogram

\

Compute pdf of weighted
data and plot histogram

HIGH PASS FILTER PROGRAMME

SUBROUTINE
. ”Avs"

SUBROUTINE
"RECONV" ..

" SUBROUTINE
. "RECONVY"

SUBROUTINE -

. "PDF"

“

SUBROUTINE
| "PDF"

FIG D.1.5(b)
Page 2 of 2
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AUTOCOVARIANCE OF TEE AVIRAGZD FIELD

(1) INPUT/CUTPUT CEANNEL ASSIGIMENTS
‘Input Channel 5 t On-Line Card Reader
Input Channel 7 s Card Reader for Data File
Outzut Channel 6 s Cn-line Line Printer -
Additioral Output : File Writer Channel for the
Incremental Graph Plotter -
©(11) OY-LINE CARD READER INFUT REQUIRED
Card Yo. 1 ¢t A title consisting of 80 alphnuméric
‘ characters to be written onto the graphical
outrut ( this mey not be blank ). '
Card No. 2 ¢ Three variables read in free field format.
N3,NS,ATTEN . :
where these are defined in FIG. D.l.1(a).’
((111)  ON-LINE LINE PRINTER GIVEN |
The maximum value of the covariance function is printede.
(iv)  SUB-PROGRAMMTS RSQUIRED
Routines Fige No. Routines required
called ‘ by routine called
IEAN .
AUTO } Internal
PLOTA LDITS. 1 |
RTGICN
FRAME
BPRDER , SYSTEM
- CRSIZE . } LIBRARY
GRATEN GHOST .
AXESSI
PLOTCL
- . - GREND -
AD I T ‘
CONVRT Da2.1 -
DECONV De2.2 -
AVS | D.2.4,De2.%D.2.§ =

'PROGRAMME AGTOAV

- ;HG. Dolo6(&)
Page 1 of 2 -



(v) PURPOSE

To calculate and plot the. autocovariance function of

2

a weignted data file on an incremental g“a.ph plotter
using tas L IS GHOST “e.ckac‘e. L

PROGRAMME AUTOAV
' FIG. Del.6(a)
Page 2 of 2



INPUT CHANNEL: 5 Z/:equired'on

(m )
Y

(80! chars)
output plot

/READ title

Y
READ NB,NS,ATTEN

/

INPUT._CHANNEL: 5 /_in free field format

INPUT CHANNEL: 7

PSR

‘Calculate total number -
of data points in file

2

READ data file .
into array 'REC'
1

MAX=(NB-1) *256+NS

Y

Sort datgAand d?scard SUBROUTINE
any spurious points "ADI" .
Select first data value -
‘ J=1l o .
' Y
4~a——}
¥ 3 - A
Convert data value to SUBROUTINE
dB above ]/.N : "CONVRT"
Select next data value ,
P {
' Convert data value
to volts . SUBROUTINE
- © "DECONV™

I No

" Last
data value

J=MAX?

“Yes

-~

DETERMINATION. OF AUTO-COVARIANCE
FUNCTION OF A WEIGHTED SIGNAL

(AUTOAV - MAIN PROGRAMME) FI1G D.1.6(b)
' Page 1 of §



Veight data array SUBROUTINE
R (e . T e e - —N"Avs"
| R
Find mean overall ~—~ -
Signal strength{S) SUBROUTINE
‘ : . "MEAN"
L 4
Convert to a zero e
mean process{subtract S)
Compute auto- . -
i ; . SUBROUT INK
correlation function imfAUTOfah
4
F'lot auto-correlation
: SUBROUTINE
function on graph plottef U MpLOTAM

.

=

-

" DETERMINATION OF AUTO-CO VARIANCE
FUNCTION Or-A WELGHTED SIGNAL : o
- (AUTOAV - MAIN PROGRAMME) ' “FIG D.1.6(b)

' :Page 20f 5




ENTER with )
MAX, S
Set SUM=0,0

!

~ Sum all field values

v

Compute
S=SUM/MAX

=)

- -

——— e e e edmamne e g g g e o

DETERMINATION-OF AUTO-COVARIANCE
FUNCTION OF A WEIGHTED SIGNAL ~
(AUTOAV - SUBROUTINE MEAN) _ FIG D.1.6(b)

‘Page 3 of §



ENTER with
MAX,MA

B 4

~Compute . M=MAX+K-1l.

 L=MAX-K*1
‘ Y
, CbmputE o
1 e e e
AU(K)= T 2 REC(J)*REC (J+K-1)
e e

 K<g01?

Set MA=AU(1)

\

(e )

-

-~

DETERMINATION .OF "AUTOLCOVARIANCE

FUNCTION UF A WEIGHTED SIGNAL
(AUTOAV - SUBROUTINE AUTO)

PIG D.1.6(b)

’Page 4 of S



ENTER with )
-~ MAX :

A

Fill array *'X' with
distance travelled values
(2.83cm increments)

‘ ) ST SUBROUTINES
(1] L‘ "
pefine plotting area ""§§G§g§;
and draw border E : | WPRAME"
\ . , ) iﬂ”BOQPERtL“

1 o

plot graph on incremental}l PR
: : . SUBROUTINE

plotter(straight lines) l , 3 "GRAPHN™

SN

:, Mark axes | o ] ~SUBROUTINE

 MAXESSI®
¥rite title onto - SUBROUTINE °
- graph " - - "PLOTCL" .

Y

( - ,)

-

~.

P ...n.,_.. -

DETERMINATION OF AUTO-COVARIANCL‘

FUNCTION OF A WEIGHTED SIGNAL : , -
-~ (AUTOAV - SUBROUTINE PLOTA) - PFIuG D.1.6(b)
. o . L e e Pagevs O: 5
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.~ (AUTOAV = SUBROUTINE PLOTA) "~




- CONVERSION OF DiTA TO dB ABOVE 1aV.
7

(1) ARGUMENT LIST
SUBROUTINE CONVRT(X,Y,ATTEN)
X = Signal level stored in the 1906A filestore using

the systems described in Appendices AyB and C.
INPUT ) ATTEN = Input attenuator setting on the field strength

receiver at measurement time.
QUTRUT : Y = Siznal strength in dB relative to }UV.‘ .

