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INTRODUCTION 

The Bribie cross radar is an instrument for measuring the 
direction and doppler shifts  of high frequency radio echoes from the 
ionosphere. It is complicated i n  operation and requires some s k i l l  on 
the behalf of the operator to reduce the costs incurred by magnetic 
tape for recording and computer analysis t h e ,  without causing a 
deterioration i n  the quality of the recorded data. Control of the 
system is by a microprocessor, w i t h  a visual display unit (VDU) 
portraying the data i n  real time to assist  the operator i n  making the 
appropriate decisions and to check on the status of the system. 

The purpose of this project was to produce a human recognisable 
display of useful operating data. Use of special symbols to  convey 
amplitude and phase information has provided improvement over the old 
systems, a poor resolution display on a storage CEED and a VDU display 
limited to numerical information. 

Fbrther the display may form a basis for more complicated 
displays, while being a meaningful and useful monitor for the current 
procedure. 



CHAPTER 2 

THEDRY 

Electromagnetic waves 

Consider an electromagnetic wave incident on a plasma. If the 
free electron density is high then the plasna w i l l  look like a 
conductor and hence the wave would not propagate i n  this  plasma but  
rather reflect from it. A t  the other extreme is a low charge density, 
l i k e  a i r  i n  a normal room, where a l l  frequencies are able to  
propagate. An electromagnetic wave incident on a plasma of increasing 
electron density i n  the direction of the wave normal w i l l  be reflected 
when its frequency equals the so-called cri t ical  frequency of the 
plasma. 'Ihe cr i t ical  frequency,ignoring complicating effects 
introduced by the presence of a magnetic field or electron collisions, 
is the electron plasma frequency given by: 

2 2 
'%= N, e / M ~ E ,  
where e=electronic charge,N,=electron density, M,=electron mass and 
&e=prmitivity 

I N (e/cu. m) I f (Hz) t ...................................... 
I 10"8 I 90K I 
I 10"9 I 280K I 
I 10-10 I 900K I 
I 10-11 I 2.8M I 
I 10-12 I 9.0M I 
I 10"13 I 28M 1 ......................................... 

Table 2-1 
Electron plasna frequency variation 
wi th  electron density. 
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In the ionosphere we find a generally gradual variation i n  the 
electron density with height (see Fig 2-1). If vie propagate a 
particular frequency towards the ionosphere, we w i l l  g e t  a ref lect ion 
from the region where the electron density reaches the critical value. 
Due to variations i n  the electron density horizontally the contours of 
equal electron density (isoionic contours) may be t i l t e d  to the 
horizontal. It is possible to  show tha t  an equivalent ref lect ion 
surface similar in  shape to the isoionic contours may be constructed 
(Whitehead PhD thes is ) .  Now i f  the radio wave is i n  the form of a 
beam and is pointed in  a direct ion so as t o  strike t h i s  reflecting 
surface a t  right-angles then we w i l l  receive an echo from tha t  
particular direction. From many measurements of t h i s  type it is 
possible t o  deduce the form of the ref lect ing surface. 

me ionosphere is classified into regions depending on he,ight and 
electron density. The lowest region, the D-region extends from a 
height of about 40kms t o  about 90kms. Electron densi t ies  are from 
about a maximium of 10^10 electrons per cubic metre down t o  about 10^8 
e/cu m. In the height range 90kms t o  160 kms is the middle (E) region 
with variations i n  electron density from 10^10 t o  2 ~ 1 0 ~ 1 1  e/cu m. me 
upper levels  (F-regions) have dens i t ies  from 10^11 t o  2 ~ 1 0 ~ 1 3  e/cu m 
and extend from 160kms to around 800kms where it becomes the 
magnetosphere (extending to several Earth radii). In the current 
experiment, the range of frequencies used are 2-6MHz, so ,frm Table 
2-1, the E and F regions are being investigated. 

