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Abstract 

This thesis describes the interfacing of an IBM compatible microcomputer to a BR Com

munications chirp sounder. The need for this is twofold: Firstly for control of the sounder 

including automatic scheduling of operations, and secondly for data capture. 

A signal processing card inside the computer performs a Fast Fourier Transform on the 

sampled data from two phase matched receivers. The transformed data is then transferred 

to the host computer for further processing, display and storage on hard disk or magnetic 

tape, all in real time. 

Critical timing functions are provided by another card in the microcomputer, the 

timing controller. Built by the author, the design and operation of this sub-system is dis

cussed in detail. Additional circuitry is required to perform antenna and filter switching, 

and a possible design thereof is also presented by the author. 

The completed system, comprising the chirp sounder, the PC environment, and the 

signal switching circuitry, has a dual purpose. It can operate as either a meteor radar, 

using a fixed frequency (currently 27,99 MHz), or as an advanced chirp ionosonde allowing 

frequency sweeps from 1,6 to 30 MHz. In the latter case fixed frequency doppler soundings 

are also possible. Examples of data recorded in the various modes are given. 
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Chapter 1 

Introduction 

An ionosonde is a piece of equipment that is used to probe the upper atmosphere and 

is a type of variable frequency radar. Ionisation of the neutral gas in the ionosphere, 

which extends from approximately 60 km upwards, affords this region the characteristic 

property of refracting and reflecting radio waves propagating through it. Long distance 

shortwave radio communications is possible as a result of this, and the reliability of these 

communications was originally the main driving force behind investigation of the iono

sphere. 

Traditionally ionosondes measure only the virtual height of the reflecting layer at 

different frequencies, and from this electron density profiles can be calculated. Two broad 

types of ionosondes are in use. The first uses pulsed sounding techniques, and the second 

uses frequency modulated continuous wave (FMCW) or 'chirp' sounding. The ionosondes 

under consideration here fall into the second category [Poole AWV 1983, Evans GP 1984J. 

1.1 Ionospheric research 

In the absence of an accurate model of the ionosphere, predictions of optimum frequencies 

for radio transmissions have been based on the large data-base collected mainly over the 

last 50 to 60 years. Modern investigation of the ionosphere requires parameters other 

than just the virtual height. Digital or advanced sounders have been developed over 

approximately the past 20 years (less for advanced chirpsounders). Parameters which can 

be measured with such a sounder include Doppler velocity of the reflecting layer, angle of 

arrival of the received signal, determination of polarisation mode, and vernier group height 

1 



CHAPTER 1. INTRODUCTION 2 

from phase information. It also allows for quantitative evaluation of the amplitude, as well 

as, numerical rather than 'graphical' recording of the data. This requires a special type 

of segmented frequency sweep, as well as continual switching between pa.irs of spatially 

separated antennas. To achieve this, advanced sounders are under microprocessor control, 

and digital data are stored on magnetic storage media as opposed to the traditional 

recording of ionograms on photographic film [Evans GP 1984, Reinisch BW 1986J. The 

basic principles of chirp sounder operation are outlined in Appendix A, and an explanation 

is given of the terms cell, sounding and ionogram. 

Of particular interest to the Hermann Ohlthaver Institute for Aeronomy is the ability 

to perform oblique digital sounding, using two chirp sounder systems some distance apart. 

This requires precise timing synchronization of the two systems. 

Ionisation due to solar radiation and other sources may produce several distinct layers 

in the ionosphere which vary according to many factors such as time of day, season, solar 

cycle and unusual solar activity. The maximum plasma frequency of a given layer is called 

the layer's critical frequency and its maximum for the ionosphere is called the penetration 

frequency (see Figure [A-I]). Above this frequency vertically incident radio waves are not 

reflected, though they may be scattered [URSI 1978J. The penetration frequency for the 

region of the ionosphere directly above Grahamstown rarely exceeds 15 MHz. 

1.2 Meteor Research 

Ionisation of the ionosphere, though due ma.inly to incident solar energy, may also be 

caused by meteoroids as they 'burn up' on entry into the earth's atmosphere . The resulting 

phenomenon, which is marked by a visible streak of light and an ionisation tra.il along its 

path, is known as a meteor [McKinley DWR 1961J. 

Ionisation due to meteors is localised and extremely intense, though short lived, and 

can reflect frequencies well above the penetration frequency of the ionosphere. The chirp

sounder at a suitably high fixed frequency (in this instance 27,99 MHz), provides an 

accurate and efficient facility for logging meteors which, for the most part, is independent 

of weather conditions and time of day. 

Maximum heating of the meteoroid , and thus maximum ionisation, occurs at a height 

of approximately 100 to 110 km. See Appendix B for a background to the meteor pro-



CHAPTER 1. INTRODUCTION 3 

gramme. 

1.3 Project requirements 

At the time this project was started the Hermann Ohlthaver Institute for Aeronomy 

had in its possession three chirp sounders, one with no digital capabilities, one advanced 

chirpsounder, and the newest of the three possessing potential digital capabilities but 

lacking external command and timing control. The latter sounder (a BR Communications 

9034) was at the time being used solely for meteor research and it was decided to complete 

this system, to allow for both meteor and ionosonde operation, by linking it to an IBM 

AT compatible PC for control purposes . It is this project with which this thesis concerns 

itself. 

The following initial requirements were of primary concern: 

1. Upgrading the existing meteor data logging routine to allow for validation of echoes 

in 'real time' and compression of the stored data. 

2. Connection of an IBM AT for system control allowing for specification of sweep 

structure, antenna selection and real time data processing, as well as automatic 

scheduling of operations to be run. 

3. Development of the controller software and user interface in a suitable 'high level' 

language. 

4. Design and construction of a timing controller , allowing for accurate timing adjust

ment, even during the execution of system operations (particularly important for 

oblique ionosonde operation as allowance has to be made for synchronization of two 

independent sounders) . 

5. The design and construction of antenna switching circuitry. 

6. Design of compatible software for ultimate inclusion of the data capture system 

(DCS) developed by BT Bonnevie. 

7. Inclusion of a device driver for a future film recording system (FRS) . 
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8. Implementation of the above with the minimum of interference with the existing 

meteor and ionosonde programmes. 

9. Finally, the overall system design was to take into account the existing hardware, 

structure and requirements of the older two ionosondes, so as to maintain compatibil

ity between all three as far as possible. This would assist in the future rationalization 

of all three systems. 



Chapter 2 

Controller requirements 

2.1 Existing equipment 

At the time of commencement of this project the institute had in its possession three 

Barry Research / BR Communications 'chirp' ionosondes. The VIS·l, the eldest of the 

three, having been purchased around 1971. 

2.1.1 VIS-1 

The VTS·l (Vertical Incidence Sounder) has over the past twenty years undergone minimal 

modification and consists of two 19/1 racks containing the following units: 

Logchirp Control (1015) - This performs the overaJI control functions. These include 

setting of the vertical and oblique sweep rates, sweep limits, sweep formats (log or 

linear) in vertical mode, frequency mark generation and sounding interval. Tonogram 

records may be initiated manually, automaticaJIy at 5 minute intervals, or remotely. 

All options are selectable via front panel controls. 

Frequency synthesizer (5006) - To produce the vertical incidence mode linear and 

logarithmic sweep rates the Logchirp Control unit programs the synthesizer through 

1/2 sec (25 kHz) segments of a 50 kHz/s sweep. This basic rate determines the 

relationship between the sounder height range (1000 km) and the sounder receiver 

bandwidth (500 Hz). See Appendix A for a detailed discussion of chirpsounder 

principles and operation. The two oblique incidence sweep rates, 50 kHz/s and 

100 kHz/s, are continuous linear frequency ramps. 
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Amplifier-T/ R (4050B) - Signals between 0.5 and 30 MHz generated by the synthe

sizer are amplified to approxi mately 8 W (peak) by the amplifier-T/R unit in vertical 

or oblique transmit mode. A T /R switch and its associated timing circuitry enables 

the use of a single antenna for both transmitting and receiving. The T /R rate used 

was a 'warbled' function which partially eliminated blind height ranges but prod uced 

considerable interference with other HF equipment. This has since been replaced by 

an M-sequence function. 

Preselectors (4039) - The received RF signal originally passed through one of three 

preselectors , which consisted of digitally tuned filters. As these filters were switched 

by mechanical relays, they proved unreliable for the limited increase in performance 

and have since been removed from circuit. 

Receiver (4040A) - At the input of the receiver a variable gain amplifier (under the 

control of the amplifier-T /R) is used to gain weight the received signals in vertical 

incidence mode. The receiver baseband output is in the frequency range 0-500 Hz 

and an audio monitor is also provided. 

Local oscillator (4041) - Generates all the necessary mixer frequencies. 

Spectrum analyser (2002) - Produces a frequency spectrum for film records . 

Film recording system (FRS-I) -Thisinc1udes the Camera interface (6018), monitor 

and record oscilloscopes, and camera, and produces a 35 mm film record of each 

ionogram. Record identification was originally achieved with a mechanical time/date 

unit but this has been replaced by an electronic, microprocessor controlled T /D unit. 

Quartz oscillator (HP 105B) - A stable, temperature controlled, battery backed up, 

quartz oscillator provides the necessary 1 MHz and 100 kHz signals to the system. 

There is an additional unused 5 MHz output. 
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2.1.2 VOS-I 

This sounder, being only a year younger than its predecessor, had the same basic units. 

The only marked difference between the two was the inclusion of circuitry in the camera 

interface to display the time and date on the two oscilloscope screens, thus doing away 

with the need for a separate time/date unit. 

However, in the early 1980's the VOS-1 underwent extensive modifications, with the 

replacement of Logchirp Control by a microprocessor based controller. In addition the 

single receiver was replaced by two phase matched receivers, and an array of antenna 

switching circuitry was added. A RF power amplifier was also used with the system for 

the first time. 

The result of these modifications was the ability to perform complex structured fre

quency sweeps, and the digital storage of data on magnetic tape. This was achieved 

through the use of a hardware FFT box [Fisher JS 1979J and a 6800 based data capture 

system (DCS) [Poole AWV 1983J. These latter two units have since been replaced and 

it suffices to say here that the principle of operation of the new DCS remains the same. 

The VOS-l thus includes the following new units: 

Vertichirp controller - This replaces Logchirp Control, but the two are interchange

ble with only a rew minor modifications. The Vertichirp controller is based on a 

South West Techniques Corporation 6809 microprocessor system. In addition to the 

processor board, two 32 k memory boards containing both EPROM and RAM, and 

a calculator board are used . Communication with the controller is via an RS-232 

link from a dumb terminal. The majority of the software is written in the language 

Forth, and stored in EPROM. 

All system timing circuitry and RAM are on battery backup. System functions 

(operations) such as ionogmms and timing shifts can be defined completely from the 

dumb terminal , and scheduled to run at any time. 

Phase matched receivers - A pair of phase matched receivers are required for phase 

comparisons which allows for the measurement of such parameters as angle of arrival. 

Remote control of the AGC is possible with the receiver gain being reported. 

RF power amplifier (T500A) - Maximum of 70W in, into son. Nominal 10 dB gain. 
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Remote switching of filters is required as well as power blanking. 

Antenna switching - The transmit RF power out can be switched to one of two an

tennas, generally either a vertical or oblique antenna, at the start of an ionogram. 

Mechanical relays are used and 100 W can be switched. 

The two receivers can be switched to any pair of a possible eight receive antennas 

(four LF and four HF). All unused antenna inputs are grounded. Switching is again 

performed via mechanical relays, and while this has the advantage that the RF signal 

is not attenuated, the relays have a finite life expectancy, and a fault may not be 

readily identifiable. Remember that the receive antennas may be required to switch 

every cell. 

Digital signal processor - A Delanco Spry, TMS32010 based signal processing card 

is used to perform the real time transformations from the time to the frequency 

domain, as well as computation of the power spectrum. The power spectrum is then 

indexed in descending order of magnitude to a preselect able number of points per 

cell (PPC), scaled to retain all significant bits, and the processed data transferred 

to the PC. The card has an onboard analog to digital converter (ADC) and digi t al 

to analog converter (DAC) which are not used. 

IBM PC - An IBM PC compatible is used to perform all the data capture functions. 

It contains two 12 bit ADC cards (PC-26), each connected to a receiver output , 

and these cards are strobed by the external sample strobe. After every sample one 

of these cards interrupts the PC, which then services the two cards and writes the 

samples to an appropriate area in memory. At the end of a cell the processed data 

are retrieved from the signal processing card and the raw data down-loaded to the 

card. After further processing of the transformed data, it is plotted to a graphics 

screen and if required, written to magnetic tape. All necessary information as regards 

the ionogram, such as cell length, sample rate, etc, is obtained from the Vertichirp 

Controller via a link through a parallel port. 

Magnetic tape drive - Data can be stored to magnetic tape. The present tape format 

used is 1/2 inch , 9 track, PE, 1600 bpi. 
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2.1.3 BR-9034 

The 9034 was purchased in 1985 and consists of three units: 

Transmit excite r (1070) - This emits a continuous wave signal at a fixed frequency 

or is swept in an upward linear ramp starting at any frequency in the range 1.6 to 

30 MHz. Four basic rates are available; 25, 50, 100 and 200 kHz/so The transmit 

frequency can be offset from the receive frequency by up to ±10 kHz in 1 Hz steps. 

The transmit exciter also contains an RF power detector to warn of RFPA failure. 

Dual channel receiver (4070) - This contains two phase matched receivers, the re

ceive frequency synthesizer, 5 MHz oscillator, and a microprocessor for control pur

poses. All system operating parameters such as tuned frequency, sweep rate, band

width, gain, etc. are digitally controlled and remotely programmed via an RS-232C 

serial data port. The internalS MHz signal may be replaced by an external source via 

rear panel ENC J22. Start and jump strobing is possible, via rear panel connectors 

J10 to J14. 

Power amplifier (5018) - Nominal 100 W is fed back to the transmit exciter where it 

passes through a final T /R switch ('dark' switch) before being fed to the antenna. 

Input to the RFPA is a dEm and a 10 W output is available as well. All inputs and 

outputs are matched to 50n. 

Control of the 9034 system was, at the start of this project, achieved through the 

use of a dumb terminal for programming and a push button switch to provide the start 

strobe. This is adequate for continuous, fixed frequency operation as required for meteor 

research, but operation as an ionosonde is not at all possible. 

The T /R switching function was interchangeable between a 500 Hz square wave and 

an M-sequence, via the reversal of a jumper on the interface board in the dual channel 

receiver. For meteor research the 500 Hz square wave option is used, but ionosonde 

operation requires the M-sequence. 
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2.2 Upgrading the BR-9034 

It was decided to use an IBM AT compatible to perform the necessary control functions, 

as well as simultaneously doubling as the data capture system. This imposed certain 

speed (time) requirements on the system which initially the author was unsure could be 

met. 

An Ariel DSP-16 digital signal processing card is used to perform the 'front end' data 

capture. It contains two analog to digital converters and the sampled data is transformed 

to the frequency domain. After some addi tional processing the resultant data are uploaded 

to the host computer for display and storage. 

The timing controller (TC) provides all timing and strobe inputs to the ionosonde. It 

was decided to develop this as a plug in card for the IBM PC I so that accurate timing 

control of the PC could be achieved as well. This also allows rapid data transfer to and 

from the card. The TC requires battery backup so as not to lose system timing during 

power failures. In addition the TC has to allow for system timing to be advanced and 

retarded by small amounts, even while the sounder is sweeping. 

It was decided to use a Real Time Clock chip (RTC) to provide time and date infor

mation to the PC. The reason the PC's RTC was not used is simply the necessity for the 

clock to remain in phase with the system frequency standard. The use of a RTC chip 

substantially reduced the amount of circuitry that would have otherwise been required to 

implement this function. The only drawback is that the clock input frequencies to these 

devices are not readily obtainable from a 5 MHz signal . 

One forced modification to the 9034 was that to enable remote selection of the T /R 

waveform (500 Hz square wave or M-sequence) required for operation as both an ionosonde 

and meteor radar. A small additional amount of circuitry was added to the interface card 

in the dual channel receiver, and a control line added to the rear panel connector no (see 

Appendix E). 

An additional standard 19/1 rack module, the Signal Switching unit (SS), is required 

and contains all the antenna, RF, baseband, and filter switching circuitry. The signal 

path followed varies depending on whether the sounder is operating as an ionosonde or 

lIt will in future be taken as understood that PC refers to an IBM AT compa.tible unless otherwise 

stated. 
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a meteor radar. Control of the SS is largely via the parallel port on the PC. With the 

exception of the serial link (and internal frequency standard if used), all input and output 

signals associated with the 9034 connect to the outside world via the SS. 

The SS also contains the circuitry necessary for synchronising the sample rate timer 

on the DSP16 at the start of each cell. The need for this will be described in detail in 

section 3.4.3 . 

2.3 Rationalisation of ionosondes 

Figure [2-4J gives a block diagram of the overall 9034 system showing all control lines , 

signal lines , etc . The rationalisation programme is intended to introduce some compati

bility between the three chirp sounder systems, both on a software and a hardware level. 

The outermost 'shell' of the system, the man - machine interface, will, within the bounds 

of any hardware constraints, remain the same on all three systems. 

Figure [2-5J is a block diagram of the rationalised VOS-l/VIS-l sounder systems. The 

Interface Adapter (IA) will replace the vertichirp controller in the present VOS-l system. 

The IA will be substantially simpler in design than vertichirp control and Figure [2-6J 

shows the functional blocks that will be retained from this controller. A microprocessor 

is still required to interpret the serial string from the PC and program the frequency 

synthesizer. The IA will also have to retrieve the IF gain from the receivers and return 

this to the PC serially. 

2.4 Man - machine interface 

The architecture of the IBM PC is shown in Figure [2-7J. The BIOS2 is stored in ROM 

on the motherboard. It gains immediate control of the system on power-up and is respon

sible for system checks , hardware identification and all low level hardware operations. If 

the application software makes numerous BIOS calls , then the BIOS can be loaded into 

'shadow ' RAM for increased speed. 

DOS3 is the operating system and affords control of the hardware at a higher level 

2Basic Input Output System 

3Disk Operating System 
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Applications Software 

DOS 
-------- - ---- - ---------
Accessed through Int 21 h DOS 
fUnctIons and other Interrupts. 

BIOS 
----------- - ---------- -

Accessed through BIOS 
functions by way of sevoral 

Interrupts. 

IBM PC Hardware 
--- - ------------ -- -------- - ------ - - -- --------- -
Display adapter, i<eyboard, prInter, dIsk, mouse, Joystick, and so 
on. Accessed at 110 ports and/or memory locations, depending 

on the specific hardware Item. 

Figure 2-7: DOS and BIOS systems software as a control and interface layer [Borland 

(assembler) 1988] 

than the BIOS. It is consequently easier to use and a single DOS function call may make 

use of a number of BIOS routines. 

If all hardware operations are performed solely via the above two systems software 

layers , then the exact hardware configuration will be invisible to the applications software. 

However, if specific control of the hardware is required, or a non-standard device is being 

used, then these interface layers can be bypassed. DOS allows access to BIOS calls through 

software interrupt 21h. For additional information consult the DOS programmers guide 

[Microsoft 1984]. 

The applications layer itself may consist of a number of levels. We require that at 

the highest level, the user interface, the hardware configuration be invisible. Ideally this 

means that the user need not know what ionosonde, signal processing card, magnetic tape 

unit , etc. are configured in any particular system in order to operate it. 
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The software driver routines for the sounder itself and signal processing card will ob

viously vary for the three systems. However , if these routines can be placed in separate 

libraries then all that is required will be to recompile the main program with the appro

priate libraries. This requires that the libraries have a common, predefined interface or 

declaration section. The 'high level' language chosen for software development must allow 

for this. 

The user interface must be such that the program is easy to use. This requires a 

menu-driven approach with as much relevant information as possible being displayed 

on the screen. All user input must be validated before being accepted. Parameters 

associated with a particular mode of operation are to be stored on disk in a file of system 

operations. This will avoid problems during power failures. In addition system files could 

be transferred from one ionosonde system to the next, allowing for immediate duplication 

of system operation, scheduling, etc. T hese modes of operation must be rationalised, and 

more clearly defined than those used by the VOS-1 system. 



Chapter 3 

Description of additional 

hardware 

3.1 Digital Signal Processing board (DSP-16) 

The DSP·16 is a general purpose signal processing card (based upon the TMS32020 digital 

signal processor) which interfaces as a slave processor to an IBM PC. It forms a self· 

contained subsystem, with on- board RAM, two analog input and two analog output 

channels, and a programmable sample rate timer [Ariel 1987J. 

Communication is via four consecutive I/O ports in the host PC (switch selectable). 

The DSP-16 also interrupts the PC with the interrupt request line being jumper selectable. 

A 64 kbyte page in the PC's memory is required to accommodate the DSP-16's dual ported 

RAM (see Appendix I for available locations). 

Control of the on-board sample rate timer is possible via an external gate, allowing 

hardware synchronisation of sampling between cells. A cell is the period of time over which 

the data for a single FFT was collected. In ionosonde mode this cell length corresponds 

to a linear chirp segment of the sounder sweep as described in Appendix A. A detailed 

overview of the DSP-16 is given in Appendices F & G. 

20 
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3.2 Serial link 

Serial communications between the PC and the BR·9034 is via an RS·232C link at 9600 

baud. The transmission format is shown in Figure [3·1J . Parity is switch selectable 

(on the BR-9034 interface board) between none and space parity. It was left at space 

parity to allow for operation of the link by the existing dumb terminal instead of the PC, 

particularly while testing the system. 

7 data bit." speer parl.ty 
H~rk ;:: 1 

Spao:::r ;:: 0 I I I I I I I I I I 
start bi t 

Mark = - 3 to -lSV 

Sp~CQ = ~3 to +1SV 

stop bit 

Figure 3-1: Serial transmission format 

Serial port 1 on the PC is used (COM 1), and is configured during the controller 

software initialization routine. The PC is connected as Data Terminal Equipment (DTE) 

and the BR-9034 as Data Communications Equipment (DCE). Transmit, receive, ground 

and Data Set Ready (DSR) are the only lines used. DSR is held at +12 V when the 

BR-9034 is powered on and is used by the PC to check that the sounder is 'on-line'. If 

the link is disconnected then this check can be bypassed by a switch on the connector 

to the PC. This switch allows DSR to float to +12 V by disconnecting it from the lOOn 

pull-down resistor. The connector wiring diagram is given in Appendix J. The serial card 

is configured to interrupt the PC whenever it receives a character or is ready to transmit 

the next character. [IBM 1983, BR Communications 1984, Nathanson P 1987J 

3.3 Timing controller (TC) 

A number of alternatives presented themselves for effecting advance/retard timing shifts. 

Firstly, the actual 5 MHz signal to the BR-9034 could be increased/decreased in frequency. ' 

This results in a smooth time adjustment even during sounder operation, as all the sounder 

frequencies are adjusted accordingly. With the VOS-l a simple technique of pulse insertion 

and deletion is employed to produce a modified signal from the standard frequency of 

100 kHz . The insertion of a pulse is in effect a doubling of the frequency over that 
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period. A similar technique could not be used with the 5 MHz signal however, as this 

is running close to the frequency limit of CMOS logic firstly, and secondly would almost 

certainly cause problems with the internal timing of the 9034, as it uses phase locked loops 

which have a limited input frequency range. Instead a small but continuous frequency 

adjustment would be necessary to effect these changes (4.5 - 5.5 MHz). 

This was the approach first adopted by the author and was pursued to the stage of 

wire wrapping the proto-type. However, it can be seen (by the author now as well) that as 

all the receiver mixer frequencies are locked to the 5 MHz standard, a 10% change in the 

5 MHz signal will produce a corresponding 10% change in the receiver tuned frequency 

(shown graphically in Figure [3-2]) . This fundamental oversight proved to be a costly 

mistake time wise. 

?MHz 

freq 

Lx tuned rrequencw 

.10108 = n'I 

t 1M ml ) m 

S.5HHz 

.rro l"" ............ [.: . . ......... ··········· · 

The rr~qu.ncw .rror i~ proportional to 1'1'11/1'1'1 

Figure 3-2: Graphical illustration of effecting timing shifts by adjusting the 5 MHz input 

A modification on the above approach would be to effect a burst adjustment of the 

5 MHz signal over say 10% of the cell duration . For the remaining 90% of the time the 

receiver would tune to the correct frequency. However, to produce snitably high shift 

rates would require adjustment of the input frequency by an order of magnitude. This is 

again unacceptable. 

a •• ic: rat e 110kHz 

fr q 100kHJ 

Rl< tuned _f_r_.q_u_._nc_w_-:~i" .... ·" .... "" ...... 

Figure 3-3: Timing shifts effected by adjusting the basic rate 

An elegant solution would be to adjust the basic rate alone (see Figure [3-3]). This is 
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the technique currently used with the VOS-I, and if the timing controller could produce 

an adjusted 100 kHz signal compatibility with the VOS-I system would be maintained, 

which complements the rationalisation programme. However, this signal is not readily 

accessible on the 9034 system and the potential for synchronisation problems if this signal 

was modified, were just too high to have pursued this approach even on an experimental 

basis. It would also have required numerous modifications to the 9034 in conflict with the 

authors philosophy of effecting the minimum number of changes. 

From a software point of view the above approaches are relatively straight forward as 

no adjustment of programmed cell frequency jumps is required. In fact the timing shift 

is invisible to the software, apart from monitoring the size of the time shift. 
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Figure 3-4: Implementation of timing shifts by adjusting the jump strobe 

An entirely different approach would be not to modify any of the signals used internally 

by the 9034 , which would avoid many of the timing problems. Cell start times are defined 

by either a cell start or jump strobe. Cell end times are not defined except by the reception 

of a jump strobe. Thus the timing could effectively be adjusted during operation by 

advancing or delaying these strobes. 

This requires a software modification to the jump frequency programmed in the serial 
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string during timing shifts. Different jump offsets would be required for different timing 

advance/retard rates. Adjustment to the system timing would only become apparent at 

the start of the next cell. That is timing shifts would not appear smooth and continuous 

during sounder operation. Timing shifts could also only be implemented in fixed, relatively 

large steps. This method involves complex synchronisation of the software with the TC 

hardware. 

Slngl~. largl! 
frl!O!uenc!J jump 
~t cell bound.r~ 

Multiple, small fr.O!uenc~ 
Jump~ during cell 

Hard~ar. Jump ~trobe 
at cgll bound_r~ 

Figure 3-5: Graphical representation of software frequency jumps to effect 'smooth' timing 

shifts 

All of the above approaches have the distinct advantage of providing a direct method 

of adjusting the Real Time Clock (RTC) by simply deriving its clock input from the 

adjusted output frequency. The RTC cannot be set with sufficient accuracy from the PC 

and changing its clock input frequency proved to be the only solution to adjusting the 

RTC by small amounts. 

A disadvantage of the above methods is that they all effect the cell length . Adjusting 

the cell length would interfere with re-synchronisation of the external sample rate timer 

on the DSP16 (see section 3.4.3). This is not a problem if separate ADC cards are being 

used which require an external sample strobe, as this strobe could be suitably adjusted. 
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A final solution was to effect all timing shifts during sounder operation purely in 

software. In other words no adjustment is made of any of the input frequencies to the 

9034, nor any of the strobe inputs. Consequently the cell length remains unchanged and 

all timing and synchronisation problems, both with the 9034 and sample rate timer on 

the DSP16, are avoided. Timing shifts are effected by adjusting the programmed jump 

frequency to the 9034. As with the previous method, timing shifts can only be performed 

in fixed jumps. The size of these jumps is however greatly variable. In addition it is 

possible to effect a number of small frequency increments at regular intervals during each 

cell, by using software jump 'strobes', instead of a single jump at the end of the cell 

(Figure [3-4]). This means that time shifts could be controlled more finely with prompt 

response to operator commands. 
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Figure 3-6: Comparison of frequency spectra for : (a) the hardware shift methods and (b) 

the software shift methods 

As FFT's are performed on a cell by cell basis, a series of spikes will be observed 

as the receiver 'steps' through the signal being searched for . With the majority of the 
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other methods discussed no useful data could be expected from the FFT as the signal 

would sweep through the whole frequency band of the receiver. Figure [3-6J compares the 

expected FFT output fo r these cases . 

