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ABSTRACT

This thesis describes an experiment designed to measure microwave propa-
gation through the bright band at 4 and 7 GHz. The path is located approxi-
mately 100 kilometers east of Vancouver, British Columbia, Canada, forming
part of the Trans Canada Telephone System microwave network. The path is
coastal and mountainous in nature, 41.3 kilometers in length and experiences
an average annual rainfall of 1600 mm/year. Due to these factors and an ele-
vation differential of 1227 m between transmitting and receiving sites, the
0°C isotherm and hence bright band effect normally exist along the path from
November to April.

A measurement system based on remote telemetry is used to obtain high
resolution and accurately time-correlated data. Received signal levels are
taken from five selected 4 and 7 GHz microwave channels which are sampled at a
rate of 10 Hz. Meteorological information is obtained from five locations
along the path and sampled at a rate of 1 Hz. The data thus collected are
then time-correlated as it arrives at the University of British Columbia
(Vancouver) recording site where it 1is analyzed usiﬁg high-level 1language
routines developed as part of a propagation data base management system. A
detailed description of both the measurement system and the data management
system are provided in the thesis.

Results from several precipitation systems indicate. that bright band
attenuation can be many times (in dB per kilometer) greater than attenuation

due to equivalent amounts of rain. This is described by an Excess Attenuation

(i1)



‘Ratio_(EAR) defined as the ratio of tﬁe excess attenuation in dB/km calculated
using the Laws and Parson distribution at 0°C. .Ihe‘experimental results com-
- pare favourably with those predicted by the theoreéiéal model of Matsumoto and
Nishitsuji.

A scintiilationAtype fading phenomenon superimposed on the broad-band
fade Eas also been observed during bright band érépagation conditions. .From‘
the preliminary resultsvthis phenomenon appears to be corrélated with'sudden
chaﬁges in diffefential temperature between transmitter and receiver sites and

thus a corresponding change in the- thickness of the bright band.

(111)
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CHAPTER 1

INTRODUCTION

1.1 The Importance of Microwave Propagation in the

Design of Microwave Systems

Microwave -propagation parameters affect the reliability (availability) of
terfestrial and satellité communication systems and thus have a major in-
fluence on their ecoﬁomics [1]. Therefore, techniques to confidently estimate
this reliability are essential before system planners and designers can imple-
ment cost effective and economically viable microwave transmission systems
[2].

Microwave transmission systems below 10 GHz include both satellite and
terrestrial networks with common carriers and CATV operators being the main
users. The least demanding from an availability viewpoint is the CATV opera-
tor. His performance requirements are deemed satisfactory if the system is
available for more than 99.8% of the time, which represents an outage of
approximately 1000 minutes per year [3]. On the other hand, the most demand-
ing user of communication systems are the common carriers who presently
operate at 4, 6 and 7 GHz and propose to start operations in the 8 GHz band
[4]. An example of a typical common carrier system specification is the one
proposed for the Vancouver to Halifax, 8 GHz digital circuit. The system is
specified to be available for more than 99.98% of the time [5], where the
unavailability of less than 0.02% has been allocated with an allowance of 1/2
(.01%) for equipment failures, 1/4 (.005%) for rain outages and 1/4 (.005%)

for multi-path fading outage. On an average per—hop basis this represents an



unavailability requirement of less than .0002% (63.2 seconds) of the time,
where the combined propagation outage factors of rain and fading may not
account for more than .0001% (31.6 seconds). Therefore, accurate estimation
of the propagation reliability 1is essential before insta%lation since
propagation factors not accounted for in the original design could prevent
meeting the total system availability objective. In this light, the work
described by this thesis was started to study factors associated with bright-

band propagation at 4 and 7 GHz, for which no account has yet been made.

1.2 Factors Affecting Microwave Propagation

Microwave propagation for frequencies below 10 GHz are largely affected
by a path's geometry and associated weather characteristics. Microwave propa-
gation is affected by the path's geometry in the way of free space attenua-
tion, curvature changes due to variations in the refractivity profile and
obstruction losses. Propagation factors related to meteorological conditions
along a microwave path result in rain attenuation, multipath fading, and
reductions in received signal levels due to the presence of the bright-band.
Other factors such as gaseous absorption by water vapour oxygen and fog also
exist to a minor extent below 10 GHz. A discussion of these factors and their

determination is the subject of this next section.



1.2.1 Path Factors

Figure 1.0 shows an example of a line-of-sight microwave path which would
form a segment in a common-carrier's back-bone microwave system. It would
typically have a hop length of 40 to 60 km, a fade margin of 40 dB and an

operating frequency between 4 and 10 GHz [5].
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The Effect Due to Changes in Refractivity

Although a microwave path is often termed to be "line—of-sight”, the beam
does not travel in a straight line through the atmosphere from the transmitter
to thebreceiver but rather bends as a result of a slight decrease in the
atmospheric refractive index with height. This bending is described by a "K"
or equivalent earth radius factor which, if multiplied by the actual earth
radius r,, gives the ficticious earth curve, r, travelled by the propagating
microwave beam. Therefore, variations in atmospheric refractivity cause cor-
responding changes in the K factor and are described as a function of atmos-
pheric temperature and water vapour content, as follows [6]:
P 3.7310%e |

N = (n~1) 10° = 77.6 T

N T2

dry term wet term

(1-1)

where N: refractivity (N units)
n: refractive index
P: atmospheric pressure (m bar)
T: absolute temperature (°K)
e: water vapour pressure (m bar)

If a point is taken at a fixed elevation the radius of curvature of the
beam, r, relative to the earth's radius r, can be expressed as a function of
the vertical index of refraction gradient dn/dh to give the following expres-—
sion for the K factor [7]:

-1 -1
=X . dny ~ _ dN
K = T 1+ 5) (1 + 5 /7 157)

r_ = 6370 kn (1-2)

Published maps on world atmospheric radio refractivity and refractivity



gradients are available [8,9,10].

Calculation of the Free Space Attenuation

The attenuation to a microwave signal emitted from an isotropic radiator
can be determined as a function of frequency and distance by the following
expression, [2]:

AdB = 92.4 + 20 log10 £f + 20 log10 D . (1-3)

where, free space attenuation (dB)

AdB:
f: frequency (GHz)

D: distance (km)

Obstruction Losses

Obstruction losses vary according to a path's characteristic profile and

operating frequency which allows their estimation, eg. Bullington [11].

1.2.2 Rain Attenuation

Early theoretical estimates of rain attenuation on microwave propagation
were made by Ryde and Ryde [12,13] during World War II and were based on a
first-order forward-scattering model that used a uniform distribution of equi-
diameter spheres. The resulting expression for attenuation for a plane wave
is given in equation (1-4):

o= 0.4343 x N x 1 x D? x £, (D/A, m) dB/km (1- 4)

where, a: attenuation (dB/Km)
N: density (m~3)

D: drop diameter (mm)



m: . n—-jnx, the complex refractive index of water

f,: ratio of energy absorbed and scattered to that
incident wupon the projected area of the drop.

Medhurst, in his review [14], corrected the numerical calculations
derived by Ryde using this model but found a large variation, greater than
expected, in experimental measurements [15,16,17,18]. Medhurst suggested that
some of this variation could be attributed to multiple scﬁttering processes
but further theoretical analysis by Crane [19] and Rogers & Olsen [20] deter-—
mined that this effect would be insignificant and the "single scattering”
model for rain attenuation was, in fact, valid for frequencies lower than 20
GHz. The discrepancy between theory and experiment which Medhurst observed
has since been attributed to inaccurate rain rate measurements. Most
researchers at present acknowledge that good agreement between theoretical
estimates and carefully obtained experimental observations are possible [21].

In order to allow the calculation of the attenuation coefficient using
path-average rain rate data, a relation between the rain rate, the density and
the drop diameter 1is required. This 1is given in terms of the terminal
velocity of a falling drop in (1-5):

R =1.885 xv x N x D3 (mm/hr) (1-5)
where, R: rain rate (mm/hr)
v: terminal velocity (m/sec)
N: density (m~3)
D: drop diameter (mm)
The terminal velocity is related to the drop diameter, as measured by Gunn and

Kinzer [14], and therefore the calculation of the attenuation coefficient is



possible for uniform rain for a single drop size using (1-4). Physically,
rain is composed of drop-sizes exhibiting a continuous range of diameters from
0.5 mm to 7 mm. Integrating the specific attenuation relation for a single
drop size (1-4) over the whole drop size distribution for various rain rates
gives the attenuation by actual rain vs. rain rate. Figure 1.1, taken from
[22], provides a graph of the specific attenuation versus frequency at various
rain rates using this approach.

The applicability of the results derived using the Ryde model 1is
dependent on the diameter of the spheres used and, therefore, the proper
selection of the drop size distribution is important. For most temperate-
continental rainfall types the Laws and Parson distribution provides a good
correlation between the Ryde model and experiment [23]. Other drop size dis-
tributions are available for differing applications which include the Marshall
and Palmer distribution [24] and the Joss et al. distributions [25] for

drizzle, wide spread rain and thunderstorms.

A Simplified Empirical Model for Rain Attenuation

as a Function of Rain Rate

Further improvements to the calculation of specific attenuation as a
function of rain rate have been made by Olsen, Rodgers and Hodge [22], who
have developed the simplifying empirical formula in (1-6), known as the A - R
relation: |

A=aR’ (1-6)

where, A: attenuation (dB/Km)
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R: rain rate (mm/hr)

a,b: frequency and rain temperature dependent
parameters tabulated in [26]

Rain Rate Measurement

The determination of path attenuation due to rainfall requires the accur-
ate measurement of path average rain rate. This is complicated by the fact
that rain is non-uniform in nature and often consists of rain cells of limited
extent [21]. Therefore, to obtain an accurate path average rain rate, the
individual rain rates must be sampled at as many locations along the path as
possible [26,27] or be estimated using synthetic storm techniques [59-62].

In a distributed system of rain guages, the path can be treated in seg-
ments where the total path attenuation due to rain is the sum of the

individual segment attenuations, as follows:

n n
A= _2 Ay = ) oy (R ) 2y (1-7)
i=1 i=1
where, R;: rain rate at guage i (mm/hr)
2 length of segment i as a percentage of path length

(Ri): specific attenuation in dB/km at rain rate Ry
An approximation to (1-7) is usually adopted, (1-8), which uses the path
average rain rate directly through the assumption that variations in rain rate
segments are sufficiently small that the inter-segment specific attenuations

are linearly related.
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n
Asa)‘(i-—i——-—i)xL (1-8)

where, A: total path attenuation

ay: specific attenuation for a determined path
average rain rate (dB/km)

R;: rain rate for segment i (mm/hr)
length of segment i
L: total path length (km)

*: path average rain rate

1.2.3 Multipath Fading

Under normal atmospheric conditions a line—-of-sight hop provides one
propagation path between transmitter and receiver antennas. If certain
changes 1in the refractivity profile occur, additional propagation paths can
result parallel to the main beam [6,28]., When these arrive together at the
receiver, they add together according to their phase relationship producing
variations in the received signal known as multipath fading. For N multiple
propagation paths of amplitude a and delay T, the transfer function describ-
ing this phenomenon can be expressed as follows [6]:

—JWan

N
H(f) = ) a e (1-9)
n=1
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Measurement Techniques and Physical Models

Investigations of multipath have either used a time-domain radar tech-
nique where the arrival of pulses are monitored by number, amplitude and time
delay or used a frequency-domain technique where the path is swept in fre-
quency and Fourier transformations are wused to obtain the time-domain
responses [29,30,31,32). The conclusion from these experiments was that the
number of propagation paths depends strongly on the 1links' meteorological
conditions and that the frequency of a multipath fade increases with fade
depth. Sanberg, using results from frequency swept measurements concluded
that no multipath events occurred which could not be characterized by four or
fewer rays [33]. Other swept measurements conducted by Martin [34] concluded
that fades of the order of 20 dB are primarily due to two path propagation
while deeper fades, of the order of 40 dB or more are due to the existence of
at least three paths.
| Models based on these physical parameters have been verified experi-
mentally for ducting and for specialized types of atmospheric layering [35]
but a general model which can be applied empirically from directly measured

multipath parameters has yet to be developed [6]. : ‘

Estimation of Multipath Propagation Outages

In order to characterize multipath propagation in a manner which allows
path availabilities to be estimated, a general formula has been developed by
Barnett [36] to calculate multipath outage probabilities as follows:

3 X 10[—F/lO]

U=axbx60x10 x fxD (1-10)



where, U:

a:

Availability

12

fade probability below fade margin

path roughness factor (4 for very smooth, 1 for

average with some roughness and 1/4 for very rough
mountainous terrain.)

factor to convert worst month probability to

annual probability (1/2 for hot humid, 1/4 for average
inland and 1/8 for very dry mountainous)

frequency (GHz)

path length (km)

fade margin under normal operation

For propagation factors such as multipath the availability is given by

(1-11) [2].
A = (1-U) x 1007 (1-11)
where: - Avallability defined as the percentage of time the

received signal is useable

U - fade probability defined as the fraction of time the

received signal is not useable.

1.2.4 Other Propagation Factors

Gaseous Absorption by Water Vapour, Oxygen and Fog

A minor effect on radio wave propagation near the earth's surface for

frequencies lower than 10 GHz is due to the absorption by water vapour and

oxygen. This effect increases with higher frequencies. At 10 GHz the attenu-

ation is .007 dB/km at 20°C for oxygen absorption and .0045 dB/km at 20°C
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for water vapour absorption [10]. The attenuation, therefore, amounts to less
than one dB for an average 50 km microwave path. Fog also attenuates micro-
waves by the same scattering mechanism as rain but due to the much smaller
drop diameters involved the amount of attenuation is minimal. Measured
attenuations of 1 dB/km at 90 GHz are reported [37] which means for an average
link the attenuation is considerably less than one dB for frequencies lower
than 10 GHz.

Bright Band Effects

There 1is increasing evidence to suggest that the bright band causes
attenuation in excess of what is normally predicted by a rain model. This is

discussed in detail in section l.4.

1.3 Improving Reliability in Path Design

Path reliability (availability) is a combined function of the propagation
and equipment reliabilities and therefore both need to be considered in the
design of a microwave link [2]. Improvements in propagation reliability can
be achieved through careful path selection and the use of frequency and space
diversity to minimize the effects of multipath and rain attenuation, while
improvements in equipment availability are accomplished by using reliable
system components and redundant config;rations. Figure 1.2 illustrates these

techniques.
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Figure 1.2 A Microwave System Diagram Illustrating Space Diversity,
Equipment Diversity and Frequency Diversity.

For a typical non-diversity path of given path distance, fade margin,
frequency and rain statistics the outage probabilities due to rain and multi-
path fading can be calculated from equations (1-6) and (1-10) respectively.
If further propagation reliability improvement is required space diversity
and/or frequency diversity can be used on the link, The relationship used to
calculate the space diversity improvement factor is given by Vigants [38] as

follows:

I = (1.2 x 1073 x £ x §% x 10lF/10]

SD )/D (1-12)

where, Igp: space diversity improvement factor
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S: vertical antenna spacing in meters
D: path length in kilometers
F: fade margin associated with the second antenna

f: frequency in GHz.

Frequency Diversity

Similarly, a relation to calculate the frequency diversity improvement
factor is given by Barnett .[36]:

[F/10]

I =ax [aAf/f] x 10 (1-13)

FD
where, Ipp: frequency diversity improvement factor

a: frequency band factor
(3 for the 890 - 960 MHz band
1 for the 2 GHz band
1/2 for the 4 GHz band
1/4 for the 6 GHz band
1/8 for the 7 & 8 GHz bands
and 1/12 for the 12 GHz band)

f: frequency (Hz)

Af: frequency spacing (Hz)

F: fade margin (dB)

1.4 Bright Band Effects

The bright band is the transition region immediately below the 0°C iso-
therm where falling snowflakes melt and are turning into rain., Thus, bright-
band propagation occurs when a microwave beam passes through precipitation in
this region. It was named during World War II when high radar returns result-
ing from this melting layer region caused a "bright band” on the radar

screens.
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From a propagation point of view, there is increasing evidence which
suggests that, during wet snow or sleet events, low angle microwave beams in
temperate marine climates experience attenuation in excess of values predicted
due to rain [39,40,41]. It has been postulated that the excess attenuation is
a result of increased absorption and scattering upon transmission through'the
0°C isotherm or bright band. Accurate direct measurement of this excess
attenuation is difficult and there have been only few reported cases where
quantitative results are given. Oomeri and Aoyagi [40] from propagation tests
carried out Sapporo and Hokuriku, Japan, indicate that sleetfall attenution
(in dB) to be six to seven times as large as the attenuation that can be pre-
dicted for the equivalent amount of rain. Watson [39], in his survey, cites
propagation studies carried out in the USSR [41] which found similar results.
Measurements taken wusing radar also shows excessive attenuation in the
presence of bright band [42-47]. In addition to these published results,
there are some reports in Canada, Scandanavia and the United Kingdom of exces-
sive attenuation in the presence of sleet or wet snow [39].

