University of the Witwatersrand

‘A HIGH SPEED RADAR DATA ACQUISITION
' AND PROCESSING SYSTEM FOR AN
EXPERIMENTAL MONOPULSE TRACKING
- RADAR

Norman Keith Burgess

A project report submitted to the Faculty of Engineering,
- University of the Witwaterscand, |
in partial fulfliment of the requirements for the degree of
Master of Science in Engineering

Johanmesburg, April 1994



I hereby declare that all the matenal incorporsted into this project repott is my own
original un-aided work, except where specific reference is made to other contributors,
The work contained herein has not been submitied for 2 degree at any other university.

.- Signed

D ik 9%

ﬁ K Burgess U



ABSTRACT

This project report describes the development of a high speed data acquisition and
processing systemn (DAPS) for an expsrimental monopulse tracking radar at the Division
of Manufacturing and Aeronautical Systems Technology (Aerotek), of CSIR.

The system development involved replacement of existing data acquisition hardware and
~ software with an enhanced, PC based, integrated high speed data acquisition system.
The system is used for radar acceptance testing, radar monitoring during trials and
capture of large volumes of data for off-line processing to pu'rsue research into "thg '

phenomenology of radar cross section,

The work performed during the execution of this project tepresents an effort in three
' technology areas, These are:

s  Digital hardware design of._cus_tdm interface hardware for the ISA bus as
- implemented on most PC’s, This was not a major aim of the project, but was
required in the absence of suitable hardware. ' '

® Formal software specification and design using the real time extensions of Hatley
and Pirbhai to the Yourdon and de Marco data flow analysis methodology. “The
existing software had not been designed using any formal method, and suffered
a lack of docutuentation throughout all phases of the development. The way this )
project was underiaken has served as an exercige in following the approach, which.
resulted in a product which is better documented and more maintainable. There
are elements of total quality manag_e.mani that are still missing thongh. |

. Quality management during software development. At the time of commencement
of the project there was no formal commitment to software guality managemert
at Aerotek. Commitment to 1509000 accreditation in future has required that a
 solid qualitjr ethic and management system be instituted. Currexit software
development follows this approach. A discussion of the topic appears in the

conclusion,

‘The DAPS has been in use for approximately two years now., With continued minar
modification to meet new user requirements, it has successfully enhanced the usahility"
of the radar system during trials and measurements with the SAAF,
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NOMENC_LATURI'}

- There are a number of definitions, acronyms and abbfeviaﬁd_ns used in this report which )
are specific to the radar system for which this data capture and analysis system was
 developed; others are more general, well defined radar system terms which require no
- elaboration. - The reader is referred to either of [4] or [5] for clatification In addition,
a number of features existed pﬁor to the commenceméﬂt of this work, aiougs Wwdn cel'ain
user defined concepts regarding data processing énd_graphical output, It is consicized
- appmpriﬁté to pmvidc footnote .deﬁnitions of the nomenclature at the first place rhey.
occur. A gldssa_ry of terms (Appendix C) is also provided for easy reference,
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Cﬁdpterl : N ' S : - Introduction

- CHAPYER 1

 INTRODUCTION

The Division of Aeronautical and Production Systems Technology {Acrotek) of CSIR
- have developed an experimental, monopulse, tracing radar. The radar system’ is used

in a number of experimental and measurement applications, each with different

requireraents in terms of processing and display of radar data. The applications include:

Bxperimental radar cross section (RCS) measurements. Radar retjii'ns are gathered
by a data capture system and stored for post proce'séing. (;tnplitude and
fluctuation statistics of the radar return are processed and analysed. The refuzn

of interest may be from land clutter, sea clotter, rain clutter or aircraft. During

measurements of aucraf.t the radar system is also used to vector (direct the fﬁght
trajectories) of the aircraft being measured. -

Radar calibration and performance measurements. These serve to assist with
calibrated RCS measurements as well as provide inputs for radar systems analysis
and testing. Performance measurements include sensitivity, clutter rejection, noise

levels and ‘stability measurements.

Reference tracking during SAAF (South Aﬁ'ic.aﬁ Airforce) exercises, The ;-adar :
system is used to monitor three dimensional flight profiles along with velocity

and acceleration characteristics during the flights.

Radar acceptance testing to verify operation of the radar system prior to its use
in experiments of the above types. This is a stanaard process where the re: » is
qualified and trimmed to optirnum and stable performance.

-1 In all occurrences, unless otherwise indicated the terms tadar or rader System refer specifically to the
expezimental, monopulse, ttacking radar system of Aerotek of the CSIR for which the data acquisition and
processing system has been developed. :

Page ]



Chapter I : _ I a 2 Introduction

The radar data stream® which is captured by the high speed radar data acquisition and
processing system (DAPS)® is logically separate from the data and signal processing
~ required to control and keep the system ﬂincﬁonin_g as a radar tracking a target; although
| some of that data is obviously included in the radar data stream. The data captured and
processed by the DAPS serves to assist the user with his use of the system, and to
provide increased understanding of radar targets and radar system theory. .

‘This project report describes the implementation of the current DAPS, which comprises
PC based, high speed data acquisition hardware, associated drives software, and capture,
anatysis and display software. Moderately high speed acquisition, processing and display
of data on machines of the PC family is by no means a new concept. There exist many
DIA hardware interface cards for thePC family with associated software to capture,
analyse and display data. Uses of data acquisition systems are as'. rumerous as the
number of such systems available. _fn this particular instanég, the existing radar system
' 'has_ a custom data format and requires a high throughput (a mdderaraly high average
data.rate with word sized salﬁples for each radrr puise being deliversd in high speed
bursts), which could not be achieved with ccmmerciﬁlly available producis at the tlrne
this project Was initiated. | |

1.1 Project Overview

During early development of the radar system some ten years ago, there was a]ready' a
- requirement for data capture and processing. At the time this was implemented with a

HP based equipment (HP9920 series computer) and a custom iaterface to a 9mm tape
drive, | '

2 This refers to the digital data steean; from which radar data is capturéd for processing. The stream is a
pre-defined set of radar parameter samples passed to the capture and processing system by the radar
monopulse video processor and controller, There are 60 wozd or integer components representing either
-radar target information (such as azimuth, 1 ~ge or signal amplitude), or radar status mdmamrs and set
points. In the existing radsr systsm this data set is also called RDO.

3 The current version of this equipment comprises a 50MHz 486 ruggedised PC clone processor card with
16MB of RAM; 1IMB VGA adapter, Super VGA. display and standard /O ports; A *wotec 1542B SCSI host
adapter; 425MB, 3CSI hard drive; 1GB, SCSI, Tshit I Magneto Optical drive; . -bined 1.2MB/1.4MB,

. floppy/stiffy drive; high speed serial to parallel data filter card; FIFO capture imerface card; time code
reader card and a Postscript printer. _

Page 2



Chapter I . ' ' S _ : Introduction

The context of the data falls into two calegones, namely hlgh speed data acqmsmon
(ASDA)*, and medium speed data acquisition (MSDA)®, HSDA facilitates capture of
data for off-line, ‘post-processing, RCS measurements are & typical zxample. MSDA
facilitates more rapid processing, such as required for acceptance tests and calibration.
The specifications of the radar data parameters, rates and data processing appears later.

HSDA was achieved with the éustom interface and 9mm tape system. ' The tapes could
- be used on the DAPS or any othar systen. MSDA was achieved with the GPIO® mterface
on the HP computer,

As the radar moved from the expéﬁmeﬁtal demonstration stage tn an integrated product,
it was decided that the DAPS should be upgraded. Apart from the fact that the existing
system was not able to meet the {ul user requirement regarding data processing and
output, it was also prone to failure. The tape drive was operated at. the maximum d:ﬁla
_raté, and tape media imperfections frequently cansed data overrun. In addition the user
fequirement grew with the system. PC based software development is considerably
easier than HP based development, which also indicated replacement of the proprietary _

systems in place.

o This project report described the systeih which was designed and implemented to replace

the historic DAPS. This includes the GPIO type interface for the PC and the software
to reiive, stuic, retrieve and process data. At the time of cormmencement of this project
(1990), there was no GPIO interface card (not to be confused with GPIB) for PC’s or
compatibles. This dictated that a custom interface card needed to be developed to meet.
the interface which existed in the DAPS.

4 This is an abbreviation for High Speed Data Acquisition. In this report this rafets to capture of all of
the available radar data to a mass storage device.

5 This is an abbreviation for Medinm Speed Data Acquisition. In this report this refers to capture of a
subset of the available radar data.

6 This is the Hewlett Packard term__des’c.ribing their General Parallel Input Quiput bus and its associated
standatds, This bus iz deseribed completely in their documentation. The implementation of the particular
interface board of this project is described in mors detail elsewhere, The interface nsed in this project is
8 subset of the full GPIO standard, The subset is really Just a high speed, parallel, externally clocked daia
bus with data on/off control,

FPage 3



Chapter 1 _ : p I Introduction

1.2 Btructere of Project Report

The presence of the existing radar data acquisition system imposed tight_.constraints on
the options for a solution to the problem; a relatively simple decision was taken to move
to a PC clone, develop a custom interface card and peogram in C, For this reason, there
is no appreciable Literamre of product survey. '

~ The stracture of the project report is detailed below.

In Chapter 2, the detailed problem definition is given. The historic system is described,
~ and the broad outline of the enhanced system is presented.

In Chapter 3, the user @eéiﬁcaﬁqn of the sysﬁein is presented, This includes a functional
description of the various logical modules, both hardware and software.

Chapter 4 presents the specification of the hardware requirements.

_ Chapter 5 deals with the software specification, This is modelled on the TEEE standard
for such a specification [1]. The high level software specification is presented in this
~ section. Detailed specification down to a functional level appear in Appendix B, A
functional description of the software implementation appears in Chapter 7. Detailed
software listings are not presented, as some of the information contained in them is

proprietary,

: Chéptcrﬁ presents the hardware implementation of the FIFQ intexface card, which is
the 16-bit interface card for the PC-AT compathle or higher. The details of aspeots of
the design appear in Appendix A. -

Conclusions concerning the system and project, with remarks about further development
are pregented in Chapter 8, |

This project report reviews:
s  The system specification of the DAPS.
» Development of the hardware capture card to interface to the radar data stream.

. Spcciﬁcaﬁon of the system software.

Paged



--Ckap:ur! . ' | : - “Introduction

e  Implementation of the MSDA functions,
e  The experience gained in formal specification, design and quality management,

The above aspects were solely niy responsibility. Detailed design of the data filter
hardware and dﬁ_ver software, time-cide interface, some aspects of the HSDA software
~ were delegated to colleagues. The system ixitsg_raﬂon, debugging and modification of
all software, and system acceptancé were my sole responsibility. |

Page 5



Chapter 2 L o Problem Defirition

CHAPTER 2

PROBLEM DEFINITION

The sim of this project has been to upgrade the DAPS to modernise the equipment,
reduce the size aud improve the functionality of the system. ‘This has involved )
repiacement of the HP computer, dedicated interface and tape drive with a dedtcated PC
intarface card and software, '

- As already statéd, the major reason for replacemient of the exiéting hardware and sdﬁwm
i that it did vot fulfil all of requirements for testing and analysis of the radaf; nor could
it be integrated into the mobile radar laboratory easily. The existing system did not

 lend itself to easy transportation of the data and results for further analysis and reporting

purposes, because most of the infrastructure for general analysis and word processing

at Aerotek is PC based. Finally, with the advance of techmology, much more

functionality and performance are achievable with the enhanced system than the htstonc
The reliability of the historic system was alse a problem

2.1 System Requ.irements

A brief system requirement is given here, the full user specification appears in Chapter 3.
A block diagram of the radar system, and peripheral components appeats below..

Page g



Chapter 2 I . ProblemDefinitian

Radar - | Radar | Video Weather
System | . | Console; System | Logger
Digital .
Radar { ame
| Data pee Weathor
. : - ' Data
 Data Acqulsttion
and Processing System
Figure 2.1 Radar System

The video system is used to re.cord boresight video footage with overlald radar display
data, from the console. This system s used to select data for post processing. To this
end the DAPS has a longitudinal time code interface used for logging of timecode during -
data capture. There is also a weather monitoring module with a serial port interface.

This is used to log weather data during data capture. Bach data file can then be .

 referenced to 4 video recording, and has atmospheric data for the experiment. The
atmospheric conditions affect propagation and radar return, o

The DAPS is required to perform mutually exclusive MSDA and HSDA of digital radar
data. MSDA is used for real time” and semi-real time® processing, Real time processing

7 This term refers to the standard interpretation of the phrase, where the real time action occurs whilst and
in pace with the constraining action of some piece of equipment.