This was the method finally implemented. It is completely effective for linear sweeps 

where the basic rate and overall rate are equal. A linear sweep where these two rates 

differ, or a structured cellular sweep where local frequency offsets are used within cells, 

will prod uce no results if the timing error is of the order of the cell length. The problem is 

illustrated in Figure [3-7J. Logarithmic sweeps could be used but would require involved 

calculations of frequency jumps taking into account the frequency offset. These limitations 

can for the most part be disregarded. 

(a) 

frvq 

'tim- shift 

......... 

(b) 

'r " 

i 

Figure 3-7: Signal synchronisation by (a) effecting a hardware timing shift and (b) syn

thesizing a timing shift by a frequency shift, illustrating the problems associated with a 

structured cellular sweep. 

A block diagram of the timing controller is given in Figure [3-8J. From speed and 

power considerations the TC has been constructed largely from high speed CMOS devices. 
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Circuit descriptions are given in Appendix K and circuit diagrams in Appendix L. 

Note: The actual TC hardware and RTC are only adjusted at the end of a sweep. Timing 

shifts of up to ± 1 second are possible in 0,1 ms steps. The rate of adjustment is such that 

to effect a hardware shift of 1 second in either direction takes 1 second to complete. 

An onboard crystal oscillator is provided to maintain approximate system timing if 

the input signal from the frequency standard is lost. 
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Figure 3-8: Timing controller block diagram 
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3.4 Signal Switching (SS) 

3.4.1 Antenna switching 

In ionosonde mode four spacially located antennas are needed for determination of angle 

of arrival, doppler velocity, etc (Appendix A). Antenna switching occur" between cells, 

ie at a maximum rate of 4 Hz. If mechanical relays were used to achieve this, then 

signal attenuation would be negligible but reliability questionable. Even ifthe programme 

schedule were only a simple synoptic consisting of a single 5 minute ionogram every 

hour, the majori ty of these devices could only guarantee 1 year of reliable operation. A 

malfunction might not be readily detectable by the operator either. So, some type of 

solid state switching device is required. The CMOS analog switches that will be discussed 

in section 3.4.2 would not be suitable as ",ttenuation would be too high for such small 

signals. BR Communications use two baluns and some diodes to perform RF switching. 

Single package devices (PAS-3) are available in this configuration (Figure [3-9]), and are 

in fact the devices that are used by the meteor system as will be described shortly. 

C<JT 

J 
Figure 3-9: RF switch 

For maximum flexibility any of the four ionosonde receive antennas should be able to 

connect to either or both the receivers. In addition it mayor may not be desirable to 

ground unused antenna inputs as done presently in the VOS-l system (see Figure [3-10]) . 

In the authors opinion this is likely to degrade system performance, but this would have 

to be determined empirically. 

An alternative design for antenna switching in ionosonde mode, suggested by the au

thor and Mr BT Bonnevie, is shown in Figure [3-11J. This approach simplifies the required 

hardware substantially, while sacrificing minimal system flexibility. Requirements on an

tenna orientation are more rigid, and the exact configuration will have to be taken into 

consideration during post analysis of recorded data. Programming of multi-cell soundings 

will also be simplified, as antenna allocation will be independent of station location. It is 
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r-+-_-<~"",, _ _ 'An1 .nn .. 1 

-+ 
;-+--~ ....... ' 

+-__ ~o-r-__ 'AntQnn .. 3 

Figure 3-10: Antenna switching in the VOS-1 system 

important that in the physical construction of the SS all RF signal paths be kept equal 

in length. Antenna selection is via the parallel port on the PC and sorr:e decoding logic 

in the SS itself. 

In meteor mode pairs of receive antennas are switched to the receivers at 250 Hz 

(Appendix B). The circuitry to perform this was designed by Prof G Poole and uses four 

PAS-3 switches . The switching signal is provided by the 4070 dual channel receiver, Rx 

T/R control out (Appendix E). 

Depending on whether the system is operating in ionosonde or meteor mode, one bank 

of antennas will be disabled. This control line comes directly from the parallel port. 

The PAS-3 switches were very expensive but no suitable alternative could be found. 

The author has thus provided a rough circuit diagram (Appendix L) of the RF switching 

circuitry, but this will have to be constructed at some future date when the devices can 

be purchased. 

The RF power out can be connected to one of three transmit antennas or a 50 n 
dummy load. Should the SS unit lose power or the antenna select input, the transmitter 

output will be switched into the dummy load. 
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Figure 3-11 : RF signal path in ionosonde mode, showing all possible antenna orientations, 

and a sample 3 cell sounding structure (Mr BT Bonnevie) 
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3.4.2 Base-band signal and filter switching 

4< 
law fr_ ", 
ant_nna_ 

4< 
hieh (rllq 
ant.nna~ 

A 
n 
t 

• n 
n , 
• 
" r 
t , 
h 

San'IP1~ rate 
ti~r 

s~nchronl~ation 
circuitr~ 

L-__ ~ ____ Cell ~trobe 

Figure 3-12: Effective signal path in ionosonde mode 

L-________ ~---------L~~Rx T/R c ontrol out (500Hz) 

Figure 3- 13: Effective signal path in meteor mode 
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In ionosonde mode, receiver outputs are sampled directly by the ADC's (Figure [3-12]). 

In meteor mode the receiver bandwidth is 2500 Hz and the receiver outputs pass through 

100 Hz low pass filters before being sampled. An analog demultiplexer switches each 

receiver output between a pair of these filters. Switching is synchronous with the RF 

section, with allowance for transmission delay through the receivers (Appendix B). Pairs 

of filter outputs are then switched to the ADC's by an analog multiplexer as shown 

in Figure [3-13J. Control of this multiplexer is provided by the DAC 1 on the signal 

processing card (or the parallel port if separate ADC cards are being used). A timing 
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diagram of multiplexer operation is given in Figure [F-5]. Signal switching is done using 

CMOS aIL,icg switches (type 4053 & 4066). An additional switch is used to bypass these 

low pass filters in ionosonde mode . 

3.4_3 Synchronisation of the external sample rate timer 

Two approaches to sampling the receiver outputs exist. Either the ADC card(s) use an 

external sample strobe, provided by the timing controller, or alternatively the card may 

use an onboard sample rate timer, in which case synchronisation of the timer with the 

cell strobe is required. 

The second alternative is applicable to the DSP-16 and synchronisation is performed at 

the start of every cell. This is achieved by using a slightly higher sample rate (1024,6 Hz) 

so that the last sample will be taken before the end of the cell . Immediately after this 

sample the sampling complete line (DAC 1) to the signal switching unit is raised hi. This 

positive edge clocks a flip flop which then disables the sample rate timer via an external 

gate on the DSP-16 card as shown in Figure [3-14]. This gate holds the timer reset until 

it is released by the next cell strobe from the TC. A fundamental requirement of this 

approach is that the time interval between enabling the timer and first sample being taken, 

remain contstant. A detailed timing diagram is given in Figure [F-4]. 

Sl!IlT'IPling comple-ta- r--I 
(oAC 1) ____ ---'1 IL ____ _ 

5~nchronl~. tlm.r 
'Ext 9~t R) U 
C~ll .. trob _______ -L ____ _ 

Figure 3-14: Synchronisation of the sample rate timer on the DSP-16 

3.5 Film Recording System (FRS) 

The VOS-1 system produces ionogram records by 'dragging' the film across a viewing slit 

on an oscilloscope screen. This is a cumbersome approach and is fraught with mechanical 

and electronic problems. The intention is to replace this with a system whereby the 

ionogram is first plotted on a graphics screen and then photographed using a camera 
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wi th a motor-drive. A single control line has been made available on the parallel port to 

provide the necessary strobe to the camera. 

Ideally a second monitor is needed, that could be set up in a dark cabinet and used 

purely for this purpose. To produce ionograms of suitable quality a graphics screen (EGA l 

or VGA 2) would be needed. This poses a problem however as every monitor requires a 

driver card in the PC and the memory location of the various cards has been predefined by 

IBM and is used by DOS and the ROM BIOS. It is theoretically possible to simultaneously 

operate a CGA 3 and monochrome monitor if both are running in text mode. However 

only one adapter can be installed if graphics mode is to be used due to over- lapping of 

memory addresses as a result of the additional memory requirements (see Figure [1-5] for 

CRT memory locations). 

The final possibility is to use two similar monitors in parallel. This would require 

either installing two identical graphics adapter cards, or driving both monitors from one 

card. The first is not possible as the PC requires acknowledge signals from the adapter 

cards , and this would cause bus contention as the timing on the two cards could never be 

exactly the same. The second would almost certainly require additional buffering of one 

of the moni tors . 

The author has, where possible, allowed for the future inclusion of the FRS with the 

present software. 

1 Enhanced Graphics Adapter 

2Video Graphics Array 

JColour Graphics Adapter 



Chapter 4 

Software 

The PC performs two distinct functions. Firstly it has overall control of the complete 

sounder system, and is responsible for the programming of the ionosonde as well as au

tomatic scheduling of operations. Secondly it is responsible for data capture, processing 

and data display, and finally storage to some mass storage medium. The software that 

performs the above two functions is contained in the file CONTROL.EXE. 

System timing is derived from the timing controller, a card which plugs into the PC 

and is programmable by the PC. The PC also plays host to the digital signal processing 

card (and analogue to digital converter cards) which performs initial data capture and 

processing. 

4.1 Data capture and preliminary signal processing 

This is performed using the Ariel Corporations, TMS32020 based, DSP-16 . The two 

on-board .l.6...hl1 analog to digital converters (ADC) are used to sample the two input 

channels simultaneously. Hardware sample rates of approximately 1024 or 2048 Hz are 

used. Lower sample rates can be achieved by discarding samples in software. Samples 

from consecutive cells are stored in two separate buffers with one buffer being processed 

while the other is being filled (Figure [F-2]). The DSP-16 software is written such that it 

has two modes of operation, described as follows. 

34 
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Data upload fo rmat 

Ionosonde mode 

Re 

-Ro 

Combined Power 
spectrum scaled 
to retain max no. 
significant bits 

Pointers to the 
power spectrum 
in descending 
order of 
magnitude 

Scaling Factor 

Total: 2661 words 

Re(O) 
ReO) 

Re 511 
Re 512 1024 

-Ro 511 

-Ro I) 
-Ro 0) 

Ie 0) 

10(512) 1024 
10(511) 

10(0) 

Max_lnt 
PO) 

512 

P(511 ) 
Inde;;fO) 

Index(99) 
Factor 

Meteor mode 

Spectral 
maxima 
frequencies 

Total: 22 words 

fma:zl 
Jma.:z2 
/ma:z3 
frna:z4 

RI (at t.,,) 
11 
R2 
12 
R3 
13 
R4 
14 

Freq spread 1 
Fteq spread 2 
Fteq spread 3 
Freq spread 4 
Sample max 1 
Sample max 2 
Sample max 3 
Sample max 4 

Noise Hi 
Noise Lo 

Control data download format 

Mode 
No. samples / channel 

Points / celfTpPC) 
&ho criterion (Hz) 

Spread threshold 
Stale 

Sample rate divider 

Total: 7 words 

Mode = a Meteor operation 
Mode =F 0 Ionosonde mode 
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State = 0 Data output to PC (interrupt PC) 
Stale> 0 Analogue spectrum only 

Sample rate = Hardware rate / 2Ra.te divider 

Figure 4-1: DSP-16 to PC data transfer format 
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4 .1.1 Ionosonde mode 

In ionosonde mode a 1024 point complex FFT simultaneously transforms data from both 

input channels into the frequency domain. If 1024 points per channel have not been 

sampled, as for example in the case of half and quarter second cells, the remainder of the 

buffer is filled with zeros . This has the effect of extending the period of time over which 

the signal is sampled in the time domain (see Appendix C). The FFT uses an in-place, 

scrambled input - natural output algorithm and was adapted from the one supplied by 

Delanco Spry with the model 10 DSP board [Langman D 1986]. 

The real and imaginary components, corresponding to channels A and B respectively, 

are separated using an unscrambling routine based on Equations [C-6] & [C -7]). A com

hined power spectrum of the two channels is then calculated, scaled to retain as many 

significant bits as possible, and indexed in descending order of magnitude to a preselectable 

number of points per cell (PPC). Finally all of the above information is transferred to 

the host PC, in the format shown in Figure [4-1], by consecutively writing each word to 

the host data port. The DSP-16 interrupts the PC when it is ready to upload data. The 

above routines were adapted from those written by Mr BT Bonnevie for the model 10. 

Compatibility of the two sets of code has been maintained as far as possible. 

Arbitrary values (conceptually data from time zero) 

Figure 4-2: Graphical representation of data storage in ionosonde mode. 

Re-synchronisation of the sample rate timer is required at the start of each cell in 

order to maintain phase relationships for cell comparisons. The external gate is used to 

disable the interrupt timer at the end of each cell until the next start cell strobe. This 

gate is disabled via one of two digital to analog converters which outputs a positive pulse 

after the required number of samples have been captured. The gate is reset by the next 

start cell strobe. The relevent timing diagram is shown in Fignre [F-4]. [Ariel 1987] 

The first valid sample is stored in position 1 of the respective channel buffer. The 

value stored in position 0 is conceptually the sample from time zero, and is set to zero 

in ionosonde mode before computing the FFT (see Figure [4-2]). This is unimportant as 
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there will be no valid data to sample at that time anyway if the ionosonde is 'chirping' 

(Figure [4-3]) . 

time zero 
I· ... -----------Cell • 1//. 

--\.-+-+-f---+--.loc---,f-Tx signal 

/. = sampling frequency ---+-+-I-I'-'-\----'<---Rx signal 

First valid sample 

Figure 4-3: Transmit and received signals at cell boundaries in 'chirp' mode. 

The error allowed in the sampling time of the two channels must not exceed 1 % of the 

shortest period in the signal out of the receiver (500 Hz in ionosonde mode). 

Tmin = I I /max = 1/(500Hz) = 2 ms 

The DSP-16 samples to within 1 ns, ie simultaneously for our application. Similarly the 

error allowed between appropriate samples in different cells must meet this criterion, ie. 

be less than 20 J-Ls. 

Te.rror 

Channel A ---4~~----

Channel B 

Figure 4-4: Sampling error 
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4.1.2 Meteor mode 
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Figure 4-5: Storage of samples in meteor mode 

For determination of angle of arrival four antennas are required. However only two phase 

matched receivers are available. With the receiver bandwidths set at 2500 Hz, the RF 

inputs and base-band outputs are 'synchronously' switched, with the outputs being band 

limited to 100 Hz by four lowpass filters (see Appendix B). In addition only two ADC's 

are available to sample these four channels. Thus an external analog multiplexer is used 

to switch the ADC's between pairs of outputs. This multiplexer is switched using one of 

two digital to analogue converters (DAC) as shown in Figure [F-5J. 

The ADC's sample at 1024 Hz but from alternate channels resulting in an effective 

sample rate of 512 Hz per channel. Using a 1024 point transform, points on the computed 

spectra will be separated by 0,5 Hz (512 values per spectrum covering the frequency range 

0-255,5 Hz). Each of the two buffers used to store the samples is further subdivided as 

shown in Figure [4-5J. The number of points sampled per transform determines the length 

of each cell. These time cells are contiguous in meteor mode. 
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At the end of each cell, a power spectrum is obtained for each of the four effective 

channels, with the maximum of each and the frequency, fm.~' at which it occurred being 

recorded. The four values of fm.~ are then compared and provided the difference between 

the lowest and highest frequency meet the echo criterion, the echo is assumed to be a 

valid meteor. The echo criterion is the maximum frequency difference allowed between 

spectral maxima, the width of which can be set from the host PC. 

fm.~ f.u, Scan Width 
.1 

_. ---;i>0f/I-( -1\\---:,-'1 04-. -----n,{7"~(--~ 

~
I 1 

L I 

illl 
Spread " , . . I . 

Spread Threshold 

~'I----- Spread window - ------., ... 1 

Figure 4-6: Determination of frequency spread in meteor mode 

If the echo criterion is met, the real and imaginary components of the four spectra at 

an average l frequency, f.v" are up-loaded to the PC. For each channel, fm.~' together 

with a measure of the frequency spread of each of the transformed signals about fm"", 

and the maximum of each of the sampled signals in the time domain are also uploaded 

(Figure [4-1]). 

The frequency spread is the range of frequencies about fm.~ for which all the computed 

spectral magnitudes exceed a certain threshold (the spread threshold, see Figure [4-6]). 

The number of points on the spectrum scanned either side of f.v, in order to find the 

spread, is determined by the value of Scan Width, a TMS320 variable at present set equal 

to 20. Twice the product of Scan Width and the sample separation gives the Spread 

window. 

A measure of the average spectral noise is also up-loaded for display. This value is 

normalised to the value it would have if the ceil length had been 1 second.2 No adjustment 

is made of any other parameters to compensate for cell length. 

Once echo data has been up-loaded to the PC it may first have to pass up to three 

l/OlJe is rounded to the nearest discrete value available. 

:oIIf the cell length is halved then the average noise spectrum amplitude is also halved. 
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software 'amplitude filters' before being accepted by the PC as a meteor echo. Each filter 

consists of a rectangular window function with the upper and lower frequency limits, as 

well as the amplitude threshold, selectable by the operator. The average amplitude of the 

four channels is used. 

Note: These 'filters ' are not filters in the normal sense and the relationship between their 

effective gain and the threshold is not simple, and depends on the size distribution of the 

meteor echoes. 

4.1.3 General information 

In both meteor and ionosonde modes an analog spectrum output is available from a second 

DAC which also provides a trigger pulse for an oscilloscope (Figure [F-6]). 

Should the TMS320 run out of time to complete its instructions within a cell, it will 

interrupt the host PC and upload a single word so as to notify the host. Once the PC has 

acknowledged this interrupt, by reading the slave data port, the TMS320 will reset itself 

and continue execution. 

Documented listings of all controller and TMS320 source code can be found in the 

separate text Source code listings for Control of a BR-9034 chirpsounder, and Data Cap

ture using a TMS320 signal processor. Signal processing flow diagrams are given in Ap

pendix H. 

See Appendices F & G for detailed information on the DSP-16 and TMS32020 respec

tively. To assemble the source code run ASM320 DSP16TMS. 

4.2 Operating system 

One of the major problems experienced was not due to the choice of programming language 

but that of operating system. DOS, being non-reentrant , is not suited to real time or 

multitasking operations. All three languages use DOS function calls to perform I/O and 

thus great care has to be taken when requiring I/O in interrupt driven routines (ie If 

DOS is interrupted the interrupt service routine can not make a DOS function call). A 

number of compromises had to be made due to this limitation. The author did look at 

the possible use of alternative operating systems, in particular PCMOS, but these did not 

always offer true DOS compatibility and were costly. 
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[Microsoft 1984, Software Link 1987J 

There are two possible solutions to the reentrancy problem of DOS. Firstly, the soft

ware can be written such that only the main process, or alternatively only an interrupt 

service routine , has access to DOS function calls. The second option is to check whether 

DOS is busy before making any calls to it and if so setting a flag and waiting until it 

has finished. This requires redirection of a number of interrupt vectors and the use of a 

regnlar interrupt, such as the timer (IRQ 0), to perform a 'DOS not busy' and 'flag set' 

check. The second solution is not desirable if an interrupt must be serviced immediately. 

It also reduces portability of the software. [Borland (Pascal) 1988, Waite Group, Ladd SR 

1988, Prosise J 1987J 

The first approach was adopted, with only the main program providing screen output. 

Disk access is allowed from within only one interrupt service routine, and from the main 

program only when this interrupt is gated off. 

4.3 Choice of high level language 

4.3.1 Language options 

Three high level programming languages were considered for the development of the con

troller software and user interface. These were - C, Pascal and Modula-2. These lan

guages all support 'high level' structured programs, modnlarity, a wide selection of data 

types, and have graphics capabilities. 

The particular interpretations of these languages/compilers under consideration were: 

• Turbo eversion 2 

• Turbo Pascal version 5 

• TopSpeed Modula-2 version 1 

All of these use a similar integrated development environment consisting of a more or less 

standard editor, fast (efficient code producing) compilers with immediate error location 

in the source code, smart linkers, and run time error location (and debugging facilities). 

These integrated environments greatly reduce software development time. 

None of the above implementations are directly compatible with the respective ANSI 

standard language definitions. This reduces the portability of the source code to other 
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implementations on different machines or operating systems. However, this was not con

sidered too important for two reasons. Firstly, if the code is easily readable hopefully 

any changes required to move to a more standard implementation could be made fairly 

readily. This would essentially consist of writing additional routines supplied as part of 

the language, or in associated libraries, with the above implementations. Secondly, as the 

controller hardware (ie IBM PCI AT) is unlikely to?e replaced in the foreseeable future, if 

and when it is the software will probably require extensive revision anyway. (Additionally 

the standards are continually undergoing revision .) 

4.3.2 Turbo C 

C was developed in 1972 by Dennis Ritchie and has its roots in the language BCPL which 

in turn was a descendent of Algol (Figure [4-7]). The UNIX operating system is developed 

almost entirely from C. 

1960 

1970 

1980 

CPL 
! 

BCPL 
! 
B 
! 
C 

ALGOL-60 

ALGOL-68 
ALGOL-W 

PASCAL 

1 
MODULA 

ADA 

Figure 4-7: Schematic genealogy for members of the Algol family of programming lan

guages [Brown DL 1985J 

C is a subroutine orientated language, allowing separate compilation and linking of 

these routines . It does not allow nesting of subroutines (functions) within subroutines. It 

has a powerful set of control statements, similar to those of Pascal and Modula-2, however 

it does not support as wide an assortment of structured data types nor the ability to create 

new types . On the whole, it also lacks readability in comparison with the other two. "Even 

seasoned programmers may find themselves investing a significant amount of time trying 

to understand someone else's code ... or even code that they themselves have written 

in the past!" "For instance C permits (and even encourages) the construction of very 
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terse code." "Pascal programs are, on the whole, much more readable because they don't 

encourage this terse style" [Brown DL 1985]. This is not to say that readable code can 

not be written in C, it just requires greater effort on the part of the programmer. 

"If a language tightly restricts the circumstances in which a location associated with 

a variable of one type may be interpreted as a different type, the language is said to be 

strongly typed. Pascal is strongly typed, C is not" [Brown DL 1985]. 

"What C may claim as a feature may easily be mistaken by a Pascal programmer as 

a bug." "Veteran C programmers respect and appreciate those special features that give 

this language its distinctive flavour and realize that they reflect the needs of the systems 

programmer." "C permits great programming flexibility and sacrifices (to some extent) 

program reliability; the C programmer has great control over the machine's operations. 

Pascal produces programs that are reliable but not as flexible" [Brown DL 1985]. "Turbo 

C and Turbo Pascal are moving towards the center of this C-Pascallanguage spectrum: 

Turbo C adds some structure to C, and Turbo Pascal adds some flexibility to Pascal" 

[Borland (C) 1988]. 

Turbo C allows linking to Turbo Pascal as well as assembler routines. This would 

be advantageous due to the amount of time already invested in developing the Data 

Capture System (DCS) in Turbo Pascal and the use of assembler routines for time critical 

operations. Turbo C has an advanced graphics library and routines to handle interrupts. 

(Although no mention is made of it in the manuals, the author suspects that certain 

sections of the language, such as I/O, may not be reentrant!) 

Turbo C supports the draft proposed American National Standards Institute (ANSI) 

standard, fully supports the Kernighan & Ritchie definition (The C Programming Lan

guage), and includes certain optional extensions for mixed-language and mixed-model 

programming [Borland (C) 1988] . 

In addition, interface routines to the DSP-16 board already existed for Microsoft C 

and were almost directly compatible with Turbo C. 

4.3.3 Turbo Pascal 

Pascal is a general purpose, high level programming language developed by Niklaus Wirth 

in 1971, and was intended to aid the teaching of a systematic approach to computer 

programming. 
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Pascal is a strongly typed language, rich in data and control structures. Like Algol 

from which it descended it is a subroutine orientated language. Unlike C though, it allows 

nesting of a number oflayers of subroutines (procedures and functions) within subroutines. 

In other words, better 'hiding' of data structures, resulting in simpler more reliable code. 

Standard Pascal has a number of disadvantages. Firstly, "It promotes a monolithic 

overall program structure, not one in which re-usable code can be channeled into (or drawn 

out of) libraries" [Terry PD 1987J. Turbo Pascal overcomes this to some extent with the 

introduction of units, which are pre-compiled segments of code that can be used by other 

programs. Secondly, "The constructor mechanisms supported do not go quite far enough. 

In particular they are 'mid-level' and do not properly address the needs of programming 

closer to machine level than integer suggests" [Terry PD 1987J. Turbo Pascal includes 

in/ine declarations and directives, and linking to assembler routines to overcome this, as 

well as interrupt handling facilities. 

Turbo Pascal includes the same advanced graphics routines as Turbo C. It does have 

the problem however, that the I/O and dynamic memory handling routines are non

reentrant. Non-reentrant means that the variables associated with a particular operation 

are stored in fixed memory locations, and not on the stack. Thus if an interrupt occurs 

during the execution of a non-reentrent operation, which calls this operation, all variable 

values will be corrupted after the return from interrupt [Borland (Pascal) 1988J. 

One of Pascal's main attractions though is its readability and the close resemblance 

of Pascal source code to English language if descriptive identifiers are used. Another 

important consideration was the amount of operational code already developed in Turbo 

Pascal for the DeS. 

Although Turbo Pascal claims "ANSI standard compatibility" [Borland (Pascal) 1988J, 

it also contains more adaptations and extensions to the standard than do either Turbo 

C or TopSpeed Modula-2. Thus it is probably the least portable of the three languages 

under consideration. 

DSP-16 interface routines existed for Turbo Pascal version 3 and could be purchased 

for version 5, if they could not be adapted from the existing source code. 
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4.3.4 TopSpeed Modula-2 

Modula-2 was also created by Niklaus Wirth who developed Pascal and it is a direct 

descendent of this language. "You can think of Modula-2 as a 'better', or more powerful, 

Pascal" [JPI 1988]. 

In Modula-2 the source code is broken up into modules which can be compiled sep

arately and linked together at run time, as can be done with functions in C and units 

in Turbo Pascal. It is even more strongly typed than Pascal, but this can be more than 

a little irritating at times. For example it requires a type conversion in order to add 

an integer to a real. Modula-2 has built in support for multitasking, and the TopSpeed 

version includes an advanced time-sliced scheduler in its library, for easy implementation 

of concurrent processing. TopSpeed Modula-2 does not however have a library of graphics 

routines as advanced as those supplied with the Turbo packages [Terry PD 1989]. 

At present the de facto standard for Modula-2 is Niklaus Worth's Programming in 

Modula-2. TopSpeed's implementation is based on the description in this book. However 

it does contain a number of useful extensions not present in the language as defined by 

Wirth [JPI 1988] . 

Interface routines to the DSP-16 would have to be adapted from the given assembly 

routines as none existed for Modula-2. 