Recently, by using stallite beacon signals to measure direct attenuation
" together with proven radar prediction methods for rain attenuation, more
accurate measurements of bright band attenuation have been taken [44,47,48].
In this technique the rain attenuation is calculated to the base of the bright
band and then this vaiue is subtracted from the total attenuation to give an
amount attributable to bright-band attenuation. Measurements taken by Hendry
Antar, Schlesak and Olsen [47] using a dual-channel polarization diversity

radar show a correlation of increased excess attenuation ascribed to the melt-
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ing layer with an increase in the vertical thickness of the bright band layer
for é given precipitation rate. They also féund that the percentage of pre-
ferred orientation of the particles in the melting layer to be typically 20%
as opposed to 657 to 85%, for rain.

An attempt to model the bright band has been made in a series of paper by
Nishitsuji and Matsumoto [49,50,51] using the Ryde and Ryde approach [12,13].
Their first paper [49] establishes a set of Nrs.density distribution tables of
snowflake~size distributions for various classifications of snow similar to
the tables of Laws and Parson. These distribution tables were prepared for
four snow classifications: namely, dry snow, moist snow, wet snow and watery
énow of which the last three represent snow types present in the bright band.
Figure 1.3 taken from this paper illustrates these progressive changes in the
character of snowflakes as they would appear on water-blue paper for snow as
it passes through the bright band. In addition, Nishitsuji and Matsumoto
measured the falling velocity corresponding to each snowflake diameter and for
each snow classification. A graph of these results is presented in Figure
1.4 taken from [49].

The precipitation rate (P) can then be related to the density (Nrs), fall
velocity (Vrs) and the radius (rr) to allow the calculation of the snow

attenuation for each snow classification as follows [51]:

4 3
P—31TerVrs NrS (1-14)

The greatest attenuation for equal preéipitation rates was then found to
be due to watery snow in the frequency range between 4 and 7 GHz. In terms of

attenuation relative to rain of the same precipitation rate the attenuation
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due to watery snow in this range was calculated to be 15 times in dB's per
kilometer. Table 1.0 presents these multiplier's in dB's per kilometer for

various frequencies as derived from the model for wet snow [51].

Table 1.0 Attenuation Multipliers Due to Watery Snow.

Frequency (GHz) Attenuation Multiplier

(dB/km)

1 0.2

2 4.6

4 15.1

7 15.0

11 12.1

24 7.3

35 7.0

50 6.5

There are several supporting physical reasons why the attenuation at a
fixed precipitation rate for watery and wet snow is greater than that due to
rainfall [50]:

a) for a raindrop and watery snowflake of the same weight the latter has
the greater radius;

b) the rate of fall of watery snow as compared to a raindrop is smaller
so that the number of snowflakes in a unit volume is greater than that
of rain;

c) snowflakes do not break up during their fall through the melting layer
since the drqp size spectrum just above the melting layer is similar .

in shape to that just below it [53];



21

d) the distribution of raindrop radii is semilogarithmic while that of
watery snow is the sum of the same semilogarithm due to aggregation at
the top of the melting layer [52-57], which means there are many large
sized snowflakes in the bright band. This greatly impacts attenuation
since the increase is proportional to the cube of the diameter of a

snowflake or raindrop.

Possible Impact on Microwave Transmission Systems

| For paths such as earth-space links and slant paths in temperate marine
climates the bright band could have a significant effect which suggests that
allowances should be made for this type of attenuation when predicting propa-
gation reliability. Excess attenuation as a result of propagation through the
bright band appears to be increasingly more important to account for as
frequencies greater than 8 GHz are used. Examples showing the geometries
associated with an earth-space link and a slant-path terrestial link relative
to the bright band are shown in Figure 1.5

1.5 Scope of Thesis

1.5.1 The Research Program

The objectives of the present propagation research program which is being
carried out in association with the Canadian Research Centre in Ottawa and the
British Columbia Telephone Company in Vancouver are as follows:

1) To provide the facilities to performAreéearch into the various aspects
of both analog and digital microwave propagation.
2) To select and fully instrument a suitable path(s) for the monitoring of

a number of factors that affect microwave propagation.
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To establish the necessary data collection and data analysis infra-
structure to efficiently store, retrieve and analyze large amounts of
propagation data.

To establish the relationship, if any, between the occurrence of bright
band and multipath fading phenomenon and the performance of certain
microwave links.

Td be able to determine a statistical model which takes into account
bright band attenuation factors that would enable improved availability

design for both terrestrial and earth space paths.

1.5.2 Thesis Objectives

1)

2)

3)

4)

The main objectives of the work in this thesis may be stated as follows:

Identification and measurement of the parameters affecting bright band
propagation.

Development and implementation of a working telemetry based data col-
lection system which can accurately measure, time correlate and pre-—
process large amounts of received signal and meteorological data.
Development of a data base management system to store and analyze the
data collected.

Analysis of the data collected to determine bright-band propagation
effects in the 4 and 7 GHZ range and provide a comparison to the

theoretical model
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1.5.3 Thesis Outline

A description of the path selected is the subject of Chapter II.
Included is a' path profile, a summary of the path's previous propagation
history as well as the calculated and measured system performance charac-
teristics.,

Chapter III deals with the criteria for meteorological site selection and
includes a description of the wind direction, wind speed, temperature and rain
transducers through which the meteorological parémeters affecting excess path
attenuation can be measured.

Chapter IV deals with the data handling aspects of collecting the data
from received signal and meteorological sensors and the network design for
doing this in real time. Included are sections dealing with the data statis-
fics, the 1link capacities, the microprocessors and the preprocessed time
series and distribution series forﬁats.

Chapter V deals with the specification, the design and the implementation
of a data base management system. This is discussed in relation to software
systems presently in existence, to the current bright band system and to
future propagation research software requifeménts. Included is aﬁ illustra-
tion of the total data processing and handling system and the economics
associated with using this system.

Chapter VI presents results of copolar attenuation through the bright
band at 4 and 7 GHz. One set of these results has been taken from chart
recordings during January-February 1980. Another set of results taken during
January-February 1982 using the telemetry based data collection system as

described in Chapters III, IV, and V, are also presented in this chapter.
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These results represent a limited set to convey the character of the data
measured and the nature of bright band propagation and to illustrate possible
correlations to meteorological parameters.

Conclusions based on both the chart recorder and the telemetry based
system are presented in Chapter VII as well as suggestions to further develope

the measurement system and the analysis techniques used in this thesis.
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CHAPTER II

THE EXPERIMENT

2.1 Introduction

This chapter provides a description of the path selected, the equipment

used and the system fade margin parameters.

2.2 The Path

The path under investigation is part of the Trans Canada Telephone System
microwave network and 1is 1located approximately 100 kilometers east of
Vancouver, B.C., Canada. It is coastal and mountainous in nature, 41.3 kilo-
meters in length and lies between site elevations of 236 m and 1436 m above
mean sea level. Because the path has an elevation differential of 1227 m and
an annual average rainfall of 1600 mm/yr., there is a high probability that
the 0°C isotherm (and hence bright band) will exist at an intermediate eleva-
tion between the transmitter and receiver sites. The geographical layout and
profile of the path are shown in Figures 2.0 and 2.1 respectively. Photo-
graphs are also provided looking directly down the path from the transmitter
site (Figure 2.2(a)) and directly up the path from the receiver site (Figure

2.2(b)).

2.3 Received Signal Monitoring

At the receiver site, signal 1levels from five microwave channels are
monitored and sampled at a rate of 10 Hz. These were selected on the basis of

obtaining maximum information with respect to broadband and narrowband multi-
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a) From Transmitter Site: (Dog Mountain) Looking South
"+" indicates location of Receiver Site

b) From Receiver Site:
(Ryder Lake) Looking North
"+" indicates location of
Transmitter Site.

Figure 2.2 Path Photographs.
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path fading, copolar attenuation and cross—polar effects. Four of the chan-
nels are of horizontal polarization and were selected at eachAend of the 4 and
7 GHz bands. The remaining channel is at 4 GHz and has a vertical polariza-
vtion.

Specific information on the frequencies selected and the radio equipment used
are given in Figure 2.3.

A sampling rate of 10 Hz has been selected as a compromise between the
capacity of the high speed data link and maintaining the integrity of the re-
ceived signal data during fast fade events. Fade rates of 50 to 60 dB/sec
have been observed on a similar experimental 1link in British Columbia [57].
Thérefore, a 10 Hz receiver signal sampling rate has been chosen to avoid
losing this fade information and yet maintain the data flow within the capa-
city of the data link.

The block diagrams are given for both the 4 and 7 GHz transmission sys-
tems.used in this experiment as.shown in Figures 2.4 and 2.5 respectively.
These are used to calculate the received sign#l levels, fade margins and
resulting annual outage probabilities in the transmission calculations of
Table 2.0. 1In both the 4 and 7 GHz cases the measured and calculated received
signal levels aéree to within 1 dB. The resulting outage probability due to
propagation events is estimated to be 4.4 minutes/year for the 4‘GHz system
and 31.6 minutes/year for the 7 GHz system.

The received signal level is monitored from the Automatic Gain Control
(AGC) feedback voltage which is proportional to the magnitude of the incoming
signal. The variation of the AGC voltage versus receiver input signal level

is given in Appendix A for the five microwave receivers monitored.
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Figure 2.3 Frequency Selection Plan and Receiver
Equipment used at Receiver Site.
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Table 2.0 Microwave Transmission Calculations

1) Locations Dog Ryder Dog Ryder
Mtn. Lake Mtn. Lake

2) Latitude °N 49°24'35" 49°06'52"  49°24'35” 49°06'52"

3) Longitude °W 121°33'28" 121°54'07" 121°33'28™ 121°54'07"

4) Elevation (meters) 1463m 235m 1463m 236m

5) Antenna Height (meters) 20m 20m 9m 8m

6) Azimuth (°T) 217.5 217.5

8) Frequency (MHz) 4010 7496.5

9) Path Length (km) 41.3 41.3

10) Path Attenuation (dB) 136.8 _ 142.3

11) Misc. Losses (dB) 1.0 1.0

12) Transmission Line Type WR229 WR229 WR137 WR137

13) Transmission Line Loss 0.8 0.8 1.8 3.8

14) Circulator Loss 0.6 0.6 0.8 0.8

15) Filter Loss - - - -

16) Connector Loss 0.4 0.4 0.6 0.6

17) Radome Loss 1.0 1.0 1.0 1.0

18) Total Loss (dB) =-143.4 -153.7

19) Antenna Type Horn Horn :
Reflector Reflector Parabolic Parabolic

20) Antenna Gain (dBi) +39.5 +39.5 +42.9 +42.9

21) Transmitter Power (dBm) +33.0 +30.0

22) Received Signal Level
(18+20+21)

23) Receiver Threshold (dBm)

24) Fade Margin (22-23)

25) Propagation Availability
% (Annual)*

-31.4 (-31.0 Measured) =-37.9 (-38.5 Measured)

-68.5
-37.1 (-37.5 Measured)

—6905
31.6 (=31.0 Measured)
99.9992 99.994

26) Annual Outage Estimate 4,4 Min/Year 31.6 Min/Year

*The propagation availability on liné 25 has been calculated using the
following formula [2,36,58]:

Propagation Availability % = 100[1-ab(6.0x10-7xfxD3x10(-F/10))]

where a = Terrian roughness factor (1 = average)
b = Climate Factor (1/4 = normal temperate)
f = frequency in Gigahertz
D = distance in kilometers
F = fade margin in dB
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CHAPTER IIIX

METEOROLOGICAL INSTRUMENTATION

3.1 System Design

3.1.1 Measurement Criteria

In order to measure the effects of copolar propagation through the bright
band it is important to be able to monitor the presence of the 0°C isotherm
along the path, to determine the thickness of the bright-band region and to
measure the precipitation rates through the band. The presence of the bright
band can be detected by establishing the temperature differential between the
transmitter and receiver sites to see if the 0°C isotherm is included. The
thickness of the bright-band région, once detected, is then determined
indirectly by establishing the temperature gradient through the 0°C isotherm.
The precipitation rates can be monitored diredtly through a network of rain
gauges or indirectly using synthetic storm techniques [59-62]. The latter
requires the measurement of windspeed and wind direction, preferably at
several points along the path to determine precipitation cell locations as a

function of time.

3.1.2 Site Selection

In order to meet the measurement criteria of obtaining detailed temper-
ature gradient, point rainfall rate information and wind information, five
weather stations have been selected between transmitter and receiver sites.

These sites are shown in Fig. 3.0 with their geographical and functional site
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Figure 3.0 Measurement System Layout.

information provided in Table 3.0. Detailed site plans, equipment configura-
tions and site photographs are availabie for each site‘in Appendix C.

The temperature gradient can be determined from the three sites located
at beam elevation, with one at the transmitter site (V), one at mid-path (III)
(at suitable elevation) and one at the receiver site (I). The point rainfall
rate information is obtained from these as well as from the two remaining
weather stations (II and IV) situated at intermediate sites along the valley
floor beneath the path. These intermediate sites are valuable since fhey

allow the measurement of the melted precipitation rates directly under the



II.

III.

Iv.

V.

SITE

Ryder
Lake

Agassiz
Experi-
mental

Bear Mtn.

Ruby
Creek

Dog. Mtn.

Coordinates & Elevation

49 06' 527
121 54' 07~
Elevation:

49 14' 407
121 47' 18"

- Elevation:

49 18' 25"
121 41°' 30"
Elevation:

49 21°' 15"
121 36" 45"
Elevation:

49 24' 35"
121 33' 28"
Elevation:

N. Lat.
W. Long.
236 m

N. Lat.
W. Long.
15 m

N. Lat.
W. Long.
945 m

N. Lat.
W. Long.
31 m

N. Lat.
W. Long.
1463 m

Table 3.0 Geographical and Functional Site Details
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2-4 GHz. Hor. Pol.
1-4 GHz. Ver. Pol.
2-7 GHz. Hor. Pol.
Meteorological

Meteorological

. Meteorological

Meteorological

Meteorological

Primary Importance

Multiplex's Field data

Receiver Site
Receiver Signals
Rain Rate
Temperature

Rain Rate
Intermediate Site
on Valley Floor

Temperature
Intermediate Site
at Path Elevation

Rain Rate
Intermediatg Site
on Valley Floor

Temperature
Transmitter Site
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path during bright band activity. This is possible due to their much lower
and hence warmer site elevations. Fig. 3.1 provides a cross-section view of

the path showing the relative locations of the weather station sites selected.

DOG
MOUNTAIN (V)

BEAR
MOUNTAIN(IID)

|
~
o
o
HEIGHT IN METRES

RYDER
LAKE(])

AGASSIZ
EXPERIMENTAL RUBY } 100
FARM(I1) CREEK(1V)

L) ¥ T L4 Ls T 0

0 S 10 15 20 - 25 30 35 1.'01.1.5
DISTANCE IN KILOMETRES

Figure 3.1 Path Cross-section Showing Relative Locations
of the Weather Station Sites.
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3.2 Meteorological Measurements

3.2.1 Rain

The rain gauges used in this thesis are of the tipping-bucket variety
capable of measuring point rain rates of up to 400mm/hour. Accurate measure-
ment above thié rate is not important because of the low probability of such
events in the path area [63,64].

The rain bucket tips after each 0.318mm of rain which generates a pulse
by momentarily closing a glass encapsulated reed switch relay. The pulse thus
generated is latched using a signal conditioning circuit for sampling by the
microprocessor after which time the latch is cleared to await the next bucket
tip. For a detailed description of the signal conditioning circuit with
respect to circuit schematics, physical specifications and photograph refer to
Appendix E.

With the path being 1located approximately 100 kilometers east of
Vancouver, it was essential that the tipping buckets require low maintenance.
For this reason a molded plastic unit which is inherently corrosion resistant
was acquired. Appendix D-3 provides a detailed description and photograph of
this unit.

Five rain gauges were installed along the path at each of the weather
station sites. Figure 3.2 and Table 3.1 show the inter-site spaciﬁgs and the

spacings as a function of total path length.
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Figure 3.2 Weather Station Inter-Site Distances.