Neutral gas waves - 
In  the ionosphere the majority of particles are neutral. Waves 

of various types may propagate i n  this neutral gas, eg sound waves. 
Any class of waves for which the major restoring force arises not frm 
the pressure variation, but frm the buoyancy forces under gravity a re  
known as internal gravity waves. meir density and pressure amplitude 
is proportional to 

exp (z/2H) s in  (wt-K.R) where H is the scale height -- 
Ihe wave energy of internal gravi ty waves, i f  imperfectly reflected 
from the mesosphere (heights 50-80km) can lead to horizontal ducted 
waves i n  the ionosphere (Hines 1960). 

me neutral gas waves have various ef fec ts  on the ionisation. In 
the simplest s i tuat ion,  the neutra l  gas motions carry the ions and 
electrons w i t h  them, so tha t  changes in  the electron density reflect 
exactly the changes i n  air density. me Earth's magnetic f ie ld  has a 
marked effect on the ionisation motion and in  the F-region restricts 
it t o  motion along the f i e ld  l ines.  Changes i n  a i r  density may also 
effect changes i n  ionisation production. me way or another the 
ionisation distr ibut ion reflects the form of the internal gravity 
wave. 
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Fig  2-2 
Pfisters Theorem 
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One important interaction occurs i n  the E-region. Associated 
winds can lead to vertical converging movement of ions and electrons 
giving rise to the formation of th in  layers of ionisation (mitehead 
1960). Instabilities i n  the plasna also arise from gradients i n  
fields passing through the plasna (gravitational, magnetic and 
electric).  So it can be seen that reflections from the ionosphere 
need not appear simple. 

Observation - of Ionisation Structure 

'Ib observe these structures, a useful theorem due to  
Pfister(1970) is described. Suppose w e  have a reflection p o i n t  i n  a 
one dimensional reflecting surface i n  the ionosphere a t  a radial 
distance, R, a t  an angle, A, to  the vertical moving w i t h  velocity V i n  
the horizontal direction and vertically with velocity W (see Fig 2-2). 
It can be seen fairly easily that the rate of change of the radial 
distance or more generally phase range is given by: 

dwdt = V s i n  A + W cos A 

This expression allows for the motion of the reflecting p o i n t  along 
the reflecting surface. So i f  several measurements of dwd t  and A are 
taken, we can plot out the motion of the reflecting point ,  be it a 
wave, cloud or other irregularity. 

Obviously the reflecting surface is not one dimensional. 
the above, we expand the angle A into its N-S cmpnent, 

It can 
Generalising 
N, and its E-W component, E, w i t h  velocity components v and w. 
be shown that i n  the mall angle approximation (1 >> A > N,E) that 

dR/dt = Nv + EM + W 
This is a practical statement of Pfisters theorem given by 
Brownlie,Dryburgh and Whitehead (1973). 



CHAPTER 3 

EXPERIMEXC AT BRIBIE IS- 

In  this chapter, instrumentation of the pencil beam radar on 
Bribie Island w i l l  be discussed. Transmitter and receiver aerials are 
arranged as two 1 0  element lines forming a cross, w i t h  the receivers 
oriented North-south. By transmitting and receiving a t  an angle to 
the vertical i n  two planes w i t h  a beam width of about 4 degrees, a 
small region of the sky is observed (see Fig 3-1). 

RfO 
-20 

Fig 3-1 

Beam Steering 

-20 - 0 +20 

'It.le method of directing the beam i n  a particular direction is 
achieved by appropriate phase changes of the ten transmitters and of 
the ten local oscillators i n  the receivers. In turn, the phase 
changes are produced digitally by dividing down a higher frequency 
square wave. The twenty phase changes are read from a memory 
containing the digital beam direction (Brownlie 1973). Using s i x  b i t  
words for the beam control word, there can be a beam increment of 1/64 
of the total angular range. Depending on the scan type used, the 
current system w i l l  l o o k  a t  either 10 or 11 directions i n  each plane 
yielding either 100 or 121 data sets for a scan. Vertical heights can 
be seen (Fig 3-2) to be determined from the travel t h e  of the pulses 
ie  . 

H = c .  travel time/2 (travel t h e  of order 2mS) 
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In  order that echoes from both the E-region and F-region may be 
observed simultaneously, tm identical recording systems operate with 
different receiver time delays and widths (gates 1 and 2). The 
maximiurn signal received during a gate is fed to an analogue to 
digi ta l  converter (AX). Here the input is determined to be one of 64 
(2^6) voltages derived from a reference voltage. Within a scan this 
reference voltage is constant, but i f  during the scan the maximim 
echo becomes too large or too small then the reference voltage is 
increased or decreased for the next scan. This is done using a 
digital  to analogue converter (DAC) w i t h  a s i x  b i t  n&r to specify 
the fraction of another reference voltage, which w i l l  be used as the 
reference for the next scan. %is automatic reference voltage system 
(ARV) allows about 2 digit  (Log 64 = 1.8) data to  be collected over a 
three decade range (Log 4096=3.6), thus  giving an expanded dynamic 
range. 