4.3.5 Speed comparisons 

Comparisons between the code generated by the above three compilers were made in three 

areas, namely: 

• Graphics 

• Numerical computations using integers 

• Floating point computations 

'Identical' programs were written in all three languages, and to the best of the author's 

knowledge all compiler directives that could affect the execution speed of the generated 

code (such as range and stack overflow checking) were turned off. Listings of the respective 

routines can be found in Appendix D. 
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For the sake of brevi ty only the language name shall be used and this will be under

stood to refer to the particular implementations under test. 

High resolution graphics 

Pascal and C use essentially the same graphics routines, thus a comparison was only made 

between Pascal and Modula-2. One of the most time consuming sections of the data cap

ture system is the plotting of ionograms, Doppler velocity, etc. to the screen in real time. 

Pascal/C claim high speed graphics by bypassing the BIOS and writing directly to video 

memory [Borland (Pascal) 1988J. Modula-2 makes no such claim and essentially had no 

library to support high resolution graphics (at that stage). At the time of performing 

these tests 'in-house' routines were being used by the DCS for plotting ionograms. These 

routines also wrote directly to video memory and were faster than Pascal routines for plot

ting vertical and horizontal lines. Translating these routines to Modula-2, and modifying 

the Modula-2 Graph module to enable 'hi-res' graphics, produced similar time results 

as their Pascal counterparts. Therefore only a comparison of the times for the standard 

Pascal and Pascal 'in-house' routines is made here. From Table [4-1J it can be seen that 

the advantages of using 'in-house' routines over the standard routines is overshadowed by 

the choice of computer hardware. 

Tests were performed on a Colour Graphics Adapter (CGA) card in 'hi-res' mode 

(640x200) and on a Video Graphics Array (VGA) card (640x480). 

PC (CGA) AT (CGA) AT (VGA) CGAhi AT (VGA) VGAhi 

Pascal 47 17 8 28 

'in-house' 30 22 5 

Table 4-1: Time (in seconds) required to address an entire 'hi-res' graphics screen pixel 

by pixel. 

Integer Computations 

In addition to the standard 2-byte integer type, Pascal also supports a 4-byte longint 

type . However, Pascal is slower than either of the other two (Table [4-2]). 

Note: A co-processor does not affect integer calculations . 
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PC AT 

C 22 10 

Pascal 45 17 

Modula-2 23 10 

Table 4-2: Comparison of times for integer computations (in seconds) 

Floating point computations 

PC AT AT (80287) 

C - float (4-bytes) 45 19 2,8 

- double (8) 20 3,2 

Pascal - real (6) 20 10 4,1 

- extended (10) 3,3 

Modula-2 - real (4) 48 22 3,0 

- longreal (8) 51 23 3,3 

Table 4-3: Comparison of times for floating point computations (in seconds) 

Pascal's floating point emulation routines were substantially faster than those supplied 

with C and Modula-2. 

4.3.6 Language decision 

In the time available, the author Was unable to gain sufficient familiarity with all three 

languages to a depth that would allow an objective assessment of each. The final decision 

therefore, was based on a subjective overview of the reference manuals, the opinions of 

programmers experienced in one or more of the languages, and the author's prior pro

gramming experience. As all three of the languages appeared to fill our basic requirements 

lhe overriding criteria became readability and reliability of the program code. 

The author choose to discard C as an option due to its lack of readability and absence 

of enforced 'good' programming practices in comparison with Pascal and Modula-2, and 

this appears to be the consensus amoungst a growing number of programmers; "My own 

feeling is that the current C craze may wane over the next couple of years, leaving the 

language back in the hands of the converted" [McIndoe T 1989). 
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Another important aspect was maintenance of the code. While both Pascal and C 

are well known and established languages, Modula-2 is the primary language of computer 

education at present (and for the forseeable future) at Rhodes University, our most likely 

source of future programmers. This however does not totally preclude Pascal as an option. 

"Modula-2 is very similar to Pascal, at least at a superficial level, and Pascal programmers 

can read Modula-2 code very easily." [Terry PD 1987] 

In the author's opinion, Modula-2 seems to be a unification of the most desirable 

features of Pascal and C. With its stronger typing and increased readability, it allows the 

development of even more reliable code than Pascal, while at the same time allowing the 

flexibility of C by giving the programmer total control of the hardware at a very low level. 

With its inherent multitasking capabilities it is better suited to real time applications than 

either Pascal or C. However , TopSpeed Modula-2 is still in its early stages of development, 

with regular updates being brought out to correct bugs and affect minor changes to the 

language. In this regard Borland had more or less stablised their Turbo Pascal software 

package. Also, the TopSpeed integrated development environment does not provide the 

advanced debugging facilities of Turbo Pascal and is considerably slower in compiling and 

linking programs. 

The final choice carne down to Tllrbo Pascal for the following reasons: 

1. Readability. 

2. The extensive amount of software already written in it for the DCS. 

3. The speed and reliability of the development system and of the compiled code. 

4. The speed of its floating point emulation library as coprocessors are at the moment 

prohibitively expensive. 

5. The extensive graphics library. 

6. With the introduction of units, Turbo Pascal has moved towards the Modula-2 con

cept - "Two aspects of Turbo Pascal make this modular functionality work: (1) Its 

tremendous speed in compiling and linking and (2) its ability to manage several code 

files simultaneously, such as a program and several units" [Borland (Pascal) 1988]. 
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7. Finally, Borland have hinted that Turbo Pascal may at some future date be ported 

to other machines and operating systems, with the introduction of compiler defined 

constants such as MSDOS and CPU86. 

Having not totally discarded Modula-2 as an option, and accepting its advantages over 

Pascal paticularly as regards the format of the source code, all software was developed with 

Modula-2 labelling conventions. Not only does this make the Pascal code more readable, 

but will ease the conversion of the software to Modula-2 should this be desirable at some 

future date. 

All the software was later upgmded to Turbo Pascal version 5.5. 

4.4 User Interface 

The user interface forms the highest level of abstraction of the system and at this level 

the exact hardware configuration is invisible to the user. 

Once the system is operating (CONTROL.EXE) all user input is via the keyboard. 

The entire shell is menu driven with function keys to select options. A tree type hierarchy 

has been adopted. This is not too cumbersome as the user never transcends further than 

two levels. The menu structure is shown in Figure [4-8J. 

The monitor screen has been divided into a number of windows, though none of them 

are demarcated by a distinct boundary. The screen is used in graphics mode throughout 

as this allows ionograms to be plotted at the outer level of the system. Text mode would 

be suitable for most screen operations but swapping between text and graphics mode 

has some drawbacks. Most importantly it would render the plotting of ionograms to an 

off-screen page as a background operation impossible, should this be required at a future 

date. 

The PC/sounder system can be configured into a number of modes of operation. User 

selectable parameters associated with each of these modes are stored in records, and these 

define what are called system operations. 

All system operations can be created and edited from within the editor, as well as 

schedules of operations to be run, and are stored on disk in the system file. All operator 

input is validated before being accepted and error reports are given. The editor also 

allows operations to he duplicated or deleted. Every time an operation is used by another 
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operation it is flagged and only operations not in use can be removed from the system 

file. 

For an in-depth description of system operation, consult the Operators Guide. 

4.4.1 Storage of system operations 

There are six types of system operations and all information pertaining to an operation 

is stored in a system record with the following format: 

Operation name: 8 characters maximum but commencing with an alpha character. 

Type of operation: Sounding, Ionogram, Doppler, Meteor, Timing, Schedule. 

User level: 0 if not used by any other system operations. Incremented by 1 every time 

the operation is used by another operation. 

Operation details: An array of 21 records each containing 1 string and 4 integer values. 

The first five operation types listed above are termed hardware operations in that they 

exercise some control over the system hardware. Schedules are purely software operations. 

System operations that are currently executing are termed active operations. Only one 

hardware operation can be active at any given time. 

Note: Soundings are an exception to the general rules that apply to system operations in 

that they cannot be run directly. Soundings are merely building blocks of Ionograms. 

Operations can be scheduled to execute on an hourly daily or weekly basis. The 

active schedule is scanned once a second while there is no hardware operation active. 

All hardware is initialised 1 second before the start of a hardware operation. The active 

schedule can also call another schedule which in turn becomes the active schedule. This 

operates on a co-process type principle in that control will not return to the first schedule 

unless the second schedule in turn calls the first. 

System records are stored on disk in the system file (CONTROL.SYS) and loaded into 

memory when the control program executes . Changes to the system file are only updated 

on disk when no hardware operation is active, or when the program terminates. If the 

system file cannot be found on boot-up then the operator will be prompted to create one. 

The first six system records in the system file are the standard operation specifications 

(Sstd, Istd, Dstd, Mstd, Tstd, Pstd). Whenever an edit is at tempted on an operation 
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that does not exist it will automatically be created, provided there is space remaining in 

the system file, and will default to the appropriate standard operation parameters. These 

standard operations can be edited but not deleted. 

Note: No two operations can be entered with the same name. 

Another file read by the control program during initialisation is the configuration 

file (CONTROL.CFG) which stores basic system information such as station location, 

boot-up operation, etc. Again the operator is prompted to create this file if it cannot be 

located during initialisation. 

4.4.2 Data storage to disk 

Meteor data 

Data are stored to the hard disk in a file with the filename: 

[ppp][yy][dddJ.MET 

where [pPPJ are the first three letters of the station name, [yyJ the year and [dddJ the 

day number. The data associated with each echo, obtained as described in section 4.1.2, 

are stored in a meteor record. Each record consists of 38 bytes which contain the time, 

followed by data for each of the four effective channels, in the following format: 

TiIn.e: Three word values (hour)(minute)(second) - 6 bytes. 

Spectral maxima frequencies (fmax) : Four byte values (L1)(L2)(L3)(L4) - 4 bytes. 

Real & imaginary components (fave) : Eight integers representing four complex numbers 

(R1)(Il)(R2)(I2)(R3)(I3)(R4)(I4) - 16 bytes. 

Frequency spread: Four byte values (Sl)(S2)(S3)(S4) - 4 bytes. 

Sample maxima: Four words (M1)(M2)(M3)(M4) - 8 bytes. 

The time recorded is the PC's time at the .en.d. of the echo time cell. Spectral maxima 

frequencies represent the points on the spectrum at which the maximum for each channel 

occurred (fmax), and are accurate to the nearest 0.5 Hz (ie. a value of 50 represents a 

frequency of 25 Hz). The real & imaginary components refer to the spectra of each of 

the four channels at the average frequency fave. Frequency spread is determined by the 

number of successive spectral points on either side of fmax for which the magnitude of the 
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spectrum is above the spread threshold (see Figure [4-6]). Time domain sample maxima 

are absolute values and lie in the range 0 to 32767. 

On commencement of a meteor observation the current day's data file will be appended 

to, unless one does not exist in which case it will be created. The first record appended 

to a file, and t he first record of a newly created file will be a parameter record. These 

parameters will apply to all meteor records stored thereafter until another parameter 

record is encountered or the end of the file is reached. Parameter records have the same 

format as meteor records but are identified by an hour value of 99. The manner in which 

parameters are stored in the record fields is as follows: 

• Hour - 99 

• Minute - century + year 

• Second - day number 

• Rl - echo criterion (Hz) 

• R2 - spread threshold 

• R3 - number of samples per FFT 

• R4 - Rx attenuation (dB 's) 

• L4 - number of PC software filters 

• 11 - fil t er 1 start frequency (Hz) - inclusive 

Sl - end frequency (Hz) - inclusive 

Il - threshold 

• L2 - filter 2 start frequency 

S2 - end frequency 

I2 - threshold 

• L3, S3, I3 - filter 3 

• S4 - digital fi lter reference number 

• I4, Ml, M2, M3, M4 - zero 
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Ionospheric data 

Data are written to both disk and tape in the same format. Data are output as strings 

of 18 characters in length. To save space, most of the data are converted to hexidecimal 

and stored as ASCII strings. At the start of an ionogram a number of global parameters 

are immediately saved. 

place 00 century year 0 day no 0 hmu: : minute: second 0 

Rate 0 = 0 basic rate 0 kHz/s 0 

Cells/Sounding: 0 no cells per sounding 

Clo = 0 1/320 x 0 2~ cell length 0 s 0 

FFT 0 Rate 0 = 0 2~ sample rate 0 Hz 

Offset 0 = 0 Tx offset freq 0 Hz 0 

Shift: 0 time shift 0 ms 

Items underlined are data entries and 0 represents the space character (ASCII 20h). 

Thereafter at the end of every sounding the following data are written to tape. 

# sounding start freq 0 antennas ~ sounding no Rx attenuation 

spectral freg amplitude .8....re.aJ.l!...r.ehl A imag B imag 

repeated to a possible maximum of PPC points per cell. 

Data are stored to the hard disk in a file with the filename: 

[pp][yy][hh][mmJ.[ dddJ 

where [pPJ are the first two letters of the station name, [yyJ the year, [hhJ hour, [mmJ 

minute, and [dddJ the day number. 

4.5 Software description 

All software development has been done using Borland's Turbo Pascal version 5.5. Due 

to the memory segmentation of Intel's 80x86 microprocessor architecture, the largest 

contiguous segment of code that can be handled is 64 kbytes. To overcome this limitation 

Borland has introduced units. An absolute limit on system memory of 640 kbytes exists, 

which is imposed by DOS. Turbo Pascal makes use of any expanded memory, into which it 

loads the file being edited. This releases an additional 64 kbytes of memory for executable 



CHAPTER 4. SOFTWARE 55 

code while the compiler and integrated environment are memory resident. Editor files 

cannot exceed 64 kbytes in size. 

4.5.1 Using units 

Units are pre-compiled libraries that can be used by the main program. Units are linked 

at compile time, and any units that have been modified since the last compile will auto

matically be re-compiled before inclusion with the main program. A unit has two parts; 

an interface, and an implementation section. All types, variables, procedures, etc. de

clared in the interface section are available for use by the main program. Items declared 

in the implementation section are hidden, which provides a further level of abstraction 

to a Pascal program. Declarations in the interface section are compiled using the far call 

model (ie. segment:offset) and can be loaded into any available memory segment. 

Units raise a number of interesting possibilities as far as the variety of hardware 

devices, such as signal processing cards and ionosondes, are concerned. It is possible to 

associate with each of these devices a unique unit specific to that device, and if care is 

taken to standardise the interface section (for example of the DSP units) then the exact 

card in use would be invisible to the control program. In addition any new DSP card 

purchased would simply have to have its driver software included in a unit which conforms 

to the standard, for inclusion in the system with no modifications to the main program. 

All the software has been developed with this in mind, and the author has attempted 

to remove all device specific functions from the main program. If this modular approach 

can be applied with sufficient rigour, then it should be possible to simply include the 

Data Capture System (written independently by Mr BT Bonnevie) as a separate unit(s). 

To this end the author has worked in conjunction with Mr Bonnevie, but at the time of 

writing this thesis, the DCS had not been included. An overview of the units that are in 

use follows. 

Globals : This unit contains all the global constant, type, and and variable declarations 

that are common to more than one unit. 

UtiI : All the general purpose routines such as writing integers and strings to the display, 

changing windows (viewports), etc. 
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Core: This contains the fundamental routines of the con t rol program. It uses most 

of the remaining units in its interface section and is in turn used by most of these 

units in there implementation section. These circular unit references were required 

to overcome reentrancy problems associated with DOS (sections 4.2 & 4.5.3). The 

program sits in a loop testing status flags set in interrupt service routines while 

waiting for input from the keyboard. 

Timer: Contains the interface software for the Timing Controller. If the TC is not 

present then it will use the PC's real time clock. 

Dsp16Tp : Driver software for the DSP-16 as supplied by Ariel is included in this unit. 

The DSP-16 will automatically be initialised after this unit has loaded. 

Br9034 : This unit configures the serial port to allow data to be received from the 9034 

on an interrupt basis. It also sets a number of control lines in the parallel port. 

Config : Firstly this contains a general setup routine which executes only after all the 

software has been loaded. It also allows editing of the configuration file. 

Edit: Does not contain the line editor but uses it in the editing of all system operations. 

The updated system file is queued and written to disk by the Core unit . 

Analyse: At the time of writing, this unit contained only routines to perform statistical 

analysis and graphical display of meteor data. Statistical results for each day are 

stored on disk with the file name: (ppp )(yy)( ddd).DAT 

Program operation has been well documented in the source code which can be found 

in the separate text Source code listings for Control of a BR-9034 chirpsounder, and Data 

Capture using a TMS920 signal processor, Rhodes University, 1990. 

4.5.2 System initialisation 

When CONTROL.EXE is run the software automatically detects what hardware is 

present and initialises the system accordingly. The hardware checked is as follows: 

• Timing Controller (TC) - If this card is present then it also warns of any possi

ble timing errors that may have occurred due to a loss of input from the external 
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frequency (time) standard. If the Timing Controller is not found then the PC's 

real time clock will be used, and Meteor operations will be the only type of hard

ware operation that can be run. 

• Signal processing card (DSP-16) - The TMS320 code (DSP16TMS.HEX) is 

down-loaded and the sample rate timers set as part of this cards initialisation rou

tine. If it does not initialise properly then the sounder control software will still 

function but there will be no data capture system operation. 

• Sounder (BR-9034) - The PC's serial port is configured for communication with 

the sounder and if this serial link is established the sounder is assumed to be on-line. 

If the sounder is off-Jine no commands will be sent to it but the data capture system 

will operate as normal (obviously no useful data can be recorded but this feature 

assists with system testing). While hardware operations are active status reports 

are expected from the sounder. If these are not received in the time allowed, then 

the sounder will be reset and in some instances re-started . 

• Graphics card - At the time of writing this thesis, the software was compatible 

with only CGA (or EGA/VGA in CGA mode), but it would be preferable to detect 

which type of graphics system is present and configure screen output accordingly. 

• Tape driver - At the time of writing, no software tape driver had been implemented 

but detection that the tape driver is on-Jine would be required. 

After initialisation of the hardware the System and Configuration fi.les are loaded 

from disk into memory. Any boot-up operations specified in the configuration fi.le will 

immediately begin execution. During initialisation the system status and error conditions 

are reported. Fatal errors will prompt the operator for corrective action, or alternatively 

terminate the program. 

4.5.3 Handling interrupts 

In order to insure that time critical routines are executed immediately, this code has been 

associated with hardware interrupt lines. The control program intercepts three of the 

PC's interrupts for its own purposes (see Table [N-2]). Hardware interrupts are mapped 

to software addresses in the PC's interrupt vector table (Figure [I-3]), and interrupt 
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Figure 4-9: Simplified flow diagram of the controller software 
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requests (IRQ) are prioritised by the Interrupt Controller (PIC) chip. The AT has two 

interrupt controllers3 which are prioritised as shown in Figure [1-1]. 

To avoid the reentrancy problems associated with DOS, no screen output is performed 

from within interrupt service routines. Instead a system of flags is employed to allow this 

output to be performed sequentially. The 'core' routine of the control program is a loop 

which continuously polls each of these flags in turn, and if any have changed status, 

performs the necessary screen updates. 

This proved a satisfactory solution for screen output, as this is generally slow and 

not critical to system performance. In fact the screen has the lowest priority and is only 

updated when there is sufficient time to do so. This approach could not be used with disk 

I/O as this must be performed within interrupt routines, as well as being required by the 

main program. The solution to this was to queue disk operations required by the main 

program while the disk may be needed by an interrupt routine. Conversely, interrupts are 

disabled when the main program is using disk access. The DSP interrupt service routine 

is the only interrupt routine that has access to the disk. 

A simplified flow diagram of the controller software is given in Figure [4-9]. 

4.5.4 Programing the Timing Controller 

The Timing Controller is programmed via ports 300h though 31Fh on the PC. A detailed 

description of port allocation is given in Table [K-2]. Of particular importance are the 

control and status registers. Setting the RUN bit in the control register (Figure [4-10]) 

produces a start st.robe on the next 1 second edge which sets the ACTIVE bit in the 

status register (Figure [4-11]). Thereafter a jump strobe will be produced at the start of 

every cell. Resetting the RUN bit will cause all strobes to halt at ~he end of the present 

cell. If IRQ ENABLE in the control register is not set then the 4 Hz interrupt generated 

by the TC will be inhibited. This bit is reset when the PC is reset. During initialisation, 

toggling the status of the ADV /RTD bit allows the PC to detect if the TC hardware is 

present. 

The IRQ bit in the status register is checked to confirm that the interrupt was gen-

3The interrupt service routine is required to send an unconditional end-of-interrupt to the PIC, before 

this chip will accept further interrupts on the same IRQ line. If the interrupt was generated by IRQ 8 

through IRQ 15 then an end of interrupt must be sent to both PIC's. 
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7 6 s 3 2 1 a 

Figure 4-10: TC control register 

erated by the TC and not some other device using the same IRQ line. FREQ FAIL is 

set if the input from the external frequency (time) standard has been lost at some stage. 

Reading the status register resets this bit. XTAL OSC is set whenever the TC is using 

its on-board oscillator in the absence of the frequency standard. 

Figure 4-11: TC status register 

Whenever the real time clock on the TC is set, the hardware 1 second signal must be 

synchronised with the RTC's internal 1 second. This is achieved through some hardware 

trickery by reading the RTC's interrupt status (port 310h). A detailed discussion on 

programming the Timing Controller is given in Appendix K. 

4.5.5 Controlling the sounder 

The BR-9034 sounder is programmed via a serial link to the PC. Only the format of 

commands used will be given here, although some additional commands and variations 

thereof exist. All command strings are terminated by a Carriage Return (CR). 

MxRxBxFabcdefgCxGxxVabcdefAx: This is the start command string. 

Mx - Tx, Rx, T/R & Tx+Rx mode 

R.x - 25, 50, 100, 200 kHz/s basic rate 

Bx - 500, 2500,40 Hz Rx bandwidth 

Fabcdefg - start frequency 1.60000 to 29.99999 MHz 

ex - 0.25, 0.5, 1, 2 second cell length 

Gxx - Rx attenuation 0 to 114 dB 's 

Vabcdef - Tx offset frequency 0.000 to ±19.999 kHz 

Ax - status reports on/ off 
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JabcdefGxxD : Jump command stri ng 

Jabcdef - change frequency by 0.00 to ±999 .99 kHz 

.G.xx - Rx attenuation 

D. - jump on hardware strobe (I jump on CR) 

MO : Terminate command 

The formats of the status reports received from the 9034 are as follows: 

XXXgYYZ: 

XXX is the averaged IF-gain over the cell from Rx1 

YY the receiver attenuation 

Z this indicates an error condition 

(P - RFPA fail ure, L - synthesizer out of lock) 

E - command input error 

T - sounder in standby mode 
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In the case of 0,25 second cells the status is returned 50 ms before the end of the 

cell. In the other three cases the status is returned 100 ms before the end. Initially 

the author tried transmitting jump commands a quarter of a second before the end of a 

cell (ie. immediately after a jump strobe in the case of 0,25 second cells) . However the 

BR-9034 will not return a status report once it has received a jump command string. 

These commands are now transmitted immediately after receipt of the status report, as 

illust rated in Figure [4-12J. 

1 5-ItCon"'d'---___ ...J L 
4Hz !nt~r,..uet 

Jump ~t .. r~o~b~.---~----------~--~------------.--

O.S site c.llll ~ 

RI'< wtatus n n n roeor.l...--J 1"-________ ---' '--________ ---' L.. _ _ 

T)( Jump n n n .trin'jL9 _-' L ______ ----' L_ 

Figure 4-12 : Timing diagram for transmission of the jump command string to the BR-9034 
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External strobing of the 9034 is required to perform structured frequency sweeps with 

suitable timing accuracy. Two strobes are required; a start strobe to begin sounder opera

tion, and a jump strobe to effect step changes in frequency as well as receiver attenuation. 

Both these strobes are generated by the Timing Controller. [BR Communications 1984] 



Chapter 5 

System Testing 

5.1 Phantom meteor echoes 

:40~G _____ , 

:t.2048 
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37 41 4 44 

Figure 5·1: DSP·16 digital filter 

Initial testing of the new meteor logging system showed clearly that some form of filtering 

was required around 40 Hz (transmitted frequency offset) to reduce the registration of 

echoes caused by 'breakthrough'.! It was decided to implement a digital band-stop filter 

in software on the digital signal processing card. This filter could initially only be adjusted 

by altering values in a look-up table in the TMS320 program itself and re-assembling this 

code. This approach proved too inflexible and was later modified to allow down-loading 

of new filter look-up tables from files on disk. These files require a .TEL extension and 

are now down-loaded to the DSP-16 immediately before the start of a meteor operation. 

IThis is a phenomenon that arises due to ionospheric conditions during peaks in the solar cycle. 

Historically the term arose as it was initially thought to be caused by transmitter power 'leaking' during 

the receive cycle. 

63 
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All results given below were obtained using a filter of the shape shown in Figure [5-1].2 

The use of this filter allows for the detection of echoes with an amplitude less than that 

of any possible 'breakthrough', as processing of the data only occurs after filtering. 

In addition the use of a look-up table allows for correction of the filter response of the 

external 100 Hz hardware low-pass filters, and this is the default look-up table. It is the 

adjusted real and imaginary components that are up-loaded to the Pc. 

Warning: Very little error checking is performed on these look-up tables before down

loading them to the signal processing card. The onus is on the user to insure that these files 

are correctly formatted . A reference number (0-255) is used to identify the filter in meteor 

parameter records. Thereafter 81 positive integer values are required. Multiplication of a 

point on the frequency spectrum by a weighting factor of 4096 (2'2) results in an effective 

gain of 1, which should not be exceeded. Comments in .TBL files must be preceded by a 

semicolon. 

On occasions the new meteor logging system with its frequency discrimination crite

rion, logged continuously at some fixed frequency. Some of these phantom 'echoes' were 

traced to RF interference from the nearby ionosonde. The solution to this problem was 

to avoid using the VOS-1 ionosonde in fixed frequency (doppler) or stationary ionogram 

modes at those frequency bands which caused interference. 

A periodic weak 'echo' at 17 Hz was traced to the VOS-1 data capture system PC. The 

offending frequency component was found to ouly be present when the DCS was waiting in 

record mode between sweeps. The exact cause was never traced, but was not of immediate 

importance as it fell outside the band of interest for meteor echoes (20- 60 Hz) and was 

thus filtered out. 

Interference from other sources has proved to be a real problem. One solution is to 

remove these frequencies with a suitable digital filter on the signal processing card. A 

secondary solution was to implement PC based software filters. Broad band filters are 

used to remove small amplitude echoes, and narrow band stop filters for specific spectral 

components. 

2The shape of this filter is not ideal and was later found to ha.ve certain adverse effects due to the large 

step changes in amplitude. 
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5.2 Comparison of data from the old and new meteor log

ging systems 

The new meteor logging system became operational at the end of November 1989 and ran 

continuously during December 89 and January 90 with a minimum of data loss . An echo 

criterion of 2..fu was used throughout. Running in parallel was the old meteor logging 

system with the amplitude threshold set at 3.ll on a scale of 0 to 127 (see Appendix B). 

All post processing of the data was performed by Prof G Poole on a VAX computer. 

Meteor files are transferred to t he VAX as binary data and then decoded as Fortran 

records using routines written by Prof G Poole & Mr J Jonas. 

Of particular interest during December was the Geminid meteor shower3 which peaked 

on 13 December (Day no 346). Shown in Figure [5-2} are the meteor rates for the old 

and new logging systems respectively, for a period of 28 days centered on the above date. 