Table 3.1 Inter-Site Distances as a Function of Path Length

Ryder Agassiz Bear Ruby Dog
Lake Exp.Farm Mtn. Creek Mtn.,
Ryder Lake - .43 .59 .82 1.0
Agassiz Exp. Farm - .15 .39 .57
Bear Mountain - .23 W41
Ruby Creek .18

Dog Mountain

The total rain rate for the path is determined using a distance weighted
average from the rain rates at each of the sites. The rain rate between any

two interval bucket tips at a working gauge is first determined by equation

3—'10
- Ltip size _
RRsite 1 AT . | (3-1)
tip
where

Tip Size = 0.318mm

ATtip. = time interval between two tips.
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Then "path averaged rain rate"” (RR path) calculated using equation (3-2).

RR _ (RRsite 1 + RRsite 2) x (% Path)site 1l - site 2
path 2
+ (RRsite 2 + RRsite 3) x (% Path)site 1 - site 2
2
+ o e ¢ 0

(RR ) x (% Path)

site N-1 T RRgyre N site N-1 - Site N

It is important to calculate this rain rate with only those gauges which
are operational and not affected by accumulations of snow.

An attempt has been made to minimize errors due to these factors by

rejecting rain information from gauges where no activity is observed during

the passage of a precipitation event.

3.2.2 Temperature Transducer

Temperature transducefs were placed at all the sites to measure the out-
side ambient temperature. As a system, these transducers determine the pres-
ence of the 0°C isotherm and hence the bright band along the path asAwell as
indirectly determining the thickness of the bright band region by establishing
the temperature gradient between transmitter and receiver site elevations.
| Their design is based on the linear temperature coefficient of a semi-
conductor junction when forward biased with a coﬁstant current source, The
transducer is conditioned to provide a switch selectable output of 0.0l volts
per degree centigrade or per degree fahrenheit allowing for single point cali-
bration. Further details are given in Appendix D describing the unit as well

as providing the calibration procedure.
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3.2,3 Wind Velocity and Wind Direction Transducer

All the sites, except Ruby Creek and Bear Mountain, are equipped with a
propeller type anemometer with the purpose of monitoring both wind velocity
and wind direction. The velocity is derived from the output of the unit's
propeller-driven dc generator which exhibits a linear windspeed-voltage char-
acteristic. The azimuth, on the other hand, is provided by the linear output
voltage which is proportional to the angle relative to true north based on the
output of a gear-driven potentiometer.

The wind velocity and wind speed information obtained from these trans-
ducers is required to be able to apply synthetic storm techniqueé [59-62] in
the processing of the propagation data for research purposes. More detailed

information on the anemometer unit is given in Appendix D.

3.3 Meteorological-Data Sampling

The basic ac powered weather sites of the Agassiz Experimental Farm, Ruby
Creek and Dog Mountain are each equipped with one U.B.C. Weatherlog Micropro-
éessor and one Meteorological Signal Conditioning Unit. A photograph of these
units is presented in Figure 3.3. Details on these units is given in Appendix
I for the weatherlog processor and in Appendix E for the signal conditioning

unit.
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Figure 3.3 Photograph of the U.B.C. Weatherlog Microprocessor
and Meteorological Signal Conditioning Unit.

The weatherlog has been programmed so that it samples the meteorological
variables of wind direction, wind velocity, temperature and rainfall on a one-
second software-determined interval. The output of the unit is a voice fre-
quency FSK modulated signal. The sampling of the meteorological variables at
the Ryder Lake and Bear Mountain sites follow the same "weatherlog"” system
design, but use other microprocessor configurations at these sites due to
differing monitoring requirements and power availability constraints.

In choosing the optimum sampling rate, a trade-off is made between losing
information of fast varying variables, transmitting data within the maximum
link capacity and minimizing the design complexity of the signal conditioning
unit. The compromise reached was to use a 1 Hz sampling rate, to transmit the

data at 110 bps and design the conditioning unit to latch bucket tips until
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sampled. This 'is a reasonable compromise since the information for all the
variables except the fastest changes in wind velocity and wind direction are
retained and little information is lost in the most important variables of
temperature or rainfall, This leaves a growth allowances of 120% for future

data requirements as additional transducers are needed.
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CHAPTER IV

DATA ACQUISITION SYSTEM

4,1 Design Criteria for a Real Time Data Acquisition System

The data acquisition system must be capable of acquiring in real time the
sampled meteorological and received signal level data and then be able to
store this data in a format compatible for processing on a general purpose
computer. To do this the data must be routed from the sites, shown in Figure
3.0, through a series of data links to arrive at the University of British
Columbia for real time correlation.

The design of the data acquisition system comprises three basic areas:

I) The on-site data acquisition °
1I) The data collection network
ITI) The real-time storage, formatting and coordination of the data.

Figure 4.0 shows the data acquisition system block diagram with each of the
three component areas identified. Component area I, the on-site data acquisi-
tion, deals with the type of data, the analog to digital (A/D) sampling rates
and the interface to the outgoing data link. Component area II, the data-
collection network, is concerned with minimizing system cost and delay time
under certain link-capacity, link-flow and routing contraints. Combonent area
III, the real-time storage, formatting and coordination of the data, is con-

cerned with the time correlation of the incoming data and the processing of

the data into suitable time series and distribution series storage formats.
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4.2 Site Selection

4.2.1 Received Signal Site

The Ryder Lake data acquisition equipment, which monitors the received
signal levels, must provide sufficient samples and quantization resolﬁtion to
accurately reconstruct the received signal levels from the outgoing data
stream. This applies particularly to fast fades which have previously been
observed at rates up to 50-60 dB per second on similar paths in the region
[57]. The received signal data transmitted must also allow easy formatting,
must be sent at a rate which is equal to or less than the outgoing link capa-
city and must maintain overall system timing. To meet these design objec-
tives, an accurately determined sampling rate of 10 Hz was chosen, the
received signal levels were conditioned to +0-5 volts matching the input range
of the A/D and the number of outputted quantization bits were limited to eight
bits to meet system data formats. The resulting data rate of 600 bits per
second from the five monitored received signal 1levels 1is calculated as
follows:

(One - 8 bit synch byte + five - 8 bit receiver
samples + 1 start bit/byte + 1 stop bit/byte)
all times 10 sampling cycles per second = 600 bps.

For more information concerning the receiver signal conditioning units

refer to Appendix E, and for a detailed description of the Ryder Lake received

signal level data acquisition microprocessor refer to Appendix I.
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4.2.2 Meteorological Sites

The purpose of the data acquisition equipment at the meteorological sites
is to sample the weather variables of wind direction, wind velocity, tempera-
ture and rainfall at one second intervals and send these back Qia the site's
outgoing communication channel into the data collection network. The data
acquisition equipment consists basically of a microprocessor which coordinates
the sampling (see Appendix I), a meteorological signal conditioning unit which
provides a full range, +0-5 volt, input to the A/D (see Appendix E) and a
modem which encodes the data as a frequency shift keyed (FSK) output to the
data channel (see Appendix H).

The outgoing data rate of 110 bps was chosen keeping future data growth
requirements in mind. At present, thé data sent for a one second sampling
cycle includes four - 8 bit bytes, one - 8 bit synchronization byte as well as
one start bit and one stop bit for each of these bytes to give a net data rate
of 50 bps. This leaves an excess capacity of 60 bps for future use.

‘The type of communications chanﬁels used from the meteorological sites
are shown in the system block diagram of Figure 4.0 and includes VHF radio
channels from the Bear Mountain (III) and Ruby Creek (IV) sites, a microwave
radio channel from Dog Mountain (V), a telephone circuit from the Agassiz
Experimental Farm (II) and a cable at Ryder Lake (I). The organization of
these communication channels into a data collection network is the subject of

the next section.
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4.3 Data Collection Network Design

4;3.1 Data Statistics

From section 4.2 it is evident that the data collection system must
handle the statistically-different receiver and meteorological data packets.
A packet of receiver signal level data is sent from site I every one-tenth of
a second, consisting of 5 samples (the 3550, 3790, 4010, 7142.0 and 7496.5 GHz
AGC voltages), followed by a synchroniéation byte. The net arrivalvrate for
this receiver amplitude data including the start and stop bits is 600 bps. A
data packet of meteorological data, on the other hand, is sent from each of
the five weather station sites, consisting of four samples (wind direction,
wind velocity, temperature and rainfall), followed by synchronization byte.
The net data rate for the meteorological data on a per site basis including

start and stop bits 1s 50 bps.

4.,3.2 Link Capacities

In order to define a network topology, the link capacities and cost for
each of the outgoing communication channels were considered. Several alterna-
tives exist for eacﬁ‘site but the link.and associated communications channel
providing for the best cost-capacity trade-off are as follows:

i) Ryder Lake to UBC (telephone circuit)

This link was restricted to an order—wire type telephone circuit chan-
nel available from the telephone company's existing network. This link
corresponds to a conditioned telephone circuit with a data capacity of

2400 bps.
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ii) Other Telephone Circuits

Other telephone circuit channels were easily obtained from the Agassiz
Experimental Farm and from the Dog Mountain site (via microwave) to the
Ryder Lake site. The circuit from Agassiz is a dedicated unconditioned
telephone circuit through the regions switched network with a capacity
of 1200 bps (see Figure B-5). The Dog Mountain circuit uses the lower
frequency portion of a network alarm channel and has maximum capacity
of 300 bps (see Figure B-4).

iii) Radio Channels

Two VHF radio licenses were obtained to provide the remaining two com-—
munication channels from Ruby Creek and Bear Mountain to Ryder Laké;
These utilize the voice frequency pass band of the VHF radios providing
a maximum link capacity of-600 bps.
For detailed information on all these data links please refer to Appendix
B where their circuit schematics, path profiles and transmission calculations

are given.

4,3.3 Node Considerations

Individual node design must be consistent with the overall d;ta acqui-
sition objective to coordinate and time correlate all qollected data. This
implies that no data storage or buffers at any of the collector or acquisition
nodes can delay the arrival of data at the storage node (UBC) and that the

sampled data should be sent immediately (as it is monitored).
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4.3.4 Implementation of the Network Topology

The final data acquisition topology was largely determined by the con-
straints of cost, capacity and availability of the communication channels be-

tween nodes. The resulting topology is presented in Figure 4.1l.
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Figure 4.1 Data Collection Network Topology
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4.4 Real Time Data Storage

4.4,1 Microprocessor Considerations

The acquisition system data storage microprocessor is located at UBC and
handles the administrative tasks of tagging the data with real time as it
arrives, of organizing the data into useful data storage formats and of out-
putting the processed data onto a magnetic tape and onto a video monitor.
This processor's main objective is to reduce the volume of data to manageable
levels by selecting only desirable time series intervals as well as compress-—
ing the data using hourly distributions. This technique reduces the stored
data volume to approximately 10% of the total incoming data so that under
normal operating conditions a 4.5 megabyte data cassette will record approxi-
mately 10 days of system output.

To make it effective, the UBC computer is interfaced using RS 232 ports
and uses two CPU's to distribute the tasks of processing, formatting and data
selection. A video monitor has been added to allow the real time display of
incoming data as shown in Figure 4.2, Refer to Appendix I for a complete
description of the UBC microprocessor hardware and to Appendix J for a dis-

cussion of the UBC processor programs.

4,4,2 Data Storage Formats

The data which arrives at UBC is stored in two basic formats; one for
time series data and another for distribution data. The time series data
includes all the arriving data whereas the distribution data format provides a
cumulative hourly total of each variable for the number of samples taken at a

given value. The time series data is only stored when an event occurs and
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Figure 4.2 Photograph of Video Terminal Displaying Incoming Data

therefore time series dumps are random in nature and vary in length whereas
the distribution buffer is dumped hourly and has a fixed length of 3890 bytes.
The time series data is organized into a queue comprised of 12 complete one
second blocks where each one second block is composed of 80 bytes. The dis-
tribution data is comprised of 5 types of data (wind direction, wind velocity,
temperature, rainfall and receiver amplitude) with 5 double byte distributions
for each meteorological data type and 5 double byte distributions for each
receiver amplitude. Of these, each meteorological distribution has 64 double
byte "bins"™ and each receiver signal amplitude distribution has 128 double
byte "bins". Each bin represents a certain sampled value. The format used
for the time series queue is given in Table J-2 and the format for the dis-

tribution series queue is provided in Table J-3 of Appendix J.
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4.5 Allowance for Future Data Requirements

The present data acquisition system design has left a substantial amount
of data capacity unused as shown in Table 4.6. This was intended to provide
the capability of adding additional propagation experiments to the network as
the program progresses. 1f the assumption is made that the network capacity
is largely determined by the Ryder Lake to UBC link then there is 65% or 1550
bps of unused data handling capacity. This is calculated based on using
effective total data rates since a statistical data multiplex is used on the

Ryder Lake to UBC link.

Table 4.0 Data Acquisition System Link Capacities

CAPACITY CAPACITY

TOTAL " USED UNUSED

LINK CAPACITY bps 7% bps A

1) Ryder to UBC 2400 850 35 1550 65
2) Dog to Ryder 300 50 17 250 83
3) Ruby to Ryder 600 50 8 550 92
4) Bear to Ryder 600 50 8 550 92
5) Agassiz to Ryder 900 50 6 850 94

4,6 An Alternate Data Acquisition System Using Chart Recorders

Prior to the implementation of the automated data acquisition system a
system of chart recorders were used to monitor two 7 GHz microwave channels at
the receive site and meteorological variables from four stations located along
the path. This system produced the first preliminary results which were pre-

sented in two papers [65,66] and are given in this thesis in section 6.1.
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CHAPTER V

DATA BASE MANAGEMENT SYSTEM

5.1 Specifications

The data base management'system (DBMS) has been developed as part of thié
research to provide an efficient means, throggh the use of a general purpose
computer, to handle the analysis and storage of large volumes of meteoro-—
logical and propagation data. Within the overall data handling problem, as
far as the bright-band research is concerned, DBMS takes over data handling at
the point where the 800 bpi, 9-track raw data tape is transfered from the NOVA
840 to the UBC computing center. This interface is illustrated in the data
system flow chart of Figure 5.0.

In developing the specifications for DBMS, several general issues were
considered. First, DBMS must be easy to use so that a researcher with minimal
familiarity to MTS can utilize it. Second, DBMS must be flexibile to. allow
different propagation data series formats to be handled and yet require a
minimum amount of software revision to incorporate the necessary changes.
Third, DBMS must make maximum use of existing software packages developed for
the 74 GHz experiment [66,70] and the library routines' resident on the MTS
system. Finally, DBMS must use "time"” as the universal field of access to
system data records since it 1is inherently a common variable for all
propagation data. '

In addition to these general specifications DBMS must satisfy four func-
tional requirements: |

1. It must enter new data onto the system (ENTER),
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2. It must be capable of limited perusal and data selection from
summarized results (SCAN),
3. It must be able to extract specified data records from the data
base for independent analysis (EXTRACT),
4., It must allow easy application of graphical and statistical analy-
sis routines (PLOT).
For a detailed description of the ENTER, the SCAN, the EXTRACT and the

(PLOT) routines, refer to Appendix K. -

5.2 Design Considerations for DBMS Relative to Existing and Future Systems

In the design of DBMS, several other experiments and data base storage
systems (in progress or proposed) were considered in relation to each other as
shown in Figure 5.1. At the present time the 74 GHz and the bright band
experiments contribute data to the UBC data base while the B.C. Telephone
Company monitoring system develops its own data base. In the future, the
proposed digital radio propagation experiment will contribute data to both
these data bases as well as to the one at the Communications Research Centre,
Ottawa, Ontario. Therefore, it would be desirable to transfer data between
the systems in order to allow researchers at one location to have access to
data from the other.

There are several methods which can be used to transfer these data
between systems, as illustrated in Figure 5.1l. The most reliable method,
which 1s also the most universal, is to transfer the raw data cassettes
between systems. This method is desirable since the data processing would be

under the control of the researcher who wants the results. Another reason,

adding to this method's universality is that the cassette recording formats
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are the same as other Canadian propagation experiments.

The most efficient method.to interface the two data bases would be to
transfer the data on magnetic tapes between computing centers and use a bridg-
ing routine to reformat the data. This method is workable provided a large
number of bridging routines are not required and the number of tapes to be

transferred is not excessive.