The maximiurn echo received during the gate is recorded on 
magnetic tape and used to drive the VDU display. 'Ihe transmitter 
radiates an approximately gaussian pUase 60 microseconds long. If two 
or more echoes are received within a gate, only the larger is 
recorded. However i f  the echoes are for different durations, f i r s t  
one then the others are recorded. Since the actual height of the peak 
echo is also recorded, subsequent data analysis can recover each echo 
separately. If t h i s  does not provide sufficient resolution, data 
sampling a t  intervals throughout the gate is possible, but this fast  
data recording is expensive i n  time and money and is only imprtant 
for special recordings. 

Suppose there is a reflecting point a t  some phase Range R, it is 
of interest when trying to follow the motions of the reflecting point 
to know how fast  the range changes with time (see Pfisters theorem) . 
If we define the phase (Ph) of the return RE' signal w i t h  respect to an 
internal RF signal (see Fig 3-3), then the rate of change of range is 
related to the rate of phase by: 
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40 
dwdt  = L(RF)/$ dPh/dt 

where L(W) is the wavelength of the EIF being used (of order 100m) 

In  practice dPh/dt is determined by measuring Ph i n  consecutive 
scans separated by time d t  which is of order 1 second. ltJ0 components 
of the return pulse are recorded, those i n  phase w i t h  the internal FU? 
signal and those 90 degrees out of phase with it (quadrature 
component). Unless the phase changes by more than W , corresponding 
t o  the reflecting point moving more than a quarter of the RF' 
wavelength, then dPh/dt can be approximated unambiguously. These two 
components can then be transformed to polar coordinates giving the 
amplitude and Nase of t he  reflection. 

It is too complicated, with the available microprocessor power, 
to calculate the rates of change of phase of t he  echoes which might be 
present. ?he purpose of this 
project was to provide the operator w i t h  a display which wuld allow 
him to make this jdgement. 

!this must be estimated by the operator. 

Transmit 

In ternal  

Receive 

Fig 3-3 

Phase di f ference between transmit  and receive pulse 
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CHAPTER 4 

DATA: INTERPRETATION AM) REPRESENTATION 

It was shown i n  the previous chapter that the rate of change of 
phase range could be monitored by knowledge of the phase of the 
reflection. From Fourier analysis, it can be shown that for a 
sinusoidal signal,  sampling to  avoid ambiguity must be done faster 
than a rate giving half wavelength changes between scans. In practice 
howver, the s l o e s t  scan rate possible gives maximiurn  efficiency i n  
data storage and processing. W i t h  the VDU display an ambiguous phase 
change w i l l  appear as a half rotation of the phasor arrow. So with 
this  phase information, and amplitude information, the operator can 
increase the sampling rate by decreasing the time between scan or 
changing to a mode where several scans are taken i n  rapid succession 
followed by a longer wai t .  This gives accurate measurements of d w d t  
a t  more discrete times, bu t  doesn't produce the huge volwne of data 
that continuous scanning a t  this rate muld produce. 

Reflections f r m  the reflecting surface are not as simple as from 
a f l a t  plane directly overhead. Complications can arise from wavelike 
structures passing overhead causing the reflecting surface to be 
tilted and hence the reflection appearing off-vertical. The presence 
of thin clouds of high ionisation (sporadic-E) which reflect the beam 
also give rise to  reflection points which may be off-vertical. 
Multiple reflections also may arise from other sections of a wavelike 
structure as shown i n  Fig 4-1. An added feature that can occur i f  the 
the second gate is looking a t  a high altitude is a second hop 
reflection, resulting from an intermediate reflection from the ground 
as shown i n  Fig 4-2. 