(11) = OTHER INFORMATION REQUIRED
- None

i

(111)  OTHER INFORMATION GIVEN

None

(1v) OTHER SUB-PROGRAMMES REQUIRED

None

(v) - PURPOSE : |
To convert the signal strength values stored in the 1906A
,.filestore as a result of the processing described in Chapter 5
. into dB values referred to }QV;

SUBROUTINE CONVRT .

FIG. D.2.1(a)



"ENTER with
X, Y,ATTEN

tonvert to 1nput volts
at A/D converter:
X=X/204.8

0.253X3107?

=

™

 Y=10X-10+ATTEN

1=5.46875%-2.03125+ATTEN

v

10)X>8.67

| Y=10.714286X-47.142857

+ ATTEN

( | RETURN )

-

;‘Y

=

P

————— v s S A

CUNVERSION OF STORED DATA

TO dB ABOVE
(SUBROUT INE

LOhVRT)

P16 D.2.1(b)
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CONVERSION OF SICNAL STRENGTH BETWEEZN VOLTS AND a3

(1) - ARGUMZNT LISTS
. SJBRCUTING RECONV(X)
SUBROUTINE DECONV(X)
‘X = Signal strength value
INFUT:Volts for RICONV
d3 above 1uV for DECONV '

QUTPUT:4d3 abovse }#V for RECONV , |
~ Volts for DECCNV : | | L

(11) OTEZR INFORMATION REQIIRED

Xene

(111)  OTEER DINFORMATION CIVEN

None'

(1v) OTHER SUB-PROGRAMMES REQUIRED ..
None '

(v) FURPOSE

RECONV: To convert field strength in volts to dB sbove ;uv.
DECONV: To convert fisld strength in dB above‘}uy to volts.

SUBROUTINES RECONV AND DECONV

~FIGe De2.2(a) .



(: ENTER with :)

Set X=-40dB

SUBROUTINE RECONYV .

,ENTER with
X

)

1

— X
" Set Xx107%,10%°

( RETURN

D

' SUBROUTINE DECUNV.

ca -
- e .

CUNVERSION OF DATA FROM d8 ABOVE 1 V. -
TO VOLTS(DECONV) AND VICE-VERSA(RECONY)

FIG D.2.2(b)
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f
i
i
i
i

( DECONV)

1Y (RECONV)

CONVERSION OF DATA FROM dB W,R.T, JuV TQ VOLTS:

CONVERSION OF DATA FROM VOLTS TO 4B W.R.T.

FIG D.2.2{c)
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TATA SCRTING PROCRALE

Vs e s

(1) ARGUUENT LIST
SUBRCUTINE ADJ(L,MAX) o » -
INPUT:  MAX = Number of data pointswin‘érray.

CUTPUT: L = Number of spurious data points contained
;within the MAX data points..

(11)  OTHIR INFORMATION REQUIRSD - -
COLLON RARR(8192) | e S
. RARR = Array containing the data to be sorted.

(111)  OTEZR INFORMATION GIVEN .

None ) | S !
.(iv)  OTHER SUB-FROGRALMES REQUIRED
' None - ‘ ' -

(v) 'PURPOSE “
To locate spurious"data_‘t p"ointg in an array and to

exclude them from that array.

SUBRCUTINE ADJ . :
._F‘IGO D0203(a) .



-

ENTER with
L,MAX

{

Set : I=0
L=0

| MAXIeMaAX
)

A

.
4

[

Select next data point
; I=1+1 -

&

A

Y

, No

‘Left shift apray
_to exclude I “point

RETURN
Convert field value to
_level at input to A/D ,
Y=REC(I)/204.8 R i

“SORTING OF DATA AND EXCLUSION
OF SPURLOUS VALUES(ADJ)

'FIG D.2,3(b)




SUBRCUTINE ADJ(L,MAX)
COIL:ON RARR(8192),X(8192)
1.0
L<0 : '
MAXL=MAX . \
I=1+1
CONTINUE
IF(I.GT.MAXL)RETURN ‘
Y=RARR(I)/204.8
IF((Y.GT.10.0).OR. (Y.LT.O 25))G0 'I‘O 3
GO TO 10
D0 4 J=1,8192
gJ)-RARR(Ju)
8192)=0.0
Lal+l
MAXLeMAXL-1
GO TO 9
END

SORTING OF DATA VALUES AND EXCLUSION

OF SPURIOUS POINTS (ADJ)

Sy B

FIGob ‘D0203(C)



RECTANGULAR WEIGETING FUNCTION

(1) ARGUMZNT LIST ,
SUBRCUTINE AVS(MAX,IAV)
IAV = Tidth of the weighting function required (No. of points)
INPUT {MAX = Mumber of data points in the input array.

QUTHUT sMAX = Numbexr of data points in the weighted array.

(11) ~ OTEZR INFORMATION REGUIRID
CCMMON RARR(8192),4V(8192)
RARR = Array of data to be weighted.

(ii1) OTHZR OUTFUT GIVEN
COMMICY RARR(8192),AV(8192)

AV = Array of the weighted data.

(1v)  OTHI2 SUB-PROCRAMMIS RIQUIRID

None
(v) PURPOSE

To weight an array of data using a rectangular window function.

t
[}

SUBROUTINZ AVS

.FIG. D.2.4(a) .



(» ENTER wath
MAX, IAV

A

Maximum limit:-
IT= MAX-IAV+1

# . 1 : | A 4

Select first data poxnt

.. Ks1,
. | select next data point L 7
o K=K+l g !
4
Position of upper window
limit ¢ KT=IAV+K-1
\
Select first point in window
: ' K1=X
Select next point in window Y
K1=K1+r1 . !
. Sua values 1n window
'y : .
AV(K)-AV(K)+REC(K1)

Find_mean.v¥alue
AV(K)=AV(K)/IAV

Last

data-point
K=IT?

‘Yes

( RETURN ~;)"“"'” . iSet MAX=IT

RECTANGULAR WEIGHTING
FUNCTION (AVS)

FIG D.2.4(b)
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SUBROUTINE AVS(MAX IAV)

FINDS AN ARRAY 'AV' WHICH CONTAINS THL.ARRAX 'RARR'

AVERAGED OVER 'IAV' POINTS.