5.3 A System Description of DBMS

5.3.1 Data Transfer and Handling

DBMS starts inputting data by evoking the "ENTER" mode. This inputs raw
data of either time series or distribution series formats for processing from
an unlabelled magnetic tape, previously transferred on the NOVA system at a
density of 800 bpi in half word hexidecimal format from the cassettes. Once
inputted the data is entered on a disc file. For the distribution series data
one preprocessing scan is made_and for the time series data two preprocessing
scans are made. In-the latter case the first scan processes the bucket-tip
information to determine rain rates and the second scan converts the data
using scaling factors and look-up tables to provide‘the engineering units.
The converted disc files can then be outputted to a labelled 6450 bpi data
tape using the MIS "FILESAVE"” system or further processed by evoking the
"PLOT" mode to display the data in one of several options. These include time
series plots of windsbeed, temperature, temperature gradient, differential
temperature and receiver signal strength.

Figure 5.2 gives a block diagram of the DBMS software system to process
the time series data. At the present time the routines to process the dis-

tribution series data have yet to be implemented.



R _DBMS
OPTIONS 3.4
, 1, ENTER
2 2, PLOT 1
3, SCAN ENTER OPTIONS
4, EXTRACT
1, TAPE
2, PERM FILE
3, PERM FILE
4, TEMP FILE
S, TEMP FILE
\
L
PLOT OPTIONS  [=4=—=
1, 1Rx, RAIN
2, 1 TEMP, 1Rx . -
3, 1Rx, 1 WIND |2 ———————e={ TEMP OPTIONS
4, 2Rx - 1,1 TEMP, 1Rx
2,dr/dt, 1Rx
, 3, T:SITE, 1Rx READ DATA
4,dT/dH, 1Rx
1,3 %
J
Icmwmrl
SCALE FACTORS
SELECT
VA“IASLS DATA OUTPULT
TO-DAT/.
: " _Rx OPTIONS
PLOTSEE
1, N. RES. 1 SEC. AVE.
2, HIGH RES. 1110 SEC.
OUTPUT

Figure 5.2 User Flowchart to Process time series data
on the DBMS software system.



61

5.3.2 Estimate of DBMS Data Volumes

Size estimates for the bright-band data base are of interest. The amount
of data acquired is determined mainly by the event criteria set to record time
series data. Assuming that the event criteria is set so that on an average,
5% of the time series data is recorded the corresponding yearly data volume
estimates are presented in Table 5.0. It is estimated that two 6250 bpi 2400
foot magnetic tapes per year is necessary to store the distribution data and
six 6250 bpi 2400 foot magnetic tapes per year are reduired to store the time

series data.

Table 5.0 DBMS Data Volume Estimates

Distribution Volumes Time Series Volumes
(in bytes) (@ 5% in bytes
3,890/hr. 14,580/hr.
93,360/day 349,920/day
653,520/wk. 2,449,440/wk.
2,800,800/mo. 10,497 .600/mo.

33,609,600/yr. 125,971,200/ yr.
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CHAPTER VI'

RESULTS

6.0 Introduction

Results are presented from two series of measurements. The first series
were taken in early 1980 using chart recorders from which two events are
analyzed exhibiting opposite dynamics in the movement of the 0°C isotherm.
These results are presented in section 6.1. The second series of measurements
were taken in early 1980 and uses the remote telemetry system as described in
Chapters II, IV and V. Results from three events are analysed in section 6.3

showing various aspects of bright band propagation phenomenon.

6.1 Some Initial Results Obtained Using Chart Recordings

Prior to completion of the telemetry based system data was collected from
January 3, 1980 to March 30, 1980, using chart recorders. During this time a
number of events were recorded showing the presence of bright-band effects.
Table 6.0 shows two sets of data taken during separate bright-band events.

The two events selected show opposite dynamics associated with the verti-
cal movement of the 0°C isotherm. Charts of the received signal data are
shown in Figure 6.1 along with the corresponding sampling intervals that were
used in Table 6.0 and 6.1. Event "A", recorded on January 11-12, 1980, shows
the 0°C isotherm rising in elevation from below the path while event "B",
recorded on February 2, 1980, shows the 0°C isotherm descending in elevation
from above the path. The presence of the bright band is verified by tempera-

ture recordings and rain gauge activity at the transmitter and receiver sites.
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Table 6.0 Preliminary Results

- Average Average Attenuation in dB
Event & Rain Rate Excess
Sample No., (mm/hr) Meas. Rain* Atten.

"AT 1 13.4 16.6 4,3 12.3

2 9.5 13.5 2.3 11.2

3 13.4 20.0 4.3 15.7

4 3.8 9.0 1.0 8.0

5 13.3 15.5 4.3 11.2

“B" 1 8.1 2.9 2.4 0.5

2 8.0 3.8 2.4 1.4

3 17.7 6.9 6.2 0.7

4 19.1 10.9 6.8 4.1

5 9.3 15.0 2.5 12,5

6 7.2 16.6 2.1 14.5

7 5.5 17.4 1.6 15.8

8 4.3 10.4 1.1 9.3

*Derived using the Laws and Parson Distribution for 0°C

Table 6.1 Bright-Band Excess Attenuation Ratio (EAR) Results

Average Rain Bright-band Excess Attenuation

Event No. Attenuation Attenuation Ratio
dB/km dB/km (EAR)

"A" 1 0.104 0.851 8.2
2 0.056 0.775 13.9

3 0.104 1.086 10.5

4 0.024 0.553 23,1

5 0.104 0.775 7.5
"B 1 0.058 0.036 0.6%
2 0.058 0.097 1.8%*

3 0.150 0.048 0.3*%
4 0.164 0.291 ‘ 1.7*

5 0.060 0.865 13.1

6 0.051 1.003 19.7

7 0.039 1.093 28.0

8 0.027 ' 0.643 23.8

*The 0°C isotherm is above the transmitter site for these data points.



65

These results show that the measured attenuation is considerably above
that prédicted by a rain model and, at this frequency, could only be
attributed to excess bright-band éttenuation. The radar reflectivity profiles
presented by Dissanayake and McEwan [44) show that the bright band can be ex-
pected to occur for approximately 35% of the total path length.

In this thesis, the excess attenuation has been defined in terms of a
ratio of the excess attenuation in dB/km attributable to bright band divided
by the rain attenuation in dB/km using the Laws and Parson distribution at 0°C
[23]. The ratio thus defined will be referred to as the Excess Attenuation
Ratio (EAR). The EAR's for the corresponding sampling intervals used in Table
6.0 have been calculated and are presented in Table 6.1.

The excess attenuation ratios for event "A" are generally lower than for
event "B", both being determined assuming rain along the whole path. This may
be explained as follows. In event "B"” the 0°C isotherm started from above the
transmitter site with rain attenuation occurring along the whole path. Since
wet snow or sleet would have been falling at the transmitter site during event
"B", a contribution to the excess attenuation may also have come from accumu-
lations on the radome. Taking these factors into account, the EAR's for event
"A" would be lower and more in line with the EAR's found in event “A". Radome
accumulations for event "A" would have been minimal since “dry"” snow was
present at the transmitter site and rain was falling at the receiver site for
the sampling intervals selected.

In. both events, rapid scintillation type fluctuations of 5 to 10 Hz
appeared on the received signal recordings. These fluctuations coincided with

the occurrence of heavy bright-band fading and were estimated to be up to 15
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dB in depth. It has been suggested that these fast fades are due to refrac-
tive multipath as a result of propagation through the bright band region.*
Although these spikes were present in the recordings, the measured attenuation
in Table 6.0 was averaged along a baseline assﬁming that the spikes were not
present. In order to study the cause of these scintillations in more detail,
to determine the bright-band EAR's with greater resolution and to minimize
errors due to radome snow accumulation, an improved experimental design based
on remote telemetry was implemented. A description of this improved measure-
ment system has been presented in Chapters II, IV and V and some preliminary

results from this system are given in Section 6.2.

6.2 Remote Telemetry Results Showing Bright Band Propagation

6.2.1 January 23, 1982, 7:30-11:30 p.m.

These results were taken after a major storm front moved easterly through
the path during a period of evenly distributed wide spread precipitation. An
increase in attenuation is evident as the 0°C isotherm moves into the path as
shown in Figure 6.1. The precipitation rates were measured for the decaying
portion of the event as shown by the rain rate and attenuation plots in Figure
6.3. Excess Attenuation Ratios (EAR's) were calculated for the sampling
points shown in Figure 6.2 and the results are presented in Tables 6.2 and
6.3. These range from 10.4 to 19.8 and agree favourably to the EAR of 15
predicted by theory [50]. The presence of the bright band was verified by
temperature recordings at the transmitter and receiver sites.

* Private discussions with R.K. Crane at the URSI, Commission F, Symposium
held at Lennoxville, Quebec, May 1980.
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Table 6.2  January 23, 1982 Results (7 GHz)

Average Average Attenuation in dB
Event & Rain Rate Excess
Sample No. (mm/hr) Meas. Rain* Atten.
1 4.4 8.8 1.5 7.3
2 4.4 7.8 1.5 6.3
3 3.5 7.1 1.1 6.0,
4 4.4 6.9 1.5 5.4
5 1.3 3.0 0.4 0.2

*Derived using the Laws and Parson Distribution for 0°C

Table 6.3 Bright-Band Excess Attenuation Ratio (EAR) Results

Average Rain

Bright-band

Excess Attenuation

Event & Attenuation Attenuation Ratio

Sample No. dB/km dB/km (EAR)
1 0.036 0.51 14,0
2 0.036 0.44 12.1
3 0.027 0.42 15.4
4 0.036 37 10.4
5 0.009 0.18 19.8

*The 0°C isotherm is above the transmitter site for these data points.

These results show that the measured attenuation is considerably above

that predicted by a rain model and again as in the chart recordings could only

be attributed at this frequency to excess bright-band attenuation.

Although rain information was taken at only one site the uniform and

widespread nature of this event's precipitation gives consistent results with

theory.
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In this event which 1s similar to the later part of event B in Figure
6.0, no rapid scintillation type fluctuations were observed. This corre-
sponded to gradual changes in temperature over this period.

6.2.2 January 23, 1982, 2:00-4:30 p.m.

The system front for the event on January 23, 1982, passed through the
microwave link between 2:00 and 4:30 p.m. producing fades of up to 30 dB on
the 7 GHz receivers and up to 19 dB on the 4 GHz receivers, as shown in Figure
6.3. The bright band was present along the path as indicated by the tempera-
ture recordings for the Dog Mountain transmitter site and the Ryder Lake
receiver site in Figures 6.4 and 6.5 respectively.

As shown on Figure 6.5, there appears to be a correspondence between the
passage of the temperéture through 0°C at Ryder Lake site with the discon-
tinuities in received signal level recordings at 7 GHz. Figure 6.6 shows an
expanded view of Figure 6.5 around 80 minutes into the event showing details
of this correspondence.

Expanded views of the differential temperature around the discontinuities
shows a corresponding increase in the rate of change of temperature at these
points. Figure 6.7 shows the increase in differential temperature for the
fade discontinuity 80 minutes into the event and Figure 6.8 shows discontinui-
ties earlier in the event around 30 minutes.

A similar correspondence is seen in the Ryder temperature and the rapid
changes in the 3.550 GHz signal as shown in Figure 6.9. These changes show
that as the O0°C isotherm moves into and out of the path there are

corresponding rapid changes in received signal attenuation.



35503, JHE RECEIVED SIGHAL STRENGTH (OQH)

B.0
i

-50.0
n

-“U.D -d40.0

0.0
1

74?% QHZ RECEIVED SIGNAL STRENGTH (D
A

71

PRELIMINARY BRIGHT-BAND RESULTS
BASED ON JANURRY 23. 1982 TELENETRY DATA

3.550 GHz

7.496 HGz

$_
5.
?-
FIE.o.o 15.0 0.0 &.4 ab x Q.0 105.4 1.0 135.0
' ' ' Fone witutes) ¥ ' ' ’
Figure 6.3 The 3.550 GHz and 7.496 GHz Signal

Levels Versus Time



-Tmn

i

TH (G

]
-8

[
2.0

S

STREM

a, L

» TEHAL

bl

-0

1

N

e

i

TEMFERATURE (DE

0

1

2495 MHE RECEIVED

© | PRELIMINARY BRIGHT-BAND RESULTS

BRIED BN JRNUARY 23. 1932 TELENETRT DATH

| Tplﬁv\u\l‘ v 7.496 GHz

L0

|

n.o
1

LB p________~__ulﬁﬂﬂﬂTITTﬂlﬂﬂ

c DOG MOUNTAIN

e

-3.0

T T T T T
[N 15.0 b 1)1 .10 80.9 %0 0
TIRE (MINUTES!

Figure 6.4 The Dog Mountain Transmitter Site
Temperature and The 7.496 GHz Receiver
Level Versus Time

T T T T
3.0 105.0 1.0 135.0



-F o

RENGTH (DBM)
-‘ﬂ.l

-40.0
i

~6.0
L

7466 MHZ RECEIVED SIGNAL ST
-1.0 500

ERATURE (DEG,

-

)
-2 "o 2.9

~d.0
1

TE|
-8.0 =
1 A

-10.9
1

-12.0
i

< RYDER LAKE
TEMPERATURE

PRELIMINARY BRIGHT-BAND RESULTS

BRSED ON JANUA

23.

7.496

Cliz

73

~14.9

T T T
5.0 2.0 a4 o. .0 €.0
?[HE U‘ﬁ NUTES)

i20.0 ths.0

Figure 6.5 The Ryder Lake Receiver Site Temperature
and The 7.496 GHz Signal Reciever Level

Versus Time



-2.0
J

-23.0
h

)
0

GNAL STRENGTH (DBM
-:SB.U -}‘5

-&.0
1

0.0
1

RECEIVED S1

7488 HHZ
_lm'o

-80
N

74

U -~
©
2] PRELIMINHRY_BRIGHT—BHND RESULTS
BASED ON JANUARY 23. 1962 TELENETRT DARTA
$-
2
L -
a2
o RYDER LAKE
g TEMPERATURE
R
m—‘
=
g
&= |
| Sl
3
<
e
‘Y-
- 7.496-GHz
é—%MW\J ‘
$ . . J,APPROX. 80 MINUTES INTO EVENT
0.0 LD 2.0 3.0 40 , ] . . y
TIME (ﬁ'x"NUTESJ 8.0 b ot 30

Figure 6.6

An Expanded View At Approximately 80
Minutes Into The Event Showing The
7.496 GHz Receiver Signal Level Versus

Time



0BM)
-%.0

RENGTH (
-40.9

GNARL 3T
..;6'0

7496 MHZ RECEIVED S1
-%.0 0.0

-80.0
h

-P 9

-m0.0
[

LS 2,0

4

HPEﬁFg’URE (B.EDG' C/S%

rEERENTI_F?Lu TE

20 U

-2.5

-9.0

-

1

Fl

]

1

75

PRELIMINRRY BRIGHT-BAND RESULTS
BASED ON JANUARY 23. 1982 TELENETRT DRTA

RYDER..LAKE
DIFFERENTIAL TEMPERATURE

APPRCY, en

TIWUTES

{ INTO EVENT
U U i i | ¥ 1 ] A |
0.0 3.0 8.0 5.0 12,9 15.0 0 2L. . . .
TIME (MINUTES) o e ae b
Figure 6.7 Ryder Lake Differential Temperature and

7.496 GHz Receiver Signal Level Versus
Time Showing The Discontinuity 80 Minutes
Into The Event



-10.0 -IO-U

=130

-0
1

YED SIGNAL STBZ%TH (DBM)
2.

76

a
-
“_ PRELIMINRRY BRIGHT-BAND RESULTS
BASED ON JANUARY 23. 1882 TELEMETRY DATA
8
RYDER LAXEZ
DIFFERENTIAL TEMPERATURE
ond
mﬂ
[72]
S l
]
8-
" 1l
&
=
g
el
—
-4
wi
B
a']
9 7.4S5 Ghz
f;‘-
]
l:‘...
o APPROX. 1/2 HR. INTO EVENT
! 0.0 3'.0 81.0 91.0 ﬁ!. 0 2’4.0 n.a

IIQ-II 115.0 llB a
TIME (MINUTES!

Figure 6.8 The Ryder Lake Differential Temperature
and 7.496 GHz Receiver Signal Level Versus
Time Showing Discontinuities 30 Minutes
Into The Event.



-Z2.0
1

-73.0
1

ECEIYED S1gNAL STRENGTH (ogH)

RECEIVED 51

3550 mHZ
.0

q
‘—

o PRELIMINARY BRIGHT-BRAND RESULTS

BRSED ON JANURRY 23. 1982 TELEMETRY DATA

-

-1
E;“ RYDER LAKE
g WIND .SPEED
F

RYDER LAKE
TEMPERATURE

3.550 GHz

77

'0.0 lL.ﬂ

S0

Figure 6.9

&0

tl).ﬂ 7%.0 J .6 *S 0 t'm .0 lk.ﬂ
TIME (MINUTES)

Ryder Lake Windspeed, Temperature, and
The.3.550 GHz Reciever ‘Signal Level
Versus Time

.