Reflection points appear on the VDU display as clump of larger 
amplitude arrows which stand out from the smaller amplitude noise. 
mere is almost always such a collection i n  the centre of the display 
corresponding to a reflecting po in t  almost directly overhead. An 
earlier VDU display which displayed a matrix of one or two digi t  
numbers gave this impression when the second d i g i t  appeared. Having 
noticed a (new) reflection point,  the phase information allows the 
sampling rate to  be adjusted. In addition, signal strength i n  the 
gates is represented by displaying the automatic reference voltages 
for each gate. 
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An analogue CRO display of the two phase components is available 
i n  the system and provides exceptional resolution of the 
inphase-quadrature cmponent relationship. (This is more complicated 
than the straight line assumed i n  the VDU display). fie various 
shapes of the phasor on the oscilloscope (Fig 4-4) can provide 
additional information. Since the beam is steered very rapidly ( 
greater than 100 directions per second) , to display a l l  the 
information would require a matrix of oscilloscopes and would be 
redundant anyway since the operator could not absorb the information. 
There is however a period betmen the complete scans of the sky when 
the beam is pointed i n  one direction while the l a s t  scan is processed. 
W i t h  operator control the beam is pointed a t  an interesting structure 
and the shape of t h e  phasor interpreted. !b enable the beam to be 
directed towards a structure deemed interesting by the VDU display, a 
mechanism for displaying the current interscan beam position on the 
VDU was developed. f i e  mechanism used was dependent on a feature of 
the MC6845 C W  controller (see chap 5 ) ,  which was the a b i l i t y  to  place 
a flashing cursor a t  any character position on the screen. f i e  cursor 
used was a th in  line i n  the centre of a character, which was made to 
flash over the position of the nearest phasor display arrow of gate 
one. wi th  t h i s  combination of phasor display and cursor the'beam can 
be accurately directed to the structure. 

Numerical information that is also of use, l i k e  the starting 
position and widths of the gates (1,2  and the enveloping main gate) 
are written on the screen along with the time,date and the numerical 
set t ings of the WS. Other information is recorded and not displayed 
(eg the heights of the reflection), but  possible options are discussed 
i n  chapter 7. 

'Ihe most useful feature of the VDU display is that the rate of 
change of phase between samples can be determined, allowing the 
sampling rate to  be set to an optimium without fear of aliasing. It 
also provides an h e d i a t e  indication of major echoes and the absence 
of significant echoes. The old numerical VDU display could display 
the same information, but could not be read so easily. (Remember that 
there is typically only one second before the display changes). 



CHAlETER 5 

PRODUCTION OF CHAEACTERS 

As the M6800 microprocessor series are 8-bit byte machines it is 
easiest to allow peripherals to use 8 b i t s  or less (a  normal ASCII  
character requires 7 for example). Using 8 b i t s  we can represent up 
to  256 characters (2^8). It was then decided that to  represent both 
amplitude and phase information i n  a character set  a resolution of 16 
directions and 15 amplitudes would be a good compromise. ?he 16 
remaining characters are allotted to book-keeping purposes ( the 
digits 0-9, space, block (for use i n  a level meter display) , question 
mark as an error and asterix, hyphen and ful l  stop (see appendix I)). 

Tb make the video display program run as quickly as  possible the 
character se t  was ordered i n  such a way that the four lower b i t s  
specified the 16 angles (0=E, 3="E etc) increasing i n  22.5 degree 
steps to 15 (= 1111 binary). Similarly amplitudes are increased from 
0 to 1 4  i n  the higher bits. (See appendix 1, where low order bi ts  are 
plotted on x-axis and high order b i t s  on Y- a x i s ) .  Using the three 
basis directions, (N,NE,NNE), the camplete set of 16 directions can be 
obtained by reflection as shown i n  Table 5-1. 

Using the transformations i n  Table 5-1 we can reduce the nuanber 
of characters to be made from 256 to 61 (45+16). 