8 This term refers specifically in this document where data is captured in real time and analysis and cﬁsplny
takes place within 2 maximum time of 5 minutes from the data capture.
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Chapter 2 ' . o Problem Definition

is required for the vectoring’ of aircraft. Typical functions which require semi-real time
processing antenna scen plots, of calibration measurements. The HSDA function is used
to collect large volumes, typically.5 io 20 MB per recordlug. of data which are processed _

off-line to obtain RCS information. |

The v °t requirement was stated as follows: |
To replace the existing DAPS with a PC based system. The enhanced system
bas to preserve the existing interfaces and functionality, and improve on
ﬁ.mctiona]ity to meet a number of processing requirements. The sperification of

the processing reqmrements is to be included in the demgn of the necessary
ke Jwate and softwars,

2.2 First Géneration Data Acqu_isiﬁon System

At the commencement. of this project the radar system was in the process of being
~ integrated into a mobile laboratory. A block diagram of the then existing DAPS,
comprising separate HSDA. and MSDA systems, appears below.

o

9 A term used by the SAAF to refer to guidance of alrcraft under radar control. The radar operator gives
course correction Information to the pilot to assist him in traversing o specified path.

Page 8



Chapter 2 o - B " Problem Definition

WEATHER
SENSOR

Figure 2.2 Block Diagram of First Generation Data Aoquisihon System

The DAR (data acqulsltmn equipment) was the custom data filter and tape driver, This
constituted the high speed capiure path, The medium spr.ed interface from the DAE
was designed to suit GPIO capture to the HP9920,

" The DAE modula interfaced the rada'r_- data stream to two reé_ipients. The Cypher, nine
track tape unit was controlled corapletely by the DAE, through resident soft ware accessed
by a terminal throngh an RSZSZ port, Embedded software in the DAE controlled two
data filters of identical design. Hach filter could be set up to pass from none to all of
the data through to either the tape or the HP 9920; these bemg at the output of each of |
one of the filters. The HP $920 data stream was passed out of a GPIO port in the DAE,

2.3 Deficiencies in First Generation System

The system detailed above had several limitations:

Page 9



Chapter 2. : ' ' Problem Definition

° It was difficult to generate proces.sed data results from MSDA. Far more analysis
" and presentation software exists on PC based systems. The turn-around time,
ease of presentation, and reporting of results are feaures which car. oe enbanced
- “with the use of a PC family computers to perform the analysis,

e The system required an RS232 type terminal and the HP computer in order to be
* used for measurements. Having both of these pieces of auxtlhary equlpment in
the confined laboratory space around the radar posed a space problem.

©  Data acquired on the HP computer could not be easily transported to PC
compatible (BM-PC and family) machines. Tt was not easily portable to Unix
based systems, where some of the more voluminous data processing has to occur.

e  Data analysis software on the HP 9920 had to be custom axpande& each time that

| different analysis functions were required, This is costly in terms of manpower

and neither the msultmg software, nor the data, was readﬁy transportable to PC
‘compatible machines.

®  The system did not aliow for expansion to include control and data collection
from weather sensing equipment, which has since taken place.
* Expansion to include capture of time code was not possible on the historic system.'
©  The tape drive unit could not capture all of the iadar'parameters, even when
operating at the Timits of its specification. This was becanse media faults cansed

data overiuns,

' These problems came about because the sy_sténi was developed at a time when a most
suitable machine available to collect and analyse data was the HP 9720, The HP data
interface buses were also suitably fast to meet the requirements. Also, the tape drive
- was the only high speed mass storage device readily available. |

24 Enhahced'System

" The enhanced system replaces the HP 9920, terminal, tape storage device and DAE
module with a single PC compatible machine. The data filtering functions of the DAE

Page 10



Chapier2 AU | " Problem Defiition

 are accomplished by one hardware card, The buffering aud capture of the filtered data:
is accomplished_by a separate FIFO card. Large volumes of data are gathered to hard
and magneto .optical disk drives. The time code capture function is accomplished by a
third card. Control of the wenther sensing equipment is easily achieved through a |
standard RS232 interface, '
There are two major software fonctions, namely HSDA and MSDA. The complete
specification of the systam appears in Chapter 3. The block layout of the. enhanced
system appears below.

Video
System

Radar

User

Figure 2.3 Block Diagram of Enhanced DAPS System
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Chapter 3 o ' . Systern Regquirements and Specification

CHAPTER 3

SYSTEM REQUIREMENTS AND SPECIFICATION

The specification of the DAPS is derived from the requirements of the type of -
- measurt ment to be made with the system. The user reguirement was given in the
broadest of terms and the specification, which appears below, was'developed from this.
Detailed hardware specification _fbliow_s in Chapter4. The hardware specification is
‘based upon the existing interfaces. The software specification which facilitates the
HSDA and MSDA processes follows in Chapter 5. The former DAPS was able to
petform both processes simultanecusly, a requirement which has been removed from the
enhanced system. ie. MSDA and HSDA. fanctions are mutua]ly exclumve. |

3.1 HSDA

The function of the HSDA process is to capture a user specified subset of the radar data
stream, ‘This supset can be the full set if required. User selection of relevant (o 2
particular session) parameters allows for efficient use of storage capacity. The user
makes selections of the data subset by selecting the parameters'® to be recorded. The.

user can save and refrieve default settmge for re-use.

- Associated w1tl_1_ each capture session (data file generated) is a textual description of the
capture scehatio. The.system is required to automatically distinguish data files with a
unigue number, In the textaal descﬁption ef the scenario, is a summary of key weather

 information obtained from the weather equipment. |

10 The term parameters refers to individuai data items, sach as sum channel voltages, or antenna azimuth
position, A complete set of each parameter selected is obtinned for each transmitted pulte of the radar, In
the specification of functional processing of parameters, each parameter is conceptually an array coptaining
pulse by pulse gamples of the RDO dats parameter of the same name, g, i, where individuat samples hre
seferred to as i} This would be the I chennel voliage,

Page 12



Chapter 3 ' o . System Reguiremenis and Specification .

The user initiates the start and stop of recording. At each start and stop, a new file is
generated. During the logging of data the synchromised longitudinal time code is to be
tnserted in to the records of data, to aliow 'post synchroﬁisation with events and video
information. © ' . '
Adter capiure the user to be able to set a filter for extraction of data from recorded files.
This filtet allows for sefection of a subset of patameters to be extracted from the file,
the statt and stop points and the type of file which is geerated. At preselit this includes
ASCIL binary or Matlab. Some of the post processing is done i Matlab. Binary files
- allow for h'aimport to Unix syst_ems'and other environments, Filtered data files are then
gerierated. R . ' |
Some of the radar data has a_10 ms update rate (contmllsignals), even though the data
is framed every pulse, If a user selects 10 ms data and no pﬁlse by .pulse data, then |
the data filter is to extract data at the appropriate rate. This eliminates r‘epetition and
reduces the size uf.onfput'filcs. | '

3.2 MSDA
The fonction of the MSDA process is to capture and process a user specified subset of
~ the radar parameters, determined by the function (eg. antenna pattern) specification. For
fuirictions_ such as aircraft vectoring and radar alignment this takes place in real time.

For functions such as calibratiors measurements and antenna pattern plots this takes place
in a semi-real time fashion.

For real time functions the user is «le fo start and stop the function. At any time a -

hard copy of the current graph and results is generated upon user request.

For semi-real time functions, the user selects a function (type of data processing) from
 the available choices. The user is able to adjust default settings of the specific function -
chosen. Upon user command, the requlred data is selected, éapwmd, processed and
displayed; under user menu control where necessary. The user is then able to generate
hard copies of the graphs which are plotted on the screen. Functions can be performed

in a cyclic fashion until the user terminates the function in favour of other options.
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' CHAPTER 4

HARE WARE SPECIFICATION

Selection of a PC clone for.the DAPS was a simple process, based upon available
techhdlogy. The current version of this equipment comprises a 50MHz 486 roggedised .
PC cloae processor card with 16MB of RAM; 1IMB VGA adapfe_r, Super VGA display
and standard O poits; Adaptec 15428 SCSI host adapter; 425MB, SCSI bard drive;
IGB SCSI, Tahiti I Magneto Opucal drive; combined 1.2MB/1 AMB, ﬂoppyfstlffy drive -

and a POStScnpt printer.

Thc system was selected to be fast enough to spstain the required data rate when l_oggiﬁg _
data to disk (HSDA). The Processor was chosen to obtain the maximum hronghput for
MSDA functions. The rcqmreme.nt for these functions is that as much data as possnble

.should be processed as fast as possmle Thus the fastest available processot has been

chosen '

As can be seen in Figure 2.3, there are four hardware interfaces in the DAPS:

s A standard RS232 port which interfaces to the weather loggmg eqmpment outside
the laboratory

° A time code reader card which interfaces to a longitudinal tlme code (LTC) '
gcnerator which provides time code to the video system as well.

e A cusm filter board which interfices to the radar data stream, and allows for
- selection of parameters to be extracted from each frame (at every radar pulse) of
data. In the original system there were two, independent filters. Data was passed

to 2 GPIO type output port and the tape. For ease of transition between the two -
' ‘systems it was decided initially to keep the functions separate and the data Slter
board performs the same funiction, This allowed for integration of the PC based
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DAPS with the existing sys*ém in place. MSDA functions could be taken on by
the enhanced DAPS alone at first. Development of the HSDA ftmctmns then
: replaned the nieed for the old componcnts

»  The output of the data filter board is sent to the FIFO capture board, This board
 buffers the data to reduce the instantaneovs data rates. Data is captured to FC
memory and then disk as appropriate for MSDA or HSDA fanctions.
The hardware requirements for all interfaces are presented below.
4.1 Weather Sensing Eqaipment

The weather sensing equipment consists of a CR10 Measurement and Control Module |
from Campi:ell Scientific, Inc. This unit is a folly prografnmable' data logger and.
coatroller which in this application is used for logging of wet and dry bulb temperatures,
' ramfall rates and amounts, wird speed and air pressure. The unit is. camb'le of

dow nloadmg present measurements and storsd histories of data. The inten. _ e o

unit is through a standard RS232 interface. The DAPS requires one RS232 serial port
to be available to the weather data logger interface. '

4,2 Time Code Reader Card

There is a standard LTC chlp which can decode time code and user bits from an LTC
" source; two of which are used herf' one for time code and the other for user bit
information. In the radar systemihe user bits are used to indicate modes and status
_ infonnation LTC updates time 25 times per second, The requirement is for interrupt
~ driven logging of time code and nser bit mformatlon at every update This requires
allc"'atmn of I/O space and mterrupts

' 4,3 Data Filter Board Contro} and Data Interfaces

‘The data filter board is controlled through YO ports inside the PC. The radar data stream
is a high speed serial data set consi's_tixig o. 60 radar parameters per frame. The data
filter hoard performs a serial to parallel conversion on all the data. Dependent upon
the programméd extraction filter, a subset of parallel data is presented to the GPIO type
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port on the FIFO card. Data is captured to this port for MSDA and HSDA functions.
The existing data filter hardware (in the_ DAE) is replicated on this card. The former
embedded software control which conteolled the data selection through T/O ports and
‘latches in the DAE is replicated in the PC, theough ports in the T/O address space.

The sy*xchromsauon, decodmg and serial to parallel conversmn of the radar data are not
specnﬁed here, since the- functmnality of the DAE was replicated.

4.4 FIFO Csy ture Board (with GPIO type data port)

The data filter ﬁows to the FIFO capture board over a reduced form of the HP GPIG
data bus. The GPIO bus is ot used in full in the case of the PC (the interface on the
HP 9920 was of course # standard GPIO card) and so it is called a reduction of the full
standard. The only non-standard interface required is in fact the reduced GPIO subset

used here, and this is presented in Figure 4.1.

GPIQ
Functlon name
o 41
DH —i2
DI — 3
e )
P4 -1 &
1@ bit pIE i~ g
wond of Dig — 7
ut data DT ——8
:'lﬂ rada C e 3
fom raer . bie =— o E ;
DI 1 -
o1 12 &
Dhzi—] 18 il g
DHE—— 14
Dit4 - 15 % g
D61 18
Deta writa stobe - PRLGj~] 17 - )
Siartialop wiita — 18
Greund GND%--' 24,98

Notes

1 Thae PCTL ine [s towered 1o
signatto the Hlier baard to start
eending daie, and mizad o

slgnal to the fHtar board etop
sending deta,

o wiita dala Into
memasy of the FIFQ,
Dala Is doeked oi
the laling edpe.

Figure 4.1 Subset of GPIO Standard Used in DAPS

The data format and a<sociated rates are completely defined by the existent radar system.

This is detailed below, with reference to Figure 4. 2

Page 16



Chapterd - | - Hardware Specification

'The data to be captured over the 16 bit parallel data bus is pre-defined to consist of -
from 1 to 60, 16 bit parameters. The instantaneous and average rates of transfer vary,
~ depending upon how many data parameters are selected und extracted from each frame.
The maximum duration of a single data frame transfer over the bus is 192 ps. This is
 the duration of one frame of all 60 parameters, with 3,2 ps batween édjacanf parameters, -
The data frarae is repented every pulse repetition interval (pri) of the radar, which varies-
from 384,6ps to 454,5us. In the worst case (mm;mum pri with all 60 parameters
selected), the maxlmmn data clock rate (burst) on the PELG Hne will be 3125kHz
and the maximum average data rate is, however_, lower at 156 000, 16 bit parameters
(words) per second. This is because the transfer takes place in a burst at evefy frame
refresh period and does not utilise the entire refresh period available,

1 - B0 pararmieters 1k
I\ ’/
t e
A )/’
© " 8,2 mlerosaconds yd
e
e
//’
l/,’
P
e
! et
Data Tran-iar " Frame Perlod
Patiod 384,6 to 464,5 microsaconds -
- 192 microseconds
Figure 4.2 Data Frame Format

The HISDA process is required to capture data to disk at the above rates. No processing
is required during capture. The process must acquihé and store all 60 parameters -
continuously, This is an average throughput to disk of 305 kB per second (from 156 000
16 bit parameters per second),
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The thaximum number of'pérameters thai: the 7 is requited to collect s'imultaneoualy'
for real and semi-real time processing is determined by the type of processmg reqmred
A minimum speczficatlon of the quantities of data required to satisfy computatmnal
throughput of the MSDA. process has beea determined from the type of experimental
procedure to be performed by the radar system. In each case the minirorm «ot i3 capuured
to allow the maximum processing throughput.