-10.0 -'5-0 .0

-13.0

~20.0

1

=30.0
I

-n.0
I

3550 MHZ RECEIVED 5_Iz(;NORL STRENGTH (DBM)

16.0
|

1

YIND SPEEnDn (KM/HR)

-)G6.0
L

PRELIMINARY BRIGHT-BAND RESULTS
BASED ON JANURRY 23. 1982 TELEMETRY DATA

78

RYDER LAKF

WINDSPEED

3.550 GHz

3.0 6.0 9.0 2.0 5.0 t
‘ TINE (MINUTESI

Figure 6.10 An Expanded View Of The Ryder Lake
Windspeed and 3.550 GHz Receiver Signal
Level Versus Time Approximately 90 Minutes

Into The Event



79

Figure 6.10 shows an expanded view- of the Ryder windspeed and 3.550 GHz
signal versus time starting before the 90 minute discontinuity. The sudden
reduction in received siénal level was preceded by a sudden drop in the wind-
speed.

Rain information for this portion of the event was not available since
the rain buckets were obstructed by ice.

6.2.3 February 19, 1982, 7:30-9:00 a.m.

These results were taken during the easterly passage of a storm front
through the path on February 19, 1982. The presence of the 0°C isotherm dur-
ing this event is indicated by the tempe;ature recordings for the transmitter
and receiver site in Figure 6.11. Excess Attenuation Ratios were calculated
for both 4 and 7 GHz and are presented in Tables 6.4 and 6.5 according to the
sample points shown in the received signal level and rain rate plots in Figure
6.12.

These results generally show that the measured attenuation during the
presence of the bright band is significantly greater than that due to pure
rain. Although there is a great variability in the Excess Attenuation Ratios
for this event this could be attributed to rain rate for the path being taken
at only one site (Agassiz)land to the turbulent nature of the storm front as
it passed through. Evidence of the turbulent make-up of this event is
observed in the rapid fluctuations of the Ryder Lake temperature and windspeed
plots shown in Figure 6.11.

Scintillation like fading phenomenon which appeared first on the chart
recordings in section 6.1 also were observed in this event in the 7.496 re-

ceived signal levels. More observations and analysis needs to be undertaken
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Table 6.4 February 19, 1982 Results

Frequency Average Average Attenuation in dB
& Rain Rate Excess
Sample No. (mm/hr) Meas. Rain* Atten.
4,010
1 0.6 0.6 <04 0.56
2 4,0 1.6 .20 1.40
3 11.2 2,5 57 1.93
4 9.0 2.4 <45 1.95
5 4.0 1.0 .20 0.80
6 1.2 0.7 .06 0.64
7.495
1 0.6 1.5 0.17 1.33
2 4.0 6.0 1.36 4,64
3 11.2 8.5 4,50 4.00
4 9.0 6.5 3.50 3.00
5 4.0 3.0 1.36 1.64
6 1.2 3.7 0.36 3.31

*Derived using the Laws and Parson Distribution for 0°C

Table 6.5 February 19, 1982 Results

Frequency Average Rain Bright-band Excess Attenuation
& Attenuation Attenuation Ratio

Sample No. dB/km dB/km (EAR)

4,010

v 1 .00103 044 42.7
2 0048 .097 20.2
3 0137 134 9.8
4 .0110 .135 12.3
5 -0048 056 11.7
6 «00145 .044 30.3

7.496
1 0041 .092 22.4
2 0329 «321 9.8
3 1110 : 277 2.5
4 0860 «208 2.4
5 .0329 114 3.5
6 .0088 229 26.0
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before definite conclusions as to the cause of these scintillations can be
determined. This data does suggest, however, that these rapid fades corre-
spond to rapid changes in temperature and that these could fesult in changes
to the thickness of the bright band along the path. The spikes in the
temperature plot change at rates of up to 2°C per second at each side of the
fade transition as shown in Figure 6.13. The feasibility of differential
temperature physically changing at these rates is shown by Thompson et al. in
their paper on atmospheric turbulence measurements [71].

In this particular event the temperature fluctuations decrease to just
above 0°C which would suggest that the thickness of the bright band would
increase due to a reduction in temperature gradient for these periods.
Further research is being carried out to find the cause of this scintillation

phenomenon.
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CHAPTER VII

CONCLUSIONS AND DIRECTIONS FOR FUTURE WORK

7.1 Conclusions

Previous observations using chart recordings [64,65] showed that excess
attenuatibn at 7 GHz due to the briéht band 1is considerable with the
magnitudes being consistent with those predicted by Nishitsuji and Matsumoto
fof watery Snow. Based on these preliminary observations, the excess
attenuation ratios ranged from 7 to 28 times (in dB) while the model for
watery snow predicts an excess attenuation ratio of 15 at 7 GHz. The large
variance between the measured values from those predicted can be attributed to
several factors; first, the inaccuracies which can be attributed to a low
density rain bucket network for determining rain rates in turbulent events,
second, deviation of the thickness of the bright band from the assumed 400 m
and third; differences between the path averaged precipitation rate from that
of a precipitation rate averaged solely within the bright band.

The results, however, suggested that the Nishitsuji and the Matsumoto
model for watery snow was applicable and therefore variations between measure-
ment and that predicted by theory would most likely be attributable to the
expérimental methods used.

The remote—~telemetry-based measurement system provided accurafe
correlations between meteorological phenomenon and received signal Ilevels,
confirmed the scintillation phenomenon superimposed on the broad band fade
previously observed with the chart recorders and showed that bright band

propagation was affected by the turbulent meteorological phenomenon during the
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first phases of a storm system which became more stable as the storm decayed.
Excess Attenuation Ratios consistent with theory were obtainable during the
decaying phases of a.storm where widespread uniform precipitation rates were
occurring. Under these conditions (unfortunately only one was operating) a
single rain bucket near the center of the path generally provided sufficient
information. However, when the path was influenced by a storm front the rain
information from a single site was not enough to obtain consistent results.
The scintillation phenomenon during fading appeared'to correspond with
rapid fluctuations in temperature around O0°C but further measurements and
analysis are required to draw firm conclusions regarding the physical

mechanisms resulting in these observations.

7.2 Directions for Future Research

This thesis lays the groundwork to evaluate the proposed 8 GHz digital
radio with respect to its availability under various propagation conditions.
During this intial bright-band study it has become clearer that factors which
can be attributed to the bright band may also significantly impact the propa-
gation of the 8 GHz digital radio on certain slant paths. For example, the
rapid scintillations observed during deep bright band fading may affect the
bit error rate performance [5,6] of the rﬁdio. Another factor of considerable
concern 1is that the EAR is expected to be 15 at 8 GHz [51] and since rain
attenuation starts becoming a significant factor at this frequency it makes
bright band attenuation even more important. As shown by the recordings in
Figure 6.0 under heévy widespread rain conditions a bright band fade can last

for several hours making it an important design variable. Therefore
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to derive maximum benefit from the next phase in this research program, the

digital radio and the bright band experiment should be rum concurrently.

Figure 7.0 gives two alternate system block diagrams to accomplish this,

the first uses the data link to send the real time clock as data and the

second option uses a WWVB time recorder at each site.

In terms of improving the present system, the following suggestions can be

made:

(a)

(b)

(c)

(d)

(e)

(£)

(g)

The temperature measurements at Ryder Lake (I) should be made to

provide greater resolution around 0°C and be sampled at 10 Hz to retain

information on its variations.

A sturdier anemometer and radiant heater should be installed at the Dog

Mountain site.

A time-lapse camera should monitor the Dog Mountain transmit antenna
radomes for accumulations during precipitation events.

A heating system should be developed to eliminate accumulations of snow

in the rain buckets.

The code for the SCAN and EXTRACT features of DBMS needs to be
implemented.

A graphical routine could be developed to plot temperature contours on
a path cross section.

A statistical routine needs to be incorporated in DBMS to determine

fade probabilities from the distribution series data.

Long term objectives in the area of bright band propagation research

should include:



(a)

(b)

(e)
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A detailed evaluation of other slant paths such as earth-space links
with respect to bright band effects and their potential effect on sys-—
tem availability.

The Nishitsuji and Matsumoto models describing snow attenuation by snow
classification should be extended to the bright band. This extension
should determine attenuation for the bright band by first establishing
its characteristic snow profile in terms of moist, wet and watery snow
and then calculating the attenuation as a function of temperature
gradient (or bright band thickness) and precipitation rate.

A model needs to be developed to account for the scintillation type

which corresponded to rapid changes in temperature.
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APPENDIX A

AUTOMATIC GAIN CONTROL (AGC) CALIBRATIONS

To obtain accurate received signal level values the AGC feedback voitage
must be accurately calibrated. This is achieved by inserting a known signal
level of the correct frequency into the input of the microwave receiver and
monitoring the AGC voltage output. In this experiment the AGC voltages were
monitored at the output of the receiver signal conditioning circuit (see
Appendix\E) and plotted against the receiver input signal level to produce the
AGC curves shown in Figures A-1 to A-5. These curves then form the basis for
the look up tables and interpolation routines used as part of the entry
procedure software in the data base management system as described in Chapter
V and Appendix K. The receiver frequencies, polarizations and associated AGC

curves used in this experiment are given in Table A-1.

TABLE A-1 Receiver Frequencies Polarizations
and Associated AGC Curves

Receiver Polarization Associated

Frequency V = Vertical AGC Curve
(MHz) H = Horizontal by Figure #
3550 H A-1
3790 H A-2
4010 \ A-3
7142.0 H A-4
7496.5 H A-5
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APPENDIX B

DETAILS OF THE DATA ACQUISITION SYSTEM LAYOUT

Figure B-1 gives a 1:250,000 topographical map showing the system layout
for the UBC microwave propagation experiment including all the sites and
associated data links. These include the Dog Mountain to Ryder Lake microwave
path, the outgoing high speed data link to UBC and the end-links to the inter-
mediate sites of Ruby Creek, Bear Mountain and the Agassiz Experimental Farm.
A more detailed description for all these links is given in Figure B-2 to
Figure B-7. Figures B-2 and B-3 provide detailed path profiles on 4/3 earth
paper for the VHF radio links from Bear Mountain to Ryder Lake and from Ruby
Creek to Ryder Lake, respectively. Table B-1 presents the VHF transmission
calculations for these two paths using techniques developed by Bullington
[11,67] and Okumura et al. [68]. Detailed circuit layouts, showing levels,
entry points and routing, are provided in Figures B-4 and B-5 for the links
from Dog Mountain to Ryder Lake and from the Agassiz Experimental Farm to
Ryder Lake, respectively. Finally, a detailed circuit and routing diagram for
the Ryder Lake to UBC data link is shown in Figqre B-6 and a detailed illus-
tration of the associated RS 232 interface configurations between the micro-

processors and the statistical multiplex units is given in Figure B-7.



1)

2)
3)
4)
5)

6)
7
8)
9)

10)
11)

12)
13)
14)

5)

16)
17)

18)
19)

20)
21)
22)

TABLE B-1 VHF Radio Path Transmission Calculations
Bear Ryder Ruby Ryder

Locations Mountain Lake Creek Lake
Latitude °N 49°18'25" 49°06'52" 49°21'15" 49°06'52"
Longitude °W 121°41'30" 121°54'07" 121°36'45" 121°54'07"
Elevation (Meters) 945 236 31 236
Antenna Height (Meters) 7 15 10 15
DOC Call Sign VGK 927 VGK 928 VGK 926 VGK 928
Azimuth (°T) 218°T 212°T
Frequency (MHz) 160.11 151.79
Path Length (km) 26.1 33.7
Path Attenuation (dB) -104.7 -102.4
Shadow Loss- (dB) 0.0 26.0
Transmission Line Type RG 58 RG 58 RG 58 RG 58

Line Loss (dB) -1.0 -2.5 -5.0 -2.5
Connector Loss (dB) -1.0 -3.5 -1.0 -3.5
Misc. Loss (dB) -0.5 -0.5 ~-0.5 -0.5
Total Losses (dB) ~-113.7 -141.4
Antenna Gain (dBd) + 9.0 +11.0 +9.0 +11.0
Transmitter Power (dBw) -5,2 4.8
Received Signal Level (dBw) -98.9 116.6

(16+17+18) :

Threshold @ 12 dB SINAD (dBw) =-149.0 -149.0
Fade Margin (dB) SINAD (dBw) 50.1 32.4
Availability % Annual 99.9998 99.989

[67,68,69]
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APPENDIX C

EQUIPMENT AND SITE LAYOUTS

C-1 Ryder Lake

This site is the data concentration node where all the experimental field
data are collected before being statistically multiplexed onto a telephone
circuit for transmission to the University of British Columbia. The on-site
data acquisition system serves two main purposes: first, to collect received
signal level data from five selected 4 and 7 GHz microwave channels and,
second, to monitor the wind speed, wind direction, temperature and rain rate

variables at the site. Figure C-1 is a photograph of the site, Figure C-2

shows the equipment configuration and Figure C-3 illustrates the site layout.

Figure C-1 Ryder Lake Site Photograph
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C-2 Dog Mountain

The Dog Mountain site which 1is the transmitter site and the northern
terminus of the microwave link under investigation, has an elevation of 1463r.
A weather station located there senses meteorologicai information and sends it
back to Vancouver via a spare data channel on the 51G alarm system to the
Ryder Lake site. At Ryder Lake this information is statistically multiplexed
for retransmission to UBC. Access to the site is by cable car as shown in the

site photograph, Figure C-4a.

Figure C-4a Dog Mountain Site Photograph

The equipment configuration is given in Figure C-5 and a site layout

(relevant to this work) is shown in Figure C-6.
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This site experiences severe 1icing conditions which have caused the
destruction of the experiment's initial anemometer, as shown in Figure C-4b.
To prevent this destructive ice build-up in the future it is recommended that
a radiant heater be installed directed at the anemometer*. The weather micro-
processor could be used to control the heater during icing conditions by

turning it on only during a -5°C to +3°C temperature range.

Figure C-4b A Photograph Showing Damage to the Anemometer
Caused by Severe Icing Conditions at Dog Mountain
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C-3 Agassiz Experimental Farm

This site has an elevation of 15m, is 17.8 kilometers from the Ryder Lake
receive end and is 200 meters off beam-center. Its primary purpose is to
collect meteorological data with particular emphasis on the measurement of
rainfall. This site 1is co-located with the experimental farm's weather
station which provides a source of valuable back-up data, as well as gives
information on other variables such as pressure and humidity which are not
monitored in this experiment. Being situated 610m below beam elevation,
melted precipitation rates can be measured using a tipping bucket rain gauge
even though the freezing level may be at or below path elevation. The data
thus collected are sent to Ryder Lake via a telephone circuit and from there
on to UBC, using the statistical multiplex. Refer to Figure C-7 for a site

photograph, Figure C-8 for the equipment configuration and Figure C-9 for the

site layout.

Figure C-7 Agassiz Experimental Farm Site Photograph
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C-4 Ruby Creek

The Ruby Creek Site has an elevation of 3lm, is 300m off beam—-center and
33.9 kilometers from the Ryder Lake receive end. Th; site provides for power,
a tower and a shelter. It also lies 1158m below beam elevation, making it
well suited for use as an intermediate weather station for monitoring melted
precipitation rates. The sampled data are sent to Ryder Lake via a VHF radio
link and from there it is assigned a data multiplex channel to complete the
routing to UBC.

For detailed information, refer to Figure C-10 for a site photograph,
Figure C-11 for the site's equipment configuration and Figure C-12 for the

site layout.

Figure C-10 Ruby Creek Site Photograph
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C-5 Bear Mountain

The Bear Mountain site is located at beam elevation on a mountaintop near
mid-path. It has a site elevation of 945m and is situated 26.3km from Ryder
Lake and 3km to the northwest side of the microwave beam.

The Bear Mountain site is important for investigating the bright band
region since it allows an intermediate temperature point to be monitored thus
enabling a more accurate temperature gradient profile to be established allow-
ing a more accurate determination of the bright-band thickness. In the final

site selection, special consideration has been given to finding a sheltered

Figure Cc-13

Bear Mountain Site Photograph
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location that would minimize misleading readings due to 1local convection
effects. A photograph of the site is illustrated in Figure C-13.

The weather data will be monitored by a battery-powered data acquisition
system and transmitted to UBC via a 0.3 Watt VHF radio link to Ryder Lake.
The equipment configuration for this system is shown in Figure C-14 and the

site layout in Figure C-15.