In  order to speed up the choice of the final character se t  and to  
reduce the probability of errors ( w i t h  256x64 dots to  consider) and 
to correct them when they do occur, several programs to manipulate 
arrow characters have been written for the department's PDP-11. 
Listings of these can be found i n  appendix three. Facilities provided 
are character inputing , edi t ing,  representation on terminal or 
plotter, coding described above and conversion to and fram binary form 
for transfers to EIOM. 
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I NE I NE I null 
I "l3 I NNE I null 
I N I N I null 
1 NNW I NNE I N  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Nw 
WW 
W 
wsw 
sw 
ssw 
S 
SSE 
SE 
ESE 
E 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NE 
NNE 
N 
NNE 
NE 
NNE 
N 
NNE 
NE 
NNE 
N 

N 
NE 
Nw 
Nw 
Nw 
E 
E 
E 
E 
NE 
NE 

n u l l  I 
nu l l  I 
n u l l  I 
n u l l  I 
nu l l  I 
N I 
null  I 
n u l l  I 
nul l  I 
N I 
nul l  I 
n u l l  I 
nu l l  I 
E I 
n u l l  I 

To input characters one line of 0 ' s  and 1's is typed for each 
line of the character e.g. 00001000 indicates the first  line of 
the amplitude zero north arrow. characters are input either one 
by one i n  the editor or a l l  a t  once i n  the general main program. 
?he only non-obvious feature about t h i s  program is that 16 North 
then 16 North-East then 16 Nor-Nor-East arrows must be entered so 
that the coding program knows where each is. 

EIditing is performed i n  whole characters only and used i n  
conjunction wi th  the terminal. display routine allows reflection i n  
axes, copying swapping and inputing of characters. Tb allow the 
reduction algorithm, an automated version of the editor was 
written. Plotting can be done i n  two ways, either character by 
character or automatically from a "plot" f i l e  which has a 
particular format. An example of #is is shown in  Appendix 1, 
where the plot f i le  was also automatically generated. 

Since the read only memory was to be used in  the video 
display circuit,  a transfer had to be made from the pDPll to Dr. 
Hainsworths' M6800 which has an E P M  programmer as a peripheral. 
Because the characters *re stored internally as  ASCII encoded 
binary numbers (by fortran) it was t r ivial  to create a proper 
binary f i l e  which could be copied onto paper tape for the 
transfer. 

I n  a l l ,  t h i s  collection of programs provided a useful tool 
for developing the characters without becoming too unwieldy to 
use, as can be seen by the inclusion of several character plots. 
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Characters displayed on the screen are handled by a memory 
map system centered around a McrroRoLA MC6845 CRT controller. A 
block diagram is shown i n  f ig 5-1. ?he circuit  has been modified 
to allow square 8x8 characters and 1 K  memory etc. . ?he video 
output of f ig 1 is mixed w i t h  t horizontal and vertical sync 
pulses from the Crrrc to  provide a signal for the Tv's video 
amplifier . 

Tb the microprocessor the memory map consists of t he  
control-register (pointer) and the data register of the CF?IC 
i tself  and 1 K  of random access memory. ?his 1 K  of memory appears 
as  normal memory to  the processor because the CRTC and processor 
addresses are muliplexed w i t h  the processor given priority. 

In operation each l i n e  of points  on the screen is accessed 
once per screen refresh, so i f  we take a particular line, t h e  
p i n t s  are accessed in  order shown in  f ig  5-2. i.e. the order 
the dots are clocked out of the shif t  register to the video output 
is along the top l i n e  of f i r s t  character then top line of second 
till las t  character on l i n e  then the second l i n e s  of each char on 
l ine .  has 
been clocked out of the 8-bit s h i f t  register (plus the space as 
shown i n  Fig-2 ) by the  dot clock which currently runs a t  8.3 MHz. 
Each row which is loaded into the shif t  register is specified by 
the particular character and the particular row of the character. 
?his specifies one of the 256 (no of characters) x 8(lines per 
character) bytes i n  the character generator I7oM. Row addressing 
is handled directly by the CRTC. The character to be output is 
selected on the CRIIC address bus (not necessarily the same as seen 
by the processor) and the byte from the display RAM is directed to 
and held by the one byte latch. The ful l  circuit description and 
the chip description of the Cl?!IC can be found i n  the references. 