As anticipated the rate of echoes is generally higher on the new logging system than on 

the old. The scales of both graphs plotted are the same, and it can be seen that on the 

13th the rates were similar. The reason for this is not yet known but may be due to the 

increase in the ratio of large meteoroids to total number of meteoroids, near the center of 

the meteor stream. Also unexplained is the less gradual decrease in meteor rate shown 

by the new logging system on the 14th. 

A contour map of radiant activity in the region of sky about the shower radiant is 

shown in Figure [5-3} for December 13th. As can be seen the shower radiants as given 

by the two logging systems agree closely (well within the approximate 2° uncertainty of 

the overall meteor radar system). In addition the general shape of the shower radiant as 

given by the two systems is similar. These shapes would be better defined had the shower 

rate been higher. 

Another phenomenon of interest is the 2 day periodicity which has been very noticeable 

in upper atmo'phere winds during January in previous years. However, neither the old 

nor new meteor logging systems showed a particularly large component at this frequency 

in 1990, altho!lgh other expected periodicities (diurnal and semi-diurnal) were clearly 

present (Figures [5-4) & [5-5]). 

3Meteor showers are generally named after the constellation in which the radiant is found. ('Radiant' 

defined in Appendix B.) 
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Figure 5-2: Meteor rates for the 10· by 10° region of sky about the Geminid shower 

radiant as recorded by (a) the old and (b) the new meteor logging systems (Prof G Poole) 



CHAPTER 5. SYSTEM TESTING 67 

(a) Gemlnld, Dec. 131989 

125 120 1 1 5 1 1 0 105 100 

(b) Gemlnl d, Dec . 13 1989 
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Figure 5-3: Contour map of the Geminid shower radiant as given by (a) the old and (b) 

the new meteor logging systems (Prof G Poole) 
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Figure 5-4: Comparison of upper atmosphere wind data (E - W) recorded by (a) the old 

and (b) the new meteor logging systems (Prof G Poole) 
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(aJ 
Delta-A q 28 July 1990 

345 340 335 330 

(b) Delta-A q 28 July 1990 
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Figure 5-6: Contour map of the Delta-Aquarids shower radiant as given by (a) the old 

and (b) the new meteor logging systems (Prof G Poole) 
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Further comparisons between the two logging systems were made during the Eta

Aquarids in May 1990 and the Delta-Aquarids in July 1990. Radiant maps of the latter 

are given in Figure [5-6]. 

A weak day time shower, the Arietids, occurs in early June and was successfully logged 

by the new system. Figures [5-7] through [5-9] show the development and demise of this 

shower radiant over the period 3 to 17 June, peaking on the 9/10th. 
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Figure 5-7: Development of the Arietid shower radiant - part 1 (Prof G Poole) 
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Figure 5-9: Development of the Arietid shower radiant - part 3 (Prof G Poole) 
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5.3 Performance of the BR-9034 as an ionosonde 

At the time of writing this thesis the Signal Switching unit (55) had not been constructed 

and without the necessary antenna switching circuitry multi-cell soundings are pointless. 

Thus all data has been recorded using single cell sounding structures and no phase calcu

lations could be made. Conventional ionograms (group height versus frequency) displayed 

on the monitors of both systems, and recorded immediately after one another using the 

same antennas , compare favourably as shown in Figure [5-10}. These comparisons were 

made using a 1 second cell length, 50 kHz/s basic and overall rate, no window offset and 

a sample rate of 1024 Hz. 

All options such as adjusting the basic rate, cell length, sample rate and window offset 

height have been tested. Figures [5- 11} & [5-12}) illustrate the effect on vertical resolution 

of increasing the basic sweep rate in conjunction with a window offset. 

A variety of overall rates, both linear and logarithmic, are allowed, including zero 

overall rate for stationary ionograms. Figure [5-1 3} gives a comparison of two linear 

rates while Figure [5-14} compares two ionograms recorded using logarithmic rates. The 

number of points per cell to be recorded is selectable from 1 to 99, and a minimum 

relative amplitude threshold can also be set. Figure [5-15} demonstrates the usefulness of 

this criterion, particularly when the savings in storage space are considered. 

Tests performed using the BR-9034 in Doppler mode showed promising results on the 

monitor but none of this data has been recorded. In Doppler mode the receiver bandwidth 

is set at 40 Hz and a sample rate of 128 Hz is used. 

The Real Time Clock on the Timing Controller card (or PC ifthis card is not present) 

can be set from w,~hin the user interface, and small adjustments to the time can be effected 

using the TC. Effecting timing shifts during sounder operation by adjusting frequency 

jumps has not been tested. 

A complex arrangement of schedules was successfully implemented on a trial basis. 

One second is required between operations to allow for configuration of the system hard

ware . Operations which have been specified with a time duration are shortened by a few 

seconds to accommodate this hardware setup time, but this is generally acceptable. 
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Figure 5·10: Comparison of ionograms recorded by (a) the VOS·1 and (b) the BR·9034 

ionosondes (Dr A Poole) 
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(a) Basic rate = 50 kHz/s, Window offset height = 0 km 
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Figure 5-11: Improving vertical resolution by increasing the basic rate and using a window 

offset - part 1 (Dr A Poole) 
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(a) Basic rate = 200 kHz/s, Window offset · height = 300 km 
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Figure 5·12: Improving vertical resolution by increasing the basic rate and using a window 

offset - part 2 (Dr A Poole) 
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(a) Overall rate = 50 kHz/s 
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(b) Overall rate = 25 kHz/ s 
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Figure 5-13: Comparison of ionograms recorded using different linear overall sweep rates 

(Dr A Poole) 
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Figure 5-14: Comparison of ionograms recorded using different logarithmic overall sweep 

rates (Dr A Poole) 
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Figure 5-15: Results of recording an ionogram (a) without and (b) with an amplitude 

threshold criterion (Dr A Poole) 



Chapter 6 

Conclusion 

In the author's design approach, the microcomputer is dedicated to the control of the 

BR-9034, as opposed to treating it as a peripheral device. This is necessary as the PC 

must integrate four separate functional blocks in order to operate the sounder and capture 

data from it. T hese are: the serial port, parallel port, signal processing card, and timing 

con troller. 

Real time operation necessitated the use of interrupts, with careful consideration hav

ing been given to the prioritization of interrupt requests. Limitations of the DOS operating 

system involving reentrancy, dictated the development of software void of screen output 

within interrupt routines. Instead, a system of software flags has been implemented. 

These flags are set during interrupts and continually polled by the 'core' routine of the 

program to sequentially display output. 

6.1 Meeting the initial project specifications 

Turbo Pascal proved an excellent choice of 'high level' programing language. From a 

language point of view this is due to the readability and reliability of Pascal. From a 

development point of view Borland's Turbo implementation proved a good choice because 

of its advanced integrated environment, and speed of compilation and linking. 

Development of the initial hardware and software for meteor operation was completed 

in November 1989, and has been thoroughly tested while operating almost continuously 

since then. During this period the system has frequently been improved and numerous 

favourable comparisons of results with data from the old meteor logging system have been 
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made. The new logging system has a higher level of noise immunity than the old, and 

can record valid data even during periods of intense 'breakthrough'. 

A simple menu driven user interface involving the function keys allows complete con

trol of the sounder. System operations to effect structured frequency sweeps, as well as 

accurate timing adjustments, can be programmed via the line editor and saved on disk. 

All data entered is validated before being accepted. These operations can then be sched

uled to execute at specific times providing a powerful yet flexible control system. Detailed 

descriptions of these functions can be found in the Operators Guide. 

A plug-in card for the PC, the Timing Controller, provides all system timing require

ments. A Real Time Clock chip is used for the clock/calendar functions and its input 

clock signal is derived from an external frequency standard via a phase-locked loop. This 

frequency standard is also used by the BR-9034 and thus phase coherency is maintained 

between the sounder and the Timing Controller . High speed CMOS technology has been 

used widely in the construction of the Timing Controller and most of the logic is provided 

with battery backup. Meteor operation is possible without this card, in which case the 

PC's Real Time Clock is used. 

Diagrams for the antenna and signal switching circuitry have been provided, but the 

Signal Switching unit itself has not been constructed. Consequently no digital ionogram 

results have been recorded, although this potential capability exists. On the monitor 

screen, ionograms produced by the BR-9034 and the VOS-l compare favourably. 

Timing shifts during sounder operation are effected by programming frequency offsets. 

Timing shifts are only implemented in hardware after completion of the sounder sweep. 

No tests have been performed adjusting system timing during sounder operation. 

6.2 . Future development of the system 

The first obvious improvement to the system would be the use of a VGA card for screen 

output. These cards can generally drive CGA monitors, and use conld be made of the 

multiple graphics pages instead of continually re-drawing the screen. This would also 

enable plotting of ionograms to an off screen page as a background operation while, for 

instance, editing system operations. Alternatively, the higher resolution of a VGA monitor 

could be used for increased vertical resolution of ionograms. 
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Considering the astronomical cost of magnetic tape drives and the recent advances in 

optical drives, all data storage may in the future be on optical disks. High information 

densities can be achieved on these disks, the medium is non-volatile, and they could even 

replace film. This would alleviate both the need to process film, and to rewrite magnetic 

tapes, as well as providing rapid random access to any ionogram. Physical space required 

for data storage would no longer be a consideration, and scaling of ionograms could be 

done directly on the PC or even automatically. 

Circuit boards are required for the Timing Controller and signal switching circuitry. 

In addition, much of the logic could be implemented on Field Programmable Gate Arrays 

(FPGA) which would reduce the number of discrete IC's. Some of the logic requires the 

high speed of HCMOS so care would have to be taken in implementing this step to avoid 

timing errors. 

The chirp radar system discussed here has a dual research purpose. Primarily it is 

intended to probe the ionosphere using the refractive/reflective properties of this layer. 

Indirectly it provides insight into upper atmosphere winds from observation of meteor 

trails. The controller thus operates in both ionosonde and meteor mode on a time sharing 

basis. In ionosonde mode the duration of sounder operations is generally short but the 

start time is important, particularly for oblique operations. In meteor mode sounder op

eration is ideally continuous and it is only the approximate time of day that is important . 

Scheduling of operations has been orientated towards ionosonde operation and has some 

drawbacks for meteor operation. A compromise solution might be to schedule hardware 

operations with an exact start time, but Schedules with both a start and end time. In 

other words a Schedule will remain active as long as the time of day lies between its 

two limits. T his means that when the PC boots-up it will automatically run the correct 

schedule for that time of day, something which is difficult to implement at present. For 

example, a daytime schedule and a nighttime schedule. 

6.3 The ionosonde rationalisation programme 

Standardization of the man - machine interface at a software level would render the exact 

hardware configuration invisible to the operator. At the hardware level the rationalisa

tion programme would involve the development of a standard interface between the PC 
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and the chirp radar. It was decided to adopt the BR-9034 interface and to develop a 

microprocessor based Interface Adapter for the VOS-1 and VIS-1 sounder systems. 

At present one possible solution would be a 8051/2 based micro-controller card with 

onboard EPROM, RAM and serial port, in addition to numerous input/output control 

lines. PC based development systems exist for these cards which would facilitate software 

development in a 'high level' language such as Pascal. 

Very little additional hardware design would be required, as most of the functional 

blocks exist in the Vertichirp Controller. Additional features include the need to return the 

receiver IF amplitude and attenuation to the PC in the status report, as well as RF power 

amplifier failure detection. The VOS-1 and VIS-1 systems allow for advance/retard timing 

shifts during sounder operation by adjusting the basic rate. This feature would have to 

be forfeited, for the sake of consistency, in favour of the less elegant frequency adjustment 

method employed with the BR-9034 system. Some system flexibility allowed by the 

Vertichirp Controller would be lost, namely that of modifying the operating software 

while it is executing. This is a feature of the Forth programming language, and although 

conceptually very powerful, it can produce disasterous results if used by the inexperienced. 

Both the Interface Adapter hardware and software would be simpler than that of the 

Vertichip Controller, and the overall system would be siguificantly easier to use. 



Chapter 6 

Conclusion 

In the author's design approach, the microcomputer is dedicated to the control of the 

BR-9034, as opposed to treating it as a peripheral device. This is necessary as the PC 

must integrate four separate functional blocks in order to operate the sounder and capture 

data from it. These are: the serial port, parallel port, signal processing card, and timing 

con troller. 

Real time operation necessitated the use of interrupts, with careful consideration hav

ing been given to the prioritization of interrupt requests. Limitations of the DOS operating 

system involving reentrancy, dictated the development of software void of screen output 

within interrupt routines. Instead, a system of software flags has been implemented. 

These flags are set during interrupts and continually polled by the 'core' routine of the 

program to sequentially display output. 

6.1 Meeting the initial project specifications 

To allow for immediate comparison with the requirements as laid down in Section 1.3 

introduction, the results are listed in corresponding point form. 

1. Development of the initial hardware and software for meteor operation was com

pleted in November 1989, and has been thoroughly tested while operating almost 

continuously since then . During this period the system has frequently been improved 

and numerous favourable comparisons of results with data from the old meteor log

ging system have been made. The new logging system has a higher level of noise 
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immunity than the old, and can record valid data even during periods of intense 

'breakthrough' . 

2. A simple menu driven user interface involving the function keys allows complete 

control of the sounder. System operations to effect structured frequency sweeps, 

as well as accurate t iming adjustments, can be programmed via the line editor and 

saved on disk. All data entered is validated before being accepted. These operations 

can then be scheduled to execute at specific times providing a powerful yet flexible 

control system. Detailed descriptions of these functions can be found in the Operators 

Guide. 

3. Turbo Pascal proved an excellent choice of 'high level' programing language. From 

a language point of view this is due to the readability and reliabili ty of Pascal. 

From a development point of view Borland's Turbo implementation proved a good 

choice because of its advanced integrated environment, and speed of compilation and 

linking. 

4. A plug-in card for the PC, the Timing Controller, provides all system timing re

quirements. A Real Time Clock chip is used for the clock/calendar functions and its 

input clock signal is derived from an external frequency standard via a phase-locked 

loop. This frequency standard is also used by the BR-9034 and thus phase coherency 

is maintained between the sounder and the Timing Controller. High speed CMOS 

technology has been used widely in the construction of the Timing Controller and 

most of the logic is provided with battery backup. Meteor operation is possible with

out this card, in which case the PC's Real Time Clock is used. Timing shifts during 

sounder operation are effected by programming frequency offsets. Timing shifts are 

only implemented in hardware after completion of the sounder sweep. No tests have 

been performed adjusting system timing during sounder operation. 

5. Diagrams for the antenna and signal switching circuitry have been provided, but 

the Signal Switching unit itself has not been constructed. Consequently no digital 

ionogram results have been recorded, although this potential capability exists. On 

the monitor screen, ionograms produced by the BR-9034 and the VOS-l compare 

favourably. 
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6. An extensive amount of time was spent by the author and Mr B;r Bonnevie in 

streamlining both the controller software and data capture system for compatibility. 

At the time of writing however, the two had not been fully integrated, although the 

author has made use of many of the routines written by Mr Bonnevie. 

7. No hardware has been designed for the film recording system, but allowance has 

been made to drive such a device from software. 

8. Only limited tests were made for comparison between the VOS-l and BR-9034 and 

as such there was no interference with the ionosonde programme. The old Apple 

microcomputer based meteor logging system was finally shut down in November 

1990. Prior to this it had been running in parallel with the new system, and as 

a result very little data loss was incurred directly as a result of failure of the new 

logging system. 

9. The ionosonde rationalisation programme is summarised in Section 6.3. 

6.2 Future development of the system 

The first obvious improvement to the system would be the use of a VGA card for screen 

output . These cards can generally drive CGA monitors, and use could be made of the 

multiple graphics pages instead of continually re-drawing the screen. This would also 

enable plotting of ionograms to an off screen page as a background operation while, for 

instance, editing system operations. Alternatively, the higher resolution of a VGA monitor 

could be used for increased vertical resolution of ionograms. 

Considering the astronomical cost of magnetic tape drives and the recent advances in 

optical drives, all data storage may in the future be on optical disks. High information 

densities can be achieved on these disks, the medium is non-volatile, and they could even 

replace film. This would alleviate both the need to process film, and to rewrite magnetic 

tapes , as well as providing rapid random access to any ionogram. Physical space required 

for data storage would no longer be a consideration, and scaling of ionograms could be 

done directly on the PC or even automatically. 

Circuit boards are required for the Timing Controller and signal switching circuitry. 

In addition, much of the logic could be implemented on Field Programmable Gate Arrays 
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(FPGA) which would reduce the number of discrete IC's . Some of the logic requires the 

high speed of HCMOS so care would have to be taken in implementing this step to avoid 

timing errors . 

6.3 The ionosonde rationalisation programme 

Standardization of the man - machine interface at a software level would render the exact 

hardware configuration invisible to the operator. At the hardware level the rationalisa

tion programme would involve the development of a standard interface between the PC 

and the chirp radar. It was decided to adopt the BR-9034 interface and to develop a 

microprocessor based Interface Adapter for the VOS-1 and VIS-1 sounder systems. 

At present one possible solution would be a 8051/2 based micro-controller card with 

onboard EPROM, RAM and serial port, in addition to numerous input/output control 

lines. PC based development systems exist for these cards which would facilitate software 

development in a 'high level' language such as Pascal. 

Very little additional hardware design would be required, as most of the functional 

blocks exist in the Vertichirp Controller. Additional features include the need to return the 

receiver IF amplitude and attenuation to the PC in the status report, as well as RF power 

amplifier failure detection . The VOS-1 and VIS-1 systems allow for advance/retard timing 

shifts during sounder operation by adjusting the basic rate. This feature would have to 

be forfeited, for the sake of consistency, in favour of the less elegant frequency adjustment 

method employed with the BR-9034 system. Some system flexibility allowed by the 

Vertichirp Controller would be lost, namely that of modifying the operating software 

while it is executing. This is a feature of the Forth programming language, and although 

conceptually very powerful, it can produce disastrous results if used by the inexperienced. 

Both the Interface Adapter hardware and software would be simpler than that of the 

Vertichip Controller, and the overall system would be significantly easier to use. 
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Glossary 

ADC - Analog to Digital Converter 

ANSI - American National Standards Institute 

ASCII - American Standard Code for Information Interchange 

BIOS - Basic Input Output Sysytem 

This is the ROM based code responsible for the lowest level hardware operations on 

the IBM PC. 

CGA - Colour Graphics Adapter 

CMOS - Complementary Metal Oxide Semi-conductor 

DAC - Digital to Analog Converter 

DCE - Data Communications Equipment 

DCS - Data Capture System 

DMA - Direct Memory Access 

DOS - Disk Operating System This is the name of a very popular operating system for 

the IBM PC. 

DSP - Digital Signal Processing 

This thesis involves itself with the DSP-16, a signal processing card manufactured 

by the Ariel Corporation . 

DSR - Data Set Ready 

A status line used by the RS-232 standard to indicate to the DTE that the DCE is 

~on-1ine ' . 
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GLOSSARY 

DTE - Data Terminal Equipment 

EGA - Enhanced Graphics Adapter 

HCMOS - High speed CMOS 

IA - Interface Adapter 

90 

This box contains a microprocessor used for basic control of the VIS-l and VOS-l 

sounder systems, and provides a standardised interface to the PC similar to that of 

the BR-9034. 

I/O - Input/Output 

IRQ - Interrupt Request 

PC - Personal Computer 

In this thesis PC is understood to imply an IBM compatible AT. 

PIC - Priority Interrupt Controller 

RF - Radio Frequency 

RFPA - Radio Frequency Power Amplifier 

SS - Signal Switching unit 

This box contains all the RF, baseband, and filter switching hardware. 

TC - Timing Controller 

This is the hardware card responsible for providing all critical timing operations such 

as strobing the sounder. 

VGA - Video Graphics Array / Versatile Graphics Adapter 
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Both pulse and chirp ionosondes measure the return delay of a transmitted signal. How

ever the way this is done differs for the two techniques as shown in Figures [A-2J & [A-3J. 

As a result of the narrow bandwidth of the transmitted signal, chirp sounders can produce 

results equivalent to those of pulse sounders at a fraction of the peak transmitted power 

(factor of 103
). The price paid for this is the duration of the required sweep (minutes as 

opposed to seconds). 

In order to determine such information as angle of arrival, doppler velocity, and signal 

polarization, a segmented frequency structure is required. This ionogram structure will 

now be outlined in more detail [Evans GP 1984J. 
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Figure A-3: Chirp Ionosonde [Barry Research 1972] 
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A.1 A cell 

This is the fundamental building block of a digital ionogram. During a cell the transmitter 

frequency increases from the cell start frequency fe, at some linear rate called the basic 

rate (Ks). The cell length (Te), basic rate and receive antennas are variable. The cell 

start frequency may also be offset by an amount 6.f from the sounding start frequency. 

slope-df /dt 
: ole 
: B 

tlille 

• a: 

Figure A-4: A cell [Evans GP 1984J 
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A.2 A sounding 

This consists of n adjacent cells which together allow for the evaluation of certain iono. 

spheric parameters at a specific (characteristic) frequency. The maximum number of 

points per cell to be recorded for a sounding can be specified as well as the minimum 

amplitude threshold. 

cell 1 cell 2 cell 3 

'51 ....... ... ............................. ..... ........ i.· ...... :·.J~'3 
.. 

: • 

Tc • : .. Tc 

T5 

Ts = sounding period 

lSi = sounding i start frequency 

6.13 = cell 3 offset frequency 

• :,. TC 

Figure A·5: A 3 cell sounding [Evans GP 1984J 

.. : 
tI ... 

; 
• 
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A.3 An ionogram 

An ionogram consists of a number of consecu tive soundings whose characteristic (or sound

ing start) frequencies are related by some linear or logarithmic rate of change called the 

overall rate (ko). The ionogram start and end frequencies may be defined, and output 

directed to magnetic tape, disk or film. 

.. 
• 

cell 

sounding 
TS 

.... 
./ ... 1 f 

• 3 ............ .....• 

• 

II = ionogram start frequency 

.. 
sounding 2 

TS 

ko = overall sweep rate, linear frequency scale 

Figure A-6: Digital ionogram structure [Evans GP 1984J 

• 

time 

Depending on the basic rate and number of cells per sounding, frequency jumps for

ward or backwards may be required at the start of a sounding in order to approximate 

the overall rate. Both may be required if the overall rate is logarithmic. 
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I 

I 

I 

feAt 
I 1 

I 

t JLrnP forward frequencies 

/----;-
~ jllllP back frequencies 

time 

Figure A-7: Logarithmic sweep [Evans GP 1984) 

A.4 A stationary ionogram 

96 

This is a normal ionogram structure but with an overall sweep rate of zero. That is 

the normal sounding structure is maintained but the sounding start frequency does not 

change. Instead of specifying an ionogram end frequency a time duration is given. 

A.5 A doppler sounding 

Here a single cell structure is used and both the basic and overall rates are set equal to zero. 

In other words the transmit frequency is fixed and is usually offset from the receiver tuned 

frequency. A doppler sounding (also called a stationary doppler) is distinctly different from 

a sounding in that it is not a building block of an ionogram. 
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A.6 Basic equations 

The following is a list of all symbols used and their definition: 

fcij start frequency of cell j in sounding i-Hz 

Te cell period (invariant for ionogram) - s 

kB basic sweep rate - Hz/s 

n total number of cells per sounding 

fSi start frequency of sounding i-Hz 

Ts sounding period (invariant for ionograrn) - s 

6fj cell j offset frequency - Hz 

II ionograrn start frequency - Hz 

fE ionogram end frequency - Hz 

m total number of soundings per ionogram 

T/ ionogram period or duration - s 

ko overall sweep rate, linear frequency scale - Hz/s 

97 

A overall sweep rate exponential time constant, logarithmic frequency scale - l/s 

All derivations for the following formulas can be found in the MSc thesis by GP Evans, 

Computer Control of a Barry Research Chirpsounder, Rhodes University, 1984. 

Sounding period: 

Ts = nTe 

Start frequency of cell j in sounding i: 

ronogram start frequency: 

!I = fSl 

= fell - 611 

(A-I) 

(A-2) 

(A-3) 
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Start frequency of sounding i: 

lSi = II + koiTs 

AT 
lSi = lIe's 

- linear 

logarithmic 

Total number of soundings in an ionogram: 

ronogram duration : 

A.7 Windowing 

[n(fE/ II) 
m= ATs 

- linear 

- logarithmic 

T[ = mTs 

The virtual height of the ionosphere is 

h' = c(JT - IR)/2kB 

where (fT - IR)max is the effective receiver bandwidth (500 Hz) or 'window'. 

time 

Figure A-8: Graphical representation of windowing. [Evans GP 1984J 

The virtual height scale has minimum and maximum values given by: 

h:"in = 0 km 

98 

(A-4) 

(A-5) 

(A-6) 

(A-7) 

(A-8) 
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h:"ar is the window height. 

This range could be adjus ted to cover any window of 500 Hz by subtracting a fixed offset 

fa from the difference frequency as shown in Figure [A-8J. 

hi = c[(iT - fR) - foJ 
2k8 

= c(iT - fR) _ cfo 

2k8 2k8 
(A-9) 

cfo/2kB is the window offset (Figure [A-9]). 

a km . 

Figure A-9: W indow offset and window height. [Evans GP 1984J 



Appendix B 

Background to the meteor 

programme 

When a small object moving through interplanetary space encounters the earth's atmo

sphere it leaves in its wake a train of visible light and a trail of ionized gas. The object 

is known as a meteoroid and the phenomenon as a meteor. It is estimated that over the 

entire earth approximately a hundred million visible meteors burn themselves out daily. 

[McKinley DWR 1961J A meteor that survives entry and strikes the earth is termed a 

meteorite. Most visible radiation comes from the vicinity of the vapourising meteoroid 

known as the head . 

Meteors can be classified into two main groups - sporadic and shower meteors. The 

radiant of a meteor is the point where the meteor path, extrapolated backwards, intersects 

the celestial sphere (Figure [B-ID. Shower meteors are characterised by the fact that the 

A ,.t. 
+--+---....... / 

""rt/ Radiant 

Horilon 

Figure B-1: The meteor path as projected on the celestial sphere by two spaced observers. 

[Hawkins GSJ 

100 
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meteoroids all enter the earth's atmosphere along parallel tracks and thus, when observed 

from the ground, all appear to have originated from a single point on the celestial sphere, 

known as the shower radiant. 

The observation of meteor showers forms an important component of meteor astron

omy. Showers occur when the earth's orbit traverses a stream of meteoroids , and many 

showers recur on an annual basis . Nearly all meteor streams have been associated with 

existing comets. It should be noted however, that the comet mayor may not be the direct 

cause of the meteor stream and the association may be simply due to the fact that they 

both have a common origin. 

B.l Observation techniques 

For many years visual observations, either by naked eye, telescope, or using cameras 

and long exposures, have formed the backbone of meteor observations. Limitations of 

such observations are that they are confined to clear night-time conditions, and that only 

comparatively bright meteors are detectable . These methods are prone to human error 

and accuracy is low given that the meteor is generally travelling quite rapidly. 