As will be seen in the specnﬁcatmn of the MSDA and processing functions there are
. two types of capture and provessing requu‘ed In the first form, serdi-real time finctions,
the maximum requirement is that the DAPS is capable of acquiring up to 10 patameters
for as long as 15 seconds, after which the data is pmcdssed and results displayed For
effic:lency. this data is to be storzd in memory and not to disk. It is of lLitle concern
to those functions and the results that data is lost cyclic execution of capture and
processing. There is an obvious fade-off between the number of parameters and overall
volume of data collected (colleétion time), and the ability of the machine to process and
display results completely before the next capturs can occur, For the type of renzi.i.t
required, the hm1tanons are acceptable and the exact limits only emerged as the system _
' was developed.

The second type of processing is true real time processing. Only one of these .is spéciﬁec'l-'
here and it is requited to run continuousl& in real time. The effective data rate is much
lovyger' because some of the paral_'neters used are only updated at 10 ms intervals, even

thOugh.they are included in every frame, The specification of the function implemented
requires that 10 parameters with 10 ms update rates be atquired, and two with pri update

rates. This reduces to an average throughput of 12,1 kB per second with cor..inuous

processing of data and display of results, - |

4.5 System Hardware Specifications Summary -

The following table summarises the key hardware specifications of the DAPS PC and
its associated interfaces, as determined from the above constraints,

Page 18



Chapter 4

Hardware Specification

Table 4,1 Hardware System Specification

Item

e e T e e e a4

: &peclﬁcation

Standard RSZ32 port on DAPS PC

‘Weather Sensor Intetface
Time Code Reader Card Port atlocation in PC 1O space for control and data
| flaw. ' |
Inﬁeﬁupt allocation for interrupt driven logging of‘
_ time code. '
|[Deta Filter Interface Port allodation in PC /O space for control fanctions.

IData direct to FIFO card for HSDA/MSDA throuhh

realdudl GPIO type interface

FIFQ Capture card Inferface

PR STTORRRON

+

groun_d :

16v~bxt parallel interface wnth 2 control Imes and data

Maximum Butst Data Rate - 312500 words per |
second

Maximum 6n,re.lratgew Data Rate (throughput) 156 000 ||
words per secopd

Storage Capacity to Disk - no more than 305 kB per
second coutinnously until disk full,

Storage Capacity to Memory - 26000 words per]
second for 15 seconds (no more than 762 kB at no

more than 51 kB per second).

Puge 19



Chapler 5 ' B _ _ _ Sqﬂwafe -Shecﬁcanan |
CHAPTER 5

' SOFTWARE SPECIFICATION

-The structure of this specification is baséci upon the ANSVIEEE Std 830-1984, entitled

"IEEE Guide to Software Requirements Specifications" [1]. 'Ths sections dealing with
specification of the functions are doree using De Marco style Eat_a flow dingrams as
exten&e_d to real—ﬂme: systems by Hatley and Pirbai [2]. The high level specifications
2.3 presented here. Detailed specification of some of the software functions appear in
Appendix B. _ L

5.1 Introducﬁon
~ 5.1.1 Purpose

This Softwate Requiter ont Specificétion (SRS) servas to detine e objectiveé anc
functions wf data acquisition vantrol and analysis softwaie fo: the DAPS, a sub-system
of the radar system. 'The primary motivators for the collection of data from the radar
system are the need to analyse the performapce ar calibrate the system, and
meastrement of target parameters during track,

The users of the sdftware and hardware resulting from this project will be the developers
of the DAPS sysiem, and the team involved in the development of the radar system,

5.1.2 Scope

The software desctibed in this document is the Data Acquisition Processing Package,
the term DAPS being used to refer to the hardware and software system as & whole,

The following specifications are applicable to this SRS, but onijf relevant information
will filter through to section 5.3, the bulk of such documentation being beyond the scope
of this SRS. '
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¢  The specification of the hardware and detailed specification of the soﬁwafe. driver
- “for the data filtet boattl The relevant information to this document is the soﬂware
interface,

e Al documentation on the weather logging equipment. The only relevant
infotmation is. the control interface subset which allows weather data to be
retrieved for logging to disk files which are provessed off-line by other systems,

° The user requirements for real and semi-real time analyses (MSDA) which stem.
from radar systems amalysis, design and testing considerations, Software
| specifivation is derived from these user requirements; Eg, *Calibration of the radar
syster for the purpose of measuring radar cross-section (RCS)’ or "measnrement
of the improvement factor of the radar MTI'. Definitions of these concepts are
readily available in vadne literature, Implementation of thess funetions i an
| .npen-ended topic, as more and more functlons may be required from the user,
which would lead to expansion of the specification and assouiated softwate. An
initial set of such functions is included hete as required by the user on acceptance

of the system. )

. The user requirements for high speed acquisition and storage to disk which were
(HSDA). - - '
_5.1.3 Definitions, Acronyms, and Abbreviations

The terms defined throughout this report ag footnotes and in the glossary (Appendm )
are apphcablo here.

| 5,1.4 Overview

The rest of this section concerns itself with a more detailed doscription of the software
| paokage and its fulfilment of the two inajor types of acquisition, namely HSDA and
MSDA, The software resulting from this specification is specific to the hardware
interface cards used, and is not generally portable to other PC’s. The unigueness of the
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system removes constraints on the use of sp.eciﬁc hardware featurss of the PC faniily '
meinber used, althongh these are as always to be avoided if equivalent pe:fonnance can
ke achleved by more genenc raeans.

52 General Descripﬁon
5 2.1 Pmrluct Perspective

The DAPS system for which this software is intended has been described in Chapter 2,
The product of this SRS is the software to implement HSDA functions and MS_DA
functions. 'This -includes driver softwars for the hardware interfaces and the user -
interface. | | o

To place the softwara product in perspective, the archntecture of the system is analysed
in detail first. Three concept diagrams are useful in tlus regard. The first is an
arghitectural context dmgram to ustablish where the DAPS fits into the system logically.
It serves to identify exterual entities and the data. flows to and from these entities.
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Figure 5.1 DAPS Architecture Context Diagram
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An architecture flow diagram gives a more detailed breakdown of the control and data

flow between hardware components inside the DAPS, as opposed to the flows to and
from extemal entities. - The software will be required to drive each of the interfaces
shown. ' ' o

oUserlnput o keyboard
- VGA Display
DAE commands :
Blntus/Graphs .
__ﬁ\- ' ) __”HardfOptiml
Q___-,-,I Time c:;_de Time Coda DAPS Dt Smragg
‘I.Tc | Reader Card T

Computer | fie

. fitrSetup 7  § Buitered
' Control ‘Pata

- . Weather
5 RDO Data . |FIFO Cepture | - [ Data -
RDO | Fiter Board [pmered | Board | - jGomil
Weather | Hardcopy
" Legger Printer

Figure 5.2 DAPS Architertare Flow Diagram
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A detailed view of the system architecture, and in particular shared PC bus, is shown
below. This serves to identify the shared resources. This diagram assists with the design
phase by identifying the devices which need to be accessed by a number of higher lovel -
functions, ' - ' '

ROO Keyboard

Fifo Captirs, .

Card Std Link-

Data FIII& CPU and Memory

Card . ~ (Mother Board)

Ca R | T
[ Time Code - [sem |} RS232 and Display
card'_. ' ' Adapler _ - Parallel Card| Card -

L;rcI S s | Fem2 Ste Linke
oo - | Optical Hard . . . . .
: I_D_rive | [Drive Paratiel _ : I-—\E‘IA , .

L_Disple

[ . .. \Weather
| Printer Statton’

Figure 5.3 DAPS Architecture Interface Diagram
5.2.2 Product Functions
Thete are two major functions of the DAPS software, namely:

. HSDA. 'This is the control of the high speed data capture pmcesﬁ, including -
verification of the validity of the data, This includes control of all aspects of the
storage to optical disk and the associated data filter use during storage. The time
code driver and weather logger driver ate included m this major function. _ '
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@ M. This is capture, processing and display of a data subset for radar system

performance evaluation, radar cahbranon and mcasurement of certain target = -

phenomena which are apphcable to the control of an expenment eg Maxxmum
and minirnm RCS

Commcn to both functions is the control of the data filter board and FIFO capmm board,

. whnch is used to capture data for both

The software is to be installed on the ruggedised PC clone that has been purchased for
the purpose of petfosining the ﬁmctxons descnbed above. The DAPS is mounted in one

" of the three radar consoles.

The functional breakdown below gives a broad description of the five functional modules

in the DAPS. This breakdown. identifies the logical functiohs which stem from the -

major functlons of MSDA and HSDA. These are then expanded into detailed functional

speclficatmns The five major functions are identified in the following data flow

diagram. The processes reflected hene are the five major processes requued to nnplement
the DAPS.
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Figure 5.4 DAPS Level 0 Data Flow Diagram G}FD) '

Pere27 _



Chapter5 = _ _ : _ : ' Sqﬂ'mare pecﬁcaﬂou

5.2.2.1 HSDA System Functions

Selection of a data filter (selection of parameters) for tt> HSDA process. The filter

- allow user sslection of a number of parameters (1 to 60) for recording. A complete
specification of the file header. Control of (starting and stopping) the storage to hard

- and optical disk. Punctions to manage defanit settings and free space. Retrieval and
further filtermg of data (amount and pammeters) for post processing.

5.2.2.2 MSDA Captm and Amilysis Functions

These are ]:ugh level functions dealing with capture of ﬁltered data to memory for the
purposes of real time or semi-real time analysis and display of the results Only a subset -
~ of possible analysis options is specified and completed here; a modular approach will
ensure that other functions can be specified and implemented.

5223 Weather Eguipment Interface Functions

Weather data consisting of tempcra.ture, humidity, and wmd speed and dlrachon are to
be logged onto the headers of data files on the optical disk antomatically at the start of
each HSDA recotdmg This driver can also be used to make weather information
available to the user upon request from other applicafions. |

S.Z,ZA Time Code Inter[hce Functions

A driver is used to set up tims code card to decode time code information and prompt
the main functions on an interrupt driven basis with current time code and user bit
information, This information is used by the HSDA function during data capture. '

5.2,2.5 Data Filter Board and FIFO Capture Board Control Functions

These are the functions which take care of setting of filter options on the data filter -
board (ﬁ'bm HSDA and MSDA specifications); initizlisation of the FIFO capture board,
starting an' stopping of the data stream and writing of FIFOQ buffers to mermory or disk.
These funtions are used by both HSDA and MSDA fusictions.
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5.2.3 User Characteristics

The users of this software are all o be familiar with the radar =, siom and its function.
as well as with the hardware of the system. ’I‘hﬂ anaiyses referred to in section 5222,
and defined in Appendix B, ate those regularly required for operation of the radar. The
provision of files of data on the PC gives access to thie data from othef environinents
(ASYST, Matlab, Mathematica and compiled languages) for user specific ana‘i}'ses which -
are the responsibility of the user. The user is expected to familiarise himself with the
operation of the DAPS. E]emmtary op_erating instructions will be provided in written
- form, _ _ - _
5.2.4 General Constraints
The constraints on the design of the DAPS. software are primarily hardware constraints
which have already become clear in the preparation of this SRS. “he sontrol of the
weather ﬁlOnimﬁhg equipment takes place through the RS~232 serial interface ports.
The control of the data filter bogi'd, time ché_ reader card and FIFO capturé card takes
place through deiver software which has to co-exist with this software. The data captate
to the PC takes place through the custom GPIO interface, The data parame!_:ers avaijable
 and the formats and rates of transfer are dictated by the radar system. The constraints
on this system emerge from the haiiware and software design of the systems that
interface to it. - ' ' a

F2A Aséumptions and Dependencies

In preparation of this SRS it has been assumed that tho software Is to be implemented
on an MS-DOS based 80486, PC clone having 2 RS5-232 ports, ong paraliel port and
three custom prototype boards, The Borland C++ and Turbo Assembler environinents
are assumed to be available for the development of code. The suitware interface of the |
weather equipment.is pre-defined; this system has embedded software which is driven _
from the serial interface, The control interface and filter setup of the data filter board
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are defined by the existing hardware, which is replicated. The time code reader chip
has a pre-defined control method. ‘The software developed from this SRS has to
accommodate these soecifications, ' '

5.3 Specific Requirements

5.3.1 Functional Requirements

The functional requirements are sresented in the five categories developed above. The
detailed specification of each of the functions is presented in Appendix B. Certain of
the functions described here do use, or depend on others in the list. "The manner in
' whlch funztions are integrated (memu forms and sh'ucm'e), and some of the spevific
~ aspects of individual functions (eg. scaling factors Tor parameters) are nmplementatlon
issues, '
5.3.1.1 HSDA Systemn Functions.