INPUT IS RAY DATA FILx 'RARR!

OUTPUT IS IN DBU TO 'AV!

'MAX' IS TOTAL NUMBER OF POINTS IN 'RARR' (IVPUT)
'MAX' IS TOTAL NUMBER OF POINTS IN ‘'AV' (OUTPUT)

COMMON RARR(8192),AV(8192)
DO 2 J=1,8192
AV(J)=0.0

IT=MAX-IAV-1

DO 10 K=1,1T
KT=IAV+K-1

DO 1 K1=K,KT
AV(K)=AV(K)*RARR(K1)
AV(K)=AV(K)/FLOAT(IAV)
MAX=IT

RETURN

END

I

RECTANUULAR WEI&HTILG

FUNCTION (AVS) -

PIG D.2.4(c) .



TRIANGULAR WZIGHTING FUNCTION -

This rcutine is identical in its requireménts to the rectangular
#incow saown in Fig. D.2.4(a) except that a triangular function

is employed with a width (IAV) which must be specified as a power
of 2 in the calling statement. L '

SUBROUTINE AVS

“~FIG. D.2.5(a.)



Select next data point
within window:J=J+1

(" ENTER with
MAX, NN |

.Y

Set MEAN=NN+1
... SUM1=0.0

MEAN-1 -
—

Bt

bt W e e e

Select first data point
. within window;J=l :

o
-

Y

.Compute area under half window

SUM1 = SUM1 + J-1

data point

-

Set STMI=2%SUM1+l

\ 4 )

MAX:MAX—MEAX+1‘1§

f

. Select first data point
o L=l

TRIANGULAR WEIGHTING |
FUNCTION (Avs) - :

S

" FIG D.2.5(b) .

Page 1 of 2
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Select next data poxnt Y

L=L<*l

.
t

\

Set SUM2=0 O

S

I2 = (MEA:;.:;.) oL

Y

Select first window value
J=L

Select next window value .. - A 4

Iz]‘-l ‘
V

Y

Compute weighted ;uh“(symmetricaliéindow assumed)
| SUM2=SUM2* (J-L)*(F(J) + F(MEAN-1+2L-J))

sF(-) is fhe data array

MLAL-I

SUM2 + P(———+L)

_Av(L)=- SUM1

No data podnt

L= MAX?

( .RETURN )

-

Bl R N—

TRIANGUDAR VE1GRTING - e
 FUNCTION (AVS)

. FIG D.2.5(b)
" Page 2 of 2
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SUBROUTINE AVS(MAX,NN)

WEIGH1S ARRAY 'P' USING A TRIANGULAR WINDOW FUNCTION

AND PLACES VALUES INIQ 'AV?
NN INPUT TO ROUTINE AS 2##N,USED AS 2%#N+]

COMBON F(8192),AV(8192)
MEANsNN+1'

SUM1=0.0

11=(MEAN-1)/2

DO 1 J=1,I1

SUMD:SUMBFLOAT(J 1)
SUM1=28S0M1#2,0+1.0

MAX=zMAX_MEAN+]

o 2 L=1,MAX

SW2=0.0

I2s(MEAN-3)/2+L

DO 3 Js=L,i2
SIM23SUM2+FLOAT(J-L) *(F(J )+ F(MEAN-1+2%0-J))
AV(L)=(SUM2+F(MEAN-1)/2+L))/StML
RETURN

END

TRIANGULAR WEIGHIING
FUNCTION (AVS) -

- FIG D.2.5(¢) .



RAISED COSINE TEICETING ’FUN"TICN PR

This routine is identical in its ”eqpirements to the rectangular
window showm in Fig. D.2. 4(a) except trat a ra*sed c031ne

‘func*ion is emrloyed with a width (IAV) wnich must be specified
as a powar of 2 in the calling statement. R

. SUBROUTINE AVS

~-FIG. De2.6(2)



"ENTER with
MAX,NN
A '

Set MEAN=NN+1
SUM1=0.0

. Select first data point
within windowiJ=l e

. 1
Select next data point )

within window:J=J+1 o)

Y

; ) . ompute - 1)/2)#PT
A : SUM1s STM1+coS (e i?ﬁﬁi;-{{ L) 1

Set STMI=2+SUM1+l

\‘ N

LR
T

"Select first data poznt
Ll —

-
B et »f-..A..u -

RAISED' COSINE WEIGHTING
FUNCTION (AVS) " T

FIG D.2.6(b)
Page 1 of 2
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Select next data po1nt o Y
-L=Lel U » I

‘Set SWM220.0 -

I2 = ‘MEAg-fi ‘L

Y

Select first window value
J=L

Select next window value ‘

T=T1 >
. L 1

Compute weighted sum (symmetrical vindew)

STUM2 = STM2 + (cos(J‘L*l‘iﬁﬂ*i}/u L)+ 1) #(F(I)*POEAN ~1420-0) )

'}F(%j‘is‘tigwdéta éfrayfw&-

data point

L=MAX?

C e )

"RATSED" COSINE WEIGHTING
FUNCTLUN {(AVS) :

FIG D.2. 6\b).
Page 2 of 2
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SUBROUTINE AVS(MAX;NN) '
WEIGHTS ARRAY 'F' BY A RAISED COSINE FUNCTION AND
PLACES VALUES INTOQ 'AV!
NN=2##N INPUT USED AS 2#*N+1 WINDOW WIDIH
COMMON F(8192),AV(8192)
PI=4,0%ATAN(1.0)
MEAN=NX+1
SUM1=0.0
11=(MEAN=-1)/2
DO 1 J=1,11
1 SUM1= SUM1+ COS(FLOAT(J-(MEAN+1)/2)*PI/FLOAT (MEAN-I) y+1
SUM122,0#SUM1+1
MAX=MAX-MEAN+1
DU 2 L=1,MaX
SUM2=0.0
12=(MEAN-3)/2+L
D0 3 J=L,I2
3 SUM2= SUMZ-"(COS(FLOAT(J-L*I-(L{EAN-» 1)/2)*P1/FLOAT (MEAN-1) }+1)
1#(F(J)+F(MEAN-1+2*LJ))
2 AV(L)=(SUM2+F((MEAN-1)/2+L))/SUM1
RETURN
END

e St

RAISED COSINE WEIGHTING
FUNCTION "(AVS) -

PIG D.2 6(c)



DETTEIINATION OF MEDIAN VALUES

(1) ARGUMINT LIST
SUBRCUTIXNE LEDS(MAX,MTD) , ’
LAY = Total number of datz points in input array.
IVRUT '{EED = Number of data.ﬁoints over which the median
value is to be determined.