The ionization trail can be detected using radio waves which are reflected from the 

region of enhanced ionization to give a result analogous to the detection of material 

objects using radar. With radar it is possible to record meteors not visible to the naked 

eye, and it can be used during daylight hours and under adverse weather conditions. The 

reflection point will lie on a line drawn from the radar station perpendicular to the meteor 

trail. There are two main radar techniques - the forward scatter (bistatic) type and the 

backscatter (monostatic) type. In the monostatic case, the transmitter and receiver are 

co-located while in the bistatic case they are spatially separated. [McKinley DWR 1961J 

B.2 The Grahamstown meteor radar 

The Grahamstown meteor radar [Poole LMG 1988J has been operational since April 1986 

and is of the monostatic type. A continuous wave at a fixed frequency of 27,99 MHz is 

square wave modulated at 500 Hz. An array of four receive antennas and one transmit 

antenna is used to provide near all sky coverage. All antennas are half-wave dipoles, 
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mounted one third of a wave length above a conducting ground plane with their axes 

aligned North - South. This configuration allows fOf the measurement of not only the 

Doppler shift of any meteor echo but also angle of arrival. Two phase matched receivers 

w"ith bandwidths of 2500 Hz are used and the transmitter has a negative offset of 40 Hz 

relative to the receiver 'tuned' frequency (the frequency which produces a DC baseband 

output). Mean transmitter power is approximately 30 W. 

To transmit antenna ow-pass 
filters 
L 

A 
B 
C 
0 

Transmitter 
-A . 

Receiver 1 :--... ~ , B 
NO 

~ ~ Receiver 2 C 
I 0 

'---I 
L -1 Delay ~ - J 
I Timing diagram 
, I 

Switching Receivers ~ On 
control I off 

I 

Antennas ~ connect A,C 
I connect B,D 
I 

~
' connectA,C 

Receiver 
disconnect outputs 

connect BID 

Figure B-2: Schematic of meteor operation antenna switching. [Poole LMG 1988J 

The two receivers serve the four effective channels by switching the receiver inputs 

between pairs of antennas at 250 Hz while synchronously switching each output between 

lowpass filters, with cut off frequencies around 100 Hz, as shown in Figure [B-2J. Meteor 

echoes appear at the output as an audio tone generally doppler shifted about 40 Hz. 

Antennas are positioned as shown in Figure [B-3J. Comparison of the phase differences 

between antennas A, Band C provide a range of possible directions for the echo location 

and D is situated so as to optimally resolve the ambiguity. 

The original data logging system used an Apple-type microcomputer with a multi

channel AID converter board. The sample rate was 256 Hz and logging of data was 

triggered by any signal exceeding a certain amplitude threshold . Data was transferred to 

floppy disk once the computer's memory was full. [Poole LMG 1988] 
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B (0,1) I' 

D (-.52~.26) 
C (1,0) 

----0----

A (O,~') j 
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Figure B-3: Receive antenna array with co-ordinates given in wavelengths relative to the 

origin. [Poole LMG 1988) 

B_3 Shortcomings of the old data logging system 

1. No signal processing was performed by the Apple which resulted in the collection of 

a large amount of useless data not due to meteor echoes. 

2. Raw data from the AID was stored to floppy disk which requires a large amount of 

space. 

3. In addition to the above the Apple di sk drives are not capable of storing the same 

amount of data as the newer disk drives . 

4. Items 1 to 3 above all resulted in frequent operator intervention being required to 

change disks. 

5. Frequency resolution was poor due to the low sample rate 

6. Data was only written to disk once the Apples memory was full, thus large amounts 

of data could be lost due to power dips. 

7. Due to the co-location of an ionosonde with the meteor radar, and the use of an am

plitude threshold criterion for data logging, which was suspended during ionosonde 

runs to avoid interference problems, a substantial loss of data was incurred. [Booth IS 

1988) 



Appendix C 

Revision of the Fast Fourier 

Transform 

The Fast Fourier Transform (FFT) is a high speed algorithm for computing the Fourier 

transform of a discrete time signal. 

C.l Discrete Fourier transform 

A non-periodic, discrete time function will have as its transform a continuous, periodic 

frequency function (see Table [e-l]). 

Time FUnction Frequency Function 

Non-periodic and Continuous Non-periodic and Continuous 

Periodic and continuous Non-periodic and Discrete 

Non-periodic and Discrete Periodic and Continuous 

Periodic and Discrete Periodic and Discrete 

Table C-1: Comparison of Fourier transform pairs [Stanley WD 1982] 

If we assume that our sampled signal in the time domain is periodic then the result 

is a sampled frequency function. This is known as the discrete Fourier transform (DFT) 

and is the one used for digital computations. 

If the time signal is denoted x(n) with sample time T understood, and similarly with 

104 
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x(nTl 

: --i r-, 
T~ -

I 1 fS 
,- " ~ T - -"--

Ix (.,.,ell 

Figure C-1: A periodic, discrete time function and its Fourier transform which is a peri

odic, discrete frequency function [Stanley WD 1982J 

X(m) and the frequency increment F, for 

and 

0~n~N-1 

0~m ~N -1 

1 
FT= -

N 

Then the D FT transform pair can be stated 

N-1 

X(m) = I: x(n)WNn 

n;::::Q 

1 N-1 

x(n) = N I: X(m)W,:;;mn 
m=O 

(C-1) 

(C-2) 

(C-3) 

In both the time and frequency domain, one period corresponds to N points (0 ... N - 1) 

with the point N corresponding to the beginning of a new period (Figure [C-2]). One 

important difference between the time and frequency functions though, is that the fre

quency function over half the period is related to the other half. Thus the maximum 

unambiguous frequency is 15/2, which is the well known folding frequency (fo).1 Since 

IThis only applies if the time function is real 
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,,(n) 

t 
Point Where New t t t + r Pe"od Begins 

o N-l N TIme Integer n 

f-----Ip 

X(ml 

d 
+ I I 

I I 

~ 
I I I 
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I + + 
I I I I I Period 8eqlns 
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.... FI-

f. 

Figure C-2: illustration of some of the properties of the DFT [Stanley WD 1982] 

m = If - 1 is the maximum unambiguous frequency integer and m = 0 is the first, there 

are N /2 unique transform components when the time function has N points . 

It can be shown that the behaviour of of either x(n) or X(m) over the range N/2 

to N is identical to the behaviour from -N/2 to O. Thus the range N/2 to N can be 

considered as a sort of 'negative' time or frequency range in interpreting various even or 

odd properties of the transform functions. 

Definitions: 

even function 

odd function 

We can write 

x(N - n) = x(n) 

x(N - n) = -x(n) 

X(N - m) = X(m) 

X(N - m) = -X(m) 

X(m) = Xr(m) + jX;(m) (C-4) 

where Xr(m) is the real part of X(m), and X;(m) the imaginary part. It can be shown 

that when x(n) is real, Xr(m) is an even function of m and X;(m) an odd function. 
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Similarly, when "'(n) is imaginary Xr(m) is an odd function of m, and Xi(m) an even 

function. Additional properties of the DFT are summarised in Table [C-2J. 

x(n) X(m) 

Real Real part is Even 

Imaginary part is Odd 

Imaginary Real part is Odd 

Imaginary part is Even 

Real and Even Real and Even 

Real and Odd Imaginary and Odd 

Imaginary and Even Imaginary and Even 

Imaginary and Odd Real and Odd 

Table C-2: Even and odd properties of the DFT [Stanley WD 1982J 

Assume a complex time function 

",(n) = T(n) + ji(n) 

where T(n) and i(n) are both real sequences. Let R(m) be the transform ofTen) and I(m) 

that of i( n). It can be shown that 

T(n) + ji(n) ;= R(m) + jI(m) (C-5) 

However R( m) and I( m) are both complex, therefore on the right hand side the overall 

real and imaginary parts are not directly identifiable. It can further be shown that 

R(m) = ~[Re+jloJ 
R(m) + R(N - m) j[l(m) - l(N - m)J 

= 2 + 2 (C-6) 

I(m) = ~[I, - jRoJ 

l(m) + l(N - m) j[R(m) - R(N - m)J 
2 + 2 (C-7) 

where R, is the even function of the real input channel and Ro the odd function. Similarly 

for the imaginary channel. These results are important in that they allow two real signals 

T(n) and i(n) to be combined in a single complex function, transformed simultaneously, 
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Wt/ = 1 
J:i. 

W.rJ =-j 

WffN = 1 

K IS. 
W2N = WrJ 

Table C-3: Properties of W N [Stanley WD 1982] 

and then separated into two distinct transforms R(m) and [em). This implies that in our 

application the sampled data from both receivers can be transformed in one computational 

sweep . [Fisher JS 1979, Stanley WD 1982J 

C.2 Fast Fourier transform 

Certain special algorithms permit the implementation of the DFT with considerable sav

ings in computational time (Table [C-4]) . These class of algorithms are known as the fast 

Fourier transform (FFT). Note that the FFT is not a different transform from the DFT. 

If Equation [C-2J is expressed in matrix form then it can be written 

x = [W]x (C-8) 

where X is the column vector defining the transform, x is the column vector defining 

the discrete time signal, and [WJ is an NxN matrix. To solve this equation requires 

approximately N 2 complex operations. [Stanley WD 1982J 

The basic FFT algorithm was developed by JW Cooley and JW Tukey in 1965. Max

imum efficiency of FFT algorithms is obtained by constraining the number of points in 

the time domain to be an integer power of two. [Fisher JS 1979J 

Assume 

N = 2L 

then [WJ can be factorised into L matrices 

(C-9) 

From the properties of W (summarised in Table [C-3]) it can be shown that each row of 

the individual matrices have only two non-zero terms. Substitution of Equation [C-9J into 
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Equation [C-8] yields 

(C-10) 

where the subscript on ;(3 denotes the fact that the components of this vector appear 

in a different order than assumed in the original definition of X. To solve this equation 

requires approximately N log2 N complex computations. [Stanley WD 1982] 

Most FFT algorithms can be classified as either 

in-place : Memory requirements for storage are kept at a minimum but either the input 

requires scrambling or the output unscrambling. 

natural input-output : Input and output vectors are not scrambled but requires more 

memory. 

The way in which an algorithm works is best illustrated by means of an example 

showing what happens on each iteration (butterfly). Such examples can be found in a 

number of texts and will not be repeated here. 

The actual algorithm used was supplied by Delanco Spry [Langman D 1986] and is a 

1024 point, in-place, scrambled input - natural output FFT. 

N N(DFT) N(FFT) N(FFT)j N(DFT) 

16 256 64 0.250 

32 1024 160 0.156 

64 4096 384 0.0938 

128 16,384 896 0.0547 

256 65,536 2048 0.0312 

512 262,144 4608 0.0176 

1024 1,048,576 10,240 0.0098 

2048 4,194,304 22,528 0.0054 

4096 16,777,216 49,152 0.0029 

N = N umber of points in time sample. 

N (DFT) = N 2 = Approximate number of complex arithmetic operations with DFT. 

N(FFT) = N log2 N = Approximate number of complex arithmetic operations with FFT. 

Table C-4: Comparison of times for the DFT and FFT [Stanley WD 1982] 
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C.3 Practical implications of the FFT 

From Equation [C·I] we have that 
I 

F=
NT 

llO 

where F is the frequency separation between two adjacent points on the spectrum. The 

frequency separation can be adjusted in a number of ways, one of which is to use a larger 

transform and 'zero fill ' for the required number of additional samples. This has the effect 

of extending the length of the sampled signal in the time domain. 

Note: No additional information about the signal is obtained, but merely less information 

is hidden due to the so called 'picket fence' effect. That is, more points on the spectrum 

are given and the likelihood of anomalies being hidden between points is reduced. 

The smallest amount by which two similar signals must differ in frequency in order 

for them to still be resolved in the frequency domain is known as the frequency resolution 

(f",). This is solely dependent on the duration of the sampled signal in the time domain 

and is given by: 
1 

f,", = d' I d . al uratlOn sam p e slgn 
(C-ll) 

Note: 'Zero filling' has no effect on the frequency resolution. 

If the number of samples used in the transform is halved and the remainder zero filled, 

then the amplitude is halved. Remember also that in order to avoid aliasing the highest 

frequency contained in the sampled signal can only be half the sampling frequency. A 

summary of the various combinations of transform size and sampling frequency is given 

in Table [C-5]. 
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Transform Sample # samples Relative Separation of spectral Frequncy 

size N rate (Hz) taken amplitude points F (Hz) resolution (Hz) 

256 256 256 1 1 1 

512 256 1 2 2 

1024 256 1 4 4 

512 256 256 0.5 0.5 1 

512 1 0.5 0.5 

512 512 256 0.5 1 2 

512 1 1 1 

512 1024 256 05 2 4 

512 1 2 2 

1024 256 256 0.25 0.25 1 

512 0.5 0.25 0.5 

1024 1 0.25 0.25 

1024 512 256 0.25 0.5 2 

512 0.5 0.5 1 

1024 1 0.5 0.5 

1024 1024 256 0.25 I 4 

512 0.5 1 2 

1024 1 1 1 

Table C-5: Effects of FFT size and sampling frequency on frequency resolution and sep

aration of points on tbe frequency spectrum 



Appendix D 

Pascal, C & Modula-2 test 
programs 

D.l Graphics routines 

Pascal 

PROGRAM TestPlot; 

USES 
Graph; 

VAR 
Pt_even: ARRAY[O .. 7999J OF BYTE ABSOLUTE $B800:$0000; 
Pt_odd: ARRAY[O .. 7999] OF BYTE ABSOLUTE $BAOO:$OOOO; 
x, y, GraphDriver, GraphMode : INTEGER; 

PROCEDURE Plot_Pt (Xpos, Ypos: INTEGER); 
(* Fast routine for plotting a white point on a CGA screen *) 
VAR 

Byte_Pos: INTEGER; 
Mask: BYTE; 

BEGIN 
IF (Xpos < 640) AND (Ypos < 200) 

THEN BEGIN 
Mask:; 1 Shl (7 - Xpos MOD 8); 
IF ODD(Ypos) 

THEN BEGIN 
Byte_Pos :; Xpos 
Pt_odd[Byte_Pos] 

END 
ELSE BEGIN 

Shr 3 + (Ypos-l) * 40; 
:; Pt_odd[Byte_PosJ OR Mask; 

Byte_Pos :; Xpos Shr 3 + Ypos * 40; 
Pt_even[Byte_Pos] :; Pt_even[Byte_PosJ OR Mask; 
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END; 
END; 

END; 

BEGIN 
GraphDriver := ega; 
GraphMode := egahi; 
InitGraph(GraphDriver,GraphMode,'\tp'); 
FOR x := 1 TO 639 DO 

FOR Y := 1 TO 199 DO Plot_Pt(x,y); 
(* FOR Y := 1 TO 199 DO PutPixel(x,y,7); *) 

CloseGraph; 
{Textmode;} 

END. (* TestPlot *) 

Modula-2 

MODULE TESTPLOT; 

FROM Graph IMPORT TextMode, GraphMode, Plot; 

VAR 
PT_EVEN [OBOOOH:OJ: ARRAY[O .. 7999J OF BYTE; 
PT_ODD [OBAOOH:OJ: ARRAY[O .. 7999J OF BYTE; 
X,Y: INTEGER; 

PROCEDURE BitwiseOR(wl, w2: BYTE): BYTE; 
BEGIN 

RETURN BYTE(BITSET(wl) + BITSET(w2)) 
END BitwiseOR; 

PROCEDURE PLOT_PT(XPOS, YPOS: INTEGER); 

(* 'in-house routine *) 

(* std routine *) 

(* Fast routine for plotting a white point on a CGA screen *) 
VAR 

BYTE_POS: INTEGER; 
MASK: BYTE; 

BEGIN 
IF (XPOS < 640) AND (YPOS < 200) 

THEN 
MASK := VAL(BYTE,l« (7 - XPOS MOD 8)); 
IF ODD(YPOS) 
THEN 

BYTE_POS := XPOS » 3 + (YPOS-l) * 40; 
PT_ODD[BYTE_POSJ := BitwiseOR(PT_ODD[BYTE_POSJ ,MASK) 

ELSE 
BYTE_POS := XPOS » 3 + YPOS * 40; 
PT_EVEN[BYTE_POSJ : = BitwiseOR(PT_EVEN[BYTE_POSJ,MASK) 

END 
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END 
END PLOT_PT; 

BEGIN 
GraphMode; 
FOR X := 1 TO 319 DO 

FOR Y := 1 TO 199 DO PLOT_PT(X,Y) END; 
(* FOR Y := 1 TO 199 DO Plot(X,Y,7) END; *) 

END; 
TextMode 

END TESTPLOT. 

D.2 Integer computations 

Pascal 

PROGRAM TestInt; 

VAR 
a, b, c: INTEGER; 

BEGIN 
FOR c := 1 TO 100 DO 

BEGIN 
b := 1; 

FOR a := 1 TO 15000 
DO BEGIN 

b := a - 2000 + b * 3; 
END; 

END; 
Writeln(b); 

END. 

Modula-2 

MODULE TestInt; 

FROM 10 IMPORT WrInt; 

VAR 
a, b, c: INTEGER; 

BEGIN 
FOR c := 1 TO 100 

DO b : = 1; 

FOR a := 1 TO 15000 
DO b:= a - 2000 + b * 3; 

END; 

(* 'in-house' routine *) 
(* modified std routine *) 
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END; 
WrInt (b ,10) ; 

END TestInt. 

c 

#include <stdio.h> 

mainO 

{ 

int a, h, c; 

for (c = 1; c <= 100; c++) 
{ 

b = 1 ; 
for (a = 1; a (= 15000; a++) 

b = a - 2000 + b * 3; 
}; 

printf ("Y.d \n", b) ; 
} 

D.3 Floating point computations 

Pascal 

PROGRAM TestReal; 

VAR 
a, b: INTEGER; 
x, y: REAL; 

BEGIN 
x := l' , 
Y :::: l' , 
b := l' , 
FOR a := 1 TO 15000 

DO BEGIN 
b := a - 2000 + b * 3; 
Y := x * 50 - (y/l0) + b; 

END; 
Writeln(b); 
Writeln(y:3); 

END. 
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Modula-2 

MODULE TestReal; 

FROM 10 IMPORT WrInt, WrReal; 

VAR 
a, b : INTEGER; 
x, y: REAL; 

BEGIN 
x := 1.0; 

y := 1.0; 
b := 1; 

FOR a := 1 TO 15000 
DO b:= a - 2000 + b * 3; 

Y := x * 50 .0 - (y/10.0) + VAL(REAL,b); 
END; 

Wrlnt(b,10); 
WrReal(y,3,10); 

END TestReal. 

c 
#include <stdio.h> 

mainO 

{ 

int a. b; 
float x, y; 

x = 1 ; 
Y = 1 ; 
b = 1· , 
for (a = 1; 

{ 
a <= 15000; a++) 

b = a - 2000 + b * 3; 

Y = x * 50 - (y/10) + b; 
} 

printf("'l.d \n" ,b); 
printf("'l.e \n" .y); 

} 
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Modifications to the 9034 

chirpsounder 

E.1 Remote selection of the T/R waveform 

This modification was made to allow for remote switching of the T fR waveform between 

the 500 Hz required in meteor radar mode, and M-sequence for ionosonde operation. The 

carrier in socket U54 on the interface board (4070-5541) was replaced by a quad, 2-input 

NAND gate (74LSOO) and the following wiring alterations were made. 

T /R 1oJ ....... rorm 
s .. l .ct (A8-Jl ) 

v c 

(8) 
(UGO) 
Sk6 

(7) 

1 

2 

74LSOO 
v c 

14 

13 ... . .. .......... ... ... .. . 

SOOHz, ____ ---; S ;-
___ O/P CA8-J8) 

(US1 -l ) 

7 81-_...J 

Additional ulring 

Oi§connlrctl!d 

Figure E-1: Wiring modifications to enable remote selection of the T fR waveform 

The T IR waveform select line has been connected to JlO-3 on the rear panel. Rx RF 
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front end overload out has been disconnected. If T /R waveform select is held hi or left 

floating the output waveform will be a 500 Hz square wave. This output is available for 

use in meteor mode from a BNC (J24) that has been added to the rear panel, labeled Rx 

T /R control out. This output has been buffered and all modifications have been updated 

in the BR-9034 manuals. 

E.2 Power on indicator 

Rx calibrator on in has been disconnected from JlO-4 and connected to a rear paunel 

switch on the 4070. JlO-4 is now held at +5 V via a 100 n resistor connected to the 

supply in from the 1070. This Power on signal is used to switch AC power to the signal 

switching unit. 

E.3 Gain weighting of external receivers 

The Rx gain weighting signal has been made available on the back panel via a BNC (J25) 

to allow for the inclusion of additional receivers at a future date. This output is unbuffered. 



Appendix F 

DSP-16 Overview 

F.l Hardware description 

CHAloUT"/ CH8 CHA_lHl lCH8 
.. 

S,,}-I ·s /H " ,;At·IPLE , 
OtiC I AD G 

RATE 
THIER 

LATCH ,.r t '.1/ 
HOP I S£RJAL m 9IO 

256K INT~ 
I) H 0 
S 1 R - C: X 16 D T H T OR 

TM'~""~0""'Ll H DATA ,!J·":'L L::" I-- ~~ E '. 
T -

BUFFER " 
Ii S AG 

I) 
~DDR£S'; HDDHE:8G TR L 
LATCH A E: f0o-I I 

" T 
I 14 BIT 16'8IT 

1I G 
S 

, 
/ °8 BIT 16K X 16 . / 

/ 

PROGRAH/ ADDRESS HOST DATA DATA RAr·1 BUFFER INTERRUPT BUFFER 
J" 

'-------I8H PC 8US-----' 

Figure F-1: Block diagram of the DSP-16 signal processing board. [Ariel 1987J 
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Ariel's DSP-16 is a signal processing 'plug in' card for an IBM PC/AT. It is based upon 

the Texas Instruments TMS32020 (TMS320C25) digital signal processor. It forms a self 

contained sub-system with 16k words of on-board RAM, 256k of DRAM (not used for 

this application), two 16 bit analog-to-digital converters, two 16 bit digital-to-analog 

converters, and a programmable sample rate timer. 

Both analog input and output channels can operate at rates up to 50 kHz, with 

bandwidths of 20 kHz (-3 dB). 

The DSP-16 communicates with the host via four consecutive I/O ports on the PC. 

DSP-16 RAM is mapped to a 64 kbyte page in the host computers memory space. This 

memory is only enabled during operation of the driver software and may be accessed by 

DMA. (Requires the TMS320 be placed on hold.) A more detailed discussion can be 

found in section F.B entitled Hardware configuration. 

In addition the DSP-16 can interrupt the host PC if enabled to do so by the driver 

software. In this application the DSP-16 interrupts the host PC whenever dat a is available 

for uploading. The interrupt request line is jumper selectable on the DSP-IB board should 

this be necessary for compatibility with existing hardware (section F.6.3). [Ariel 1987] 

The TMS320 software can be initialised from the PC into a state where only the analogue 

spectrum is output (ie. no data is transferred to the PC, implying no interrupts). 

An external gate is available to disable the interrupt timer from hardware. Function

ality of the external gate can be enabled or disabled by the PC in software. When the 

external gate is pulled to ground the interrupt timer is ~. 

F.2 Memory map 

Although the DSP-16 board only has 16k of memory, the TMS32020 is capable of address

ing program and data memory of 64k each. The DSP-16's 16k consists of dual ported 

RAM. When the PC accesses this memory, it is mapped from the base address upwards as 

one contiguous block . The TMS32020, through the use of the Global Allocation Register 

(GREG), has the ability to map this IBk into various combinations of data and program 

memory (Actually local and global memory for use with multiple processors). The GREG 

is initialised to F8h which allocates 2k as data memory and 14k as program memory (see 

Table [G-l D. The program RAM is addressed by the TMS32020 from Oh to 37FFh. How-
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o 
32 

1024 

3072 

3584 

4085 
4096 

5120 

6144 

7168 

8192 

9216 

10240 

11264 

12288 
12800 
13312 
14335 

Program memory 

(external) 
Interrupt vectors 

Reserved for RESMON 
Program code 

Interrupt service routines (ISa) 
Look-up tables 

Information from PC 

2k-I-

- Buffer 1 

2k - l-

f-r Buffer 2 

Work Buffer 

Available' 

65280 On-chip RAM block BO 

65535 (Interrupt service routines) 

o 
6 

96 

128 

512 

768 

1024 

63488 

65408 

65535 

Data memory 

On-chip memory mapped registers 

Reserved 

On-chip RAM block B2 

Rese rved 

On-chip RAM block BO ( re-
assigned as program memory after 
initialization) 

On-chip RAM block BI 

page 6 variables 

page 7 index array 

(external ) 
Available 

Used by RESMON 

Oh 

20h 
400h 

COOh 

EOOh 

FF5h -- 4085 - Mode 

1000h 

1400h 

1800h 

ICOOh 

2000h 

2400h 

2800h 

2COOh 

3000h 
3200h 
3400h 
37FFh 

FFOOh 

FFFFh 

Oh } 6h 

60h 

80h 1 
4-

} 200h 

300h } 
400h 

F800h 

J 
FF80h ] FFFFh 

4086 - Points (no. of samples) 
4087 - Points Per Cell (PPC) 
4088 - Range 
4089 - Frequency Threshold 
4090 - State 
4091 - Sample Rale Divider 

Index array 
Power array 

Page 0 (0- 127) 

Pages 1-3 

126,127 used by RESMON 

Pages 4-5 

Pages 6- 7 

Pages 495-510 

Page 511 

Global memory allocation register (GREG) = 1l11l000b 

Figure F-2: Memory map of the DSP-16 
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ever. through some hardware trickery, the external data RAM resides at address F800h 

to FFFFh (see Figure [F-2]). [Ariel 1987J 

Note: From the PC's point of veiw this memory is still contiguous from the base address 

upwards! 

The TMS32020 also has 544 words (16 bits) of 'on chip' memory located in three blocks 

(BO = 256, B1 = 256, B2 = 32). These blocks are initialised as data RAM, however, block 

BO can be relocated as program memory at addresses FFOOh to FFFFh. Access to on 

chip RAM is twice as fast (minimum) [Ariel 1987] as external RAM, therefore it has been 

used for the storage of time critical code namely the interrupt service routines (ISR), as 

well as for the storage of all variables. On chip RAM can not be accessed directly by 

the PC, so the ISR's are transferred to memory block BO during the initialisation routine 

of the TMS32020 assembler program. All branch instructions to this block have there 

destination addresses modified by the necessary offset from their assembled addresses. 

[TI 1986J 

For compatibility with RESMON (the resident monitor used by Ariels debugger), 

block B2 has not been used and no code is located below 400h, apart from the modified 

interrupt vectors. In fact no external data memory has been used either, but RESMON 

requires the upper 128 words (FF80h to FFFFh) so if necessary more program memory 

can be allocated using GREG. If, however, the full 16k is allocated as program RAM you 

will forfeit the use of the powerful debugger. 

Note: In order to run the TMS32020 program (DSP16TMS.ASM) with the debugger 

certain modifications to the code are reqnired. These are documented in the source code. 

The TMS320 data memory is paged with a maximum of 512 pages each containing 128 

words. Page 0 represents the physical addresses Oh to 127h. The three basic addressing 

modes available on the TMS320 are, immediate, direct, and indirect (see Figure[G-4]). 