Every dot that is input to  the video output (see f igl)  

(xle of the advantages of using the 6845 system is that most 
of the features are controlled by software eg. number of 
characters on a line, the ntnnber of l i n e s  and control for the 
hardware cursor which is described later.  A fair ly  general 
interactive program has been written which produces a table of 
6845 control parameters suitable for inclusion i n  a Motorola 
program. TABLE is written i n  Fortran and transports between the 
three operating systems used (RT-11 (Bribie) I Tbps-10 and FBX-11) 
w i t h  only a change to the system dependant f i l e  specification. A 
l ist ing and sample output is found i n  Appendix 2. 
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CHAPTER 6 

DECODING, DISPLAY AND ACCURACY 

A t  the present the VDU display has th ree  sections as shown i n  
f ig  4-3. The top two lines are a decimal number display of t h e  
date-time and the automatic reference voltage settings on the top l i n e  
and the gate(height) settings on the second. Tbese are refreshed 
every cycle, but usually only the top l i n e  changes. In the following 
lines is the phasor display. Currently t h i s  involves two matrices 
(10x10 or 11x11) matrices of arrows along-side one another, 
representing the phase and amplitude as seen by the two gates. (The 
10x10 matrix is currently being expanded to a software switchable 
11x11 or 16x16 matrix or a combination of the above . mis allows 
significant improvements to a s inc  interpolation for intermediate 
angles, used i n  later analysis). Near the bottom of the screen is a 
pair of bar graphs showing the ARV amplitudes. There is another 
feature that w i l l  write a message on the bottom of the screen, but is 
only used i n  aqfatal error case a t  present and is limited anyway to 
arrow se t  characters. 

I w i l l  now describe these displays i n  a l i t t l e  more detail. Data 
displayed on the screen w i l l  be written to tape for data analysis. 
After the beam control programs have run and the data collected is 
stored for the transfer to digital tape recorder, WYS is called (see 
A p p - 2 ) .  MMSYS reads and interprets this stored data and displays a 
summary on the screen. 

Firstly the top tvm lines give mainly control information and 
certain d i a l  settings. Here the numbers are read from the top of the 
data block and decoded from various formats and output using routines 
which convert hexadecimal numbers to BCD numbers and which print BCD 
numbers. Most of t h i s  section was written for tlrle earlier numerical 
display and l i t t l e  change was required. 

Simple bar graphs are used to display the automatic reference 
voltages which have settings from 0-63. Since the screen width is 
currently only 44 characters wide, the resolution was reduced to 0-31. 
Each step corresponds to one ''block" character across the screen. 

position on the line. This display gives an indication whether a 
\ Each gate is ident i f ied by a "1" or a "2" i n  the f i r s t  character 
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generally strong or weak signal  reflection is received during the 
gate. 'Ihe ARV is determined by the max imiu rn  signal strength during 
the previous scan, that is when the beam is pointing i n  the direction 
of the major echo. 

'Ihe dominating feature of the display is the 2 matrices of 
arrows. Each of the 100 or 121 positions corresponds to  a particular 
se t t ing  of the North-South and East-West angles determined by the  
transmitter and receiver phases. Each arrow represents the phase and 
amplitude relative to an internal standard of the reflected pulse from 
the ionosphere. After the data pair of in-phase and quadrature 
components are selected and some centering of t he  display performed, 
the arrow character is chosen, output and in  the process moving across 
the screen one position. One l i n e  is output a t  a time from each gate 
alternately and so we zig-zag through the data while scanning across 
the screen. ( Gate one data is separated from gate two data by about 
500 memory locations). So we output 10 or 11 arrows from gate one 
(starting lower left) then a space, then 10 or 11 arrows from gate two 
progressing up the screen. Decoding the characters from the in-phase 
and quadrature components involves finding both the amplitude and 
phase of the phasor ( f i r s t  checking that the data is legal). 

Amplitude is calculated using the approximation A= X + Y/2 i f  X > 
Y or A= Y + X/2 i f  Y > X. This approximation is quite fast to  
calculate and quite accurate (see table 6-2). Unfortunately the 
calculation of the phase is not  as simple, but since we need only a 
resolution of one i n  sixteen, we can get very good results using 
multiplication of t he  smaller component by 2, 3/2 and 4 only ( a l l  
fa i r ly  fas t  to program). The partitioning can be achieved by testing 
the data to be i n  the ranges shown i n  Table 6-1. 