CUTRUT ¢ 1AX = Total number of poirts in output array.

(11) OTEZR DNFORMATICH REQUIRED
COLLION RAPR(8192),RMEDN(8192)
PAPR = Array of data %o be processed.

(111)  OTESR INFORMATION GIVIN

COIZION RARR(8192),RMEDN(8192)
RTEDN = Array of median values of array RARR
determined over MED points at stepped

intervals.
(1v) OTEZR SUB-PRCCRAILES RIQUIRED
None '
(v) PURPOSZ

To determine the median values of an array of data
over & fixed interval which is stepped along the

data recoxrd.

SUBROUTINE MZDS

_FIG. D.2.7(a)



MAX,MED
Y

"ENTER with j)

Total number of points
to. be returned:
IT=MAX-MED+1

\

Select first data value
J=1

Y

'
1 4
9

Upper data point. required
T KT=J+ MED-1

Y

Determine no. of occurrences of
data record in the range 0.1 to
8l.1 dB in 0.1dB steps for the
~ field between points J and KT

Select next data value
JeJ+l

Y

Determine cumulative
distributipn

«

Find median value
of field

Sot MAK-1

A

<jv

-

RETURN 4)

DETERMINATION OF MEDIAN VALUES
AT 0.1dB STEPPED INTERVALS
ALONG THE DATA RECORD (MEDS)

FIG D.2.7(b)
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DETERUINATION OF THE PDF HISTOGRAM

(1) ARCULENT LIST
SUZROUTINE PDF(MAX,4,I2,IS,.4X1,SCALE)
MiX = Total number of data points in input array.
A = Input data array ( 8192 voinis) ,
INPUT IZ = Uinitum value anticipated in arrasy A (é 0d3 )
IS = Mexioua value anticipated in array A (d3 )
SCALE = Scale factor for output histogram
( 1.0 = 100% full scale )
( 2.0 = 50% full scale , etc.)

OUTPUT 3 MAXM = Number of points in the range IZ to IS

which have been used to deterzmine the histogranme.

(i) OTEZR INFORMATICN REQIRED

None

"(411)  OTHIR INFORATICN GIVEN o

coimion /Porcoy/ P(s501),I0(501),ALINE(1C1)
P = Matrix of probabilities of occurrences.
IC = latrix of number of occurrences of the event.
ALIXT = Used internally.

A histogram of the pdf is also printed on output
channel No. 6.

(iv) OTSER SUB-FROGRAMES REJUIRED

Kone

(v) PURFOSE
To calculate the pdf of an array of data and to plot
tke resulting histogrem on the line printer.

- -~
b PP

SUSROUTINE PIF

“ FIG. D.2.8(a)



1AX,A,1Z,IS,MAXM,SCA

A\

ENTER with ;
L

Clear all counters

A

valculate range of plot
K2IS-I2+1

A

Compute probability of
occurrences at 1dB steps
between 17 and IS

\

Plot histogram

OUTPUT CHANNEL: 6

"~ CALCULATION OF PDF
" HISTOGRAM (PDF)
#i6 .2.8(5)
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SCLLED PLOT ROUTINE

(1) ARGUNENT LIST
SUBRCUTINE PLOT(MAX,BAND)
VAX = Number of data peints to be plottadﬂ
INmuT BAND = Frequency designation 3 L = 85.8751Hz
| T = 167.2MHz
U = 441.0251Hz

(31) OTHZ: INFORMATION RSGUIRED
COLZION RARR(8192),X(8192),CHAR(10)
RAAR = Array of data to be plotted.
X = Used internally.
CEAR = Array of alphanumeric ckaracters to be plotted as
a title on the outpute.

(111) CTUIR INFCRUATICK GIVIN
A plot is given on the incremental plotter.

(iv) OTHER SUB-PROCRAILES REQUIRED
COLP8 (Frem the FORTRAN Compiler Library)
REGION,LIMITS,BORDER;CURPTQ;AXESSI,CRSIZE,PLOTCL
(A1l from the GHOST system library)s

(v) PURFOSE .
To produce a plot of ths data on the incremental .
graph plotter using the LEEDS GHOST package.

'l

SUBROUTINE PLOT

“FIC. D.2.9(a)



Scale factor=s

300.0%*100.0

ENTER with
MAX, BAND

~

Yes

85.875#2.83

4

BAND='L'?

300.0*100.0

Scale factors

167.2#2,83

4

300.0*100.0

Scale factors44l,2.83

-

Define plotting limits
and draw border (A4)

) R

Define plotting area
and draw border

4

Plot graéh

4

iDraw_axes‘

4

Write title onto
plot.

[

o ww )

SCALED PLOTTING ROUTINE (PLOT)

SUBROUTINES

"REGION"
. "LIMITS"
\ "BORDER"
SUBROUTINES
| BREGION"

"LIMITS"
"BORCER" .

"CURPTO"

| SUBROUTINE
! maXESSIM

SUBROUTINE
. "PLOTCL"

FIG D.2.9(b)
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GZDRGE COLLZAND ISSUER

(1) - ARGULIIT LIST
IGECOM (I)

SUSRCUTIIE
OUTRUT {f = 0
a1l

(1) CTEER
Card imagse
giving the

N
H
°
H

IITORIATION REQUIRED
records ars required on

CECRGE commands to be issued.

Command issued succ e-ss:fully.

Command failure.

(111) OTEIR LTORVATION GIVEN

Jone

(iv) CTHE=R

(v) FURFCSS

SU3-PROCRAMAES REQUIRED
SGEUCI (From system library BHAMLIB)

. input channel 8§

To read characitaer strings on unit 8 and to issue them as
GZCRGZ cormrmands.

SUBRCUTINE IGECOM

=-FIG. D.2.10(a)

{



( ENTER with )
1

v

- HEAD command string to
INPUT CHANNEL: 8/ be issued (72 chars)

Y
Issue GEORGE III‘

SUBROUTINE
and
comman ) "'SGEUCI"

Y

( RETURN )

ISSUE GEORGE COMMANDS
(IGECOM) .