With direct addressing only the offset in the currently selected page (set by the Data 

Page pointer register) is used . Memory block B1 contains pages 6 and 7. Page 6 is used 

for storage of all data variables, while page 7 temporarily stores the index array used in 

sorting the power spectrum in ionosonde mode. [Ariel 1987, TI 1986J 
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F.3 Internal timing diagrams 

Ext gate 

123 

L 
+sV 

ov 

Convert strobe _ Ts/2 ~ (n I :svv 

~ Sampled data received by TMS320 

Receive interrupt I m I I 
(Internal) 

BIO B A B A B A 
a 

Actual sample strobe for both channels �··0---- Ts ----I~·I 

Ts = 1/ j, (Sampling period) 

Figure F-3: Derived timing diagram for DSP-16 interupts in conjunction with the external 

gate 

A sample from channel A will result in an internal serial receive interrupt (R-int) in just 

over half a sample period later. A sample from channel B will cause an interrupt in just 

over one sample period later, as B is effectively sampled at the same time as A.I BIO is 

not reset or synchronised by the external gate, thus in the example in Figure [F -3], on 

the first convert strobe BIO will be set to 1 and the first interrupt will be received from 

channel A. This first value will be arbitrary as well as the second sample, received from 

channel B. The first actual sample strobe will occur exactly one sample period after the 

external gate goes hi. This is the intended state of operation in ionosonde mode. Had 

BIO initially been 1 then the first interrupt would come from channel B (sample would 

be arbi trary) and the first sample strobe would occur after half a sample period of the 

external gate going hi. In this case the data for the very first cell would be corrupt if used 

for cell comparisons, but timing would be correctly synchronised thereafter. 

lThis is achieved via the use of an additional sa.mple and hold circuit on the channel B input line which 

is triggered by the convert strobe for channel A 
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J +5 V 

o v 
Ext gate 

Ao Bo A, B, 

I I I R-int 

: II111 !I: 1I11111 III III I i 1111 Inti 

~i ! _____ :liHl. ____________________________ ~.-~I-! -----. Mux := Volts DAC 1 

TInt 1 = TInt 2 »TR-int Interrupt rates 

Int 2 is 180' out of phase with Int 1 

Figure F-4: Synchronisation of the sample rate timer in ionosonde mode via the external 

gate (simplified timing diagram) 

Ao Bo A, B, Ao Eo A, 

R-int I I I I I I I 

Int 1 

1 +5V 

OV 
DAC 1 

Figure F-5: Dual channel multiplexing in meteor mode (simplified timing diagram) 

The ADC interrupt timer is set to twice the required sample rate as is the timer that 

generates interrupts 1 & 2. This second timer is set at a much higher frequency than the 

first. Interrupts 1 & 2 are 1800 out of phase, with Int 1 being associated with DAC 1 and 

Int 2 with DAC 2. The lowest sample rate allowed by the hardware sample rate timer is 

1 kHz . However, lower sample rates can be achieved by discarding samples in software, 

as is done in ionosonde mode. Hardware sample rates are programmed from the host PC 

by setting the rate dividers for the ADC and DAC timers. 

2,5.106 

hardware sample rate = di'd Hz 
2 • rate VI er 

The hardware sample rate in meteor mode is 1024,6 Hz (divider = 1220). In ionosonde 
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mode two sample rates are used, the second being 2049,2 Hz (divider = 610). 

DAC 1 is used in conjunction with the external gate to synchronise the interrupt 

timer in ionosonde mode (Figure [F-4]). In meteor mode it is used to switch the external 

analog multiplexer to enable sampling of four channels. Due to the delays associated with 

samples being received by the TMS320, the multiplexer is switched at what appears to be 

an illogical time from a software point of view. That is it is switched immediately after 

the sample from channel A is received, but analysis of the timing diagram in Figure [F-5] 

shows that this makes sense. The only time the DSP-16 operates in meteor mode is when 

running a Meteor system operation. 

DAC 2 is used in both modes to provide an analog spectrum out. This is the combined 

and scaled power spectrum for channels A & B (either antennas 1 & 2 or 3 & 4 in meteor 

mode). The power spectrum array is simply scanned and the value at each position output 

to the DAC. Periodically a noisy signal drifts across the scope. This occurs whenever the 

power spectrum array is output to the DAC at exactly the same time the new power 

spectrum is being calculated. A synchronisation pulse is provided to trigger the scope as 

shown in Figure [F-6]. 

I I 
Nj2 output samples 

.: ,. 
Sync pulse 

~ \J \j 
lr' lJ.I 

, 
I 

Figure F-6: Analog spectrum from the DSP-16's DAC 2 output to an oscilloscope 

Note: Due to the length of the ADC interrupt service routine, interrupts 1 & 2 can be lost 

as interrupts are disabled within interrupt service routines. This does not affect overall 

system performance. 
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FA Analog connectors 

0 ADC 1 ±5 V 

0 ADC 2 ±5 V 

0 DAC 1 ±10 V 

0 DAC 2 ±lO V 

0 Ext Gate 0 ..... 5 V (NB: Do not exceed rated voltage) 

Figure F-7: Analog connectors on the backplane of the DSP-16 card [Ariel 1987] 

The analog to digital converters have an adjustable range of between ±1 V to ±10 V 

peak. The external gate uses TTL logic levels and has no input protection. When the ex

ternal gate is above 3,5 V or left floating, the interrupt timer is enabled (see Figure [F-8]). 

External gate 47 n 

J- --,----i Gate 0 

Gate 1 

Out 01-----

Gate overide (software) U3 

U27 = 7432 Quad 2-input OR gates 

U3 = 8245 Triple 16 bit programmable timer (mode 2 - rate generator) 

Figure F-8: DSP-16 external gate circuitry 

F _5 Driver software 

Originally control of the DSP-16 from the host PC was via an interrupt driven, memory 

resident assembly language routine supplied by Ariel. This routine was loaded from DOS 

on boot-up. A Turbo Pascal version 5 language interface to this memory resident routine 

was adapted from the version 3 interface (supplied by Ariel), by the author, basically to 

allow for version 5's stronger type checking. This approach has now been superseded as 

Turbo Pascal 5 allows for linking of assembler routines directly, with the use of the $L 

filename.obj compiler directive. 

To produce the object file DSP30TP5.0BJ place the following assembler files in the 
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same directory: 

DSP300.ASM 

DSP301.ASM 

DSP302.ASM 

DSP303.ASM 

DSP304.ASM 

DSP30TP5.ASM 

SEG.MAC 

and then run: TASM 2 /DUNIT DSP30TP5 
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The driver functions are located in the unit DSP16TP.PAS, where they are declared 

as EXTERNAL. The compiled unit DSP16TP.TPU contains the assembler routine code, 

and after compilation the object file is no longer required. 

The TMS320 hex file DSP16TMS.HEX is down-loaded to the DSP-16 card during 

initialisation of the system. The TMS320 source code can be found in the files: 

DSP16TMS.ASM 

DSP16TMl.ASM 

To assemble the source code insure these files are both in the current directory and run: 

ASM320 DSP16TMS 

To run the debugger enter: 

DSPBUG DSP16TMS 

If a filename is not specified then the debugger will down-load the resident monitor 

(RESMON) to the DSP-16. Certain modifications are required to the DSP16TMS source 

code to allow it to run with the debugger, but these changes are documented in the code 

itself. 

Files with the extension .TBL each contain a look-up table used to perform digital 

filtering in meteor mode. Such a file will be down-loaded to the DSP card on commence

ment of a meteor operation, if specified in the system operation. Alternatively the existing 

look-up table will be used. On boot-up, the default table contains correction factors for 

the external 100 Hz low pass filters only. 

:l Borlands Turbo Assembler must be used! 
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F_6 Hardware configuration 

D 
~ 
IJ31 

aaaaaaaaaaaaoaaaa 

Figure F-9: DSP-16 switch locations [Ariel 1987] 

F.6.1 I/O ports 

- 3 - -- - -3---- ----C----

msb 1 1 a a 1 1 1 1 a a lsb 

I 8 7 6 5 4 3 2 1 

+- DIP switch number -4 
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Figure F-1D: DSP-16 I/O address switch with with default setting of 33Ch [Ariel 1987] 

The DSP-16 can be relocated to any valid I/O address by changing the settings of 

the 8 position DIP switch S2. The DSP-16 uses 4 consecutive ports on the PC and at 

present spans addresses 33Ch- 33Fh (828-831). If these settings are altered then the driver 

software needs to be informed of this fact . The D8P-16 I/O address may be represented 

as a 1D digit binary number. The correlation between the DIP switch setting and the bus 

address is shown in Figure [F-1D] where O=ON and I=OFF. [Ariel 1987] Allocation of 

I/O ports on the IBM PC/AT is given in Figure [I-4] . 

F.6.2 Memory space 

The DSP-16 occupies one 64 kbyte page of the PC's memory. This memory is only 

enabled when the assembly language dri vers are actually accessing the memory. At any 

other time the memory will be invisible to all other programs. The 4 position DIP switch 

81 is used to select one of sixteen possible pages as shown in Table [F-l]. [Ariel 1987] 

Assignment of memory on the IBM PC/AT is given in Figure [I-2]. Currently page D 
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(DOOOOh-DFFFFh) is used, but should this be changed then the driver software will need 

to be notified of the new memory location. 

Memory Four position switch 

page 1 2 3 4 

0 ON ON ON ON 

1 ON ON ON OFF 

2 ON ON OFF ON 

3 ON ON OFF OFF 

4 ON OFF ON ON 

5 ON OFF ON OFF 

6 ON OFF OFF ON 

7 ON OFF OFF OFF 

8 OFF ON ON ON 

9 OFF ON ON OFF 

A OFF ON OFF ON 

B OFF ON OFF OFF 

C OFF OFF ON ON 

D OFF OFF ON OFF 

E OFF OFF OFF ON 

F OFF OFF OFF OFF 

Table F-1: DSP-16 memory address switch options [Ariel 1987} 

F.6.3 Interrupts 

345672 

- IRQ ~ 

Figure F-ll: DSP-16 interrupt jumper switch J3 [Ariel 1987} 

The DSP-16 host interrupt may be selected by connecting a shorting plug vertically 

to two pins of the 12 pin header J3 at the bottom edge of the DSP-16 board as shown in 
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Figure [F-llJ. In addition the driver software must explicitly enable interrupts, and an 

interrupt handler must be installed. At present IRQ 5 is used to notify the PC of data to 

be uploaded. Note that on the IBM AT IRQ 2 is mapped to IRQ 9 due to its expanded 

interrupt capability. IBM assignment of interrupts is given in Figure [1-1]. [Ariel 1987J 

F.7 DSP-16 Plus 

This is the upgraded version of the DSP-16 and provides greater noise immunity on the 

analog inputs. The original jack plugs on the analog signal lines have been upgraded to 

mini-XLR audio connectors on the later version. 

From a software aspect, the two are compatible with one exception. A 'bug' on the 

original DSP-16 which resulted in the DAC outputs being inverted with respect to ground, 

has been corrected on the DSP-16 Plus. Thus the constant Volts, used for signal switching 

via DAC 1, has a negative value when used with the DSP-16 and a positive value when 

used with its successor. 



Appendix G 

TMS32020 overview 

G.1 Architecture 

The TMS32020 is a 16 bit microprocessor designed specifically for digital signal processing 

applications . With a 200 ns instruction cycle time, l separate program and data busses, 

single cycle multiplication with a 32 bit accumulator, pipelining, and a high degree of 

parallelism affording it 'real time' capabilities. It features separate data and program 

address spaces of 64k words each and allows direct transfers between the two. In addition 

it has 544 words of 'on chip' data RAM, of which 256 words can be configured as program 

RAM (see Figure [F-2]). [TI1986J 

IThe TMS320C25 which is an upgra.ded CMOS version has a 100 ns instuction cycle time a.nd can be 

used as a plug-in replacement for the TMS32020 
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NOTE: 
ACCH:::z Accumulator high 
ACel = Accumulator low 

I 
u 

.. OCK SZ 
(82.18) 

DATA RAW 
!LOCK B1 
(25f " 18) 

ARAU= Auxiliary register arithmetic unit 
AAB "" Auxiliary register pointer buffer 
ARP =' Auxiliary register pointer 

ORA :::z Serial port data receive register IR 
DXR "" Serial port data transmit register PR 
GREG: Global memory allocation register PRO 
IFR "" Interrupt flag register TIM 
IMA - Interrupt mask register TR 

o P "" Data memory page pointer RPTC - Repeat instruction counter STO.STl 
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"" Instruction register 
= Product register 
= Period register for timer 
= Timer 
... Temporary register 
"" Status registers 

Figure G-1: Block diagram of the TMS32020 Digital Signal Processor [TI 1986) 
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G.2 Registers, I/O ports and interrupts 

GREG value Data memory Program memory 

Binary Hex Decimal Range # Words Range # Words 

0000 0000 00 0 0 0-3FFF 16,384 

1111 1111 FF 255 FFOO-FFFF 256 0-3EFF 16,128 

1111 1110 FE 254 FEOO-FFFF 512 0-3DFF 15,872 

1111 1100 FC 252 FCOO-FFFF 1,024 0-3BFF 15,360 

1111 1000 F8 248 F800-FFFF 2,048 0-37FF 14,336 

1111 0000 Fa 240 FOOO-FFFF 4,096 0-2FFF 12,288 

1110 0000 EO 224 EOOO-FFFF 8,192 0-IFFF 8,192 

1100 0000 CO 192 COOO-FFFF 16,384 0 

Table G-l: TMS320 global memory allocation register (GREG) as used by the DSP-16 

The TMS32020 has an 'on chip' serial port which can operate bi-directionally. This 

port generates two interrupts (X-int and R-int) to trigger receive and transmit events. The 

DSP-16 uses this port to receive data from the two analogue to digital converters. This 

port is mapped to the base of the TMS320's data memory (Table [G-2]). The memory 

mapped registers may be accessed in the same manner as any other data memory location, 

with the exception that block moves are not allowed. 

Register Address 

Name location Definition 

DRR (15-0) a Serial port data receive register 

DXR (15-0) I Serial port data transmit register 

TIM (15-0) 2 Timer register 

PRD (15-0) 3 Period register 

IMR (5-0) 4 In terru p t mask register 

GREG (7-0) 5 Global memory allocation register 

Table G-2: TMS320 memory mapped registers [Tl 1986] 

T he two status registers STO & ST1, can be written to data memory, allowing the 

processor status to be saved and restored during interrupts. 



APPENDIX G. TMS32020 OVERVIEW 134 

15 14 13 12 11 10 9 8 7 8 5 4 3 2 0 

STO I ARP I OV @ 1 !'!T4F DP .1 
15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0 

ST1 I ARB RNFITC fuXMI 1 1 1 1 I XF I FO frxMI PM I 
ARP = Auxiliary register pointer OV = Overflow Hag 
OVM = Overflow mode INTM Interrupt mode 
DP = Data. memory page pointer ARB = Auxiliary register pointer buffer 
CNF = On-chip RAM configuration TC = Test/control flag 
SXM = Sign-extension mode XF = XF pin status 
FO = Format bit TXM = Transmit mode bit 
PM = Product shift mode 

Figure G-2: TMS320 status registers [TI 1986J 

The DSP-16 uses the eight TMS320 I/O ports numbered 8 through 16. These ports 

are designated as shown in Table [G-3J. 

I/O Port Description 

8 Read/write BUFFER data 

9 Write BUFFER address port 

10 Read data from host I/O port 

11 Enable/disable refresh mode 

12 Host interrupt 

13 Write data to DAC 

14 Read host I/O port status 

15 Write data to host I/O port 

Table G-3: I/O ports of the TMS320 used by the DSP-16 [Ariel 1987J 

15 14 13 12 11 10 9 8 7 8 5 432 1 0 

I RESERVED 

Figure G-3: TMS320 interrupt mask register [TI 1986J 
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Interrupt Memory 

na.me Location Priority Function 

R.S 0 l(highest) External reset signal 

Int 0 2 2 External user interrupt #0 

Int 1 4 3 External user interrupt # 1 

Int 2 6 4 External user interrupt #2 

T-int 24 5 Internal timer interrupt 

R-int 26 6 Serial port receive interrupt 

X-int 28 7(lowest) Serial port transmit interrupt 

TRAP 30 N/A TRAP instruction address 

Table G·4: TMS320 Interrupts [TI 1986J 

G.3 Addressing modes 

There are three addressing modes offered by the TMS32020 (see Figure [G-4]). In the 

direct addressing mode, a 7 bit address is used to point to the memory location of the 

operand in the currently selected data page. 2 In indirect addressing mode the Auxiliary 

Register Pointer (ARP) points to the auxiliary register containing the 16 bit address of 

the required operand. Finally, the immediate operand addressing mode has the operand 

stored either in the instruction word , or in the word following the instruction opcode. 

INSTRUCTlON 
DIRECT ADDRESSING 1 OPCOO: 1 ana I DP 

[~,,i;rLt~9",,,,,i.'1!l!6-+-1 [I =~O~P~ERAN~~D~ 
r-!!:IN!.SSw.TR~U;,.CTl.lll!O~N--,· 

INDIRECT ADDRESSING 1 OPCOO: I foRP 

IMMEDIATE OPERAND 

l~ __ ~)&~ __ +I[I==~AA~~~P~)==}-)~'16~1~1==~o~P~ffi~AN~D~ 
INSTRUCTlON 

1 OPCOO: p>aw:q ~~ -: INSTRUCTlON 

PC.l ----.!L. _O;:.;P..:ERAN:.:..:..::D:.......I 

Figure G-4: TMS320 addressing modes [TI 1986J 

2The 9 bit Data Page pointer (DP) is used to select lout of a possible 512 data. pages of 128 words 

each (Figure [G-2]) 



APPENDIX C. TMS32020 OVERVIEW 

G.4 Instruction set 

Instruction Set Summary 

Mnemonic Description II Worda In.truction Bit Code 

FELJCBA9876543210 

ABS Absolule value 01 aeeumu' 1 '10011100001101 1 

lalor 
ADO Add 10 accumulator w it h 1 0000"5-1-0-

'hilt 
ADOH Add 10 high accumulator 1 01001000 1- 0-

ADDS Add 10 low accumulator 1 010010011-0-
with ~Ign fl.xtenslon 
suppressed 

AODT Add 10 accumulalor with 1 010010101~D---

shift specIfied bV T register 
AOlK Add 10 accumu lator long 2 1101-5-00000010 

Immediate w ith shiH 
AND AND with ilccumulator 1 010011101-0-
ANOK AN 0 Immediate with aceu · 2 1101-5-00000100 

mu tator wit h sh ift 
APAC Add P reg lliter 10 aeeumu - 1 11001 1 1000010101 

lator 
B Sranch uncond itionally 2 111111111-0-

BACe Branch 10 address specified 1 1100111000100101 
by accumulator 

BANZ Branch on aUluliary regtster 2 ",110 ,,1-0 -
not zero 

BBNZ Branch if TC bit ~ a 2 "",0011-0-
BBZ Branch if TC bit .. a 2 111110001-0-

BGEl Branch if accumulato r ~ 0 2 111101001-0-

BGZ Branch it accumulator :> 0 2 111100011-0-
BIOl Sranch on Ita slatus .. a 2 111110101-0 -

BIT Test bit 1 1001-B-I-0-
BITT Test bit specified by T 1 010101111-0-

register 
BLEl Branch jf accumulator S 0 2 111100tOl-0-
alKO Block move from data mem - 2 111111011-0-

ory 10 data memory 
BlKP Block move from program 2 111 111001-0-

memory to data memory 
BLI Branch if accumulator < 0 2 1" ' 00,11-0-
BNV Branch if no overflow 2 111101111---0-

BNZ Branch if accumulator ~ 0 2 1 1 1 1 01 0 1 1 ___ 0_ 

BV Braf'ICh on overllow 2 111100001-0 -
BZ Branch if accumulator" a 2 11,,01101-0-
CALA CaU subroutine tndirect 1 "00111000100100 
CAll CaU subroutine 2 111 1 11 101-0-
CMPL Complement accumulator 1 11001 t 1 0001 OO"C~ 
CMPR Compare au)(i liary reg ister 1 11001 1 10010100 C 

with au)(i liary register ARO 
CNFD Configure block as data 1 1100111000000100 

memory 
CNFP Configure block as program 1 1100 1 11000000101 

memory 
DINT Disable interrupt 1 110011100000000 1 
OMOV Data move in data memory 1 010101101-0 -
EINT Enable interrupt 1 11 OOt 11 000000000 
FORT Format serial port registers 1 110011100000111FO 

IDLE Idle until interrupt 1 1100111000011111 
IN Input data from port 1 1000-PA-l-0-
LAC load accumulator with sl..;(e 1 001~-I-O-

LACK Load accumulator imme- 1 11001 01 O----K---
diate short 

LACT Load ilccumulator w ith 1 010000101---0~ 

shih specified by T register 
LALK Load accumulator long 2 1101-+5_00000001 

immediate with shift 
LAR load auxiliary register 1 00110-ft-I-D-

LARK Load aU.JC il iary register 1 11000-ft~-·K-

immediate short 
LARP load auxiliary registar 1 0101010110001-R-

pointer 
LOP load data memory page 1 010100101-0-

pomter 
LOPK Load data memory pege 1 1100100-K-

pointer immediate 
LPH load high P register 1 010100111-0-
LAlK Load luxil iary reg ister 2 11 01 O~OOOOOOO 0 

long immediete 
LST Load status register 5TO 1 010100001.--D~ 

L5T1 load stetus reg ister sn 1 010100011-0-

LT Load T r~ister 1 0011 11 001-0-
LTA Load T register and accu - 1 001111011-0-

mulale previous product 
LTD Load T ragister. accumuillte 1 001 1 1 1 1 1 1_0_ 

previous product lind 
move dlltl 

LTP l oad T reg ister and store 1 001111101---0---
P register in accumulator 
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natructlon Set Summary concluded} 

Mnemonic Descrtption N Words In.truct ion Bit Code 

lTS Load T register and su btract 
prevIous product 

MAC Mu lttp ly and accumulate 
MACO Mu ltiply and accum ulate 

With data move 
MAR Mod lly ilwol lary reg ister 
MPY Multiply (wi th T register. 

store product In P reg ister) 
MPYK Multlp!y Immediatc 
NEG Negate accumulator 
Nap No operilt lon 
NORM Normaltze contents of accu -

OR 
ORK 

OUT 
PAC 

POP 

POPO 

PSHO 

PUSH 

RET 
ROVM 
RPT 

RPTK 

RSXM 
RTXM 

RXF 
SACH 

SACL 

SAR 
SBLK 

SFL 
SFR 
SQVM 
SPAC 

SPM 

SORA 
SORS 

SST 
ssn 
SSXM 
STXM 

SUB 

SUBC 
SU8H 

SUBS 

SUBT 

SXF 
TBLR 
TBLW 
TRAP 
XOR 

XORK 

ZAC 
ZALH 

lALS 

umillator 
OR With accumulator 
OR Immed iate wt\h accu-
mutator With shtll 
Output data to port 
Load accumulator wllh 
P (eg lster 
Pop top of stack 10 low 
accumulator 
Pop top of stack to data 
memory 
Push data mem ory value 
onto stack 
Push low accumu liltor 
OntO stack 
Return from subroutine 
Reset overflow mode 
Repeat instruction as speci-
fied by data memory v~l ue 
Repeat instruct lOll as speci -
lied by immed iate value 
Reset slgn-e.JCtension mode 
Reset ser ial port transmit 
mode 
Reset e.JCternal Itag 
Store high accumulator 
w ith sh ift 
Store low accumulator 
with shih 
Store aU)l;iliary register 
Subtract from accumulator 
long immed iate with shift 
Shift accumu lator lett 
Shift accumulator right 
Set overflow mode 
Subtract P register h om 
accumu lator 
Set P register output 
shift mode 
Square and accumulate 
Square and subtract 
prftV ious product 
Store status register STO 
Store status register sn 
Set sign-e)(tenslon mode 
Set serial port transmtt 
mode 
Subtract from accumu-
lator with shift 
Cond itional subtract 
Subtract from high 
accumulator 
Subtract from low 
accumulator w ith sign 
extension suppressed 
Subtract from accumulator 
with shih specified by 
T r~ist6r 
Set uternal lIag 
Table read 
Table write 
Software Interrupt 
ExclUSive-OR with 
acc umulator 
Exclusive-OR immediate 
with accumulator with 
shih 
Zero accumulator 
lero low accumulator and 
I~d high accumulator 
lero accumulator and load 
low accumulator With 
sign-extension s upprassed 

FEDCBA9876543210 

1 010110111-0-

2 010111011-0_ 
2 01011100 1-0---

1 0101010 11-0-
1 0011 10001-0-

1 101_K 
1 1100111000100011 
1 0101010100000000 
1 1100111010100010 

1 0 1 0011011-0-
2 1101_5_00000101 

1 111 0 ... PA~I-O-
1 1100111000010100 

1 1100111000011101 

1 0",,0101-0-

1 010101001-0-

1 1100111000011100 

1 1100111000100110 
1 110011100 0 000010 
1 010010111-0-

1 11001011-K-

1 1100111000000" 0 
1 1100111000100000 

1 1100111000001100 
1 01 101_X_r_O_ 

1 01 100_X_r_o _ 

1 01 I 10-R-1-0-
2 1101_5_00000011 

1 ,,00111000011000 
1 1100111000011001 
1 1100111000000011 
1 1100111000010110 

1 11001110000010 PN 

1 001110011-0-
1 010110101-0-

1 011110001-0-
1 0""0011-0-
1 1100111000000111 
1 1100111000100001 

1 0001-5-1-0 -

1 0100011,,-0-
1 01000100 1- 0-

1 010001011-0-

1 010001101-0-

1 1100111000001101 
1 010110001---0-
1 010'10011-0-
1 ,,0011'000011110 
1 010011001-0-

2 1101·5-00000110 

1 1100101000000000 
1 010000001-0-

1 010000011-0-

Figure G-S: Summary of the TMS32020 instruction set [Tl 1986] 



Appendix H 

DSP-16 software flow diagrams 
Int2 

save accumulator 

S'lleep- no 
[(H/2) - 1] >0 \-- ----- --, 

yes 

Visua1:=addr[Buf_Work+(N/2)+S 'I1eepJ 

Visual :=SOOh (trigger) 

restore accumulator 

Figure H-1; DSP-16 interrupt 2 service routine 
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APPENDIX H. DSP-16 SOFTWARE FLOW DIAGRAMS 

RESET 

initialise TMS registers 

initialise variables 

branch SORT 

no 

call SPECTRUM 
yes 

call FFT 

Mode=O 
no (ionosonde) 

yes (meteor) 

save sampled maximums 

Either position depending 
on ~hether the combined 

meteor CRITERIA 

set parameters 

po~er spectrum from , - - - - - - , 
ant. 1 t. 2 or 3 t 4 is ----.. I call SPECTRUM I J ___ _ _ _ I 

,- - - ---
I call SPECTRUM 1 
I I - __ I 

t o be vie'iled. 

call FFT 

Figure H-2: DSP-16 program flow 

call MAX_AMP 
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(iono8oned 1) no 

yes 

write A/D 
sample to 

program RAM 
(Buf+Count) 

RateNo: =0 

Kux:=O 

RCV Int 

save accumulator 

(channel A) 

no 
Mode=O BID=O 

(meteor 1,3) 

no (ant 3) 
Mux=O 

yes (ant 1) 

vri te to 
program RAM 
(Bu!+Count) 

no 

vrite to 
program RAM 

(Buf+Size_Buf 
+Count) 

yes 

(channel D) 

no (ionosonde 2) 
Koda=O 

(mateor 2.4) 

Mux=O 
no (ant 4) 

yes (ant 2) 

vrite to 
program RAM 

(Buf+N+Count) 

ne'll max 
DO 

vri te to 
program RAM 

(Duf+Sizc_Buf 
+H+Count) 

~I I ~ no ... I !If (buffer full 

Buf::cBuffer2 
BufJFT:= 

Buffer! 
Svitch:"'Buf 

Buf:=Bufferl 
BuCFFT:= 

Buffer2 
Svitch:=O 

no 

yes 
Full=O 

Soitch=O 
yes 

RateNo;O 

yes 

vrite A/D 
sample to 

program RAM 
(Buf+N+Count) 