C-6 University of British Columbia Recording Terminus

The University of British Columbia (UBC) site is located in Room 448 of
the Electrical Engineering building and is the terminus for all the data col-
lected. The data which arrive via a telephone circuit, are demultiplexed,
coded with the sampling time and condensed for storage on magnetic cassette
tape. Facilities are provided for the real time viewing of the incoming data
using the video terminal and the chart recorder together with the digital to
apalog convertor.

A photograph of the UBC terminus is shown in Figure C-16. The equipment

configuration is shown in Figure C-17 and the site layout in Figure C-18.
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Figure C-16 University of British Columbia Site Photograph
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APPENDIX D

METEOROLOGICAL TRANSDUCERS

D~-1 The Anemometer

The anemometers used are of the propeller—vane variety capable of measur-

ing both wind speed and wind direction. A photograph of an anemometer is

shown in Figure D-l.

Figure D-1 A Photograph of the Anemometer

To be able to monitor wind speed and wind direction using the anemometer,
three separate input and output signals need to be interfaced to the unit, as
shown in the circuit and wiring diagram of Figure D-2. These include the
potentiometer input excitation voltage for azimuth, its output voltage and the

wind speed output voltage derived from the propeller-driven DC generator.
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Figure D-2 Anemometer Circuit & Wiring Diagram

These units have proven to work reliably at all sites except for Dog
Mountain where severe icing conditions damaged the initial anemometer instal-
lation. A radiant heater has been recommended to resolve this problem, as

indicated in Appendix C-2.

D-2 The Tipping-Bucket Rain Gauge

The rain gauges used are of the tipping-bucket variety and are capable of
measuring point rain rates up to 400 mm/hr. Accurate measurement above this
rate is not important due to the low probability of such events in this area.

The rain gauges have .a collecting area of 383.6 cm? and a nominal tip

size of 12.2 grams or 12.2 cubic centimeters of water so that a tip occurs
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after each .318 mm of rain. This calibration is done by first pouring a known
quantity of water through the bucket and counting the number of tips to give
the volume of water per tip. Then, by dividing the volume of water per tip by
the collecting area of the bucket, the rainfall per tip, 1is calculated.

Electrical sensing is accomplished by generating a pulse as the bucket
tips by passing a permanent magnet, attached to the bucket's tipping arm, in
near proximity to a chassis-mounted reed switch. Rain bucket maintenance has
been minimal during the last year of operation, largely due to their plastic
corrosion proof construction.

Figure D-3 shows a photograph of the rain bucket and its tipping assembly.

Figure D-3 A Typical Rain Bucket and Tipping Assembly.
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D-3 The Temperature Transducer

The operation of the temperature transducer 1is based upon the linear
temperature coefficient of a semi-conductor jqnction when forward biased with
a constant current. The forward voltage which éesults across the junction
varies linearly with temperature and is amplified to produce a DC output volt-=
age of 10 millivolts per degree with separate gain circuits to provide indica-
tions in degrees Centigrade or degrees Fahrenheit.

A photograph of the temperature transducer appears in Figure D-4. The
temperature sensor is located on the tip of the probe. The tri-position
switch allows for selection between an off position, or either the Fahrenheit
or centigrade gain circuits. In this experiment the Fahrenheit gain circuit

is selected in order to maintain unipolar operation into the conditioning cir-

cuits over the desired temperature range of 0°F-64°F, (Appendix E).

~ Figure D-4 Photograph of the Temperature Probe
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Calibration of the temperature transducer can be accomplished by the
following one—point calibration procedure. First the probe is immersed in a
cup of semi-melted snow (temperature 32.2°F or 0°C). Then the tri-position
switch is used to select both the Fahrenheit and Centigrade gain scales and
the output voltages are noted. These voltages represent the freezing point
for each scale and the difference between the two readings represents 32.2°,
Thus if the Fahrenheit scale is used for monitoring, the lower of the two
voltage readings is O0°F and, similarly, if the centigrade scale is used the
higher of the two voltage readings is +32.2°C., (This calibration assumes that
both the °C and °F gain circuits have been accurately calibrated according to
the instruction manual.) Care must be taken to ensure that the temperature
probe is.installed with an isolated DC power supply since the probe loses

calibration when a non-isolated source is used due to a ground loop condition.

Response Time

The response time of the temperature transducer was measured to be 60
degrees Centrigrade per second. This was done by quickly immersing the
temperature probe into a cup of cold water after being in a room temperature

enviroment and observing the response on a storage oscilloscope.
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APPENDIX E

SIGNAL CONDITIONING UNITS

E-1 Meteorological Signal Conditioning Units

The =~eteorological signal conditioning units provide the interface
between the various weather transducer outputs and the + 0-5 volt range analog
to digital convertor inputs. The circuit, as presented in Figure E-2, is op-
amp derived. Adjustable potentiometers at the front edge of the printed cir-
cuit board (see photograph in Figure E-1) provide gain control adjusﬁments for
each of the conditioned signals. The input/output connections for the unit

are shown in Figure E-3.

Figure E-1 Top View Photograph of the Meteorological
Signal Conditioning Unit.
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The set-up procedure is best completed in the laboratory before installa-

tion and is done through the adjustment of the gain control potentiometers.

The procedure to calibrate each meteorological variables is as follows:

i)

i1)

Rain: Connect the counter and rain bucket leads to the front panel

inputs using 'harwin' connectors and observe the output from the rear
panel using an oscilloscope. Connect a pulse generator into the rain
clear port on the back panel and set it for a several second interval
between pulses.

Now adjust the gain of the rain circuit until a bucket tip pulse
latches high at the output, indicated by the green LED turning on.
Next, observe to see if the pulse from the generator clears the latch.
If not, ease off the gain until the latch is cleared. When both a tip
of the bucket sets the latch and a pulse from the generator resets it,

the rain circuit is ready for operation.

Temperature: Connect the output of the temperature probe into the

front panel input of the meteorological conditioning unit using 'harwin'
connectors. Ensure that the temperature probe is powered from an iso-
lated -9.0 volt DC power source so that the accufacy of the calibration
is maintained. Now place the probe into an ice water mixture and adjust
the gain until 32.2°F. on the Fahrenheit scale gives an output of
2.5 volts. The circuit is now ready for operation.

This procedure provides a temperature dynamic range of 0°F (0 volts)

to 64.4°F (5.0 volts).
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iii) Wind Direction: Connect both the +5 volts azimuth exciter voltage and

the wind direction input voltage to the input molex connector (See
Figure E-2 for details).

iv) Wind Speed: Connect the windspeed output of the anemometer to the input
of the molex connector (See Figure E-2 for details). Now adjust the
potentiometer for a gain of 1/2. This is easily accomplished by using a
dual trace oscilloscope where the first channel at 1 volt per division
monitors the input voltage and the second channel at 0.5 volt per divi-
sion monitors the output voltage. At ground position align both traces.
Now apply a fan to the anemometer propeller and adjust the gain so that
the two traces remain superimposed. This procedure allows for wind
speeds in excess of 100 kilometers per hour to be monitored and allows
the factory calibration graph for output voltage versus wind speed to be

read directly by simply dividing the voltage scale in half.

The Bear Mountain Conditioning Card

The circuit schematic for the Bear Mountain signal conditioning card is
presented in Figure E-4., As shown, the circuit is basically two parts, the
first being a single op-amp differential amplifier to condition the tempera-
ture voltage and the second is a voltage follower, S-R latch to condition the
bucket tip voltages. The total current consumption is less than 5 ma for this

configuration making it well suited for this application.
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E-2 Receiver Signal Conditioning

The receiver signal conditioning unit provides an optimum input range of
+ 0-5 volt signal to the analog to digital convertor from the 4 and 7 GHz
receiver AGC outputs. The circuit schematic for one of the differential amp-
lifier gain blocks used on the receiver conditioning card is shown in Figure
E-5. A differential gain block was used for each of the five AGC voltages
monitored and all five gain blocks requifed wefe incorporated on one card
which was mounted on the 6800 mother board. The same card was also used at
Ryder Lake to condition the meteorological signals. Table E-1 provides the
resistor values used to achieve the optimum gains for each receiver and

meteorological signal monitored.

Table E-1 The Resistor Values Used in the Differential
Gain Block for Optimum Gain

SIGNAL R,,R, R,,Rg R¢,R, R, GAINgpp
3550 GHz 20K 50K 25K 100Kpot - .93
3790 GHz 20K 50K 25K 100Kpot - 1.26
4010 20K 50K 25K 100Kpot - 1.40
7142.0 10K 10K 50K 50Kpot -35.0
7496.2 10K 10K - 50K 50Kpot -50.0
WS 10K 50K 10K 100Kpot + 0.5
WD 10K 50K 22K 100Kpot + 0.8
TEMP 50K 50K 50K 100Kpot + 5.0
RAIN 10K 50K 22K 100Kpot + 1.0
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]
|

Figure E-5 Circuit Schematic for One of the Gain Blocks

for the Receiver Signal Conditioning Card
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Set Up Procedure

Each receiver conditioning circuit is set-up in the same manner. First
insert a signal +10dB higher than the normal clear weather received signal
levels into the input of each microwave receiver using a microwave signal
generator. This provides a safe margin for overfades. At this level, tune
the gain of the receiver conditioning unit to match the highest allowable
inpu£ voltage to the analog to digital convertor. After doing this the
receiver siénal conditioning unit is now ready to be included as part of the

calibration procedure to obtain the AGC curves in Appendix A.
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APPENDIX F

ANALOG TO DIGITAL CONVERTOR

Two types of analog to digital (A/D) convertors have been used in this
work., The first unit is a 16 channel A/D with 12 bits resolution developed
for use with the 6800 system by the Communications Research Centre, Ottawa,
and is currently being used in the Ryder Lake microprocessor (see Appendix I).
The second unit is a low power consumption 16 channel A/D with 8 bits resolu-
tion which has been especially designed for this research, to be used in con-
junction with both the RCA 1802 and the INTEL 8085 microprocessors. The
remainder of this appendix will deal with this second A/D convertor. Figure
F-1 provides photographs of this A/D convertor viewed by itself and as an

installed unit.

F-1 Functional Description

The second A/D convertor has the capability of addressing one of sixteen
+ 0-5 volt analog channels and counverting the voltage appearing on the select-
ed channel to a latched hexi-decimal output with values ranging from 00 to FF.
Although the 0816 A/D convertor module has the capability of 16 input chan-
nels, so far only four conditioned meteorological outputs from the condition-
ing unit have been connected. These A/D channels are assigned according to

the following table:
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Figure F-1 Photographs showing the A/D Convertor
Separately and Installed.
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TABLE F-1 A/D Convertor Channel Assignment Table

A/D Channel Meteorological Variable
3 Wind Direction
4 Wind Speed
5 Temperature
6 Rain
7 Not Defined

When this A/D convertor is used with an 8085 system, control of the chan-
nel selection and variable conversion is done through the selection of appro-
priate software output instructions.

Figure F-2 provides a schematic of the A/D convertor board with the con-
trol logic associated with specific output instructions identified. Figure F-
3 provides the timing between each of the control signals.

In the design of this A/D board special care has been taken in selecting
components with low power consumption to allow direct application of this unit

in battery powered sites such as Bear Mountain.

F-2 A/D Convertor Calibration Procedure

Calibration of the A/D convertor is accomplished by sweeping the 0-5 V
range of a selected A/D chénnel with a known voltage and monitoring the value
of the hexidecimal output. This procedure is simplified if the test program
in Figure F-5 is used. It allows the A/D's hexidecimal output to be viewed
directly on an oscilloscope by monitoring the serial output pin (SOD) of the
8085 microprocessor. Figure F-4 provides a sample oscilloscope trace of SOD

usiﬁg the calibration test program.
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APPENDIX G

DIGITAL TO ANALOG CONVERTOR

The digital to analog (D/A) convertor has been used in the first phase of
this experiment to generate chart recordings of the variables sampled by the
data acquisition system and to verify the accuracy of the results processed by
the data base management system (Chapter V). The circuit schematic for the
D/A unit and its interface to the UBC 6800 microprocessor is presented in
Figure G-1.

In the first phase of this experiment the D/A was used in conjunction
with the cassette recorder. This was done by first using the recorder to
store the time series data as it arrived at UBC from one selected RS 232 data
channel, The data thus taken was then read back from the cassette recorder
into the UBC 6800 microprocessor which selected a particular variable from the
time series data to be outputted through the D/A. This selection process is
easily accomplished since each variable arriving on the RS 232 pprt is
assigned a specific position with respect to the sampling-interval synchro-

nization byte. The program for this selection is given in Figure G-2.
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APPENDIX H

MODEM UNITS

H-1 Modem Transmit Units

A modem transmit unit is included in each of the Dog Mountain, Ruby Creek
and Agassiz Experimental Farm Weatherlog Microprocessors. Each unit takes a
+12 volt RS 232 compatible 110 bps serial data stream and encodes this to
output a voice frequency FSK modulated signal. The modulated signal is then
carried by way of either a VHF or a telephone communications channel to the
modem receivers at the Ryder Lake Site. The receive modems are described in

section H-2.

Figure H-1 Photograph of an Intalled Modem Transmit Unit
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The centre frequencies for the modems that were available in this project

are given in Table H-1 as follows:

Table H-1 Modem Centre Frequency Assignments

Frequency (Hz) Code Links Used
480 DA
720 DB Dog Mountain
960 DC Agassiz Experimental Farm, Bear Mountain
1200 DD Ruby Creek
1440 DE

Figure H-1 shows a picture of a typical modem transmit unit as installed -
in a Weatherlog Microprocessor and Figure H-2 gives the interface schematic

between the modem transmit unit and the microprocessor.

H~2 Modem Receive Units

All four modem receiver units are located at the Ryder Lake Site (see
AppendikHC) and have been integrated into one 19" rack mounted unit known as
the "UBC Modem Unit". Each modem receiver inputs a voice frequency FSK modu-
lated signal and decodes it into a 110 bps RS 232 compatible output to dupli-
cate the input of the transmit unit (see Section H-1). The RS 232 output from
each RS 232 unit is then relayed onto UBC for storage via separate channels on
the statistical multiplex.

The physical layout of the "UBC Receiver Modem Unit" depicting front,
back and top views is shown in Figure H-3 and a schematic of a typical inter-

face between a modem receiver unit and the RS 232 output connections is given

in Figure B-4.
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APPENDIX I

MICROPROCESSOR UNITS

I-1 The UBC Microprocessors

i) General Description

The two UBC microprocessors are both Motorola 6800 based units and are
used for the purpose of time correlating the data as it arrives at UBC from
the sampling processors along the path. The data formatter unit (uP#1) col-
lects the incoming data, constructs the time series quéues and outputs the
results each second to the data processor unit (uP#2). The data processor
unit then reduces the data to manageable levels by constructing hourly distri-
butions and choosing selected time series intervals for storage onto a 4.5
megabyte capacity cassette recorder. The software routines to do this are
discussed in Appendix J.

Two methods have been employed to prevue and test the incoming data
stream. The method currently used takes the time series data outputted from
the data formatter (uP#1) and resends it using the data processor (pP#2) to a
video monitor. A photograph of the video display and discussion of this
method is given in Chapter IV. A second method was employed in the first
phases of the system integration by reading selected variables from the arriv-
ing data streams and outputting these‘through a digital-to-analog convertor,
as described in Appendix G.

The physical layouts for the UBC microprocessors are shown in Figure I-l
and I-2 for the data formatter and data processor respectively. These draw-

ings show the rear termination assignments, the front panel display and the
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b) The Data Processor (uP#2)

Figure I-3  Photographs Showing the Interior
Layout of the Two UBC Microprocessors
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processor mother board layouts. A photograph of both microprocessors is given
in Figure I-3 illustrating their interior layouts.

An integral part of the UBC unit are the ACIA cards which provide the
communications interface between the serial RS 232 input/output ports and the
parallel data bus of the microprocessors. Each ACIA card provides an intef-
face to two RS 232 ports according to the assignments shown in Table I-1 and
I-2 for wP 1 and 2. Its circuit schematic and physical layout are given in
Figure I-4.

Table I-1 1I/0 Port Address Assignments for
the Data Formatter Unit upP#1

I/0 PORT
PORT # ADDRESS FUNCTION ASSIGNMENT

0 8000
8001
8002 ‘Not assigned
8003

1 8004 PIA I/0 Reg.
8005 DDR Terminal
8006 PIA I/0 Reg. Port PIA
8007 DDR

2 8008
8009
800A Not assigned
800B

3 800cC
800D
800E Not assigned
800F

4 8010 ACIA CMD Spare I/0 Port
8011 ACIA I/0 Reg.
8012 ACIA CMD Ryder Lake
8013 ACIA I/0O Reg. Meteorological
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Agassiz Experimental
Farm
Bear Mountain

Ruby Creek

Dog Mountain

Tape Unit RS232

 Qutput Port

Receiver Channel
from Ryder Lake

I/0 Port Address Assignments for
the Data Processor Unit uP#2

Table I-1 cont'd.