The detailed data flow diagram, and specification of the fynctions is contained in
Appendix B. The HSDA process is requlred to manage the semp, capture, retrieval and
further filtering of RDQ data,

5.3.1.2 MSDA Capture and Analysis Functions

The detailed data flow diagram, and specification of the functions is contained in
Appendlx B. The MSDA process is required to manage the setup, capture, processmg
and dlSplay of processed RDO data,

§.3.1.3 Weather Equipment Interface Functions

~The detailed specification of this function is contained in Appendix B,

5.3.1.4 Time Code Interface Functions

The detailed specification of this funetion is contained in Appendix B.
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5.3.1.5 Data Filter Board and FIFO Capture Board Control Furictions

The detailed data flow diagram, and specification of the functions is contained in
Appendis B, This process is required to manage programming of the RDO filters and
control of the capture process,

532 External Interface Requirements

§.3,2.1 Weather ’Equipment Saftwnre

The weather equipment is dnven through the serial port by standard drivers prowded
by the manufacturers of the equipment, which access the embedded soﬂ:wara of the
de\ace “This interface has to be accomimeodated.

_ 5322 Data Parameter Set

The table on the following page describes the data paramefers as they -apﬁear in the
RDO .data stream. ‘The first column is the number of the parameter in the stteam,
considering the data stream as word serial, Almdugh there is-a difference in the update
penod of dlfferent parameters, they all appear every pulse repehtlon interval (pri) of the
mdar Typically there ate two cafegories resulting in the distinction. The track
parameters are computed every 10 ms, and hence their update- .accordmgly. Instentaneous
detection information and pulse amplitude measurements ar updated every pi.

Thers are a few additional terms which require explanation to assist with interpretation
of this table,

PRFTEL is a pulse repetition interval counter which counts from zero with a mark
every 10 ms. This counter is used as an ebsolute raference fot the pulse by
pulse data,

Predicted parameters are values stabilised values from the tracking filters of the radar
with a small look ahead time, Typically these are the most stable for
measurement purposes. "
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Predicted values wxt boresight are values predlctmg the offset from the bores1ght
posmon '

RPG stands for Radar Positioner Group., This is the entire asserbly comprising

. motorised position'er, transmitt_e.r, receiver and dowr_i convertors.

Designator can refer to a search radar, optical putter on, console deslgnauon or optu:al
(’I‘V) traclung system,

Error refers to the monopulse measured errors from the monopulse antenna
configuration, and the caleniated range errors. '

‘Range of Detection refers to the ranges at which detections are reported by the CFAR
- - thresholding processor. -

Channel parameters are the raw, measured voltages of each of the monopulse channel
components. _ | '

Early and Latc sampies aro used to establlsh mnge trackmg
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Tabie 5.1 XDO Data Siream Parameters
Data Word{ Description Update Valid
Name Perlod | Timew.r,
(e

_ _ PRFTEL=
| RNE2K Predicted target range (20ms shead) 10ms +5ms
2 | AZK2K | Predicted target avimuth (20ms ahead) | 0ms +5ms

'3 | BLK2K | Predicted target elevation (20ms ahend) 10ms +5ms
4 | RNK2KY | Predicted target range rate | 10ms +3n1s
5 | AZR2KV | Predicted target azimuth rate 10ms +5ms
6 BLK2IKY Predicted target elevation mie 10ms +56a
7 | BAZKIK {. Predicted target nztonth wre, boresight (10ms ahead) 10ms -Smen
8 | BELKIK ¢ Predicted target ¢levation wrt. boresight (10ms ahend) 10ms -Sms
9 RPOAZC ' | Azimuth command to RPG 1011s - Lim§
10 | RPGBLC | Elevation command to RPG 10ms Oms
11 | ADCDLC | RangeOate position command 10ms Oms
12 § BRPGAZ RPG azimuth nngle i0ms -ims P
13 | DESRNG | Designator range 1 10ms A
14 | RPGEL RPG elovation angle 10ma ~3ms
15 | pEsAzl Deslgnator azimuth _ 10ms
16 | BLIR Real elevation ervar (m, 32} 10ms
17 | BLTI Imaginary elavation emor (tu, ¥32) | 10ms
18 | AZTR Real azimuth error (e, *32) "10ms o
19 | AZTI TImaginery pzimuth error (fu, *32) " 10ms ' H
20 { RNGFI RANGE OF DETECTION__1 { PRI
21 | RNGF2 RANGE OF DETECTION_2 | prE
22 | RNGF3 RANGE OF DETECTION.3 | PR
23 | RNGF4 RANGE OF DETECTION__4 | PRY
24 [ RNGFs RANGE OF DETECTION__5 PRI
25 | RNGRs RANGE OF DETECTION__§ PRI
26 | RNGF7 | RANGE ORDETECTION_7 PRI i
27 | RNGF8 | RANGE ORDETECTION__8 PRI
28 | BDCDLY | Position of B pate (SUMGL) PRI

29 | BUMGH | FirstB pate BRI
30 | SUMOIQ PRI
31 | SUMI Sum 1 cliannal PRI
32 | SUMQ Sttm Q ¢hannel PRI
33 | AZX Azimuth I channel PRI
34 | AZQ i Agimuth Q chennel PRI
35 1 EL1 Elevation I cheonel PRI
36 | BLQ Bleyation Q channe! PRI

P ——TT e

Page 33



" Chapiér§

Saﬁwafe Spsc{ﬁmtiwt

[ — =

“Table 5.1 RDO Data Stream Parameters (continued)

w&

Daia Word} Description Undate Valld
Nime Period . | Timew. r
t
N PRYTEL=
37 | EBSL Earl “ample I channct PRI
38 | BSQ Enrly Sample Q channel PRI
39 | LsI Late Sample I channel PRI
40 | LsQ Lata Samaple Q channel } PRI
41 | ADCER | Rangeemor 10ms
42 { RNPOSM | Range position measurement 10ms -15ms
43 § AZPOSM | Azimuth position measurernent 10ms | -15ms
44 | BLPOSM | Elevation Position measutemerit 10ms -1510s
45 | XBwI ‘Bandwidth index of X-filter 10ms  § Oms
46 { YBWI Bandwidth index of Y-filter 10ms Oms
47 | ZBWI Bandwidth index of Z-filter 10ms Oms
48. ] SUMG2I | SecondB gate PRI
49 | suMeQ | | PRI '
S0 { SUMGSI | efe. PRI ﬂ
51 | suMa3g PRI -
52 | suMa4 PRI
53 | SUMG4Q - PRI
54 | sumasr | BRI
55 | sUMasQ PRI
$6 | PRFTEL | PRPyintOms 10mPRIs | Oms
57 | MODE SPARE(Y), TGT_IN_RSW(1) TGT IN_RG(1), MODE(S) | 10ms Omse
58 | STATES | DHSIGNATORS(3), MTI_ON/OFF(l), RW_ON/OFF(1), | 10ms Oms
' DUMMYLOAD(1), ABN_THRESH(1), PRE/TRACK(T), '
TRACK_ON_JAM{1), PRE_CONTROL(3), AGC_OFF(),
- RX_CAING) .
SCAN ° | SPARE(3), SCAN,RATE(2), SCAN_PATTERN(3), 10ms - | Oms
_ SCAN_HEIGHT(4), SCAN_WIDTH(4) _ o :
60 | EWITCH | SPARE(10), AZ HAND/FOOT(2), BL HAND/FOOT(2), { 10ms | Oms
1 RANGE HAND/FODT(2)
— = - =
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5-.3.'3 Performante Requirements

| .3.3.1 Static Requirements

The system comprises a smgle stand glone PC clone with hard—cou devme as defined
previously. This is a single user data capture and analysis system. Only one data file

is handled at a time, but these files can erow to hundreds of Megabytes (HSDA
funétiﬁns);

© 8.3.3.2 Dynamic Requirements

_ Dufing high speed capture, the PC is required to log all data at the prescribed rates as
previously defined until the optical cartndge is full, The MSDA system is required to
operata in semi-real time and real time modes. '

For semi-real time operation, the graphical output of the processing is requited to be
available np more than 5 minutes after capture has taken place, whereafter hard—copy
 should he 1szIed1ata1y available,

For real ﬁme fanctions, such as the flight control console, the' systern is required to log
an process the required amount of data in real time, and f-ontinuously until the process -
 is terminated. '

534 Desrgn Censtraints
5. 3.4 1 Fentures Common to the MSDA anctions

53.4.1.1 Callbration of Parame!ers

Calibration and scaling factors for radar mt‘ormatmn. target position and target trajectmy .'
are pre-defined by the hardwase in the radar system. The calibration and scaling
constants are used to convert collected data words and integer values to real units. This
conversion should be aubomatlcally included in the implementation of MSDA functions
as appropriate.
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5.3.4.1.2 Graphical Outpots

The required graphical mitput for each fonction has much in common with other
functions so far as axes, scaling and labelling are concerned. It is clear that high level
graphics functions of the sort which can be purchased or are shipped with the
development systems are required for common access,

~ 5.3.4,1,3 Hard-copy Option

As usual for such & ssrstam, it is desirable to obtain a hard-copy of a graphs and asébciawd
mesns and variances, This option must be accessible from any of the MSDA. functions,

Hard-copy is specified as through a Postscript. printer,
' 5.3.4.1.4 Storage and Retrieval of Results (Redaced, Processed Data Sets)
It i desirable to aﬂoﬁv the user to store and retrieve tesults from any'of the functions
in'the MSDA. This function has to implemented inside each of the MSDA funotions,
since the format of the stored data is determined by the function. .
5.3.5 Attributes

In order to ensure that the system is maintainable, a hardware and software configuration
 and version control is required. To facilitate proper collation of the large amounts of
data to be collected, sitable standards for naming and archiving of data are required. _

To wshieve maximum availability it is required that spare interface cards are kept
~ available, The entire software installation has to be backed up and available for
re-installation while at remote sites.

5.3.6 Other Requirements

‘The radar environment is harsh, as are many of the deployment locations. For this
reason the interface cards need to be ruggedised,
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- CHAPTER 6

HARDWA_RE DESIGN AND IMPLEMENTATION

b e e——

The design of the data filter card and time code interface were tasked out to colleagues. '
"The FIFO interface was designed by the amthor, This section gives a functional
~ description of the hardware card demgned to interface to the GPIO-type data stream.

The detailed circuit disgrams and description are contained in Appendix A.

6.1 Hardware Design

Apurt from good design practice, one factor dictates that the GPIO bus needs to be
buffered from the PC to ensure cotupl"ete data integrity. This is the high instantaneous
data rate, detailed in Chapter4. The average data rate is well within the capability of
th_e 486 mother b..urd used, but the instantaneous rute exceeds the 486's capability.

It was decided that a FIFQ (First In First Out) pnncnple would be used for data buffering,

All machines from the PC-AT up ae capable of handhng 16-bit /0, and so & 16-bit
16x deep FIFO was deemed suitable, In the worst case for capture to memory (MSDA)
this depth prevides a 630 ms buffer, while in the worst case for capturc to disk (HSDA)
it provides a 105 me buffer.

The TBM-PC ‘standard has a section of the port address space reserved for..prototype
development, from hexadecimal 300 to 31F'(indicz_lted from here on by a $sign
préceding the address eg.$300). It was decided fhat the interfabe_card would occupy a
portion of that space. The exact addresses used appear in Appendix A.

With a buffered FIFO system there are two clear modes of operation, In the first the
system can acquire data ihdepcndently up to the size of the buffer witﬁout any transfer
to the PC memory or disk w.il after the transfer. The second mode, where the amount
of captured data exceeds the capacity of the FIFO, requires dedication of the EC to the
gapture until it is finished, or until a- critical fimction requires attention. With this in
mind it was decided to implement a hardware counting system for data transfers
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involving 16 384 (the size of the FIFO) or less data values. ‘This function, the use of
a FIFO and the usual huffering of the output and inputs led to the following black
- diagram of Figure 6.1.; ' '

1KXBFIFO e (W2 - :
e SRR = S
% ' . : @g
Head .- o . m .
) : Resst ) . i ] E
E S ' L Enghla . E;
3 - L Tl | oan | &
b . ) o,
ggmr.. Gontrol  Lesactn I . ©
' Cutenable -
. | ot — lonee  Gounters 1 o
. reoptee. & gates

Fieure 6.1 Bm..k Diagram of FIFQ Prototype Card

"The counters éerve. an additional. “inction during .power—'up and initiatisation. They can
be used to execnte 2 self test function where their output is clocked through the FIFO.
This provides a fairly extensive test of the coh_troi, counters and FIFO. The buffers
between the GPIO port and the input to the FIFO allow for selection between the counters
* and the GPIO data as input to the FIFO. |

The decoded and buffered AT bus is as described in technical documentation on the PC
hardware [3]. 1/O ports in the prototype address spacé of PC are allocated for the
purpose of controlling the FIFO, counter and buffers. There is also one data address
allocated for reading the incoming data. |

Contiol functions from the control port of the block labelled "Control Ports" include the
foliowing: ' : '
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'd Clocking of the cownters for- self test modes and initialisatibn of a couat for
| counted data modes

® Reset of.the counters-
e - Reset of the FIFQ buffer
The selection port provides a means for selection of the data input to the FIFO.
The status port is used to ®th the FIFO 'statu.s. ie, Quantitf ‘of data in FIFO.