FIG D.2.10(b)
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APPENDIX E
TZCENICAL PUSLICATIONS
The following paper has been accepted for publication

in the Proceedings of the IZE and it is anticipated
that this will occur in the first quarter of 1977,

138
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MOBILE RADIO PROPAGATION IN BRITISH CITIES

AT FREQUENCIES IN THE VHF AND UHF BANDS

K. ALLSEBROOK, M.Sc., Associate Member and J.D. PARSONS, M.Sc., Associate Member

British Aircraft Corporation Limited Department of Electronic and Electrical
cuided Weapons Division Engineerlng o
Electronic Systems Group ~ University of Birmingham

Bristol
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SUMMARY

Measurements of propagation path losses made in three British cities
at VHF and UHF are described. An analysis of the factors.influencing
. the transmission loss leads to the formulation of a prediction model.
This is shown to be simpler to use than the Okumura technique while

giving comparable prediction errors.
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ABSTRACT

Measurements of the received signal envelope magnitude have been made
in three British cities at frequencies of 85.875, 167.2 and 441.025
_MHz. In all cases unmodulated carrier waves were radiated from
aerials atbp tall buildings or-prominent terrain features and detected
using a vehicle-mounted receiver. These measurements have provided
the basis for an analysis of the factors affecting the transmission
loss in urban/suburban areas which, in turn, has enabled a propagation
predietioh model to be constructed. Close agreement between measured
and predicted path losses has been found for the various terrain

situations investigated.

The statistical prediction errors produced by the proposed model for
the three British cities analysed are shown to.be similar in magnitude
to those obtaiﬁed using an extrapolation of the Okumura method.
Because the proposed model is much less complex and procedurally
simpler, it is recommended for use, in the first iﬁstance, in

British cities.



LIST OF PRINCIPAL SYMBOLS

Range.
Range from Transmitter to Obstacle
Range from Receiver to Obstacle

Height of Obstacle above Ground

Height of Receiving Aerial above Ground

142

Height of Transmitting Aerial above Ground

A constant

Diffraction Loss over Buildings (dB)

Diffraction Loss over Terrain Obstacles (dB)

Free Space Path Loss (dB)
Plane Earth Path Loss (dB)
An exponent

Power Received

Power Transmitted

Street Width

Effective Street Width (igina)

~ Street Orientation

Excess Path Loss Correction Factor
Frequency Corrected Value of /f
UHF Correction Factor kdB)
Wavelength

Diffraction Angle

The mode of a Rayleigh Distribution

(Urban Clutter Factor)
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INTRODUCTION

A vehicle mounted radio receiving system moving through the streets
of a town or city experiences a spatially distributed field pattern.
Typical examples of received signal envelope waveforms are given in
Figs.l, 2 and 3 for transmission frequencies of 85.875, 167.2 and
441,025 MHz respectively.’ Observation of the closely spaced inter-
ference minima in the signal magnitude distribution as a time series

has led to the term "fast-fading" coming into common use.

Fast-fading may be considered as the result of interference between a
number of incoming waves which have been scattered from obstacles in
close proximity to the vehicle. The resulting interference situation

1,2 and mathematical models have

has been analysed by many authors
ensued 33 which permit the prediction of various statistical prop-
erties of the signal pattern. Of these fast-fading models,}ﬁhat
proposed by Clarke4 has been widely quoted, probably because it is
based on physically reasonable assumptions. In this model the signal
at any point in space is counsidered to be the vector sum of a number

of horizontally travelling plane waves having equal aﬁplitudes, random
phases and arriving from random directions in the azimuthal plane. If
the phase angles of the component waves are further assumed uniformly
distributed in the range 0 to 2w radians, the model predicts that the
signal enveloé; will be Rayleigh distributed; a property which has been

substantiated qver short distances of travel in areas where no line-of-

[ . . . o 1
sight path between the transmitter and receiver exists ’6.

Large area variations of the received signal envelope are determined

by calculating a series of "local mean" values at points along a large
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signal record6’17’18

y 1.e. greater fhan approximately lkm of the
receiver's travel. - These "loéal mean" signal values along the
received envelope waveform are evaluated by éerforming a convolution
between the "raw" signal record and a weighting function whose width

is sufficiently small to satisfy the criterion that the signal envelope

is Rayleigh distributed within it (and therefore no variation in the

mode "" of the distribution has occurred”) while being large enough

to ensure that a valid statistical estimate is obtained. The low-pass_
filtered waveform’resulting from this process exhibits variations over
distances of many tens of ﬁetres and accordingly derives thebterm
"slow-fading". For comparison the slow-fading patterns of the "raw"

signals in Figs.l, 2 and 3 are shown in Fig.4.

The ability to predict the slow-fading patternm, and to provide a

- A .. 18 .
.quantitive measure -of .the variations .about it".., are highly relevant

in the planning of mobile radio communications links and in estimating
the subsequent overall system performance. Of paramount importance is
the capability of the systems engineer to predict the coverage area

22 R

achieved by a base station at a given position, and in locating the

radio "black-spots" within that area.

LOCAL MEAN PREDICTION TECHNIQUES

A number of prediction methods have been proposed in the literaturesflo

for the estimation of propagation path loss at VHF and UHF over

irregular terrain. These may be broadly classified as empirica16’7

and semi-theoreticals-lo, the latter relying on the determination of

terrain diffraction loss by approximationsll—la rather than the exact

15,16

solution which becomes very complex for two or more obstacles.
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“although the broadcasting authorities have formulated their own
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Whichever form of model is to be used, it is usually necessary to
obtain a terrain profile of the path under investigation, either to
determine the diffraction loss over the terrain obstacles or to

calculate correction factors for the ground roughness and undulations.

When operations are to be performed on many paths within a specified

region, e.g. in the determination of coverage areaszz, a need is
established for the existence of large terrain data bases stored on,
and consequently using, digital computers. Fast terrain profile
acquisition and ﬁigh speed evaluation of the path loss prediction ére

accordingly achieved.