5 8014 ACIA CMD Reg.
8015 ACIA I/0 Reg.
8016 ACIA CMD Reg.
8017 ACIA I/0 Reg.

6 8018 ACIA CMD Reg.
8019 ACIA I/0 Reg.
801A ACIA CMD Reg.
801B ACIA I/0 Reg.

7 801C ACIA CMD Reg.
801D ACIA I/0 Reg.
801E ACIA CMD Reg.
801F ACIA I/0 Reg.

Table I-2
1/0 PORT
PORT # ADDRESS FUNCTION

6 8018 ACIA CMD Reg.
8019 ACIA I/0 Reg.
801A ACIA CMD Reg.
801B ACIA I/O Reg.

7 801C ACIA CMD Reg.
801D ACIA I/0 Reg.
801E ACIA CMD Reg.
801F ACIA I/0O Reg.

ASSIGNMENT

Output Port to Video
Screen and Tape Unit
Receive from uP#2

Future
Digital
1/0 Ports
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ii) Specifications

a)

b)

MPU board

« modified to produce data rates of 110, 300, 600, 1200 and 9600

bps. (uP#1).

unmodified in uP#2 to give data rates of 110, 300, 600, 1200 and
2400

if the SWTBUG monitor is to be used switch off both "PROM"” dip
switches and switch on the "SWT" and "MONiTOR" dip switches.

to use a program in the EPROM, switch on the "LO PROM" or the "HI
PROM" dip switch and turn off the "SWT" and "MONITOR" dip switches.
The EPROM program then starts in location EOOO16 of the memory
space with the interrupt vectors being assigned the following

addresses.

Table I-3 6800 Interrupt Vectors

Location Type of Vector
E7F8 Interrupt Request (IRQ)
E7FA Non Maskable Interrupt (NMI)
E7FC ‘Software Interrupt (SWI)
E7FE Restart
ACTIA board

» The boards must be strapped according to Figure I-4 to determine

their data rates.
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¢) Regulator board

Input Voltage: 124V

Output Voltages: +12V
-12v
+14,6V = UD1 (uP#1 only)
-14.6V = UD2 (uP#1 only)

d) Total AC power required

500ma at 110V. A.C.

I-2 The Ryder Lake Microprocessor Unit

The Ryder Lake Microprocessor unit is based on the Motorola 6800. Its
purpose is to sample both the received signal levels and the meteorological
information from this site and send it to UBC via two separate data channels.

Every 1/10 of a second the received signal 1levels are sampled and on
every tenth sampling interval (i.e. each second) the weather information is
also sampled and sent.

The analog-to-digital convertor in this unit is able to resolve to 12
bits which is more than required. Therefore, each sample is first reduced by
stripping the four least significant bits before the 8 bit samples are output-—
ted. The chaﬁnel assignments for the analog-to-digital convertor are provided

in Table I-4, as follows:
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Table I-4 Analog to Digital (A/D)
Convertor Channel Assignments

A/D Channel
Channel Assignment

Unassigned
Unassigned
Rain
Temperature

- Wind Speed
Unassigned
Wind Direction
Unassigned
Unassigned
Unassigned
Unassigned
7496 GHz
7142 GHz
4010 GHz
3790 GHz
3550 GHz

QO —~ N W~ N oW O D Mo

R

Figure I-5 provides a drawing showing the hardware assignment slots for
the CPU, the ACIA card and the analog-to-digital convertor. Table I-5 pro-

vides the I/0 port address assignments for the Ryder Lake Unit, as follows:
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Table I-5 1/0 Port Address Assignments
for the Ryder Lake Unit

1/0 PORT
PORT # ADDRESS FUNCTION ASSIGNMENT

2 8008 ACIA CMD Reg. High speed
8009 ACIA I/0 Reg. Receiver Data
800A ACIA CMD Reg. Low speed
800B ACIA I/0 Reg. Meteorological Data

6 8018 to DC Power Supply
801B Interface

All other I/0 port addresses are unassigned.

I-3 The Weatherlog Microprocessor Units

The weatherlog microprocessor units used at Dog Mountain, Ruby Creek and
the Agassiz Experimental Farm are based on the INTEL 8085. Their purpose is
to'sample the meteorological variables of wind speed, wind direction, tempera-
ture and rain at one second intervals. The inputs to the microprocessor's A/D
channels are 0-5 volts which are provided at the output of the meteorological
signal conditioning unit (see Appendix E). The weatherlog microprocessor
incorporates a low speed frequency sﬁift keyed modeﬁ between the RS 232 output
of the 8085 internal processor to the voice frequency 600 ohm unbalanced out-
put of the weatherlog. The FSK output thus derived is then applied to the
corresponding channel back to Ryder Lake. From the Ruby Creek location this

is via VHF radio, from Dog Mountain this is via the 37A message circuit on the
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7 GHz radio and from the Agassiz Experimental Farm this is via a telephone

link.

A drawing indicating the positioning within the weatherlog unit of the

8085 computer board, the A/D convertor and the modem transmit card is given in

Figure I-6. A photograph of this interior layout is shown in Figure I-7.

Figure I-7 Photograph showing the Interior Layout of a
Typical UBC Weatherlog Microprocessor Unit.

I-4 The Bear Mountain Microprocessor Unit

The purpose of the Bear Mountain Microprocessor is to sample the meteoro-

logical variables of temperature and rain once per second and output the data

onto the radio link to Ryder Lake.
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In designing the microprocessor unit for this site, special care was
taken to minimize the power consumption and to choose a technology which could
withstand large temperature variations (#40°C). CMOS technology was selected
for the microprocessor, the A/D and the signal conditioning unit. The micro-
processor is an RCA 1802 and the circuits for the A/D and signal conditioning
units are described in Appendices F and E respectively. The total power con-
sumption of the CMOS electfonics was 70 ma.

The radio used is a hand~held unit from Motorola specially designed for
low power consumption applications. Optimization of the radio's power con-
sumption was achieved through the use of a high gain transmitting antenna and
eliminating the power consumption of the radio's final transmitter stage, thus
reducing the RF output power from 1.5 watts to 300 mwatts and the radio's
current draw to 225 ma. |

" The expected operational life-time for the Bear Mountain site based on
2000 A~HR caustic potash cells is therefore 1.01 years for the radio battery
and 3.23 years for the electronics battery. It is recommended that battery
replacemént is done by helicopter since the road access is rugged (four wheel
drive only) which could damage the cells.

A drawing of the equipment configuration showing the microprocessor, the
radio, the A/D and the signal conditioning unit is given in Figure I-8 and a

photograph in I-9.
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Figure I-9 Photograph showing the Interior Layout
of the Bear Mountain Microprocessor Unit

I-5 The NOVA 840 Minicomputer

The purpose of the NOVA 840 minicomputer is to take the data recorded on
the cassette tapes and then transfer these data in serial fashion to IBM for-
matted 800 bpi magnetic tape. Figure I-10 illustrates the equipment arrange-
ment needed to transfer the data.

In order to enter data on the NOVA, an RS 232 to current loop interface
was constructed as the NOVA had no RS 232 input ports. The RS 232 to current

loop interface schematic is given in Figure I-11.
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APPENDIX J

MICROPROCESSOR SOFTWARE

J-1 The UBC Microprocessors

i) Functional Description

The main function of the UBC 6800 microprocessor software in the data
formatter (pP#1) and the data processor (uP#2) is to time-correlate all the
field data as these arrives on the data link, output the data for real time
viewing on a video monitor, compress it into statistical distributions, select
timerseries segments for storage and finally store the data on magnetic tape
using suitable formats. Due to timing constraints and the complexity of in-
corporating all these tasks under the control of a single CPU, these tasks
were distributed between two processors. The first processor, the data for-
matter or wP#1, has been assigned the tasks of inputting the arriving field
data, coding this data to real time, formatting it into buffers and outputting
the formatted data once per second to the second CPU. The second processor,
the data processor or uP#2 has been assigned the tasks of outputting the data
for real time viewing on a video monitor, generating statistical distributions
from the data, choosing time series segments and storing these records onto a
magnetic cassette recorder in a recoverable format.

The interfaces between both UBC microprocessors, from the statistical
multiplex and uP#1, from both microprocessors to the video terminal and from
uP#2 to the cassette recorder are all RS232C. The input/output ports are all

configured in the software.
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The program flow chart for the data formatter (uP#1) is given in Fig.
J-la, a diagram of its buffer memory organization is shown in Figure J-1b and
the program flow chart for the data processor (uP#2) is presented in Fig. J-2.

ii) Input/Output Software Design Specifications

I. Received Signal Data

The signal amplitude data arrives at the input of the data formatter
(wP#1) in rotational order at one-~tenth of a second intervals starﬁing
from the lowest frequency receiver. A synchronizing byte (FF) 1is
received after the highest frequency receiver sample arrives and is used
to update the software clock on the basis of 10 incoming synch bytes
equalling 1 second. After each second the received signal data is dumped
to the data processor (pP#2).

The data processor checks the incoming levels for multipath and
fading by determining if they exceed a specified range. If this is the
case, a time series dump is initiated. The data processor finishes by
taking each byte of receiver signal data to update an hourly distribution
buffer, to store it in a rotating time series queue and to send it for
viewing to a video monitor.

IT. Meteorological Data

Each second,. four successive bytes arrive on the five input meteoro-
logical channels, and immediately following their arrival a synchronizing
byte is sent. Their order of arrival is wind direction, wind speed,
temperature and rainfall. As each of these samples is received, their
position in the data formatter unit's (uP#1) input buffers are updated

with the new values and before they are outputted to the data processor
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(uP#2). The data processor then takes each byte of meteorological data
updating its hourly distribution buffer, storing it in a rotating time
series queue and outputting it for viewing to a video monitor.

ITI. Headers and Trailers

Every second the time series queue block is sent by the data
formatter (uP#1) after being terminated by two "FF” trailer markers.
Immediately following this a header for a new time series queue block is
initialized, comprised of data bytes to identify record type, month, day,
hour, minute and second.

IV. Criteria to Dump the Distribution Buffer

Every hour the buffer containing the distribution data in the data

processor (uP#2) is dumped to the magnetic cassette recorder unless a

time series dump is in progress. For this special case, the dump of the
distribution buffer waits until the time series queue dump is coﬁpleted
before transferring the distribution data.

The distribution buffer is comprised of five types of data (wind
direction, wind speed, temperature, rainfall and receiver amplitude) with
five single byte distributions for each meteorological variable type and
five double byte distributions for each receiver amplitude. Each
meteorological distribution has 4016 = 6410 double byte bins and each
receiver amplitude distribution has 128 double byte bins to give the

following total memory required for one distribution buffer:
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5 x [7+ 4 x 128 + 256 + 3] = 3890 bytes
This includes a header of 7 bytes and a trailer of 3 bytes for each
variable type. For two distribution buffers twice this number of bytes
is required to give a total processor buffer requirement of 7780 bytes.
Therefore, at 9600 bps the hourly dump will take 3.2 seconds.

V. Criteria to Dump the Time Series Data

Whenever an event is detected the time series queue is dumped from
the buffer in the data processor (upP#2) to the cassette recorder unless a

distribution dump is in progress. In this case the time queue is trans-

ferred into an output buffer to await completion of the distribution
dump. The time series queue (TSQ) is comprised of:
12 x [7 header + 5x4 meteorological + 10x5 receiver +
, 1 event + 2 trailer] = 960 bytes
At 9600 bps this will take a minimum of 1.0 seconds to output for
storage.

- The receiver event flag is tested in the MAIN program. If it is
found to be set, the TSQ dump is initialized and the TSQ is copied to an
output buffer to first allow completion of other I/0 in progress. When a
propagation event has been detected, the time series dump flag over the
next 12 seconds 1is disabled so that a dump is not being requested every
tenth of a second during the duration of the event.

Another consideration is that a flagged event will not, in general,
occur com./eniently. at the end of an integral second which means when
making. the TSQ copy to the output buffer typically only 11 complete

seconds of data would be transferred. The twelfth second block of data
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would normally be incomplete énd would consist on K the average of five

one—tenth of a second receiver sample sets and an incomplete meteorologi-

cal set.

ensure a twelve second record.

as follows:

TSQ POINTER

Figure J-3 Diagram Showing the Structure
of the Time Series Queue (TSQ)

O"‘Nwh(ﬂd\

12
1
10

W27 77

The buffer must therefore be designed to hold 13 seconds to,

The resulting TSQ is given in Figure J-3,

BLOCK CURRENTLY
BEING FILLED

The TSQ pointer is used to find the first block for dumping and the

next block for filling.

from the TSQ pointer is dumped.

When the event flag is set,

the TSQ starting

The dump pointer cycles around from the
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high addres§ to the low address and then upwards until the most recently
completed block is encountered.

VI. Storage Requirements

The question arises as to how much data will be generated for stor-
age. There are basically two types of data series; the first being dis-
tribution data recorded at 3890 bytes per hour and the second being TSQ
data with a maximum rate of 288,000 bytes per hour but more typically
14,400 bytes per hour at an anticipated event probability of 0.05. Thus
the total number of bytes expected to be recorded hourly is 18,290 bytes.
At this rate the 4.5 mega byte magnetic cassette cartridges can be
expected to last an average of 246 hours, or 10.25 days. This is expect-
ed to vary from 15.4 hours where all TSQ data are recorded to 48.2 days
when no TSQ data are recorded.

Software Clock

Real time is maintained through a software clock that is incremented upon

the arrival of each synch byte and is kept on the basis of a 10 synch bytes

equalling one second. The time is stored in RAM locations, 200-204 of the

data formatter with the initial time being entered through the "SWTBUG" moni-

tor (see Appendix I-1). Table J-1 gives the RAM time assignments which must

be entered in hexedecimal format when initiallized.
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Table J-1 RAM Time Assignments (uP#l)

Location Assignment
0200 . Month
0201 Day
0202 Hour
0203 Minute
0204 Second

iv) Data Formats

There are two basic data formats outputted by the data processor (uP#2);
a time series format and a distribution series format. The time series format
is given in Table J-2 and is repeated for each one second record dumped. A
minimum of 12 one secﬁnd records are dumped preceding an event with new time
series records being dumped as long as the event persists. The distribution
series format, on the other hand, is given in Table J-3 and is dumped hourly

even if no propagation events occur.
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Table J~2 Time Series Block Format

Description

Specific Comments

Record Type
Months

Days

Hours
Minutes

Seconds

Gauge Status
Wind Direction
Wind Speed

Temperature

Rainfall

Wind Direction
Wind Speed
Te-perature
Rainfall

Wind Direction
Wind Speed
Temperature
Rainfall

Wind Direction

Wind Speed
Temperature
Rainfall

Wind Direction
Wind Speed

Temperature
Rainfall

Receiver 1
Receiver 2
Receiver 3

Receiver 4
Receiver 5

FE = Time Series Block
BCD

- BCD

BCD
BCD

BCD
HEX
Dog Mountain
Dog Mountain
Dog Mountain

Dog Mountain
Ruby Creek
Ruby Creek
Ruby Creek
Ruby Creek

Bear Mountain
Bear Mountain
Bear Mountain
Bear Mountain
Agassiz Experimental Farm

Agassiz Experimental Farm
Agassiz Experimental Farm
Agassiz Experimental Farm
Ryder Lake
Ryder Lake

Ryder Lake
Ryder Lake
3550 MHz First 100 msec.
3790 MHz First 100 msec.
4010 MHz First 100 msec.

7142 MHz First 100 msec.
7496.5 MHz First 100 msec.
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Table J-2 Time Series Block Format

Description

21-25
26-2H
2B-2F
30-34
35-39

3A-3E
3F-43
44-48
49-4D
A4E

4F-50

EVENT INDICATOR
EOB TRAILER
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(cont'd.)

Specific Comments

Second 100 msec.
Third 100 msec.
Fourth 100 msec.
Fifth 100 msec.
Sixth 100 msec.

Seventh 100 msec.
Eighth 100 msec.
Ninth 100 msec.