If the counted data mode is enable then the write line of the FIFO input is used to clock
the counter. The counters in turn are connected to secondary control of the buffers so
that data input can be tenmnated when the required amount of data has been clocked.

Thc control connection between the buffers and the GPIO port represent the flag and
clock of the GPIO port. '

Detailed circuit design tock place. Appendix A contains a functional description of the
. ports which pi'ovides the interface information necessary for software implementation,
and givé:s an overview of the steps for control of data transfer. Tﬁe_circuit diagrams
are also presented in Appendix A along with a detailed deseription of the c:ircuit.
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CHAPTER 7

 SOFTWARE DESIGN AND IMPLEMENTATION

e

7.1 Work Breakdown |

The development of the software functions was broken down fuﬂctionally according to

the specification of Chapter 5. Colleagues were tasked with initial design and coding
of the HSDA and Time Code processes. The other processes were designed and
jmplemented by the author. Final integration and all debirgging and subsequent
modlﬂcatmn of all processes was the author 8 responsszhty

In each case the processes and data dmtmnary items specified in Chapte.r 5 were finalised
~and a design of the process took place, followad by coding in Ci+, Assembler and
~ Matlab.

The following sections give descriptions of how the fimctions were implemented.
7.2 HSDA Functions |

This module was developed in Borland C++ 3.1 using the Turbo Vision user interface,
This tool-box facilitates easy development of usor inpuf screens and the user control
mterface The time code, weather equipment and RDO interface driver software is linked
into this code.

7.3 MSEDA Functions

The high level processing requirement of these functions made iraplementation in Matlab
desirable. In addition, the desire of end users to process dalz 6 a custom fashion in
Matlab indicated that as much of the development a8 posmble took place in Matlab _
~ (Version 3.x).

_ 'The RDO interface driver software was used to develop a memory resident drivet whicl
" could be called from Matlab to collect and transfer dats to wemory,
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Al functions wers then developed in the Matlab environment, Rather than showing
pictures of the graphs as they were planned, samples of actual output of the system are
included to show the form of graph plotted by the functions

7.3.1 Radar I.mp.mvemeni_:_ Factor Measurement

The. following graph is & representﬁtive plot of MTI hnpfo#emant'factor as a function
of time over a period of 2 second‘s.._ This particular plot indicates that the radar was not
o oﬁtimally set up for the feasurement, since there is a Iarge ﬂl_xct_uation; and pbdr_
_improvemént factor (35 dB is to be typically expei_:ted)

- 10-Feb94 MilimprovenentFosor. 1120 ?
40— . -
3
A ag

15t

Improveroent Pactor (dB)
8

19 - ‘ - ‘ :. . .......... ]
s
0 02 04 0.6 0.8 1 iz 14 1.6_ 18 -2
] Phase contrib, = 3145
Mean = 28,01 Time (s) Mag contrib. = 30,61

Figure 7.1 MTI Improvement Factor
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7.3.2 Sum, Azimuth and Elevation I and Q Channe} Chacacteristics

g Sample graphiﬁai outputs which were developed for this putpose appear below. The

target in this case was .. small comer refiector on a mast. For this reason there aie slow
ﬂuctuatiqné m!he mdmdual I and @ channel cc’nmf&dnent_s as the reflector moves back
and forth. The. ﬁiot of the channel powers shows the power in the sum and difference
channels of the radar. This is a typical return from a stationary sarget. The spertrum
measurement is a function of radial velocity of ihe target [4], zero in this case, and is
spread around this value for more complex targets, |

TR oA 0s . ea 1 12 14 is 18 3
Mean =-143.4 Time (s) Varianco = 1061

. Sum Q-chan ngel Valiage

i
i

2 Ba 06 08 1 12 14 16 18 2
Moean = -260.6 Time (8) Verlace = 1079

Figure 7.2 Sum Chaunel Voltages -
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Figure 7,3 Receiver Channel Powers
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Figare 74 Saum Channel Power Density Spectram
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7.3.3 Antenna Pattern Measurement

These graphs serve o verify the radar antenna radiation pattern, The results presented
below are representative of a ty_pical radar antenna pattern. It is always useful to compare.

- the sum and difference beam gains and widths, so these apjaear together, The eiror
slope function is an indication of the performance of the antenﬁ& around the boresight,
where tracking ocours. '

| 10-Feb94 " Azimuth Sum nd Difference Patferns. 1047

¥ i * !

rf

Gain (dB - selative to sum maximom)

VL SR SO U L8 RO SO O O S

S »
B T R T ™ R R M 100
Null Depth = -30,92 Beam Width = 23,16

Angle off Doresight {milllergians)

' Figure 7.5 Azimuth Antenna Patterns Cross-section
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“Blevation Beror Function
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-1.5
2 : : _ A :
25 20 <15 10 45 0 5 10 i5 20
Null Depth = -38,22, Error Slopa = 1,375

Angis off Boreright (millirmdians)

Figure 9.6 Elevation Error Slope
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734 RPG Scan Pattern and Acceleration Measurement

This tool iz used to assist with 0pﬁmisaﬁon of the RPG control functions, so that the
most efficien: scan patterns can be obtained. The gi‘aphical outputs presented here show
a section of a box scan over a prescriﬁed sector. The areas of concern doring analysis
are. the comer points and accelerations and velocities at such points, The time plots of
position, rate and acceleration; and the ablility to zoom any of the plots allows detailed
analysis. | ' ' |

52 T J T T
51,5 ............... -
485 .. ................................................... o it i o ._
“40 60 ' W00 oo 10 160
Az Cantro = 99.78 deg Bl Centrs 52 50,51 deg
. Azimuth (degrecs) . :
Figure 7,7 Simple Box Scan
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Figare 7.9 Zoowmned Plots of Angular Acceleration versus Time
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7.3,5 Calibration Constant on Small Sphere

The graph for this function is one simple plot of the calculated factor over the duration

of the measurement window. The key value is the msﬁn, which is used for RCS
calculations. This measurement was made with a near maximum signal level, hence the
apparent Jack of fluctuation, however, a look at the scale of the y-axis will indicate that
this is not the case, | S

x10%  10Febod Radar Calibration Puctor 112
6 " -' ; " T .' 7 i
G .
4 T T T e I TR R SRR TP PR TR S PRSI
g 3 . e tmr Eeeas brndi ki ie tesarnsreadamna e ot R e ternes wrs b rmrneesenns tagdetebesereennnesrllon srmnemares o |emmmereaterraiescnte cirans -
' ) AR AU SUPVPRTPIRN SIPROI: PRSP SYSPRPIRE SAUON SO SO
0 L [ ; :
o 08 1 1§ 2 25 3 45 4 45 s
Mean = 5594419 Time (5) Sphera RCS = 2708

| Figure 7.10 Radér Calibration Factor
7.4 Weather 'Eqmipment Interface Functions

The interface to the driver for the weather equipment was developed in Borland G+,
This driver is linked into the HSDA software,

1.5 Time Code Interface Functions

An interface to the third party interrupt driven driver was developed for the time code
reader. This driver is linked into other code as necessary,

Puge 48



Chapter 7 - . ~ Software Design and Implementation

7.6 Data Filter Board and FIFO Capture Board Control Functions

Some of the more critical functions wers developed in Turbo Assembler; the bulk of
the development took place in Borland C++ The drivers for the RDO card suite are
linked into the HSDA and MSDA. code. |
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'CHAPTER 8

CONCLUSIONS

8.1 Results Achieved

The DAPS system has been mstallad in thc radar system mobile laboratory for two
~ years, During this penod it has been successfully used on numerous field trials to
capture high speed data for RCS, clutter and detailed performance analysis purposes.
The MSDA firctions have served to petform acceptance test procedures on the radar
at each location, in order to validaﬁe the performance for mieasureinent purposes. In
addition some of the funictions have served to assist with the expemnent and high speed
data captore process

'The success can be measured by the fact that external custotriers ate satisfied with the
results achieved, and are prepared to contract Aerotek to be at tests w:th the radar on
a continuous bams

8.2 App]ieation Potenﬁs.fl

So far as the technicsl aspects pertinent to data capture, and the application of the
hardware developed here are concerned, there are # number of points to note:

o The technolopy and techrigues used hete have changed during the evolution of _
the project. The cutrent data storage process can be made more efficient by using
either DMA iransfer, or special 80386/80486 instructions (such as INSW) which
capture dats even .aster than standard ISA bus DMA. |

e With the other two possible techniques in mind, and three other data captui-e
applications being undertaken, there is & next generation card being designed for
future use. This card uses the same FIFO storage to buffer data, but will allow
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data transfer by any of three techniques;_ namely port IO (as used here), DMA
or repeat in-string (REP INSW) statements specific to the processors mentioned
above. o |

¢  Much of the hzgh level processing and storage functlons are; to be kept, and only
_ the card interface modulss need replacing.

8.3 Pr_bjecf Experience

This project has served as an exercise in systen specification, embedded hardware design
and software specification and design. Software specification was an exercise in
 standardised specification using the real-time extensions of data flow analyses,

The expetience gained during the execution of this project has been used on other
Aerotek projects of similar nature, '

8.4 Quélity Management in Software Development

" CSIR has made a decison to pursue ISO9000 [8,9] accreditation, Aerotek is fully
committed to a total quality management program and achievement of fhe accreditation,
Accreditation per se is fiot 2 guarantee of quality, but should represent the ethic behind
the quality management system which demonstrates and should measure the quality.

* With regard to software development this has involved investigation of the total
development life-cycle, The effort put into a formal methodology during -SpeciﬁCatioh
of the DAPS system has ensured that the user requirement and design are well
docum'énted and understood. Some of the elements lacking duting the development of
the software wete proper version conirol, inspection, testing, traceabillty and pursning
of documentation throughout these phases '

The current development method commences with a formal user requirement. This is
followed by an SRS {Software Requirement Specification), very similar in form to the .
IEEE model used here, Tﬁe désign process is su_pported by a formal design document.
-Coding is according to an agreed formal coding standard, with apprdpriate doctimentation
either in the code or as a separate document. The software is subjéct to testing according
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" to an acceptance and test plan (ATP). At all stages inspection and review are undertaken
' to ensure the correctness, validity and suitability of the work. Software always _formé :
patt of a larger system. There is 2 standard nembering system for ell componeﬂts. and
sub-sytems in a system. This ensures traceablhty, and is apphed to the software
components; documentation, cods and executables The entire design process is subject
. to configuration and version control, 'Ihls ensures that changes are carefully and
apptopnately applied thmughout a pro_lect

Tt is envmaged that commitment to quality will become a fuudaméhtal part of the CSIR
way of domg business. A gocad software qoality management system will support the
work ethic. : :

At present the formal design tool which has been selected to assist with software .
development is a Unix based version of Cadre’s Teamwork and other toals, |

The selection of a documentation and version control system has not yot been finalised. |

Extensive investigation into the GNU RCS [10] fersion control systan" has demonstrated,
as is often the case, that a freeware package is able to meet the ™ 4n1rements at present. |
" A decision has been taken to move to the Polytron Version Control System (PVCS)
- [11] and associated products in future
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- APPENDIX A

DETAILED HARDWARE DESCRIPTION AND CIRCUIT DIAGRAMS

A.1 Hardware Description
A.1.1 Port Functional Description

As stated previously, four port addresses are used for the interface card, These are $300,
$302, $304 and $306. The following sections summarise the functions of the ports and
individnal b1ts in the bytes dnvmg those ports, where applicable.

Port $300
The function of this port is summarised by Table A.1.

Rl

Table A1 Function of Port $300

Title Data. Port . -

Purpose To read FIFO data (to PC) 7
Type Read only
“Width 16 bits

1 Individual Bit | Entire width made up of a data parameter which is either a word
Descripnons (0 - 65 535) oc an integer 32 768 - 32 767) | u

Some of the data parareters are words and some are integers. Not all of the parametéfs -
use the full 16 bits, but are width and sign expanded to 18 bits, The type and sizing
of individual parameters is a software function.
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Detatled Hardware Description tm_d Cireuwit Diagrams

Port $302

The function of this port is summarised by Table A.2.

Tab_ie A.2 Fuxction of Port $302
- Title Status Port
. Purpose . | Menitoriag of FIFO status lines
| Type Read only |
Width 16 bits | |
 Individual Bit | Low | Connecied to the Full Flags (active low) of the FIFO
Descriptions | Order chips, Bits are paired off with the high and low order||
Byte FIFO chips meking up a data word. Bits 8 and 7|
monitor the ~hip which is loaded first after = reset
condition, Bits 6 and 5 monitor the next lo 1 and so
on | _ .
Hipgh Connected to the Empty Tlags (active .Iow) of the|l
Order | FIFO chips. Bit connections are the samc as for thefl
Byte low order byte - _

If *he FIFO is filled from a reset condition, then bits véill toggle separateiy in the high
and low order bytes from the most to least significant positions. Under norms; operation
(not immediately following a reset) the order of flag indications will depend upon which
chips are full and empty. The interprstation and use of the flags is a software function,
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~ Port $304

The function of this port is sumrsarised by Table A.3.