By five cmparisons it is possible to narrow down the angle to  
the quadrant and an angle range within the quadrant. (These are 0 to 
14 degrees, 14 to  34, 34 to 56, 56 to 76 or 76 to 90 w i t h  accuracy 
shown i n  table 6-2). In the process the comparisons required for the 
amplitude calculations are also done. Individual amplitudes are 6 
bi ts  long giving a possible range of 0-63, however only 0-57 are used, 
providing a check on the system. With the encoding algorithm used 
(X+Y/2), the final anplitude w i l l  be i n  the range 0-85 (= 57+57/2 
rounded down). Having found the amplitude, we then divide the 86 
possible results into 15 ranges for representation i n  the character. 
(Currently these  are 0-1-4-10-16-22-28-34-40-46-52-58-64-70-76-85 but 
are easily changed). 
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For the amplitude approximation 
average error = 0 
mean absolute error = 4 from m a x  of 85 
standard deviation 5 from m a x  of 85 
max imium relative error = 0.3 

For the phase choice approximation 
No of choices not nearest desired direction = 0 
mean absolute difference = 5 degrees 

These figures are for the possible range of input  data only. 

Table 6-2 Errors associated with MMSYS algorithms 

If any data value is out of the legal range a "?" is output 
instead. Possible reasons for this are (1) the program samples the 
data after it has been s e n t  and been corrupted (as can occur i n  200Hz 
scan mode) (2) another section of code may not have written the data 
i n  the expected format (eg when no height information is sent) ( 3 )  the 
operator is using the diagnostic un i t  and is sending different 
information on the bus,(4) various hardware error or bus noise that 
may have crept in.  Thus the presence of illegal characters indicates 
a fault  i n  the system. 

In an earlier chapter, the interscan beam position was described. 
The implimentation of this and positioning of the matrix centred on 
two tables. Cne was a se t  of tables dividing the 64 beam positions 
into 10 ,  11 or 16 for display on the 10x10 etc matrix. The second was 
a table containing the addresses of the s tar ts  of each line. 'Ihese 
tables allow different screen formats to  be implimented. 



FUTURE DEVELOPMEWIS OF THE VDU DISPLAY 

One major lacking of the current display is that not a l l  of t he  
relevant information that is recorded is presented to the operator. 
Heights of the reflections are also stored. It is possible that 
within a gate two echoes of comparable intensity are received and the 
recording hardware may flicker between them. If this can be detected 
then it would allow the operator to decide whether or not to  use the 
fast  scan mode. Itcro simple implimentations of displaying the height 
are to either complicate the current display by superimposing on the 
present display the height information or to have a separate display 
for the heights. One way to superimpose the height information would 
be to code the heights as  colors. Tb use a modification of a 
conventional television under the control of the MC6845, rather than a 
special color graphics un i t ,  would require, i n  principle, l i t t le  
change to be made to the system. Six colors plus black and white can 
be achieved by switching on and off the three guns i n  the colour TV 
set acting as the MU. As far as  the processor is concerned the 
interface controlling the guns would just be another interface. Six 
colors would probably be a l l  that the display could use without being 
to complicated for the operator to interpret. It does however limit 
the height resolution to about s i x  values. An alternative display is 
to separately display the height information i n  a similar manner to 
the phasor display. For this  purpose "arrow" characters would 
probably not be suitable, so further characters muld have to be 
added. A simple set  of additional characters is shown i n  fig 7-1, 
where the amplitude resolution has been decreased by one. ?he problem 
w i t h  using a separate display for the heights is that the current 
screen is not big enough, so either more displays are needed or a 
larger display (wi th  appropriate hardware changes to keep the  
characters square). 

An annoying feature of the cursor display is that the position is 
only updated when the whole screen is changed. If the scanning is 
slow then the time lag between manually moving the beam to its display 
may be excessive. ?his would require only minor changes i n  the 
programming of the processor i f  it were dedicated to controlling the 
display, but the processor is used as the system controller and hence 
is not available. 
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Since a major use of the display is to allow the operator to  
monitor phase changes between scans, it would be desirable i f  the 
differences could be displayed. This wuld require a l l  the components 
from the previous scan to be stored and the differences taken. This 
i n  i tself  is t r ivial  to code, but there is a major complication i n  
that the reference voltages for the gates changes a t  almost every 
scan. When the project was started the processor being used was a 
Motorola M6800 on which the required multiplications of data w i t h  the 
AFWs wuld have been very time consuming, but now a later model M6809 
processor is being used which does have a (simple) hardware multiply 
instruction. !%is may make the process feasible. A logical extension 
of this  difference display is the control of the scan rate. In a very 
simple scheme #is would involve measurement of the phase changes of 
the phasors w i t h  amplitudes greater than a certain noise l imi t  and 
making intelligent choices of scan rate i f  #is change became too 
large or too small over a few scans. 