Tenth 100 msec.

cc = Fade 99 = Rain
Two consecutive FF's

Table J-3 Data Format for the Distribution Buffer

Byte

SN+ O

5
6
7-86
87-106
107-186

187-206
207-286
287
288
289

Description

Record Type (FD)
Month

Day

Hour

Minute

Second

Data Type (01)
Dog Mountain
Ruby Creek
Bear Mountain

Agassiz Exp. Farm
Ryder Lake

FF

FF

FF

Specific Comments

FD = Distribution Series
BCD
BCD
BCD
BCD

BCD
Data Type Control Word
Wind Direction Distribution

Wind Direction Distribution

Trailer



Table J~3 Data Format for the

the

28A
28B
28C
28D
28E

28F

290
291-310
311-390
391-410

411-490
491-510
511
512
513

514
515
516
517
518

519
51A
51B-59A
59B-51A
51B-69A

69B-71A

71B-79A
79B
79C
79D

79E
79F
780
781
782

Description

Distribution Buffer

Specific

(cont'd.)

Comments

Record Type (FD)
Month

Day

Hour

Minute

Seconds

Data Type (02)
Dog Mountain
Ruby Creek
Bear Mountain

Agassiz Exp. Farm
Ryder Lake

FF

FF

FF

Record Type (FD)
Month

Day

Hour

Minute

Second

Data Type (04)
Dog Mountain
Ruby Creek
Bear Mountain

Agassiz Exp. Farm
Ryder Lake

FF

FF

FF

Record Type (FD)
Month

Day

Hour

Minute

Header

Header

Wind Speed D

Wind Speed D
Trailer

Héader

Header

Temperature

Temperature

_ Trailer

Header

istribution

istributions

Distribution

Distribution
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Table J-3 Data Format for the Distribution Buffer (cont'd.)

Byte

783
784
7A5 824
825-8A4
8A5-924

925-9A4

9A5-A24
A25
A26
A27

A28
A29
A2A
A2B
A2C

A2D
A2E
A2F-B2E

B2F-C2E-

C2F-D2E

D2F-E2E
E2F-F2E
F2F
F30
F31

Description

Specific Comments

Second

Data Type (08)
Dog Mountain
Ruby Creek
Bear Mountain

Agassiz Exp. Farm
Ryder Lake

FF

FF

FF

Record Type (FD)
Month

Day

Hour

Minute

Second
Data Type (10)

Receiver 1 (3550 MHz)
Receiver 2 (3790 MHz)
Receiver 3 (4010 MHz)

Receiver 4 (7142 MHz)
Receiver 5 (7496 MHz)

FF
FF
FF

Header

Rainfall Distribution

Rainfall Distribution

" 1

Trailer

Header

Received Signal Distribution

Received Signal Distribution

Trailer

J-2 The Ryder Lake 6800 Microprocessor Software
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The purpose of the Ryder Lake software is to coordinate the sampling for

both the meteorological variables and receiver signal amplitudes and transmit

these on two links; a low speed (110 bps) link and a high speed (1200 bps)

link respectively to UBC.

The software flow chart to do this is given in

Figure J-4. The program starts by initializing the ACIA I/0 ports and A/D and
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then waits to sample data. The basic sampling interval is 1/10 of a second at
which time the receivers are sampled and their data sent. Every tenth inter-
val, that is for each second, the meteorological variables are sampled and the
data transferred to an output buffer for transmission. In this way the
received signal levels are sent as soon as they are sampled, whereas the
meteorological data are sent, one at a time, from an output buffer. The ACIA
output ports at Ryder Lake are configured for one start and one stop bit which

are matched by the UBC microprocessor data formatter input ports.

J-3 The Weatherlog 8085 Microprocessor Software

The purpose of the weatherlog software is to coordinate a one second A/D
sampling interval of the four meteorological wvariables: wind speed, wind
direction, temperature and rain, and then send these data on the communication
channel to UBC at a rate of 110 bps. The weatherlog software flow chart is
given in Figure J-5 and is the same for the Dog Mounﬁain, the Ruby Creek and
the Agassiz Experimental Farm site locations. As shown, the program starts by
initializing the stack pointer, the A/D channels and the software delay loop.
Then after each second the variables are sampled and outputted through the SOD
pin of the 8085 microprocesor to the communications link. This cycle is
repeated every second which is determined by a program delay loop. If any
software changes are made to the main program software the delay loop must be
recalibrated. This 1is facilitated by monitoring the rain clear output con-

nector of the microprocessor (see Figure I-6) and using a frequency meter to

4

measure the sampling interval.
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J-4 The Bear Mountain 1802 Microprocessor Software

Functionally, the Bear Mountain RCA 1802 microprocessor software shown in
the flow chart of Figure J-6, is the same as the 8085 weatherlog. The only
differences are in the method by which the timing for the one second sampling
interval and the 110 bps data stream are derived. Instead of using software
derived delay loops as is done in the 8085 system the 1802 software relies on
externally derived interrupt pulses to establish sampling intervals and trans-

mission timing.

J-5 The NOVA 840 Minicomputer Data Transfer Software

The purpose of this software is to transfer data from the magnetic cas-
sette recorder to the maénetic reel-to-reel tape on the NOVA 840. The soft-
ware flow chart for this data transfer operation is given in Figure J-7.
After initialization, the program first requests a block of data (2k bytes)
from the cassette recorder by issuing an ASCII control command. The NOVA then
converts the data to EBCDIC characters and outputs the block to the magnetic
tape. After transferring one block another is requested for transfer and the

process is repeated.
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J-4 The Bear Mountain 1802 Microprocessor Software

Functionally, the Bear Mountain RCA 1802 microprocessor software shown in
the flow chart of Figure J-6, is the same as the 8085 weatherlog. The only
differences are in the method by which the timing for the one second sampling
interval and the 110 bps data stream are derived. Instead of using software
deriyed delay loops as is done in the 8085 system the 1802 software relies on
externally derived interrupt pulses to establish sampling intervals and trans-

mission timing.

J-5 The NOVA 840 Minicomputer Data Transfer Software

The purpose of this software is to transfer data from the magnetic cas-
sette recorder to the magnetic reel-to-reel tape on the NOVA 840. The soft-
Qare flow chart for this data transfer operation is given in Figure J-7.
After initialization, the program first requests a block of data (3k bytes)
from the cassette recorder by issuing an ACSII control command. The NOVA then
converts the data to EBCDIC characters and outputs the block to the magnetic
tape. After transferring one block another is requested for transfer and the

process is repeated.



NOVA 840

INITIALIZE:
CURRENT PORT
MAG TAPE

v

FROM CURRENT
PORT

READ BLOCK

¢

CONVERT
FROM HEX
TO EBCDIC

v

STORE BLOCK
ON MAGNETIC

TAFE

- END OF

+

Figure J-7

TAPE

Program Flow Chart to Transfer Data from Cassette
Tapes to Magnetic Tape Using the Nova 840.

189



190

APPENDIX K

THE BRIGHT BAND PROPAGATION EXPERIMENT'S
DATA BASE MANAGEMENT SYSTEM

K-1 4Introduction

This appendix gives the documentation to facilitate program development
and maintenance of the data base management system (DBMS) used in this bright
band propagation experiment. As described in Chapter IV, the data acquisition
system. generates sufficiently large volumes of data to make the bright band
research project impractical unless a computerized data reduction, storage and
analysis system is utilized. Thus the data handling function performed by
DBMS is an integral part of this research project since it is responsible to
provide the data analysis and graphical outputs which are used to draw the ex-

perimental conclusions.

K-2 The System

DBMS is a sequential system where the input is raw experimental data and
the output is given as a presentation of graphical results via plotting rou-
tines. A functional flowchart relative to the bright band experiment showing
their developmental status to the completion of this thesis work is given in
Figure K-1l.

In terms of DBMS development, the entry procedure is complete, and an
integrated plotting package which' includes routines to plot attenuation with
path average rain rate, individual rain rates, site temperature, site dif-

ferential temperature, differential temperature, temperature gradient and wind
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speed as a function of time, have been finished. Several DBMS packages are
still under development and these include the "SCAN" function, the "EXTRACT"
function and several "PLOT" routine options.

A detailed description of the major system software packages which com-
prise DBMS are dealt with in the following.sectioﬁs. These include the.main
DBMS program, the bright band "ENTER" function, the data directory, and the
"PLOT" routine options. All these system packages use the Fortran IV-G

compiler.

K-3 DBMS Main

The DBMS main program initializes the system and delegates program con-
trol to user requested operating modes as shown in its software flow chart
given in Figure K-2. At the present time the "ENTER" and "PLOT" modes are
fully integrated into DBMS, however, it is anticipated that the "SCAN" and the
"EXTRACT" mode will be incorporated into the system during the next phase of

this research program.

K-4 "ENTER"

"ENTER" is a conversion algorithm designed to convert recorded hex values
to floating point engineering units for analysis. When the “ENTER" option is
envoked the disc file or tape containing the hex information is read, convert-
ed to engineering units and then outputted to a temporary disc file, "-DATA".
These data can then be analyzed using "PLOT" or stored to permanent disc files

or on magnetic tape using MTS "FILESAVE".
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K-5 The Data Directory

Each of the formats into and out of the DBMS entry procedure are speci-
fied by a data directory. Each item in the directory is separately and para-
metically defined so changes can be made to it without changing the executable
software. Since the data directory defines the DBMS input and output formats,
it is central to the development of new entry procedures for other experi-
ments.

A listing of the data directory used in the entry procedure for the
bright band experiment is given in Table K-1l. The lettered labels for the
column headings can be defined in more detail, as follows:

A, Record sequence number; a label (not entered as part of the data
directory),

B. Field Name; descriptor of the data elements,

C. Tape Type Number; 1 for output and 2 for input tape,

D. Variable Type Number; "1" for 2 byte or 1 half-word size and "2" for 4
byte or 2 half-word size data fields, |

E. Starting byte position of this field in the data record,

F. Ending byte position of this field in the data record,

G. Field extraction parameter; gives the optional default specification,

H. Data variable encoding format.



Table K~1 Data Directory for the Time Series Format
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‘Record Type

Gaugestatus

Dog-Wind
Dog-Wind
Dog—Temp

Dog-Rain
RBY-Wind
RBY-Wind
RBY-Temp
RBY-Rain

Bar-Wind
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Data

Directory for the Time Series Format (cont'd.)
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27142

7496

4010

7142
7496
3550
3790

NN NN RN [ACRN NG (SR (GRS NN NNNNNIO

NN NN

[

Pt et bt bt

bt ot ottt

E

71
73
75
77
79

81
83
85
87
89

91
93
95
97
99

101
103
105
107
109

111
113
115
117
119

121
123
125
127
129

131
133
135
137
139

F

72
74
76
78
80

82
84
86
88
90

92
94
96
98
100

102
104
106
108
110

112
114
116
118
120

122
124
126
128
130

132
134
136
138
140

HEX
HEX
HEX

" HEX

HEX

HEX
HEX
HEX
HEX
HEX

HEX
HEX
HEX
HEX
HEX

HEX
HEX
HEX
HEX

HEX

HEX
HEX
HEX
HEX
HEX

HEX
HEX
HEX
HEX
HEX

HEX
HEX
HEX
HEX
HEX
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Table K-1 Data Directory for the Time Series Format (cont'd.)

2>

72
73
74
75

76
77
78
79
80

"PLOT”

"PLOT"

09-RX4:7142
09-RX5:7496
10-RX1:3550
10-RX2:3790
10-RX3:4010

10-RX4:7142
10-RX5:7496
EVENT FLAG
FF END OF BLOCK
FF "

is an integrated

C D E

2 1 141
2 1 143
2 1 145
2 1 147
2 1 149
2 1 151
2 1 153
2 1 155
2 1 157
2 1 159

interactive plotting package

142
144
146
148
150

152
154
156
158
160

specifically

designed for presenting the recorded measurements in a graphical time series

format.

1.

2. Temperature -
a)
b)
c) site to site differential

versus time,

d)

3.

4.

5.

The plotting options developed in work are as follows:

Rain rate and one receiver signal versus time;

Site windspeed and one receiver level versus time;

Two receiver signals versus time (one second average);

site temperature and one receiver signal versus time,

site differential temperature and one receiver signal versus time,

temperature and one receiver signal

temperature gradient and one receiver level versus time;

High resolution two receiver levels versus time (all 1/10 second sample

points).
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In all these plot options the scales and offsets are interactively adjustable.

The "PLOT" package takes source data in engineering units from the
"-DATA" tempory file, processes it for the plotter into another temporary file
called "-PLOT#". The plot can then be previewed using PLOTSEE and routed for
output to the CALCOMP plotters or to a printronix printer (RMPROUTE=PTRXPLOT

for the best output). A sample plotting rum is given in Figure K-3.



PROPAGATION DATA PLOTTING SYSTEM

@esssserses sacs sesssEes sesses

SELECT OUTPUT OPTION REQUIRED (ENTER FUNCTION NUMBER)

[R)

TIME SERIES PLOT OF ONE RECEIVER SIGNAL STRENGTH
AND ONE RAIN RATE

(2) TIME SERIES PLOT OF ONE RECEIVER SIGNAL STRENGTH
AND ONE OF SEVERAL TEMPERATURE DISPLAY OPTIONS

(3) TIME SERIES PLOT OF ONE RECEIVER SIGNAL STRENGTH
AND WIND SPEED .

(4) TIME SERIES PLOT OF TWO RECEIVER SIGNAL STRENGTHS

(5) INTERIM VERSION OF TEMPERATURE GRADIENT PLOT

4,

ENTER CODE FOR SOURCE FILE DESIRED:
t »> TEST SCRATCH FILE °-DATA®
2 »> PERMANENY DISK FILE “DOO1.DAT®

1,
ENTER STARTING RECORD NO. TO BE PLOTTED: {16)

1.
ENTER NO. OF RECORDS 10 BE PLOVVED: (I16)
8000,
PLOT WILL DISPLAY BOOO RECORDS, STARYING WITH NO. 1
ARE DEFAULY VALUES OF FIRST RX. SIGNAL LEVEL DISPLAY OK?
DRIGIN VALUE + -40 OO
INCREMENT - 5.00
ENTER °<CR>" OR °"NO*

NO

ENTER ORIGIN VALUE: (FS 0)
~65. .

ENTER INCREMENT VALUE: (F5.0)

5.,

ARE DEFAULT VALUES OF SECOND RX. SIGNAL LEVEL DISPLAY OK?
ORIGIN VALUE = -40.00
INCREMENT - 5.00
ENTER “<CR>" OR °"NO*

NO
ENTER ORIGIN VALUE: (F5.0}

(NTéﬂ INCREMENT VALUE: A(75.0)

5.,

ENTER DISPLAY RESOLUTION CODE:
1 »> ONE PLOTTED POINT PER SECOND
2 => TEN PLOTTED POINTS PER SECOND

1.

ARE DEFAULT VALUES OF TIME AXIS DISPLAY OK?
ORIGIN VALUE = 0.0
INCREMENY - 1.00
ENTER °*<CR>" OR "NO"

NO
ENTER ORIGIN VALUE: (FS5.0)

ENTER INCREMENT VALUE: {F5.0}

10.,

FOR FIRST RECEIVER CHANNEL:

ENTER RECEIVER NUMBER TO BE SELECTED:
1 => 3550 MHZ. 2 => 3990 M2,
3 => 4010 MHZ. 4 => T142 MHZ.
S => 7496 MH2.

3.
FOR SECOND RECEIVER CHANNEL:

Figure K-3

5.
TYPICAL RESULYS: {INCHES)

SEQ. NO. X RX. #t RX. #2
1 t.00 8.88 t.82
1201 3.00 $.83 0.27
24019 $.00 $.%0 0.44
3601 7.00 5.86 1.45
4801 9.00 5.69 0.91
6001 11.00 S.74 0.88
6002 11.00 5.74 0.92

SUCCESSFULLY READ BOO! DATA RECORDS

199

PLOTTING WILL TAKE APPROX. 3 MIN. 53 SEC. AND 14 INCHES OF PAPER.

MAX {MUM ¥ VALUE IS APPROX. 10 INCHES. .
O MIN S1 SEC, OR 22X OF TOTAL PLOT TIME IS WITH PEN UP.
SUCCESSFUL PLOT.
#Execution Terminated
# $16.13, $41.877
#SET RMPROUTE=PTRXPLOT
” $.01, $41.897
#R *PLOTSEE O=-PLOTH

#Execution Begins .
- .
s .-

UL

| ==i-=l) [HN!
.

Skl

16?7 PX

*RMPRINT® assigned job numbar 462548
Printronix plot generation done.

1G? PX

Printronix plot generation done.

1G? PX

Printronix plot generatton done.

16?7

€nd of plots. Last chanca to use °*lQ.
1G?

#°RMPRINT® RM462548 relessed to PTRXPLOT & pages PRIORITY=NORMAL

DEVICETYPf «PIRY
#Exgcution Terminated

Sample Plotting Run
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