Table A,3 Function of Port $304 -
| Title _ FIFO Centrol Port "
Pﬁrposc ~ Control of FIFO for reset, GPIO write enable and selection of “
| counted daty; or continuous modes ' '
Typo | Write only |
Width 8 bits, making up low order byte of word at address

Individual Bit | 1(LSB) | GPIO Write Enable. Drives PCTL fitie of GPIO bus|
| Descriptions © | through buffer. Signals to DAPS when to start/stop ||
' transmitting data (active low)

2 GPIO Write Enable 'n_ldicator LED (active low)
3 Enables write strobe to clock counters at each write
for impleméntation of counted data ruodes (active
low) ' '
4 . | Enables counters to control write steobe to FIFO from

GPIO, for implementation of counted data modes, A
full coum of 65 535 on counters then disables further
writes (acﬁve 10W)

5 FIFO Reset lines (a_ctivc low).
6 Reset ihdicator.LED (active low)
7 Not used |

8 (MSB | Not used
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The individual bit positions are accessed by performing AND and OR operations on the

byte to be written to the control port, as dictated by the necessity to lower or raise a
line respectively. The function of bits 3 and 4 ill become clearer when constdered m_
conjunction with some of the bits of pot $306 as follows.
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Port 5306

“The function of this port is summarised by Table 4.4,

Table A.4 Function of Port $306
Title - Counter Control and FIFO Data Selection Port
Purpose Control of counters for clocking, reset and enable; as well as
' selection of GPIO, or counters or neither as FIFO input

| Type Write only

Width 8 bits, making up low order byte of word at address
Tdividuat Bit | 1 (LSB) Cdunlaer Clear lines (active low)

Descriptions ' '

2 Counter output clock, to transfer latest count to
counter owtput registers (rising edge trigger)

3 | Count register clock, OR’ed with write strobe as) .
second mechanism for counting under control. off
software (r!amg edge trigger)

4 - Test indicator LED (active low) -

5 Enables wiite strobes from GPIO or counters to FIFO

~ write lines (active low)

6 _ In conjunction with bit 7 provides sele.ctidn_of FIFO
data input, Operation is described in text below

7 In conjunction with bit 6 provides selection of FIFO _

' dara input, Operation is described in text below
8(MSB | Enable to decoder controlling access of counters and

) " GPIO buffers to FIFO input (active low)
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Once again, the individual bit positions are accessed by performing AND and OR
opetations on the byte fo be written to the control port, as dictated by the necessity to
fower or raise a line respectively. Bits 1, 2, 3 and 5 are used in conjunction with bits
3 and 4 of port $304, as has been described. Only certain combinations for bits 6 and

* 7 are valid, bo:h bits being used in conjunction to generate selection of the FIPO input,
The valid 2 bit numbers with bit 7 as MSB are binary 10 and 11. These numbers select
the counters and GPIO respectwely as FIFQ mput Usage of the port is, once again, a |
software function.

A1,2 Data Modes

The only function on the card that requires explanation is that of the data modes. The
workmgs of the rest of the card and the ports are relatively easﬂy understood t‘rom the
diagram. All functions will become clear in the software definition and description

reports which are to follow. The actual implementation of any of these modes is the
subject of software reports. - : :

Contimmus Data Mode

‘The counters can be completely isolated from the FIFO inpat, reset, and with the clock
input isolated they will then exert no control over the GPIO buffers or write strobe to
the FIFO clﬁps. In this mode data reception is controlled salely by enabling of the
~ GPIO buffers (port $306, bits 6 and-7), and delivery of a PCTL low to the GPIO bs
(port $304, bit 1). Data will stream continuously until the PCTL line is raised again,
whereupon the current set (frame) of data parameters will be sent to completion before -
termination of the transmission. The buffers shomld not be disabled before the
- transmission. is complete, as integrity of the last frame is not assured if this happens.
Clearly the status lines (port $302) should be monitored and data read from the FIFQ-
fast enough to ensure that the FIFO does not overflow. Tie practical implementation
of thic mode and the limitations will emerge in the sofiware design, -

Counted Data Mode
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With tte internal count«regnstaers (pott $306 bit 1) and write strobe access (port $304 bit

3) to the counters enebled; and with the "feedback“ path from the counter carry to the
GPIO buffers and FIFQ write enable open (port 5304 bit 4); the counters wiil dmahle
access to the FIFQ inputs when a cdrry s generated at the highest count of 65 535.

Thus if a calculated initial value is set in the cotu*¢: tegisrers, by means of the test
channel, a predetormined mumber of samples can be ivadeu o the FIFO, Clearly it

- is a software function to check that no mocre than 16 384 sauples are requesied, and

that the initial value is corrected to allow only values which will complete a frame of
data parameters, ' |

Test Mode

If the counters are selected as FIFO input (port $306 blts 6, 7 and 8) and the counter
internal registers and outbut registers are clocked (port $.:06 bits 2 and 3), the FIFO
can. be filled with any desirable counter values, the counters can be set to a value and
a complete test can be conducted on the gard to establish that it is functioning correctly.
The implementation of this test mode will be the subject of software reports.

A2 Circnit Diagrams and Detailed Description

A survey of smgle-chip FIFO’s available led to CMOS, 9 bit, parallel FIFO devices by
Tntegrated Devices Technology, Inc. This range of components allows for depth and
- width expansion of the FIFO, with control funcﬁon;;. such as full and empty indication.

The range includés four chips, namely IDT7201S/L, IDT72028/L, IDT7203S/L and

IDT72045/L. These correspond fo 512, 1024, 2048 and 4096 by 9 FIFOs respectively.

' In line with the decision to implement a 16k FIFO, and the data rate, it was decided

that the IDT7204S/L would be used, width expanded to 18 bits (only 16 used) and depth
expanded to 16 384 values, The specification sheet of tho 120 nanosecond, 24-pin DIP

device, FIFO that was used here is readily available in the High Speed Memory Dévices .

data book of the manufacterers.
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The circuit diagram of the interface card sppears in Figores A.1 and A2. The circuit
was built on a BICC-VERO, IBM AT Speedwire Interface Board with interface circuitey;
part aumber 244-53101F.  The interface cucumy of this board is the IBM AT
recommended prototype interface. '
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Figure A.1: FIFO Circuit Diagram, Sheet 1
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Figure A.2: FIF( Circait Diagram, Sheet 2
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Component nmubem:lg on the cironit dlagrams takes cogmzance of the numbenng on
* the card and stirts where the numbenng on the bare interface card stops The descnptlon'
below refers to the first shest of the cncmt dj.agram -

10 serves to decode some of the prototyye address space, namely $3{)0 ‘5302 $36d
and $306 The interface card is set-up to tu:nctlon ‘with 16 bit ports. This forces the -
use of only even addresses, fience the selection of the listed addresees. The ﬁJnctions
of the pcrts have been described. U11AB and C take care of IO read and write
mstructmns 10 the four addresses used on the card, U12 and U24 are latches whicu are
used for. control signals to the FIFO chips, data bus and countors. UL3 and Ul4 are.
buffers for the FIFO sfaius infon‘nation ~The interface of the ca%’d to the PC bus is
formed by the chlps mennone.d so far and thc data Jines of the Bf:. bus,

The four diodes; Dl D2, D3 and D4 are mdmators used for low level indication and
debuggmg of the card, D1 is an indicator that the input is oper to receive data fror-,
't_he DAPS, D2 indicates a reset signal to the FIFO chips. D3 is used to indicate bag' ap
initialisation and testing of the card. D4 is a monitor of the input cldck_, je. the data
clock of the GPIO type bus. ' '

U28 and U29 are buffers used to protect and isolate the input lines of the FIFO c_;;hips
from the GPIO data lines. U30 performs the same task on the control lines. U26 and
U27 are counters which are used for counting into the FIFO during testing and counting
~of incbming-data in the mode where the amount of data captured does not exceed the
capacity of the FIFO. U25A is used to allow a choice between either the counters or
the GPIO data as ‘input to the FIFG, Ui5D, U15C and UlID are used to control the
counters, U25B, U31A, U31B and U3IC 1mplement hardware cortrol of the GPIO data
and control buffers to allow for the countsd mode.

U15A and U15B are used for the FIFQ write lines. They allow writing to také place,
under the control of the PC, from the counters or the GPIO data lines, '

“The following description refets to the second sheet of the circuit diagram.
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Ui6 - U1‘9 are the- FIFO chlps used for the LSB of the data word. 1120-U23 form
the MSB" of the data word. These chips are used in the standard width and depth
expansion modes that are detailed in the documentation on the devices. The resulting
FIFO is 18 bits wide, although only 16 are used, and 16 384 words deep.
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APPENDIXB

 DETAILED SOFTWARE SPECIFICATION

. The process, data flow, control flow and storage items on data flow diagréms used in

- -specification of the DAPS were expanded to full descriptions of the flows and process

‘specifications for each of the processes. For the sake of brevity not all details are

included here. High level functional description is given of most items, and detailed

specification of some of the processing options. -
B.1 HSDA System Functions

The HSDA functions deal with both interface cards. Some control the data filter board,

and others are implamgnted on the FIFO capture board. These functions are called either
to execute HSDA functions, or prepare the data filter for MSDA functions.

The follbwiﬁg data flow diagtam identifies the processes which implement the HSDA
' system functions. o '
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Figure B.1 HSDA Data Flow Diagram
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B.1.1 Fiie Manager
Inireduction R

This process menages the crestion, storage and retrieval of RDO data files in which

 HSDA data is placed. Files are created during recordings. They are retrieved duing

filtering for off-line processing, or to be transferred for archival purposes.
Inputs

Data File Specification
Captered DO Data

Outpnts -

Captared RDO Data

© Archived Data
B2 BSDA User Interface

~ Introductivn ._ _

This process is the MMI to the HSDA system, “Jhe user is able to enter (and mmansge
storage and retrieval of) the setup of the capture filters, data files, data filtering and
system defaults, This process also serves as the control interface for starting and stopping

-~ the HSDA capture process,

Inputs :

User Commands and Setup
HSDA Defaults

Cutputs

Status and Menus

_Start & Stop Commands
‘Bilter Specification
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Data File Specification
Data Specification
HSDA Defaults

- B.1,3 HSDA Control
 Introdnction

This process delivers the filter specification and control commands to the FIFO interface,
which controls the hardware. The process translates the user inputs (in logicat
“understandabile form) to the low level commands which are passed to the iuterface.

Inputs

Start & Stop Commands
 Filter Specification -

Outputs

Capture Control

- Filter Specification

B.14 Data Record Preparation
Iﬂtl‘ﬂﬂlll:ﬁén

" Data is collected simultaneously from three sources. This process orghnises the
interleaving of the data and preparation of records for storage. The data is passed to &
common file manager which is able to read and write RDO data files,

Inputs

Wcather' Data
LTe
Filtered RDO Data

Outputs
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Data File Specification
Data Specification
HSDA Defaults

B.1.3 HSDA Control
Introduction

This process delivers the filter specification and control commands to the FIFO interface,
which controls the hardware, The process tranglates the user inputs {in logical
understandable form) to the low level commands which are passed to the interface.

Inputs

- Start & Stop Commands

Filter Specification

Outputs .

Capture Controi

Filter Specification

~ B.L4 Data Record Preparation

Introductivn

Data is collected simultaneously. from three sources. This process organises the

interleaving of the data and preparation of records for storage. The data is passed toa

common file manager which is able to read and write RDO data files,
Inputs

Weather Data
e
Filtersd RDO Data

Outputs
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Captured RDO Data

B.1.5 HSDA Defaulls Manager
Introducﬁon

"This process interfaces the MM.I proce.ss to the Systcm Defauits store. It stotes and
retrieves HSDA defaults for re-use. '

Inputs

HSDA Defqmts |
Outputs

 HISDA Defaults
B.L6 Ofl"-Line'Filter
| Inireduction |

This process performs the function of filtering and converting specific pai'aine_.ters, in
specified amounts, from the taw captured data. The data is passed out in any of a
number of forms suitable for import into other environments, '

Inputs

Data Selection
Captured RDO Data
butputs

Off-line Data
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~ B.2MSDA Capture and Analysis Functions

The high level analysié functions described here achieve the major aiin of this project.
These functions are used for radar evaluation and cahbratlon The presentm‘lon of ﬂlese :

higher level functions is slightly different from the lower level functmm ‘0 fyJdlitate
better understandmg of their purpose. '

Each of the following sub-«functlons is implemented by first capturing a hme-sixce of

RDO data (semi-real time processing). After this the data is processsd according ta the

algorithm and displayed as indicated. Re-processmg of the same data with different
constant settings and hard copy are options which must always be available,

The exact form of dispiajre:l graphs was developed and evaluated as software was
developed. PFor this reason no pictorial example is incladed in the specification. There

- are example outputs in Chapter 7. The data parameter selection descriptions are made

wlth rcference to Chapter 5.