Propagation prediction techniques for receivers located in urban and
suburban areas are very sparsely documented. In this area only the

model by Okumura6, empirical in nature, has achieved any renown17’18

techniquelg., Both these models are intended for use with tall trans-
mitting aerials remote from the receiver and therefore outside the

, ‘ 19, . :
city limits. The latter model 2 is intended for use at UHF with a

receiving aerial at roof~-top height (10 m) and re-optimisation for

use with lower frequencies and aerials would be a major task. While

obviously being satisfactory for their own purposes, the BBC model19

requires very specialised and detailed topographic information which
cannot be obtained by merely reading data from an Ordnance Survey map

of the city.

In the case of the Okumura mode16, the methods of determining the
various factors are limited to applications involving radio links

operating at frequencies above 100 MHz and over ranges greater than
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2 ' approximately 10 km. The basic method involves the reading of values

Cone’d from numerous correction curves and adding these, or subtracting,
depending upon the context, to the free space propagation path lossls.
Three of these curves, hdwever, do not directly utiliée the variables

of link range and transmission frequency but require the computation

of intermediate parameters. These are as follows:-
(1) Base Station Effective Antenna’Height

This is evaluated as the height of the base station aerial above the
average ground level calculated over the range interval of 3 to 15 km
from the base station site (or less if the entire link range is below

15 km).

(2) Average General Slope Angle of Terrain

This is determined as the average slope of. the terrain.over Mat least

5 to 10 km" of the path closest to the mobile terminal.

(3) Terrain Undulation Height

The terrain undulation height may be found from the difference between
102 and 90% of the peak excursions of the terrain undulations away
from their average value within a distance of 10 km from the mobile

terminal to the base station.

If the Okumura model is to be made gengrally applicable, extrapola-
tions to the origimal curves and careful interpretations of the
parameter definitions must be made. It should be noted, however, that
extensive data regarding the performance of this new mo&el must be

obtained before its use may be advocated.
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It is the purpose of this paper to report a series of measurements
made at 85.875, 167.2 and 441,025 MHz in.the British cities of

Birmingham, Bath and Bradford. A simple model is subsequently derived °
from these measurements and is compared with an extrapolated version

of the Okumura model.

MEASUREMENT OF THE RECEIVED SIGNAL ENVELOPE

Measurements have been made of the signal envelope magnitude received
at a moving vehicle using frequencies of 85.875, 167;2 and 441.025 MHz
in fhe British cities of Birmingham, Bath and Bradford. Base stations
utilizing suitable transmitting aerials at.the three‘frequencies were
erected on the roof of a prominent building in the appropriate city
and unmodulated carriers broadcast. Transmitter powers measured ét ’

the aerial terminals of approximately 30, 30 and 3.8 watts (in order

- g

’df increasing frequency) were radiated by monopoles on groﬁnd‘ﬁlaneé

at thé two VHF frequencies, and by a colinear array of four folded
dipoles orientated to provide an omnidirectional radiation paftern
aﬁ the UHF frequency. The aerials were sited approximately 35, 20
and 50 m above local ground for the cities of Birmingham, Bath and

Bradford respectively.

The cities were chosen as being representative of three commonly
occurring mobile radio situations,‘ Birmingham is basically a 1arge
flat city (Fig.5) with a compact, heavily built-up urban centre. It
shoﬁld be noted that this central area is very much less congested
than is typiéal of the larger North American type of cities wheré much
of the previous work has been based, but is typical of the centre of

many European cities.:
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Bath, on the other hand, is much sﬁaller than Birmingham, sits in a
valley and has a centre composed mainly of three or four storey
buildings with narrow streets. A terrain profile drawn through Bath
city centre and the transmitter site is given in Fig.6 and demonstrates
that a frequently encountered base station siting philosophy has been

used, i.e. atop a prominent terrain feature.

Bradford, like Bath, is much smaller than Birmingham in total area

and, as demonstrated by the terrain profiles of Fig.7, is extremely
hilly. The transmitter was mounted on a tall building in the valley

and was intended to be representative of the situation where a central
urban base stationradiated to outlying districts beyond the surrounding

terrain obstructions, possibly unintentionally as r.f. interference.

The field -strength measuring-system is depicted in the-upper half of -
Fig.8. The signal was received using a quarter wavelength whip aerial
mounted in the centre of the vehicle's roof, detected by calibrated

field strength measuring receiver and recorded using a multi-channel

analogue f.m. tape recorder.

The automatic distance measuring system is shown in the lower portion
of Fig.8. The rotation of a fifth wheel towed behind the vehicle was
photoelectrically sensed and recorded on the tape recorder. Pulses
were derived by this means at intervals corresponding to approximately
2.8 cm of thgvehicle'smwvement, acting later as an aid to relative
position fixing. This fine positional information was supplemented

by recording a commentary on the voice track of the tape recorder

while the measurements were being performed. The commentary took the
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form of local details which were readily locatable on a street map of

the area, e.g. street intersections and local geographical information.

The record of received signal magnitude was later analysed in "small

sectors" corresponding to less than 250 m of the vehicle's movement,

the intention being that parameters such as street width, street
orientation and terrain features should remain sensibly constant.

When sampled at the 2.8 cm distance marker rate sufficient data points

were made available in each of the "small sector'" records (approximately

8000) to enable ghe calculation of various staﬁistical parameters.
The equivalent detectable average fade depths18 obtained by these
means for a vehicle speed of‘9 m/sec (20 mph) were 34, 28 and 20 dB
at 85.875, 167.2 and 441.025 MHz respectively. Approximately 300
"small sector" records have been processed ét each of the frequencies
to provide values of mediaﬁ'ﬁath loss réferréd'todhalf-waveldi;;1é>»“
aerials. The relationship between thisvpéth loss and the various

influencing parameters is investigated.

FACTORS INFLUENCING THE MEDIAN PATH LOSS IN BIRMINGHAM

DEPENDENCE OF MEDIAN ATTENUATION ON RANGE AND FREQUENCY

The total range over which a radio link operates will be an important
factor in determining the total propagation path loss experienced.