(insu1ficient time) 

no 

notify PC 

Count:=O Full:=l 

restore accumulator 

RESET 

return yes (meteor) 
Mode=O 

no (ionosonde) 
Mm::::=Volts 

Figure H-3: DSP-16 ADC interrupt service routine 

DO 

inc (RateHo) 
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(SCAN) 

spreadX:=O CanstX:=l 
vhere X ;;; R or I 

Line:=LineAve-ScanYidth 

get Re.le,-Ro.lo 
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r 
I 

- --1 
Performed seperately 
for the Real and 

1-

Magnitude) >-_DO ________ -, 
Threshold 

Imaginary channels. 

yes 

no 
SpreadX:=SpreadX+ConstX Line>LineX 

Inc CLine) 

Repeat for 2*ScanWidth + 1 spectral lines 

no 
Line> 

LineAve+ 
Sc.anWidth 

yes 

return 

Figure H-4: Determination of frequency spread in meteor mode 



APPENDIX H. DSP-16 SOFTWARE FLOW DIAGRAMS 

pointers set to line 40 

PM set for 4 bit left shift 

(FILTER) 

look-up amplitude correction factor 

adjust Re ~ Inc(Re 
Ie Inc(Ie 

-Ro Dec(Ro 
10 Dec (Io 

l ooped 
81 times 

yes 

pntr) 
) 

) 

) 

no 

(LOOPING) 

get RetIe.-Ra.Io 

I" r---~--L---,--, 
, Power := (Re)' + (10)' 

32 bits 

yes 
nell max 

no 

This block is 
duplicated for 
the imaginary 
channel, 

RealMax :- Peller 
RealLine :~ Line 

no 

return 

yes 

l ooped 
81 times 

Inc(Line) 
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-, 
r-n-o- is- e-: '-N-o-'i-.-e+-P-o-.-er-/-4-' I 

I 

Figure H-5: Digital filter and determination of the ma.ximum frequency component 



Appendix I 

PC memory map, I/O and 

interrupt vector table 

Interrupt Controllers 
CTLR I CTLR 2 

IRQ 0 
IRQ I 
IRQ 2 

IRQ 3 
IRQ 4 
IRQ 5 
IRQ 6 
IRQ 7 

ll(Q 8 
IRQ 9 
IRQ 10 
IRQ II 
IRQ 12 
ll(Q 13 
IRQ 14 
IRQ 15 

Timer Output 0 
Keyboard (Output Buffer Full) 
Illterrupt from CTLR 2 
Rc~ltilllc Cluck Inlcrnq.H 
Software Redirected to INT ,o'AH (IRQ 2) 
Reserved 
Reseryed 
Reserved 
Coprocessor 
Fixed Disk COil troller 
Reserved 
Serial Pori 2 
Serial Pori I 
Par:1l1cl Port "2 
Diskelle COll lroller 
PorallcJ Pori I 

Figure I-I: IBM AT interrupt request lines [IBM 1983} 
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APPENDIX 1. PC MEMORY MAP, I /O AND INTERRUPT VECTOR TABLE 143 

FFFFFF AT Extended Memory (15M) 

100000 (Sec Figure 3.3H) 

FFFFF ROM 

FOOOO 
(Soe Figure 3.3G) 

EFFf'F 

EOOO~_ 
OPEN in PCIXT (64K) (I) 

f----------- ---OFFFF Recommended Location for 'LIM' 

00000_ Expanded Memory (64K) 
(2) 

- - ------ -----
CFCOO 
CF800 
CF400 USER AREA 
CFOOO 
CECOO 
CEBOO Primary PCI-20DOD 

CE400 Address Locations (12K) 

CEOOO 
cocoa (See Figure 3.2F) 

C0800 
C0400 

COOOO COOOO 

CCFFF Fixed Disk, XT Only (20K) 
(See Figure 3.3F) 

(3) 

caooo 
C7FFF ROM Expansion (16K) (4) 
C4000 (See Figure 3.3F) 

C3FFF OPEN (16K) 

COOOO (See Fig. 3 .3E) 
(5) 

CGA 
EGA 

Screen Buffer 
Screen Sulters 
and ROM 

AFFFF OPEN (64K) (6) 
AOOOO (See Fig. 3.3E) 

9FFFF 128K RAM Expansion Area 

80000 (See Figure 3.30) 
(7) 

7FFFF 
512K RAM Expansion Area 

--------------
DOS (See Figure 3.3C) 

00400 _ 
BIOS (See Figura 3.3B) 

--------------
003FF 

Interrupt Vectors 

00000 
(Sec Figure 3.3A) 

Figure 1-2: Memory map for PCjXTjAT [Burr-Brown 1987] 
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00000 -00003 = Interrupt 0, divide-by-zero error , 
{)(X)()4 - 00007 = Inlerrupll , single-slep operation. 
00008 -OOOOB = lnterrupI2. non-maskable interrupt. 
OOOOC -OOOOF = lnterrupt3. break-point. 
00010 - 00013 = Inlerrupt 4, arithmetic overflow. 
00014 -00017 = lnter(upIS. BIOS print-screen (ou tine. 

0001 8 -0001 B= lnterrupt 6, reserved . 
DOOle -OOOI F = Interrupl 7, reserved . 
00020 -00023 =Interru pl 8, hardware timer 18.2/sec. 
00024 -00027 =In lerrupl g, keyboard . 
00028 - Q002B= lnlerrupt A, re served. 
0002C - 0002F = Interrupl B. communications. 
00030 -00033 :;: Interrupt C. communicat ions. 
00034 -00037 =Interrupl D, allerna!s printer. 
00038 -OOO3B = lnterrupl E. floppy disk atten signal. 
0003C-0003F =Interrupt F, print er control. 
00040 -00043 =I nterrupt 10, invokes BIOS video 110 service rou tine. 
00044 -00047 = Interrupt 11, invokes BIOS equipment configuration 

check. 
00048 -OOO4B=lnterrupt 12. invokes 8105 memory-size check. 
0004C -0004F = Interrupl 13, invokes BIOS disk 110 service rou tines. 
00050 -00053 =Interrupt 14, invokes BIOS RS-232 1/0 routines. 
00054 -00057 =lnterrupt15. invokes BIOS cassette 110. extended AT 

serv ice routines. 
00058 -OOOSB=lnterrupt 16, invokes BIOS keyboard 110 rout ine. 
OOOSC-OOOSF =lnterrupt17. invokes BIOS printe r 110 . 
00060 -00063 =lnterrupt 18, ADM BAS IC. 
00064 -00067 =l nterrupl 19. invokes BIOS boot-strap start-up routine. 
00068 -OOO6B=lnterrupt lA. invokes BIOS t ime-of-day routines. 
0006C - 0006F =lnterrupt lB. BIOS ctrl-break control. 
00070 - 00073 = Interrupt lC, gan at timer clock l ick . 
00074 -00077 = Interrupl 10. video initia lizat ion control param pOin ter. 
00078 -OOO7B = lnlerrupt IE. disk parameter table pointer. 
0007C-0007F = Interrupt 1F. graphics character table pointer. 
00080 -00083 = Interrupt 20. invokes DOS program termination. 
00084 -00087 =lnterrupt 21. invokes all DOS function calls. 
00088 -OOO88=lnterrupt 22. user-created, DOS-controlled interrupt 

routine invoked at program end. 
oooaC-0008F =Interrupt 23. user-created. DOS-control led interrupt 

routine invoked on keyboard break. 
00090 -00093 =lnterrupt 24, user-created. DOS-controlled interrupt 

routine invoked at critical error. 
00094 -00097 = Jnterrupt 25, invokes DOS absolute disk read service. 
00098 -00098 = lnterrupt 26, invokes DOS absolu te disk write service. 
0009C-OOOSF =lnterrupt 27. ends program and keeps program in 

memory under DOS. 
OOOAO-OOOFF = [nterrupts 28 through 3F. reserved. 
00100 -00103 = Interrupt 40. disk I/O (XT). 
00104 -00107 =Interrupt 41. fixed disk parameters (XT). 
00108 -00123 ;:::: Interrupts 42 through 48, reserved . 
00124 -00127 =Interrupt 49. keyboard supplement translation tab le 

pointer. 
00128 -0017F = Interrupts 49 through SF. reserved. 
00180 -001SF =lnterru,Pts 60 through 67, user-defined interrupts. 

PCI-20046S can be programmed to use anyone of the interrupts in 
the range of 60 thru 67. Interrupt 60 is used by ASYST, version 1.53. 
Interrupt 60 is used by ASYST, version 1.53. 
Interrupt 67 is use!1 by the Expanded Memory Manager. 

001AO-oolFF=lnterrupts 68 through 7F. not used. 
00200 -00217 ;::::Interrupts 80 through 85. reserved for BASIC. 
00218 - OO3C3=lnterrupts 86 through FO, BASIC interpreter. 
003C4-003FF =Interrupts F1 through FF. not used. 

Figure 1-3: The interrupt vector table [Burr-Brown 1987] 
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000 -OlF = DMA controller (8237A-5). 
020 -03F = Interrupt controller (8259A). 
040 -OSF = Timer (8254). 
06Q -06F Keyboard (8042). 
070 -OlF = NMI mask register, real-time clock. 
080 -09F = OMA page reg ister (74LSS12). 
CAD -OSF Interrupt controller 2 (8259A). 
OCO-ODF = OMA controller 2 (8237A). 
OFO -OFF 
1FO -1F8 

Math coprocessor. 
Fixed disk. 

200 -207 = Joystick (game controller). 
258 -2SF tnlel "Above Board", 
278 -27F = Paralle l printer (secondary). 
300 -31F = Prototype card. 
OBO -36F = Reserved. 
378 -37F = Parallel prinler (primary), 
080 -38F = SOLe or bisynchronous communications (secondary). 
3AO -3AF = Bisynchronous communications (primary). 
380 -3BF = Monochrome adapter/printer. 
3eO -3CF = EGA, reserved. 
3DO-3DF = Color/g raphics adapter. 
3FO -3F7 = Diskette controller. 
3F8 -3FF = Serial port (primary). 

Figure 1-4: IBM AT I/O map [Burr-Brown 1987J 

AOOOO - AFFFF = Enhanced Graphics Ad.pter (EGA) screen buffers,· 
BOCXXJ - 87FFF = Monochrome adapter or EGA. 
BOOOO -80FFF = Monochrome screen buffer. 
81000 - 87FFF = Reserved for screen buffers. 
88000 -8FFFF ::; Color/graphics adapter (CGA) or EGA. 
88000 -BBFFF = eGA buffer. 
BCOOO -8FFFF ::; CGA/EGA screen buffers. 
COOOO - C3FFF =EGA BIOS,· 

·Suggested memory localion for Installation of PCI·20000 products. 

Figure 1-5: CRT screen buffers [Burr-Brown 1987J 



Appendix J 

Phase-locked loops 

J.1 Comparison of types 

A phase-locked loop (PLL) consists of a phase detector, amplifier and voltage controlled 

oscillator (VeO) and represents a blend of analog and digital techniques (Figure [J-1]). 

PPL's are now available as single chip devices in a range of technologies, and this powerful 

building block has been used in our application to perform frequency multiplication by 

hooking a counter device (divider) between the veo and phase detector. 

low·pass 

>----- phase f il ter 
detector .P:=.- f 

f vco 

VCO 
control 
voltage 

Figure J-1: Phase-locked loop block diagram [Horowitz & Hill 19S4] 

The phase detector compares two input frequencies generating an output that is a 

measure of there phase difference. If fIN doesn't equal fVGo, the phase error signal, after 

being filtered and amplified, causes the veo frequency to deviate in the direction of fIN. 

Under suitable conditions the veo will quickly 'lock' to fIN maintaining a fixed phase 

relationship with the input signal. 
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There are two basic types of phase detectors. Type-1 is designed to be driven by 

analog signals or digital square-wave signals, whereas the type-2 phase detector is driven 

by digital transitions (edges). Table [J-1] gives a comparison of the properties of the two 

types. For our application, where we have a relatively clean input signal, type-2 offered 

the best performance. A CMOS 74HC4046 device was used for its low power consumption 

and high speed. 

TYPE-1 exclusive-OR TYPE-2 edge-triggered 

Input duty cycle 50% optimum irrelevant 

Lock on harmonic? yes no 

Rejection of noise good poor 

Residual ripple at 2!IN high low 

Lock range (L) full veo range full veo range 

Capture range /L (J < 1) L 

Output frequency when out of lock fcentre fmin 

Table J-1: Comparison of the two types of phase detectors [Horowitz & Hill 1984] 

PLL'S differ from most feedback devices in that the quantity measured to generate the 

error signal is not the same as the feedback quantity Here we measure phase, but adjust 

frequency which introduces a 900 phase lag in the loop (phase being the integral of the 

frequency). To compensate for this a second order loop is required which has additional 

low-pass filtering as shown in Figure [J-1]. This provides some 'flywheel' action, but 

reduces the capture range and increases the capture time. However, with type-2 phase 

detectors, a second order loop generates phase lock with zero phase difference between 

the reference and yeo. 
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J.2 Design study 

Voltage controlled oscillator 

1 
Imin = R,(C, + 32pF) 

Let Imin = 7,5 MHz and C, = 10 pF (empirical) 

therefore R, '" 3kD (2k2) 

1 
1m ax = R

2
(C, + 32pF) + Imin 

Let 1m ax = 9 MHz therefore R2 '" 16kD (15k) 

148 

These design equations differ from those given in the data books in that symbols 

R, and R2 have been exchanged, as the author found this to give better results at the 

frequency of interest. Capacitor values were determined experimentally and all component 

values have been optimised for minimum jitter on the output signal. The 4046 has a 

chronic supply voltage dependency problem and the frequency range of operation has 

consequently been adjusted to allow for operation from 3,8 to 5,6 V. Values given in 

brackets represent the optimised values used. 

Second order lowpass filter 

N = 2048 and let C2 = 100JLF 

therefore R. '" llkD (lk) 

therefore R3 '" 24kD (120k) 

6N N 
R,C2 '" - - - - -

Imax 27fD.I 



Appendix K 

Circuit descriptions 

K.l Timing Controller (TC) 

The timing controller has been constructed using CMOS devices. This was necessitated 

by the need for battery backup. To meet the speed requirements high speed CMOS has 

been used, which is comparable in speed with L5 TTL logic. A nominal battery voltage 

of 4.8 V is provided by four NiCad size AA cells. 

A block diagram of the timing controller is given in Figure [K-l] . A 5 MHz, 1 MHz or 

100 kHz signal is input from the frequency (time) standard via BNC conector Jl. This 

input is isolated from the timing controller circuitry by the high speed opto-coupler Ul. 

A minirilUm input signal of 2 Vrms is required at 8 rnA. 

The inverted input signal then passes to the clock frequency generator circuitry and 

the output 32,768 kHz from this is used to clock the real time clock (RTC) chip. In 

addition all the output strobes are derived from this signal by the strobe decode circuitry. 

Finally the various strobes and output signals pass through 3-state buffers U46 & U47 to 

connectors J3 and J2 respectively. 

J2 is the sample strobe if required by external analog to digital converter cards. The 

output can be configured for operation on either the rising or falling edge of the strobe by 

shifting jumper JP3. J3 connects the timing controller to the signal switching unit and 

the BR-9034. 

U46 and U47 disable all outputs during battery operation. The POWER OFF control 

line goes hi immediately the PC's +5 V rail drops below 4 V, via U31E and diodes Dl- 3. 
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Figure K-2: Timing controller board layout 
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In addition all outputs are disabled when the signal from the external frequency standard 

is lost as the strobe decode circuitry is thus rendered non-functional. The POWER OFF 

line is used to inhibit all chip selects during power outings. 

U49 is an ICM7170 and is the RTC chip. Pin 12 (I NT ERRU PT) is used to synchro

nise the external circuitry and the real time clock. This is achieved by configuring the 

interrupt mask register on the ICM7170 to provide a one second interrupt. On interrupt 

this line goes 10 and remains there until the interrupt status register is read. Reading the 

interrupt status register returns SYNC hi and holds UI9 & U20 reset until the next one 

second interrupt, as shown in Figure [K-3J. Synchronisation is only necessary on power 

up and after setting the time on the RTC. 

Reild RTC int.rrupt ~'~ta~t~uu' ________________ ~L-____________________________________________ ___ 

SYNC ______________________ ~ 

U20(3) ~ 
har>:luare 
1 •• c;:o"d 

Figure K-3 : Synchronisation of the hardware with the RTC 

The strobe decode circuitry also provides a 4Hz output, used to interrupt the PC 

when the IRQ ENABLE bit in the control register (U32) is set (see Table [K- 4]). This 

1/4 second interrupt is used to drive the PC's software clock. The IRQ line remains hi 

until U33A is reset by reading the status register (U36), when it is pulled 10 via resistor 

R9. 

The status register (Table [K-3]) is not affected by reset and indicates the current 

board status. U33B is latched when the input signal from the frequency standard is lost, 

and remains latched until reset by reading the status register. The timing controller is 

reset by writing to I/O port 3IFh on the PC. 

K.l.l Clock frequency generator 

Jumpers J1 & J2 allow for an input frequency of 5 MHz, 1 MHz or 100 kHz. This input 

is divided down to 4 kHz and fed to U7 which is configured as a type-2 phase locked loop 

(PLL, see Appendix J). The synthesised 8,192 MHz from the voltage controlled oscillator 
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(VCO) and 4,096 MHz from U10 then pass to the advance/retard circuitry. 

When the SHIFTING control line is hi the output 32,768 kHZ from U14 is either 

doubled in frequency, ADV /-RTD line hi, or inhibited if ADV /-RTD is 10. Thus to shift 

system timing by one second in either direction, takes one second to complete. 

Binary up/down counters U39, U40, U43 & U44 latch the shift required in steps of 

100 JiS. In other words, if these counters are loaded with the value 10, the resultant 

timing shift will be 1 ms. U44 & U43 are addressed at port 31Ch and contain the least 

significant byte (LSB). This byte must be loaded first as shifting begins immediately the 

MSB is loaded into counters U40 & U39. 

-5HZ FT LOAD LSB U 
+SHIFT LOAD HS8 lJ 

10kHz 

U13A Q _____ .J 

SHlrTI"'NC'-______ ...J 

Figure K-4: Timing diagram for a 0.2 ms time shift 

Once a shift greater than zero has been loaded, reset to flip flop U13A is released by 

OR-ing all the binary outputs of the counters together. This flip flop then changes state 

on the -SHIFT LOAD MSB line going hi. U13B is then enabled and sets SHIFTING 

hi on the rising edge of the next 10 kHz clock pulse. With SHIFTING hi the binary 

counters are enabled and will begin decrementing with the next 10 kHz clock pulse (see 

Figure [K -4]). 

Note: If a hardware or software reset occurs while shifting, all flip flops will be reset. The 

output frequency will return to 32,768kHz and remaining programmed shift will be lost, 

unknown to the PC. 

Decade counters U15 & U16,' and flip flop U21A form an input frequency detector 

circuit. If the signal from the frequency standard is lost, then the RTC will swap to the 

1 UIS & UIG are standard CMOS devices as their slower switching times provide a reset pulse long 

enough to be seen by Hip Hop U21A. 
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100kHz 

C,"".jr---~ __ -,'I'------',--__ -,2tr -----.'--__ -"'' ------.'-__ -'4" ------.L 
uso (lLl)L-__________ ~ ______________________________________________________ L_ __ __ 

XTAL os~c~ ______________________________________________________________________ __ 

7 8 
lOOkH2~ ________________________________ _ 

C'W. "j.--____ ----.'--__ -'S" ------.'--__ -",.-------.'-__ -'2,'------.L-__ -l"'------.L 

usa (lLl)L-____________ ~, ________________________________________________________ __ 

XTAL Os"'C~ ____________ ...J 

lOOkHz _______ --' 

C,w ... jr-----,L-__ -'sr' -----.'--__ -"/.-------.L-__ -'2/r---~ __ ---'3,r-----,L 

usa (lL')L-____________ ~ __________________________________ ~ ______________ ___'L_ __ __ 

XTAL csc 

Figure K-5: Timing diagrams for the input frequency detector :- (a) normal operation, 

(b) frequency failure, (c) input re-established 

onboard 32,768 kHz crystal oscillator with a dead time of less than 150 J1.S (see Figure [K-S] 

for timing diagrams). This sets the CRYSTAL OSCILLATOR line hi and disables all 

outputs to the signal switching unit. Should the input signal be re-established, then 

timing will revert back to the frequency standard, with a dead time ofless than 100 J1.s and 

output strobes will be re-enabled. This is particularly useful for maintaining approximate 

timing position during temporary input frequency outings. The FREQ FAIL bit in the 

status register (U36) will remain set however until the status register is read. 

Note: If a frequency failure occurs during a timing shift, then execution of the shift will 

halt until the input is re-established, after which it will continue unless the hardware is 
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reset in the meantime. 

K.1.2 Strobe decode 

32.7f;t8kHz 

U218~1... ___ --' 

U27~P~6 _________ ~ 

U27~Q~6 ________________ ~ 

Figure K-6: Synchronisation of strobes with the frequency standard 

The 32,768 kHz from the clock frequency generator circuitry is divided by binary dividers 

U19 and U20 to provide 4Hz, 2Hz and 1Hz signals. U19 & U202 are reset and inhibited 

while the SYNC line from the RTC (U49) is hi. This allows the 1Hz output to be 

synchronised with the second pulse of the RTC. The outputs of the 74HC4040 can not 

be used directly as strobes as they contain decoding 'glitches'. U19 and U20 thus change 

state on the falling edge of the 32,768 kHz clock, but these changes are only clocked 

through on the positive edge of the clock by flip flop U27. 

ADDRESS VALID 

-lOW 

DATF! yALID 

-CTRL LOAD f 
Figure K-7: Writing to the control register 

In addition as the 32,768 kHz is derived from a phase locked loop it is subject to 

small variations in frequency. However the BR-9034 once locked to the external 5 MHz 

frequency standard has a ±200 ns tolerance for variations ill timing of the external start 

and jump strobes over a 10 J1.s interval. The positive edge of the 32,768 kHz clock is thus 

2U19, U20, U52 & U54 are standard CMOS devices to reduce signal bounce. 
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synchronised, via flip flop U21, with the positive edge of the 100 kHz derived from the 

frequency standard (see Figure [K- 6]) . 

1 SE;!L __ --1 

OU" __ -I 

AC T1 "V,-,E~ ___ --.J 

START STROBE (J3-S) lm~ 
1/2 "Iii'cond clilll 1.nQth 

JUMP STROBE (J3-4) 

CELL STROBE (J3-3) 

-RESET 

+SAMPLE STROBE (J2) 11111111111111111111111111111111111111111 

Figure K-8: Timing controller strobe decoding timing diagram 

U32 is the control register. It is loaded when -CTRL LOAD line transits from a 10 

to a hi synchronously with the -lOW line going hi (Figure [K-7]). When bit 0 (RUN) in 

this register is set, then a start strobe is produced synchronously with the rising edge of 

the next one second pulse. Decade counter U24 in conjunction with flip flop U30B limit 

the width of the start, jump and cell strobes to 1 ms . U30A decodes the first cell strobe 

as the start strobe and there after as jump strobes for the duration of the sweep. The 

timing diagram is shown in Figure [K-8]. 

ACTIYE 

+SAHPLE SIRe 

-SAHPL·L;ll:lL 

Figure K-9: Timing controller sample strobe timing diagram 

The sample rate generator is provided for use with externally triggered analog to digital 

converter cards, allowing for triggering on either the rising or falling edge. The first sample 

is made exactly one sample period after the start of a cell. The sample rate generator is 

inhibited between sweeps by holding binary counter U54 reset (see Figure [K-9]) . 
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Simultaneous with the start strobe the ACTIVE line goes hi and is held there by flip 

flop U41A until the end of the last cell unless -RESET goes 10_ Operation is normally 

terminated by setting bit a (RUN) of the control register to zero_ This allows sampling 

to continue till the end of the current cell. The control register is cleared on reset and 

sampling halts immediately (Figure [K-10])_ 

1 SE~L __ ---' 

RUN --.l 
ACTI,-"y .. E ____ --' 

START STROBE CJ3-S) 

JUMP STROBE CJ3-4) 

CELL ST ROBE (.)3-3) 

-RESET 

1 second ce 11 1 &ngt h 

-SAHPLE STROBE CJ2) 1111111111111111111111111 1111111111111 

Figure K-10: Strobe decode timing diagram on reset 

U52 is configured as a divide by two stage and allows for cell lengths of two seconds. 

K.LS Connectors 

J1 (miniature BNC) 5 MHz, 1 MHz, 100 kHz input from frequency standard. This input 

is optically isolated and requires a minimum input of 2 Vp-p at 8 rnA. 

J2 (miniature BNC) Sample strobe to external ADC cards. Either positive or negative 

edge strobing can be selected via a jumper. 

J3 (9 pin D-type) 

1 - GND 

2 - 1 second; positive edge, 50% duty cycle square wave. 

3 - cell strobe; positive edge, 1 ms duration. 

4 - jump strobe; GND when active, 3-state, 1 ms. 

5 - start strobe; GND when active, 3-state, 1 ms. 
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All outputs (12 & J3) are 3-state during battery operation or loss of input from the 

frequency standard. 

K.1.4 Power requirements 

Supply voltage 4.0-5.5V 

Battery current at 5V 33mA - Crystal Oscillator 

20mA - External frequency standard (100 kHz) 

Battery charge current Max 40 rnA from 12 V rail 

Table K-1: Timing controller power requirements 

The prototype TC has been wire wrapped on a PC-35 prototyping card which comes 

complete with bus buffering and address decoding circuitry. The board layout is shown 

in Figure [K-2]. This TC is a simplified version and does not contain the sample 

strobe circuitry nor does it allow for cell lengths of 2 seconds. At present IRQ 3 

is used for the quarter second interrupt. 
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K.1.5 Register addressing 

300 1/100 seconds R/W 

301 hours R/W 

302 minutes R/W 

303 seconds R/W 

304 month R/W 

305 date R/W 

306 year R/W 

307 day-of-week R/W 

310 interrupt status R 

310 mask reg W 

311 command reg W 

31C shift load Isb W 

3ID shift load msb W 

31E control reg W 

31F status reg R 

31F Reset W 

Table K-2: TC port address allocation 

7 Timing slip direction 

(also used to test for TC hardware) 

6 Interrupt request pending 

5 Synchronisation of the hardware with the RTC in progress 

4 Interrupts enabled 

3 Input frequency failure has occurred 

2 Clock input from onboard oscillator 

I Time shift in progress 

o Hardware strobing active 

Table K-3: Significance of TC status register bits 

159 
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7 Timing slip direction 0= retard 

1 = advance 

6 Enable interrupt requests to the PC 

5,4,3 Sample rate 000 = 2048 Hz 

001 = 1024 Hz 

010 = 512 Hz 

011 = 256 Hz 

100 = 128 Hz 

2,1 Cell length 00 = 0.25 sec 

01 = 0.5 sec 

1O=1sec 

11 = 2sec 

0 Start stobes on next 1 second edge (RUN) 

Table K-4: Programing the TC control register 

K.2 Signal Switching unit (SS) 

Figure [K-ll] shows the RF and analog signal paths. Solid state devices3 are used to 

perform the RF receive input signal switching. Mechanical relays are used to select the 

transmit antenna, as high power devices are required and the switching rate is low (once 

per ionogram). Figure [K-12 ] gives the antenna connections to each receiver . 

The +5 V POWER ON line from the 4070 is used to power the Signal Switching unit 

on and off in conjunction with the BR-9034 on/off switch. A green LED on the front 

panel of the SS is used to indicate that all the required supply voltages are present . 