'Zt‘he follomng data flow diagram identlﬁes the processes which implement the MSDA

system functions,
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Figure B.2 MSDA Data Flow Diagram
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| B.2.1 MSDA User Interface
Intrddﬁéiion

This process is the MMI to the MSDA system. The user is able to enter {and manage
storage and retrieval of) the setnp of processing options and system defaults. This

process also serves as the control interface for starting and stopping.the_M'SDA capture .

process, The user p_rocéssing options drive the MSDA progess to antomatically select
(propate the filter for) RDO data. The MMI also manages the display of graphs resulting
from processing. |

Inputs

User Commands and Setup
Graphical Output
MSDA, Defaults

~ Outputs
Prozessing Selection
Statns, Menus and Graphs
Capture Control
MSDA Defaults
B.2.2 MSDA Control
Introduction
This process is very similar to the HSDA control function. One.essential difference is

that this process automatically terminates the capture process when sufficient data has
~ been collected for the process selection currently active.

Inputs

Capture Contro}
Filter Specification

Outputs
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- Cupture Control
- Filter Specification

B.2.3 MSDA Processing
Introduction

This process iﬁcludes the algorithms of .all of the processing and display options. ‘The
inputs and 0u'tputs' are generically listed below. After this the initial set of processing
options are specified in more detail. Depending ﬁpon' the processing oplion selected, a
filter spgéiﬁcation is passed to the MSDA control process. There are a number of terms
- used to describe forms of processing and display. These are:

Constant/s Refers to the constants used when executing the capture and measurement
 functions. Examples are the pumber of samples, time-constant for -
smoothing and ‘default plot settings, In all cases these should default to a
value which is only re-specified when specifically accessed, and not at each

| measurement opportunity. ' |

.qu The standard decibel scale, but referenced to one guantisation level for voltage
measurements and one guantisation level squared for power measurements,

Magnified In the case of data output, this is a graphical plot where the axes system is
“scaled so that the maximum and minimum: of the data just fit on the axes
systerm, '

 Parameter/s This refers to the digital number which emerges from the A/D convertors
- in the I'and Q charnels of the radar system, These integer values are
samples of the voltages in the channels.

Quantisation Level A value of 1 frora an A/D convertor is roferred to as ome
quantisation level. ie. This is the resolution of the A/D system,
and the data acquisition process.

Zero-referenced In the case of data output, this is & graphicel plot where the axes

system has zero and some convenient maximum displayed.

Page ?'4



Appendix B - - Detailed Software Specification

Inputs

. Scaled RDO Data

Processing Selection

Outpuis

Filter Specification -

Graphical Output

© B2.3.1 Radar Ir'nprévement Factor vieasurement

Pnr;’mée_

To calculate the MTI improﬁauient factor of the radar. The improvement factor is often
limited by noise and instabilities in the system. It is desirable to determine the

1mprovement factor of the system to analyse cugrent noise levels and stabmty, and to
verify the. radar’s detection performance i ina clutter environment.’

Measurement Procedure

The radar is locked on to a strong clutter source, such as a corner reflector, In order
for the measurement and caleulation to be valid, it is essential that the signal to nbi_se
ratio (thermal, environmental noise) exceeds 50 dB, and this bas to be established at the _
‘time, of processing, RDO data is captured for a specified length of time. The MTI
impraovement factor is calcnlared and displayed.

Variations

Two of the distinct noise types in the radar are transmitted pulse amplitude noise and
- phase reference noise, both of which will lower the improvement factor. In order to
further investigate cases where the measurament'hidicahas a poor improvement factor,
it is necessary to re.-perform the calculation and display the mdependent results after

removal of the phase noise and amphtude noise,
Inputs

Valid parameter inputs are the I and Q sum-charnel components in quantisation levels,
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Constant inputs are the data collestion time (which dstermines the number of samples);
radar scan rate (w]iiuh determines the puise integration ﬁrocess); a selection between a
Zero- refmnced or magnified plot; aad a choice of normal, phased nonnallsed or -
magnitude normahsed variations,

The table_below details the speoiﬁcétion on the constants and the default values:

~ Constant ' Range ~ Defavlt
Data collection time (T) { 0.5t0 5 seconds 1 ;
‘Scanrate - - | 40,80,160 and 320 . 8o
_ "degr&espersecond
| Plottype -1eferenced or -' zero-referenced
N taagnified '
Thermal noise level. | 0t010dBq 3
- Variation _ | normul, phﬁse,_ normal
o ' - | normatised or )
‘magnitude
normalised
| Outp'nts'

An x-y plot of filtered, MTI imp'rdvemeﬁt factor in dB () vetsus sample number,

Nutriexic indications of the miean improvement factor, mean IF phase and magnitude
contributions (dB); signal to noise ratio (dB), and the absolute signal level (dBq). Thase
means are calculated over the extent of the window.

AIgOri'thm

The number of samples in a given window is #, which is calculated from the T as -
follows: ' '

n=2560-T
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Given n - I and Q parameter samples ﬁ'om the sum channel of the radar RDO stream
the improvement factor is calculataed as. follows.

First tht: double pulse MTI cancellor is implemented on each of the « ~neis to obtain
I ar_ld [ ' '
I ,,i(i)?-I(i-Z)—ZI(i ~1)+I@) and
0.,(6) =06 3 2-20¢ - 1)+00)
forie (3,n) Wlfﬁf w(D=1,2)= - 1,(3) and Q...(l) Qm(zl Qm(3)
In order to svaluate the effect of the radar integration, it is ncccssaxy to calcuiate the

moving average of the mpmvement factor for the number of mlegrated samples, which
is determined from the scan rate,

Seanrate | Number of integrated

[ @egm | pulses )
w - | 88 -
S —
CIRE

_ 320”_ R

The improvement factor I, for a measurement on clutter is defined as:
L =G G

where Cy is the clutter rejection ratio (cutput clutter power to input -ciutter power),

assuming that the noise is negligible. The impmve_rﬁent factor is calculated by
mtiltiplying this by the average MTI gain for a double pulse cancellor (G =6).

To calculate the average improvement factor for any size windows, - . 1elovant clutter -
powers must be averaged before division, so that:
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_ BaEo+ge
X an n. .
PZEO+O)

For the graphical plot, the value of » (to ca]cuIaLte each plotted value is n, with the :

previous n,—1 vaIues bemg used at the i-th position. For the enhra data set z is n,
" which will deliver the mean improvement factor,

'I‘o caleulate the normalised magnitode and phase means, as well as the graph values
 when either of these variations is selected, the data is processed as follows. For phase
- normalisation (which fefers to the case where only magoitude ﬂuclﬁations_ are
signiﬁcant), the phase differences are removed from the data set. First the complex
magnitode and p‘hase vector is 'calculatg-.d for each [ and Q sample:' | '

0]

Z(i) m(:)em where m([) \ha(l)"f'Q (l) and tan(e(‘)ij(l)

The phase, 8(i), is normalised to 45. degrees {to avoid nume.ncal computatlon pmblems),
whereafter the I aiud @ channel signals are extracted ag follows
TE)=REE) and 0G)=3G(E)

The improvement factor and associated mean are recalculated from the start using this

new data. To process the data with magnitude normalisation a similar process is

foliowcd:

z2() =m(@)e’® where. m({)—,hz—@) T0%) and mn(e(i))_;lgg))

“The magnitude is normalised to 1. The I and'Q channel signals are then extracted as .
. above: . . '

O=REE) and Q) =SE)

- The mean absolute signal level is simply the mean of the input power over the window.
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— 1= -

Ci=_26)+ 2°6)

Exceptions

‘This calculation is only valid for the parmncﬁers indicated,

B.2:3.2 Sum, Azimuth and Elevation I and Q channel Characteristics
Parpose

It is necessary to be able to view graphical plots of the 7 and O channe] signals of each

of the three channels of the radar. These must be available as separate voltage plots,

- or combined power plots. Means and variances of the signals must also be caiculated

In addition it is desitable to view thc spectrum of the s1gna1 over the durau(m of the
- window.

Measurement l’roeedure

While the radar is tracking a target of mterest RDO data is captured for a specified -
length of time. The data is then processed and displayed. |

' Vaﬁations

~ The user requirement is to be able to view voltage piot—couples of the f and © channel

intormation in each of the difference channels, or the some channel, Alternate selections
are a combined power plot of all three chanpels and the specttum of the sum channel
information. | '

Inputs

Valid parameter inputs are the I and Q components of the sum and two dlfference
channels in quantisation levels.

‘Constant puts are the data collection time (_Which determines the number of samples); - -

a selection between a zero-referenced, or magnified plot; and a choice of one of five
plots, namely, sum channel, elevation difference chanuel, azimuth difference channel,
combined power and spectrum. '
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The table below details the sPéciﬁcation on the conétrfts and the default values:

.

Constant ! Ramge |  Default
Data collection time (7) | 0,510 5 seconds 1
Plot type o zero-refersnced or - | zero-referenced
' ' mag nified

Variation _ . sum, elevation, sum

.\ azimuth, pows ~ and

| spestrum

e

Outputs
x-y plots, correspondirig to the selections, with numeric indicators of means and '
variances, '

In the case of voltage plots, tWo .x4jt plots of the voltages (in'quantiaation levels) are

rnade; one above the other, on the screen. Numeric indicators of the average and variance

of each of the six captured chantiels are displayed. A numeric indicator of the mean -
of the sum signal power is displayed (dBq). '

The pov. . slot cc_:mpriées a plot of the power (dBq) in the sum and difference channels.

‘A single plot is made, but the individual signals must be identifiable. Numeric indicators

of the mean and variance of each signal are divnlayed.

The spectrum plot comprises an x-y plot of the magnitude of the complex frequency

spectrum of the iarget from—-0,5fto 0,57, where f is the sampling frequency

(2560 Hz). ' '

Algorithm

' For the voltage plot selgcﬁoné, the only processing per se is the extaction of means
and variances, where the normal definitions apply. - If there are n samples of variable x
then: : '
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The mean power 6f the signal in the sum channel is calculated as foliows;
- 12 o a,,
§ ==X @)+
For power plot selections the power is caleulated for each of the sampled channels (sum,
azimuth difference and elevation difference) at each sampled interval. These arrays are

plotted, The means and vaviances are calculated and displayed, using the above |
definitions: '
S0)=12()+ QL) - and similarly for S, and S,

The fréquency spectrum is caicuiated using the J and O channel signais as the input to
a complex FFT calculation after windowing with 2 Hamming window, a standard
function for reducing the . ‘The number of samples has to be rediiced to the nearest
power of 2 below » (altarnatively the sample size selected can be a power of 2) before
the calculation is performed. The windowing function which is performed on each

channe! separately is defined below; where w(}) is the weight applied to each sample
in the set: '

w(l) =0.54 -1-'0.46605[-2-’.1—?-—» )

Of primary concern is the magnitude of the frequency spectrum and this is pluttéd asa
default. It is often desirable to smooth the frequency spectrum and re-plot it. This is
a user selected option.

 Exceptions

This calculation is only valid for the parameters indicated.

B.2.3.3 Antenna Pattern Measurement

FPurpose
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Antenna patterns and particularly the nuil depths of the difference channels are subject
to change when the antenna is mounted onto the radar positioner. This makes it
necessary to obtain a measure of antenna characteristics with the antt:nlia mounted.
Ideally this would be a complete 3D measdrement over 4 solid angle of 2 bemnwidfhs
in cross-section. Tn practice this requires special scan patterns in the posmoner control
loops. Thus at this stige a reduced measurement is taken, '

Méasurén_ient Procedure

The radar is locked onto the test target generator (TTG). Wil the necessary RDO data
being captured, independent azirnuth and elevation offsets are induced on the antenna _
with the tiumb-wheels, This ensures that a cross-section is obtained in both the E-plane
and the H-pla,rie_thmugﬁ the nul of the antenna’s monopulse radiation pattern,

Variations
| There are three possible outputs for this function, Fﬁ'sﬂy, plots of the sum channel
antenna gain along both sections. Secondly, the difference channel sections along both

sections. The third plot results from a computation of the monopulse error function and
- the slope through the boresight of the antenna.

| Inputs

| - Valid parameter inputs are the I and Q components of the sum and two difference
channels in quantisation levels, Also necessary are the RPG azimuth and elevation
co-ordinates. ' '

Constant inputs are the data collection time (Wthh determines the numbﬂr of samples)
and a choice of one of three plots namely, sum channef beam pattems along both
sections, difference channel beam patterns and the monopulse error function.

The table below details the specification on the conétants and the default values:
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" Constant " Range R Defanlt
Data collection time (T} | Sto60seconds 20
Variatibn ' . | sum, differenceand | - errorslope
o _ erorslope '
Outputs - '

x-y plots of the antenna beam p:ittems covering 1,5.. degrees either side of thé boresight
of the antenna (this allows the first sidelobe to be measured), corresponding to the
selections, Indicators of the measured 3 dB points of the antenna beam patterns and
the amplitnde of the first sidelobe. In all cases, becm patterns are normalised wﬁh 0dB
hemg the gain of the s pattam at the boresight of the antenna,

_Algoritlm

Tha coliection process means that the data is recezved ina dmorganmesd fashion. There
| may ‘be several cuts along each of the primary axes, The contral tracking position at-
 the start ¢f the measutement detetmiines the antenna bores:ght.