It is therefore desirable to establish the relationship between the
measured loss values and the spatial separation of the aerials. To
this end, a curve fit of the form k x (link 1:ange)-n was performed by
the least squares error method on the Birmingham "small sector' median

attenuations. The values of the expoment (n) were found to be 3.8,

%
1
]
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3.9 and 2.4 at frequencies of 85.875, 167.2 and 441,025 MHz
respectively. The corresponding rms errors between the measured
values and the appropriate curve fits were found to be 7.5, 6.2 and
7.8 dB. Application of a curve of the form k x (Range)_4 to the UHF
data caused a rise in the rms error at this frequency to 8.3 dB.
These results‘appear to indicate that an iﬁverse fourth power range
law will provide a good estimate of the path loss values, and a model
of the form proposed by Egli7 is appropriate:-
P_ = Pt{h_tz_r_}z B

d
This equation forces agreement between the well known "plane earth"
path loss and the measured loss by the use of an "urban clutter

factor" (B). This is shown with the "small sector" median attenuations

in Figs.9, 10 and 11 at.85.875, 167.2.and 441 MHz .respectively. .

The variation of the "urban clutter factor" (B8) with frequency is
shown in Fig.12 and may be seen to be similar in form to measurements

reported by Youngl, Okumura6‘and Parker and Roperlo. The non-linearity

of the curve suggests that above approximately 200 MHz the prdpagation

mechanism changes, a point which will be examined later.

FACTORS INFLUENCING THE URRAN CLUTTER FACTOR

Having determined the range and frequency dependencies of the measured

"small sector" median path loss values, it is possible to compensate

the measurements accordingly by normalisation processes using the
curves shown in Figs.9, 10, 11 and 12. Approximately 900 frequency

corrected urban clutter factor (Bl) values are now analysed further.
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To simplify the analysis, it has been‘assumed that the receiver was
located exactly in the centre of .the road under consideration. While
never being exactly true, this obviates the need to know the direction
of travel ahd on which side of the street the vehicle is positioned.

An "effective street width" (Wl) is also defined,‘for the purposes of
the investigation, as the distance between the vehicle-mounted receiver
and the buildings measured along the direct path between transmitter

and receiver (Fig.l3)..

If large structures or terrain features obstruct the transmission

path, the total loss experienced can be much larger than that predicted
using simple "free space" or "plane earth" concepts. This excess loss
is often the results of the diffraction of the radio waves over or
around the obstacle and, for the idealised situation of a knife-edge
shown in Fig.l4, can be conveniently calculated”in terms of the " -

Fresnel-Kirchoff v parameter, defined as:-

In a typical operational mobile radio-telephone link with no coarse

terrain obstructions, the buildings adjacent to the receiver will act

as the diffractor. These, in turn, are distant from the transmitter,
i.e.”

‘dl >> dz’ 8 = o r

The Fresnel v parameter can therefore be approximated as:-
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and the corresponding transmission loss becomes:-

constant - 10 log10 (Adz) , dB

This curve is compared in form with the mean of the frequency corrected

urban clutter factor values at quantized intervals of effective street
width in Fig.1l5 and may be seen to be in good agreement. Furthermore,
consideration of an "average street" (h° = 10m, hr = 2m, d2 = 30m)
yields values of 13, 16 and 21 dB diffraction loss at 85, 167 and 441
MHz respectively, This is shown in Fig.12 as the dashed line ;nd
indicates that close approximation between the VHF measured values is
obtained by recourse to knife-edge diffraction theory. The simplified
solution, however, underestimates the loss at UHF, probably as a -

result of ignoring the thickness of the buildings which, at the higher

. frequencies, is many wavelengthszo. The departure of the theoretical

and measured curves in Fig.12 is sHown in Fig.l6 and forms the basis

of a UHF correction factor,y.

THE URBAN PREDICTION MODELS

EXTENSIONS TO THE OKUMURA PREDICTION MODEL FOR APPLICATION TO THE
PATH'S MEASURED

The Okumura prediction model16 was formulated for use in the frequency

range 100 to 3000 MHz. Extrapolation of the curves for use down to

75 MHz is a straightforward exercise and will not be detailed. It is
further required that all the correction factors, and consequently
the physical parameters, are applicable with any link range greater

than 1 km. The intervals o%er which these have been calculated are

-

given.
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5.1.1° Base Station Aerial Height Gain

For a link of range 'd', the base station effective aerial height is
determined as the height above the least équares regression line to

the terrain computed over the following intervals:-

%tod for 1km < d ¢ 8 km

3kmto d for 8 km < d g 15 km 'd' in km

3km to 15 km for 15 km < d

5.1.2 Rolling Hilly Terrain Correction

The interdecile terrain undulation height is evaluated over the

intervals:-

(d-10) to d  for d > 12 km

2 km to d -~ for 6 km < d £ 12 km 'd' in km
lkmtod forlkm<dg6lm
5.1.3 Vehicular Ground Slope Correction

The average ground slope at the vehicle is calculated in the regions:-

1kmtod for 1 km<d < 4 kn
2 km to d for 4 km ¢ d < 7 km 'd' in km

(d=5) tod for 7kmgd <9 km

For d 2 9 km, the larger of the computed slope values over the

" following intervals is chosen:-

(d-5) to d
and
(d=10) tod for d 2 12 km 'd' in km

or . _
2 km to d for d < 12 km
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THE FLAT CITY PREDICTION MODEL

The results obtained in Birmingham and analysed in the previous
sections suggest that predictions may be made by summing the plane

earth and building diffraction losses. This is similar in form to

. the model proposed by Edwards and Durkin8 for propagation over

irregular terrain where the diffraction loss term is that for the

_terrain obstacles:=

Loss = LP + LD , dB

The urban model, proposed in this paper for comparison, is given by:-

Loss = LP + LB +y , dB

where LB is the diffraction loss incurred by propagation over the

buildings next to the mobile unit and between the two terminals.

Appendix 1 demonstrates that this model gives a reasonable approxi-
mation to the true propagation loss if a single coherent reflection
from the ground surface can be supported, although it must be stated
that this is in no way truly representative of the existing situation,
i.e. it is not being suggested that a single coherent reflection

actually exists.