Another feature which would be desirable is a scan of the 
amplitude against time for the main gate. This cmbined w i t h  a 
display of the gate position would allow the operator to t e l l  when 
when a reflecting point was about to move outside the measurement gate 
and to correct appropriately. A t  present this display is made on an 
oscilloscope with gates appearing as more intense traces by use of the 
z-axis. By use of t h e  above "height" characters, both amplitude and 
gate positions could be shown (using both the horizontal and vertical 
varying characters) . 

One unfortunate problem with  the large scale monitoring of the 
system is the time required and time lags between measurement and 
display. The current form is preferable to finding bad data days 
later during processing, but  t he  monitoring could grow to become a 
real time data analysis which was not the intention of the use of a 
microprocessor. Perhaps as the whole system becomes more complicated 
(in terms of control) , the time required for display may become 
cr i t ical  and a processor dedicated to the task of monitoring may 
become desirable. 
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Appendices 

Appendix 1 

The screen 

fie Arrow character set 

Appendix 2 Bribie program listings 

(1) WYS (display control) 

(2) VDUSUB (general support) 

(3) TABLE (CRTC table generator) 

(4) sample run and output 

Appendix 3 Arrow program list ings 

(1) MAIN (general) 

(2) (subroutine) INCSET ( input  character set) 

(3) (sub) PLTm (plots a line of dots) 

(4) (sub) DISPLN (displays a line on terminal) 

(5) (sub) SETCHR (reads character set  from disk) 

(6) CHANGE (arrow editor) 

(7) SETALL, (automatic editor) 

(8) PLTALL (performs plots from a plot f i le )  

(9) BIGBIN (converts ASCII to binary) 

(10) I m  (inverts each character i n  set) 

(11) (macro) BYTWRD (copies word to byte) 

(12) (macro) REVERS (reverses b i t s  i n  a byte) 

(13) MAK44S (produces PLOT f i l e  to simulate screen) 



. * .: .) 
L . 8 .  

11' . . . . . . . .  s c  . 
ILl . .  . . .  . . .  



. .. 







i (3 1.1 *r F'lJ '1' A Fir u :l I' :c I? s 7' + 

i c (2 1"l v e r .L; 













t CALCULATE CURSQR LQC 
c u I? Slf 

. 

(30TTAR 

s (O s l  

* 



If N D 



[5, c 







LNM1 
L N O  
I- N T B 1.- 
LN 2 
I... N 2 
LN3 
LN4 
I,NS 
L N 6  
1." 
1.. N 8 
LN9 
L " N i 0  
1." N 1 2 
L.NiZ 
LN23  
LN24 
l..Ni!5 
L N i 6  
L N i 7  
LNiEl 
L.Ni9 
L N 2 O  
L"N21 

i l "N1O 
11n11 
i L.Nl.2 
i I.. N 1 3 
i L.N:L.a 
i 1,N:I.J 
i LNlh 
i L.N:L7 
PLNI.8 
3 L.NJ.9 
i LN20 
i L.N2:1 
i LN22 



Q 0. 
9 c C 2 U  .b 

n v 

t? 
G: c 



n 

i+ 
f-. 

23 
h 

+i 

n 
r! 
r4 
0 

P 

W 

r )  

rt 
.-4 ii 

U 

z 
0 

i- 

0 
f 

tf 

s 

n n  

n 

? m i  - 

C 



C 
6080 
6QYO 
t)100 
6 l 1.0 
6120 
6140 
6150 





r? 
i2 : 
ii 
z c - . .  i:: 

E 
2 - 
3: 
zb 
c c 

x 
3: 

z 

- .. 

n 

ii 

Y 

0 

.- I-; . .  
x 
4 x 
3 
x 

Y 

W 

c 

i 
zi: -. .. 

Y 

i;? 

i 
- ... . .  




