3PAS_3 attenuator/switches 
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TIMING CONTROLLER 
Te. SCH 

Revised: 
Revision: 

Bill Of Materials August 13, 1990 22:10:33 

Item Quantity Referen ce Part 

Ul HCPL2602 

2 7 C6,Cl,C2,C3,C4,C7,C8 . 1 uF 

3 C5 10uF 

4 U36 74HC373 

5 6 U37,U9,U26,U29,U45,U51 74HC08 

6 7 U35,U5,U22,U25,U34,U50, 74HC32 
U55 

7 5 U33, U 13, U21 , U30, U41 74HC74 

8 2 Jl,J2 BNC 

9 U49 ICM7170 

10 3 U31, U17, U53 74HC04 

11 2 U28, U23 74HC139 

12 4 R7,R4,R8,R9 10k 

13 J3 CONNECTOR OB9 

14 2 U47,U46 74HC 126 

15 1 JP5 HEAOER 7X2 

16 4 JP4,JP1,JP2,JP3 J UMPER-2 

17 3 03,01,02 IN4148 

18 QI 2N2222 

19 1 RIO 680 

20 BT 4.5V 

21 04 IN4007 

22 U7 74HC4046 

23 R2 2k7 

24 R3 330k 

25 RI 2k2 

26 Cl 100pF 

August 13, 1990 

Page 



TIMING CONTROLLER Revised: August 13, 1990 
Te. 5CH Revision: I 
8 ill Of Materials August 13, 1990 22:10:33 Page 2 

Item Quantity Reference Part 

-------- - ---- - - - --- ------ - --------------------------------

27 C2 10nF 

28 8 U2,U3,U4,U8,UII,UI2,UI4, 74HC4017 
U24 

29 5 UIO,UI9,U20,U52,U54 74HC4040 

30 2 U16,U15 4017 

31 4 U44,U39,U40,U43 74HC191 

32 2 U42,U38 4075 

33 I R5 10M 

34 R6 lOOk 

35 XI 32768Hz 

36 2 C3,C4 20pF 

37 U32 74HC273 

38 U27 74HCI74 

39 I C5 47uF 

40 I IC I 74L504 

41 IC3 74L5138 

42 IC2 74L530 

43 I IC4 74 L502 

44 IC5 74L508 

45 IC6 74L5244 

46 IC7 7415245 



SIGNAL SWITCHING 
SS . SCH 

Revised: December 14, 1990 
Revision: 1 

Bill Of Materi3ls December 14, 1990 4:06:31 Page 

Item Quantity Reference Part 

Ul LM7805 

2 Fl O, 5A 

3 U2 LM7912 

4 U3 LM7812 

5 12 Jl,J2,J4,J5,J6,J7,J8,J9, BNC 
Jl0,Jl1 ,J12 ,J13 

6 J13 220V 50Hz 

7 2 R 1 ,R3 lk 

8 3 Cl,C2,C3 47uF 

9 2 D2,Dl BRIDGE 

10 3 C5,C4,C6 O. 1 uF 

11 03 Green 

12 2 J3,Jl CONNECTOR OB-9 

13 J2 CONNECTOR OB- 25 

14 1 Tl TRANSFORMER CT 

15 Kl SOLIDSTATE RELAY 

16 3 U4,U7,U8 74HCOS 

17 U5 74HC04 

18 U6 74HC174 

19 2 R4,Rll 10k 

20 Ql 2N2222 

21 2 U10,U11 4053 

22 U9 LF347N 

23 4 C1,C2,C3,C4 100nF 

24 2 R5,R6 90k 

25 2 R7,RS SOk 

26 R9 25k 



Appendix N 

System installation 

N.1 PC addressing and interrupts 

Device Memory (hex) Port addresses (hex) 

DSP-16 DOOOO - DFFFF 33C - 33F 

TC 300 - 31F 

Table N-l: Memory and port addresses required by system hardware 

Interrupt source IRQ 

Timer (not disabled) a 
Keyboard 1 

Real Time Clock 8 

ADC card(s) 9 

Timing Controller 3 

Serial port (coml) 4 

DSP card 5 

Table N-2: Allocation of Interrupt Request (IRQ) lines 

If the DSP card in question uses on-board ADC's then it will utilise IRQ 5, otherwise 

it will be replaced by IRQ 9 from the ADC card(s). If the Timing Controller is not located 

then IRQ 3 will be replaced by IRQ 8 from the PC's Real Time Clock and Meteor will be 

the only type of operation that can execute. 

175 



APPENDIX N, SYSTEM INSTALLATION 

N.2 System interconnections 

................ 
2 IH 

3 Rx 
PC 

6 DSR 
(OlE) 

7 «<NO 

I 

E 

(ctd) 

('4.110\,1) 

Cloa .. d = Link 
Op.n = T.s.t 

Figure N-l: Wiring the RS-232 link 

. ............. -_. 
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Tx 3 
4070 

+lZY 6 
(DeE) 

(J9) 
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......... ....... . 

Mllt~or .1:lIct "teob. ~ .. . .................... . 

1 ~ __ ~(~3~-~.~tu.utu.~)~ ________________________________________ ~~~ 1 

(Iono~ond~ = 10) 
~~M~o~d~.~.~.~I~.~c~t ___ (~M~.Lt~e~o~r~=~h~1~)~ __________________________ ""~! 2 

"-~T~x~.~n~t~.~n~n~.~ ____________________________________ ------~B: 3 

"-_TUx~.~nDt~.~n~n~aL-__________________________________________ ,.~: 4 

(Anti = 10) 

~~R~x~l~.UnDt~e~n~n~.L-~Bn~~~LL ________________ ------------~Bl 5 (AOt2 = hi) 

(80t3 = 10) 

~~R~x~2~.~nDt~.~n~n~.L-~Bn~~~LL----------------------------~~i 6 CAnt4 = hi ) 

(Lo...., (ceq;::: 10) 
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M!t!or multielax!c ~witcb (Ant 3 & 4 = hi) 

CPU Jetiy;; 

Tx RF pOI-I .. r inhibit (Inhibit - 10) 
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~: 9 

~ 
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-, " 
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~~T~/R~~"~.~y~.~r~o~r~m~.~.Ll~'c~tL-~(5~Q~Q~H~Z~~hU1w)L-____________________ ""~i 16 

CPU ct,d pi 17 

18-25 ~l ~G~N~D~------------------------------------------------~l 19 

ss 

(J2 ) 

....... -.. -..... . ... -................ -.-.. 

Figure N-2: Connecting the PC's parallel port to the Signal Switching unit 
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APPENDIX N. SYSTEM INSTALLATION 

...... .. .... ... . .... ... ........ . 

1 eND (61 a!;;;k) 1 

2 I II!;.Q(!li:! ~b!bUQ ) 2 
TC 55 
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4 ,11.!!!!E I tr02! (:iilr'!!n2 4 
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Figure N-3: Connect ing the Timing Controller to the Signal Switching unit 
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Figure N-4: Connecting the BR-9034 to the Signal Switching unit 
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1 File management 

1.1 Files used by the control program 

The following files are required for operation of the system. They must all be located in 

the same directory, but not necessarily the root directory. 

CONTROL.EXE is the executable version of the Turbo Pascal program which runs on 

the PC and controls all sounder and data capture operations. 

CONTROL.CFG is read by the control program during initialisation and is used to set 

such system parameters as station location and boot operation. If the configuration 

file cannot be found the operator will be prompted to create one or alternatively 

abort execution. 

CONTROL.SYS is also loaded into memory during initialisation of the control program 

and contains all the previously defined system operations. If the system file cannot 

be found , the operator will be given the option to create the default system file, or 

alternatively abort the program. 

DSP16TMS.HEX is the TMS320 object code down-loaded to the DSP16 card on initial

isation of the control program. 

*.TBL files contain the look-up table for the DSP16's digital filter used in meteor mode. 

They contain 82 positive integer values with 4096 equating to a weighting factor of 1. 

Very little error checking is performed on these files and the onus is on the operator 

to ensure they are correctly formatted. The first entry in the file is the digital filter 

reference number (0-255) stored in the meteor parameter record. The second value 

corresponds to the 20 Hz weighting factor and the last to 80 Hz. Comments must 

be preceded by a semicolon. 

CGA.BGJ is the graphics driver for a CGA monitor. 

1. 2 Files created for data storage 

(ppp)(yy)(ddd).MET is the format of the filename used to store the meteor data, where 

(ppp) represents the first three characters of the station name, (yy) the year, and 

(ddd) the day number. A new file is created everyday for meteor data. 
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(ppp)(yy)(ddd).DAT store the analysed meteor data for each day giving meteor rates, 

frequency histograms and the average power spectrum. 

(pp)(yY)(hh)(mm).(ddd) is the filename format for ionograms, where (hh) represents 

hours and (mm) minutes 

All of the above output files can be directed to separate sub-directories from within the 

configuration file. 

2 Definition of system operations 

The following types of system operations exist: Sounding, [anagram, Doppler, Meteor, 

Timing and Schedule. Any operation created will be one of these types and will be 

specified by a unique operation name. A Schedule simply programs other operations to 

run at specific times (software operation) whereas all the other operations exercise some 

form of control over the system hardware configuration and/or timing, and are termed 

hardware operations. 

Note: A Sounding is somewhat of an exception to the general rules that apply to system 

operations as will be explained in section 4.6. 

Each operation is identified by a unique operation name of not more than 8 characters 

in length, but commencing with an alpha character . Changes to the system file will only 

be updated on hard-disk when a hardware operation is not executing. 

3 Screen utilisation 

The screen is divided into a number of windows although no window boundaries are visibly 

displayed. The general screen layout is shown in Figure 1. 

3.1 Clock/calendar window 

The top right hand corner shows the time and date. The display format is as follows : 

DayOfWeek Century+ Year DayNo Hour:Min:Sec 
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............ ! ~_J. ~ .. HA!"!RRH ................. ~ ....... .. . ';.'.L~.r:'I . .:;I.'!.'.(_<;.LI?c;.~ •...•..••• •. •• ... 
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Figure 1: Screen window layout 

3.2 Title window 

The title window displays the station name at the outer level of the menu structure. As 

you descend this hierarchial structure it is replaced by the name and path of the current 

level. 

level 0 : station name 

level 1 : level 1 ti t ie 

level 2 : level 1 ti tie - level 2 title 

3.3 Menu window 

The bottom of the screen is used for the menu bar, which gives the current definition of 

valid function keys. The user interface is largely function key driven. 

3.4 Error/prompt window 

Immediately above the menu window is the error/prompt window. When an error message 

is displayed all function keys etc. are inactive until the message is cleared by pressing any 

key. Error messages will also time out after 10 seconds. The prompt window is the only 

window that can be physically edited, through the use of a simple line editor. 
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3.5 Display window 

The display window, which is the default window, is used for the plotting of ionograms 

and displaying meteor echo data when at the outer level of the menu structure. At 

lower levels it is used for the display of such things as the configuration file and system 

operations. The display window is only cleared when necessary, so in many instances the 

previously viewed data will remain displayed even when you change levels , unless there is 

new information to display. 

The following data pertaining to meteor echoes is displayed: 

Time of last meteor echo 

Frequency of maximum amplitudes for antennas 

A B C D 

Average amplitude Average noise 

Absolute sample maximums for antennas 

A B C D 

Time of l ast echo removed by the PC's software filter 

Average frequency of maximum amplitudes 

Average amplitude 

For ionograms and doppler soundings, height is plotted on the vertical axis and time 

on the horizontal. Height markers are plotted at the start of a sweep. If the display is 

cleared during a run, by for instance entering the editor, then these will be lost as will the 

existing data plotted. Frequency or time marks may be plotted during a sweep. As time 
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advances, data is plotted from left to right. If the right hand edge of the display window 

is reached , then plotting will continue from the left hand edge and will overwrite existing 

data. 

Note: Screen output has the lowest priority, and if there is insufficient time, screen output 

may be lost . 

3.6 Status window 

The status window is used to indicate the current status of the system and any fault 

conditions that are present or may have occured. The status screen layout is as follows: 

Active schedule 

Active hard~are operation 

DSP errors 

Te errors 

Sounder errors 

Timing slip 

Sounder frequency 

Status report 

Active schedule - This is the currently active schedule, which is scanned once a second 

when no hardware operation is active. The active schedule is scanned even while it is 

being edited , so operations may be entered immediately before they are scheduled to run. 

If the operator is busy with disk access when a hardware operation is scheduled to start 

running, then the operation will be cancelled to avoid any possible timing errors that may 

occur, but the speaker will beep to notify the operator of this . 

Active hardware operation - Displays t he name and type of hardware operation that is 

currently active. 

The following error conditions are reported: 

• .l2.S..£ - Signal processing card not present or could not be initialised. 

Eil.ru - The digital filter look-up table required in meteor mode could not be down

loaded. 

DspError - An error occurred during communications with the Dsp card. 
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Format - There was a format error in the data transferred to the PC, possibly due 

to insufficient time, in which case the DSP card would reset itself . 

• T.C - Timing controller card not present. All operations requiring the TC will be 

inactive. This implies all hardware operations other than Meteor. 

X1lll - Input from the external frequency standard has been lost and the timing 

controller is using its on-board oscillator. 

FreqFail - Input from the frequency standard was lost at some stage, but has since 

been re-established . 

• Sounder - Serial link not connected. 

R.FPA - Transmitted power dropped below 15 W. 

!&ck - Sounder frequency synthesizer broke lock. 

Status report - The status report received from the sounder is displayed here. This report 

during operation looks as follows: 

(XXX)g(YY)[Z] 

XXX is the averaged IF amplitude of the receiver during the cell (0-255) 

YY the receiver attenuation where 1=3 dB 's, 2=6 dB's, etc. (0-38) 

Z is not always present and represents one or more error conditions. 

P - RF power out less than 15 W 

L - Synthesizer out of lock 

Other status reports are: 

T - Sounder in standby mode 

E - Input command error 

4 Description of function keys 

The user interlace is menu driven and options are selectable via the use of function keys. 

The menu bar at the bottom of the screen gives the defiuition of each function key. This 

bar may change depending on the operators level within the menu hierarchy. Figure 2 

gives an overview of this hierarchy with a brief description of the function of each key 

within the menu. A detailed description now follows. 
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4.1 SetClk - F1 

Sets the real time clock on the timing controller card, or PC if this card is not present. 

The command format is as follows: 

[WeekDay Year Month Day] [Hour] minute second 

DayOfWeek is Mon, Thes .. Sun. Year can be either the century and year or just the 

year, and hour is in the 24 hour format. Parameters in square brackets are optional, but 

if one of these parameters is entered, then the remainder of the parameters in that set of 

parenthesis must also be given, and in the order specified. 

4.2 Execute - F2 

This function immediately executes the default operation specified in the configure en

vironment (see section 4.5). If this is a hardware operation (any operation other than a 

Schedule) then this key is ineffectual while another hardware operation is active. 

4.3 Halt - F3 

Immediately halts the active hardware operation unless this is a Timing shift. Once 

a timing shift has been initiated it cannot be stopped due to a hardware constraint of 

the timing controller. If a hardware operation is not running then the currently active 

Schedule will be cancelled. 

4.4 Run - F4 

Prompts the operator for an operation to execute. If the entered operation is anything 

other than a Schedule, then it will be ignored if a hardware operation is active . A list of 

executable operations is displayed. 

4.5 Configure - F5 

In the configure environment, system parameters can be set which will be saved to disk 

in the CONTROL.CFG file. 

Station Name: Consists of 3 to 20 characters with no spaces allowed between the first 

3 characters as these are used for station identification in filenames. 
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EXECute Operation: The default operation to be run in conjunction with the Execute 

function key (F2). 

Boot Operation: This operation will be executed immediately after the system boots 

up. The longest time for a fixed duration operation is 60 minutes. This is to limit 

the amount of data that can be lost .M1.eI power failures, by having to wait a long 

time before the next scheduled operation. 

Day Schedule, Night Schedule: If specified then the PC will run the appropriate schedule 

on boot-up. 

l2.a.Yill, l2..u.ak: Used to specify the start and end of day and night. 

Meteor Directory, Statistical Directory, Ionogram Directory : Output data is directed 

to the appropriate sub-directory. 

4.6 Editor - F6 

The editor allows for the creation and deletion, as well as editing of all system operations. 

The menu bar is redefined (Figure 2) and the display screen lists alI the currently defined 

system operations. Preceding every operation name is a number, and this value represents 

the operations user-level. It is a counter associated with each operation, initialised to zero, 

and incremented by one every time that operation is used by another operation. The need 

for this will be seen when the delete function key (F7) is described later. 

Operations to be edited are selected with the aid of function keys and options are 

changed using the arrow keys. When input is required the operator will be prompted for 

this. Only the prompt window can physically be edited, and all input will be validated 

before updating the display window. In the line editor Backspace deletes the last char

acter while Delete clears the input line. The Esc key always returns you to the next 

highest logical level in the command structure. 

There are two 'global' editing features, delete (F7) and copy (FS), which operate on 

whole system operations while function keys Fl to F6 enable editing of the operations 

themselves. Once the type of system operation has been selected you will be prompted 

for the unique name of that particular operation. If this operation does not exist it will 

be created, provided there is sufficient space in the system file, with all parameters set 
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to the default values specified by the standard operations (Sstd, Istd, Dstd, Mstd, Tstd, 

Pstd). A description of each type of system operation is given below, followed by a list of 

its parameters. 

Sounding - Fl 

A Sounding is the basic building block of an ionogram and as such is not a true system 

operation in that it can not be run by itself but only from within an [anagram. A Sounding 

consists of a number of cells , and it is this ability to construct segmented sweep patterns 

that provides the chirp sounder with its advanced capabilities. 

Basic Rate: The linear sweep rate used during each 'chirp' segment or cell. Selected 

from 25, 50, 100, 200 kHz/so 

Window Offset : The transmitter offset from the receiver tuned frequency, specified as 

a window offset height of between 0-500 km. 

Rx Attenuation: Fixed attenuation programmable between 0 and 114 dB's in 3 dB 

steps , otherwise software AGC operational. 

Cell Length: 0.25, 0.5, 1, 2 seconds. 

Note: The maximum transform size is 1024 points. Therefore, if a cell length of 

2 seconds is selected the highest sampling rate possible is 512 Hz. Inversely if the 

sampling rate is 2048 Hz the cell length cannot exceed 0.5 seconds. 

Sample Rate: 256 , 512,1024,2048 Hz. In ionosonde mode the bandwidth of the receivers 

is 500 Hz. This implies that sample rates below 1024 Hz require additional band 

limiting of the sampled signal to avoid aliasing problems. 

Points / Cell: Number of points per cell on the power spectrum to be sorted in descend

ing order of magnitude and plotted to the screen. Selectable between 1- 99. 

Threshold: Magnitude squared threshold below which points on the power spectrum 

are rejected, irrespective of the number of points per cell (0- 99). 

No. of Cells: Number of cells selectable between 1 and 10. Cells within a sounding will 

be executed in the order specified. 
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(Rx1 Antenna) (Rx2 Antenna) (Local Offset) : The local offset is the positive offset 

of the cell start frequency from the sounding start frequency (0 to 9.99 kHz in 10 Hz 

steps). Each receiver must be switched to one of the antennas within its antenna 

pair. 

ronogram - F2 

This specifies the 'macro' type parameters of the sweep as well as re-direction of the 

output data for storage purposes. 

Mll.d.!: : 

Tx - Transmi t only. 

Rx - Receive only. 

T IR - Transmit-receive switching using an M-sequence. 

Tx+Rx - Simultaneous transmit and receive. 

Sounding : Name of the sounding to be used, from a list of available soundings. 

Start Freq : Start frequency in kHz, in the range 1.6 to 30 MHz. If set greater than the 

end frequency, then the end frequency will be adjusted to equal the start frequency. 

Data Storage: 

None - Data only displayed on screen 

Disk - Store data to hard disk 

Tape - Data written to magnetic tape 

Film Record: Generation of film record . 

ronogram Type : 

Norma! - Non-zero overall sweep rate. 

Stationary - Frequency reset to start frequency at the beginning of every sounding. 

Normal ionogram 

End Freq : End frequency in kHz, in t he range Start Freq to 30 MHz. 
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Overall ll.ate : 

Linear: 25- 200 kHzls 

Logarithmic: 10-30 mOctls (milli-Octaves) 

Stationary ionogram 

Duration! : Length ofrun in minutes (1- 60). When set to continuous the operation can 

only be halted by operator intervention. 

Time Mark: When set will produce a time mark on the display (and on film) after time 

intervals of between 1- 60 minutes. 

Doppler - F3 

A Doppler operation is a fixed frequency sounding where the transmitter frequency is 

generally offset from the receiver tuned frequency. Only the doppler shift of the signal, 

reflected from an ionospheric layer, is measured. The receiver bandwidth is set to 40 Hz 

and a sample rate of 256 Hz is used. 

Mode: 

Tx - Transmit only. 

Rx - ll.ecei ve only. 

TIll. - Transmit receive switching using an M-sequence. 

Tx+Rx - Simultaneous transmit and receive. 

Rx Frequency: Receiver tuned frequency, variable between 1.6 and 30 MHz in 1 kHz 

steps. 

Tx Offset Freq : Transmi tter offset frequency, variable between 0 and 40 Hz in 1 Hz 

steps (negative offset - LSB receivers) 

Rx Attenuation : Fixed attenuation programmable between 0 and ll4 dB's in 3 dB 

steps, otherwise software AGe operational. 

1 Operations specified with a time duration are shortened by a couple of seconds to allow for hardware 

setup time. 
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Duration: Length ofrun in minutes (1-60) less a couple of seconds to allow for hardware 

setup time. When in continuous mode the operation can only be terminated by the 

operator. 

Time Mark: If set will produce a time mark on the display (and on film) after time 

intervals of between 1 and 60 minutes. 

Cell Length: 

1 second - 256 samples per channel 

2 - 512 

3 - 768 

4 - 1024 

Points / Cell: Number of points per cell on the power spectrum to be sorted in descend

ing order of magnitude and plotted to the screen. Selectable between 1- 99. 

Threshold: Magnitude squared threshold below which points on the power spectrum 

are rejected, irrespective of the number of points per cell (0- 99). 

Data Storage: 

None - Data only displayed on screen 

Disk - Store data to hard disk 

Tape - Data written to magnetic tape 

Fjlm Record: Generation of film record. 

Rx Antennas (Rxl) (Rx2): Select receive antennas . 

Meteor - F4 

In Meteor operation a fixed frequency, well above the critical frequency of the ionosphere, 

is used to detect the doppler shift from meteors. The transmitter frequency is offset from 

the receiver tuned frequency. There is no explicit cell structure associated with a meteor 

operation. Angle of arrival of the returned signal is also measured by using four antennas 

simultaneously. To reduce crosstalk introduced in the synthesis of the two additional 

channels, the receiver bandwidth is set to 2500 Hz and the receiver baseband output is 
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band-limited to 100 Hz. Each channel is sampled at 512 Hz but channel pairs are sampled 

1800 out of phase. 

Mode : 

Tx - Transmit only. 

Rx - Recei ve only. 

T fR - Transmit receive switching using a 500 Hz square wave. 

Tx+Rx - Simultaneous transmit and receive. 

Rx Frequency: Receiver tuned frequency, variable between 20 and 30 MHz in 1 kHz 

steps. 

Tx Offset Freg : Transmitter offset frequency, variable between 20 and 60 Hz in 1 Hz 

steps (negative offset - LSB receivers) 

Ex Attenuation: Fixed attenuation programmable between 0 and 114 dB's in 3 dB 

steps. 

Duration: Length of run in minutes (1- 60). When in continuous mode the operation 

can only be terminated by the operator. 

Data to Disk: Storage of data on hard disk. 

Echo Criterion: The maximum frequency difference allowed between spectr~ maxima 

for recognition as a valid meteor echo (1 to 9 Hz) 

Sprd Threshold : The threshold used to determine the spread of the signal in the fre

quency domain (10- 999, units undefined). 

Cell Length : 

.3 seconds - 153 samples per channel 

.4 - 204 

.5 - 256 

.6 - 307 

.7 - 358 

.8 - 409 

.9 - 460 
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1 - 512 

(4 channels with a sample rate of 512 Hz/channel) 

Filter File: The name of the file containing the digital filter look-up table. If this file 

cannot be found the existing look-up table will be used. The file name must start 

with an alpha character. 

No. Filters: Software filtering of echo data is possible, using a simple rectangular window 

function and the averaged signal amplitude for the four channels . The number of 

filters is selectable between 0 and 3. 

Filter (Start frequency) (End frequency) (Threshold): Inclusive of start and end 

frequencies. Frequency range is 20 to 60 Hz. (Threshold units are undefined.) 

Timing - F5 

Programmable timing shifts can be made using this operation. The timing adjustment will 

only be made if the timing controller is being clocked by the external frequency standard 

and no~ the onboard oscillator. 

Direction: Advance or retard system timing. 

Shift: Shift system timing in the specified direction by an amount between 0.1 and 

999.9 ms in 0.1 ms steps. 

Schedule - F6 

A Schedule allows for the programming of operations to run at specific times . These 

operations can be run on an hourly, daily or weekly basis. The active Schedule only 

executes hardware operations while in record mode (ie. whenever the operator is not 

accessing one of the mass data storage devices). The command format is as follows: 

[Day] [Hour] Minute Second Operation 

Day: Sun, Mon, Tues, Wed, Thurs, Fri, Sat. Specification of Day is optional. 

These operations will have the highest priority and will only execute on a weekly 

basis. 
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Hmu: : 0 to 23. Specification of this parameter is optional. 

These operations have the next highest priority and will execute on a daily basis. 

Minute: 0 to 59. 

If no Hour is set then these operations will execute on an hourly basis. 

Second: 0 to 59. 

Operation: Name of operation to be run from list of system operations. A Sounding 

cannot be entered as it is in effect only a building block for an [onogram. 

Schedules are sorted and displayed vertically, firstly in descending priority, and sec

ondly in chronological order. When searching an active schedule for an operation to run, 

it is scanned from top to bottom until an appropriate operation is found. If an entry 

is made with the same time information as an existing entry then the new one will be 

inserted above the old, and will consequently be the one executed. 

While a hardware operation is running, the active Schedule is not scanned as a new 

operation cannot commence until the current one has terminated. Note that a Sched

ule can call another Schedule, which allows for the development of large and complex 

programmes if required. 

Delete - F7 

Whenever an operation is used or called by another operation, the first operation has 

its user-level adjusted . A user-level greater than zero indicates that the operation is 

currently used bv at least one other operation. For instance every entry of an operation 

in a Schedule increments the operations user-level by one and similarly when a Sounding is 

used in an [onogram. The user-level of each operation is displayed in the outer layer of the 

editor environment. The default operations cannot be deleted, nor any operations with a 

user-level greater than zero. An active schedule can also not be deleted. This function is 

only available from the outer layer of the editor and you will be prompted for the name 

of the operation to delete. 

Note: There is no way to retrieve an operation that has been accidentally deleted! 
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Copy - F8 

Provided there is sufficient space in the system file, any operation can be copied. The 

command format is as follows: 

(Old operation name) (New operation name) 

This function is only available from the outer layer of the editor. 

4.7 Tape - F7 

Allows operator control of the magnetic tape unit (not operational). 

4.8 Analyse - F9 

Post processing and analysis of data. At the time of writing only meteor data could be 

analysed. A frequency histogram, daily rate, hourly rate, and averaged power spectrum 

are calculated for a specified days data. The results are plotted on the monitor and 

written to a data file . 

4.9 XDOS - FlO 

Terminates CONTROL.EXE and returns to DOS. Only functional if no hardware opera

tion is active. 
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