THE FLAT CITY PREDICTIONS

The Birmingham Predictions

The 900 small sector median path loss values measured in Birmingham
have been compared with predictions obtained using the flat city model.
For simplicity, and in the absence of a complete knowledge, the

buildings have been assumed to be 10 m tall and the aerial heights
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have been taken as their heights above local ground. A suburban
rather than urban area is therefore implied; a statement which is
realistic for the large areas occupied by suburban Birmingham in

comparison with urban Birmingham. An analysis of the prediction errors

(measured-predicted path loss) obtained using these assumptions is

presented in Table 1.

Individual measurements were selected from the small sector median
path loss values such that the spacing between any two of the corres-
ponding locations was greater than 1 km. Approximately 180 values
were accordinglyrchosen for comparison with the Okumura extended model
and the flat city model. The respective mean prediction errors were
found to be 4.9 dB and 2.2 dB with corresponding standard deviations

of 7.7 dB and 6.75 dB.

The low statistical errors produced in these comparisons appear to
validate the use of the Okumura extension but also demonstrate that
the flat city model is similar in accuracy while being much simpler

to apply.

The Bath Predictions

The small sector median path loss values measured in Bath have been
statistically compared with predictions using the flat city model.

The prediction error performance is shown in Table 1.

The low prediction errors obtained appear to justify the treatment of
the Bath situation as a flat city on a sloping base. The total area
covered by the measurements, however, is small and is not ‘amenable to

prediction using the Okumura extended model.
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THE HILLY CITY PREDICTION MODEL

The prediction model presented for the flat city situation takes no
account of terrain obstacles. Any attempt to do so must, when the

magnitude of the terrain obstructions is negligible, reduce to the

_flat city model if compatibility is to be achieved. The Okumura

extended model is formulated for operation over irregular terrain and

is directly applicable.

Detailed Analysis of Selected Bradford Paths

The following methods of predicting the small sector median path loss

have been investigated:-

(a) Durkin and Edwards Models8

(1) Loss = LF + LD

(2) Loss = LP + LD + Flat. City Correction,.dB

+ Flat City Correction, dB

(b) Modified Blomquist and Ladell Model’

Loss LF + (LP -L )2 + LDZ)i + Flat City Cbrrection, dB.

F

In all the above cases, the flat city correction is given as:-

Flat City Loss = LB +vy, dB

where the UHF correction, y, is obtained from Fig.l6 and is included

to compensate for the obstacle thickness.

The selected paths shown in Fig.7 are analysed in detail in Table?2
by the three methods mentioned and the Okumura extension. Also
included in Table 2 are values of terrain diffraction loss computed

by various documented constructionsll-la.
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Comparison of the terrain diffraction loss values reveals that the
Bullington method11 produces the smallest loss whereas the remaining
three modelslz'l& predict roughly similar losses. Of these, the

Deygout method14 is particularly cumbersome to use, especially on a

digital computer, Of the remaining diffraction models, the Japanese

13 15,21 than the Epstein-

Peterson methodlz, both of which are easily programmed on a digital
computer. Tﬁe Japanese method is therefore recommended for the
computation of the terrain diffraction loss values although éhe
original presentation58’9 adﬁocated the use of the Epstein-Peterson

methodlz.

Further statistical comparison shows that the Blomquist and Ladell

method9 with flat city correction produces the minimum overall error

"and may be seen to provide a measure of "smoothing" between the two

Edwards and Durkinaiforms. The suggested hilly city prediction model
is accordingly given by:-

}

2. 24
Loss = LF + ((LP . LF) + LD Y-+ LB + v , dB

In the case of a flat city, LD = 0 and the predicted loss reduces to:-

- Loss = LP + LB + vy, dB

showing that full compatibility is attained with the flat city model

used earlier.

The Bradford Predictions

The measured small sector measured median path loss values have been

statistically compared with the hilly city model's predictions. The

prediction behaviour is given in Table 1.
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CONCLUS IONS

Measurement of the 'small sector' (250 m) median propagation loss at
VHF and UHF frequencies in Birmingham have indicated that, for the
case of a flat city, the diffraction loss over the buildings adjacent
. to the mobile terminal is of importance. Furthermore, predictions
made by a simple techniqué involving the summation of the plane earth
and buildiﬁg diffraction losses have yielded small mean prediction

errors and low rms errors for both Birmingham (flat city) and Bath

(sloping city).

An extension of the simple flat city model to cover the situation of
a hilly city has been suggested.as the sum of the path loss predicted
using a technique based on the Blomquist and Ladell model and the
building diffraction loss. The terraig diffraction loss, needéd as

a factor in fhe calculation of the Blomquist and Ladell irregular
terrain loss, has been found to be adequately evaluated using the
method proposed by the Japanese Postal Service., Comparison of hilly
city predictions and '"small sector" measurements has again shown

close agreement.

The extension to the Okumura model for operation with links greater
than 1 km has also given small prediction errors but the computational
processes needed in its evaluation are much more numerous. This
method, in essence taken by many as a standard, is concluded to be

far more complex than is necessary and therefore inappropriate for

use in British cities.
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APPENDIX 1

Consider the situation depicted in Fig. 17 where a knife-edge
diffractor is placed adjacent to the receiver. All heights are

measured above the perfectly conducting plane as shown.

Assuming that no reflections occur on the receiver's side of
the obstacle, and that d; >> d,, hy, hy, hy, the diffraction

loss for ray path ry is given by:

A(nn) = Ad2
21 (hg=h))

Similarly for the reflected path rj:

A(vp) = Y Ad2 |
2w(ho-h2)”

The path loss is therefore given by (isotropic radiators assumed):

20 logof 27 @12 . (hg = hy) ) ~, dB
dg, - m

The proposed flat city model, for comparison, gives a path loss of:

20 log10 2T d12 . (hg = h2) , 4B
/Xzzt h . hz

The error between these is consequently:

20 log,, ( _h_g_‘) : , dB
h2

The magnitude of this error term is dependant upon the location
of the reflecting plane; a parameter which is extremely difficult to
determine in an urban area. Assuming that the reflecting plane is

local ground, and that hy, = 10m, h2 = 2m, the error would be a

constant 14dB.
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cit Mean Error Standard Deviation
y of Prediction of Prediction Errors
(dB) (dB)
Birmingham 0.8 8.0
|Bath 3.6 7.9
Bradford 5.5 10.7
Table 1

Statistical Analysis of the Prediction Errors

Incurred Using the Proposed Model
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