Firstly, the data is organised and the received amplitude (voltage) in quantlsation Tevels
is calcuIaIed for each sample in each of the recexved channels

'Vm(i)='\[:§w(i)+g,ﬁm(i) and similarly for V,, and. V,

Secolidly the received voltage levels are averaged at each RPG position. ie. All of the
_'points with the same RPG co-ordinates are averaged. This prodnces a cross-sectional
cut along each of the axes in ench of the thres channels, At each pdin't (B,;(i), 840,
there may be ny, data samples from the independent excursions during the measurement
process. The voltage for each point is then calculated as follows:

Vm(i)=£-m—-z: Vom(G),K) andsimilarly for V& and ¥,
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The phasi=g of the antenna *makes’ 'the'volta'ges in the difference channels nagﬁﬁve on
one side of the boresight and positive on the other, Conventionally, thess are taken as
negative to the left and below boresight and positive to the right and above, The data
sets in each of these channels is negated for azimuth and elevation angle posmons less
than the measured horesight position, This data is now ready for plottmg

The monopulse error function i each of the dlrectlons is calculated by dividing the
difference channel signal by the tum channel signal at each measured point, So:

(i) 2V s =4 and sumlarly for E,

Vel
~ The error slope at bor' ©,. .+ «ined by numerically differentiating the error
fonction at 7 yointe spr, - - wally.  d the boresight.
Exceptions |

This calculaiion is onsy “niid for the parameters indicated.

B2.34ARPG Scan Pritern an” Aecelevation Measarement

Purpose

One of the important factors in determination of overall radur system performance is
the radar positioner execution of scan patterns during acquisition processes, and the
associnted accelerations and decelerations, It would also be desirable to quantify stiction,
but this is not possible at present. '

Mea...ureme_ut Procedure

The radar is pointed in some arbitrary direction away from the intended scan volume.
With the necessary RDO data being captured, the command to scan a particular pattern
of interest is given, The positioner will slew around and execute the scan, After this
the data collectiqn process is terminated manually, '

Variativns
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The first plot is a plot of the entire slew and scan, The next plot is a plot of tie scan
pattern over 4 user defined mnge of azimuth and elevation angles. A third plot is of
the positioner angular acceleration aod velocity during the axécutioﬁ_bf the scan, in both
the azimuth and elevation directions. | |

Inputs
Valid parameter inputs are the azitnuth and elevation co-ordinates of the RPG data set.

Conistant inp_tits are the user defined region over which to plot dataﬁ and a choice between
the defanlt plot of all the data, or a zoored plot of the user defined region. The user
can also select to view the angular acceleration and velocity plot for vach of the
co-ordinate directions and along the direction of travel. ie. There i3 a chotee batween
position, velocity or acceleration plots. '

* The table below details the specification on the constants and the default values:

Constant: : Range ' - Defanlt
User defined azimuth and Any range of the entire range
elevation start and stop ' datn actually
I positions - collected
Variation total or zoomed plot . total
| and position, velacity
or acceleration plot.

‘Outputs

x-y plots of the antenna position, velocity or acceleration during the execution of the
scarl in either zoomed or total form.

asdgerithm

The position information is inkerently available from the data set. The valdcity and
 acceleration of the positioner are cal. lated by numeric differentiation of the data,
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The data sets can then be :plotted.

Exoeptions :

This calculation is only valid fof the paraniete'ré indicated,
B.2.3.5 Calibration Constant Measurement on Small Spheré
Purpose | |

The radar has been used successfully in the past to measure RCS of many targets. These
measurenwnts requlre accurate calibration against a sphere. A frequent calibration

verification exercise is that of calibration using a small 6" sphere of known RCS
(001824 mw* -17,39 dB). The purposs is to determine the calibration conistant (K)
of the radar which can be used to determine RCS from the received power in guantisation
tavels squared. ' | '

~ Measurement Procedi:r‘_e

 The radar is locked onto the calibration sphere. Data is collected for the default time,
and the calculation performed. '

Variations

There is only one output for this calculation, namely a plot of the calibration constant
K- .' . .

Inputs
Valid parameter inputs are the I and Q compﬁnants of the .sum_ channel, and the range
Constant inputs are the data collection time (which determines the number of samples).

The table below details the specification on the constants and the default values: -

_ Constant Range Default
Data coliection time (T | 0.5to 10 seconds 5 _ II
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Qutputs
An x-y plots of the received signal level, and the calibration factor at cach point.
Indlcators of the average K over the duration of the measutemeat

Algorithm

~'The small calibration sphere is nsed at extremely close ranges, which allows the
atnosiphenc attennauon o be 1gnored

The recewed signal power (§'in qu) is calculated as for the powser measuremcnts ‘The
calibration factor is defined at each point as: '

“(i)s

K@=

where R is the range, and ¢ is the RCS (0,001824). The average value is calcnlated in
the standard way: '

Tc‘=-}l-§"_; K@)

The data can now be plotted,

Exceptions

This calculation is on'ljr valid for the parameters indicated.

B.2.3.6 Flight Control Consele

Purpose
This is one of the more complex user requicements. A display is required which allows
- for control of an sircraft RCS measurement experiment while it is underway. This must
therefore include the aircraft trajectory and position in radar (graphics) and navigational

(text) co-ordinates to allow for vectoring of aircraft by airband radic communications,
the maximum and minimum pulse (sum channel video) levels and radar status
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information such as MTI, STC (sensitivity time controf) and mode. The display update
rate will not be real time, since rates ave then not suitable for vser assimilation of the
data, Background capture and processing has to occur in real time.

In addition it is desirable to display a backgr'ound map in bitmap form of the area around
the radar underneath the above display. The bitmap is supplied by the user for each

dep]oyment environment.

At the end of any particular sessivn, the screen has to be saved or pnnted and
i pinitiallsed for fresh tracks.

: Measurement Procedure
During initialisation, the correct. Bitmap is loaded and a fresh co-ordinate sysfem
displayed. Once initialised there are four user commands which will start, stop, print

or reset the dlsplay of cutrent target parameters which are collected processed averaged
and displayed,

Variations

For maximum performance at closer ranges, a zoom feature is required, Upon zooru,
the existing track is re-displaye.) as detetmined by the boundaries of the zoomed display.
Inputs

The target parameters of range, azimuth, elevation and respe’éﬁve rates are co]lécted at
10 ms intervals (this is the actual update rate of these parameters from the radar’s
monopulse video processor. Sum I and Q are collected at pri rates. The mode and
status parameters are also collected at pri rates.

Additional constant inputs are summarised below.
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Constant ' : Range ' Default
‘Bitmap o ] Valid 'bitmap file Most recent
| hame - selection
 Zoom state - |uzsw2 20
kilometre maximum "
range
.L Logging state ' | On/Off On

Outphts'

A graphic screen plot of trejectory in plan position form (PPI) is drawn over the bitmap
of the region. Text indicators of the current au-craft radar co-ordinates, and navigational
co-ordinates (as computed from the radar co-ordinates) ae displayed alongside. A
vertical bar graph of signal level with maximum and minimum indicators are plotted at
the side of the display, along with the computed RCS. A text display of key status _
information. | '

Algerithm

The measurements of target position and rates occur in radar co-ordinates. Radar
co-ordinate systems are usique in that they are not strictly polar or cylindrical as defined
. mafhematically. The algorithm is presented with reference to the diagram below,
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Aititude
' A

b4

' Figure B.3 Rédar Co-ordinate System and Transformations
The target positional parameters collected every 10 ms are azimuth (2, 6) ~ - ~on (e,
| ¢)'and range (7) and _th_e associated rates of change. From this the height above ground

(%), heading (d, ), aspect angle (3 B) and velocity (speed ¥) need to be calculated. The
speed of the afrcraft can be calculated directly from the measured co-ordinates as follows:

[v] =VF+ R

The radar co-ordinates and rates are transformed to rectangular co-ordinates which can
- teanslate to the aircraft position. These can be used to calculate the 3D target angnlar

parameters.

x =-rcos¢sin9
y =rcbs¢cose

z=rsing

The height above ground, k, is equal to z. The rectahgular co-ordinate rates are given
by: ' '
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£ =rsing+rdoosh
# = ((F 08¢ — rsin ¢) sin B + cos0
Y= ((r‘cosq:—-rdlsinq:)qose-_—_esinﬁ

The heading (from the aircraft perspective) and horizontal aspect angle are then:
o= areian) — |
B=o—~(180°+0)
| From the above calculated parameters, a PPI type plot of th‘e. track of the aircraft can
be plotted graphically. The navigational parameters are displayed in text form alongside,
* 'The RCS calculation is the reverse of the calibration calculation presented earlier:

T péene
K08

WhHere Sy, =12, + Ok, asbefore

The RCS is displayed in text form. The maximum and minimum power levels are also
displayed in text form alongside a bar graph with absolute scales to allow for contihnous
moiitoring of the situation regarding noise and saturation levels in the radar system.

Finally, the mode and status words arc monitored, and the bits indicating valid track (or
lack thereof), MTI function {on or off), STC.

Exceptions

The radar data Paramei;er select  for this function is automatic, and .sh'ould ﬁot' adllorv
. user intervention.
* B.2.4 MSDA Defaults Mansage.
Introduction |

Sirailar to the HSDA. defaults manager this process allows for storage and retrieval of
defaults for re-use. '
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| Inp&ts

© MSDA Defaults
QOutputs
MSDA Defaults.

| B.Z._S Data Receiver

Introduction

This process receives RDO data from the interface to the hardware and scales it before
_passing it to the MSDA processing option curently selected. The scaling is predefined

by the specification of the radar A/D convertors, shaft encoders and status word
definitions. ' ' '

Inputs
" Filtered RDO Data
Outputs

Scaled RDO Data

B.3 Weather Equi_pment Interface Fanctions

~ The following data flow diagram identifies the procesées which irﬁpleme_ﬁt_ the weather

equipment interface fanctions.
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Figure B.4 Weather Squipment Interface Function DFD
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- B.3.1 Weather :equipment Driver
- Introducﬁon

The third party weather equ:pment is supplled with a driver which can be incorporated
into user software. This driver interfaces to the weather equlprnent and allows for
capmnng of weather data.

Inputs

- Weather Data

| Outputg

Weathef Data

B';3.2 Weather Equipment Reader
Intrbdm:tlon |

'This process interfaces the third party driver to the DAPS snftwme, and allows for
passing of weather data to the system,

Inputs

‘Weather Data

Outputs

Weather Data

B.4 Time Code Interface Functions

The following data flow diagram identiies the processes which implement the time cade
interface functions. '
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Figure B.5 Time Code Interface Function DFD
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‘B.4.1 Time Code Card Driver
Introduction

The LTC card is supplied by an “in house" third party, along with driver software. This
process represents that driver, - : _

Inpnts

e

Ou_tputs

LTC

B.ﬁ Time _Coﬁe Reader
Introduction |

'This process interfaces the DAPS to the third party_soﬁwam, for delivery of LTC when
required, _ o _ _

Inputs
LTC
Outpuis

LTC

'B.5 Data Filter Board ané FIFO Capture Board Control Functions

The following data flow diagram identifies the processes which implement the data filter
and FIFO control functions,
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Figure B.6 Data Filter and FIFO Control DFD
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B.5.1 RDO Receiver
Intmdﬁction :

This process accepts RDO dats from the FIFO’s on the capture card and transfers them
'to RAM for use by other processes, o '

Inputs '
Filtered RDG Data
Chutputs -

- Filtered RLO

B.5.2 Data Kitter Board Controller
_ Iniroductiﬁn

- This process rontrols the data filter board. It performs the function of programming the |
registets with the data selection specified by the filter sgemﬁcanon. This process is &
low level driver for the ﬁlter board

Inputs

Filter Specification

Outputs -

RDd-ControI '

'B.53 FiIFO Capturg Board Controller
Intrﬁducﬁon

This process controls the élea:ing’, reset, starting aw’ stopping of the transfer of data
thrnugh the data filter to the FIFO capture card, This process is a low level driver for
the FIFO card.

Inputs
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Captore Control
‘Outputs

RDO Control
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NDIXC

GLOSSARY OF TERMS

Data Acquisition and

e

Prccessmg System (DAPS) 'The current versmn of this equipment comprises a SOMHZ

. 486 ruggedmcd PC clone processor card with 16MB of

RAM; IMB VOA & pier, Super VGA display and

* standard TO ports; Adaptec 1542B SCSI host adapter;
425MB, SCSI hard drive; 1GB, SCSI, Tahiti I Magneto

Optical drive; combined 1.2MB/1.4MB, floppy/stiffy drive;

* high speed serial to paraflel data filter card; FIFO capture

interface card; time code readet card and a Postscript
priuter. . '

| GPIO This is the Hewlett Packard term'.describing their General Parallel Inpuf Output
bus and its associated standards. This bus is described completely in their .
documentation. ‘The implementation of the particular interface board of this
project 1s described in more detail elsewhere. The interface used in this project
is a subset of the full GPIO standard. The subset is really just a high speed,
parailel, externally clocked data bus with data onfoff comtrol,

- HSDA ‘This is an abbreviation for High Speed. Data Acquisition. In this report this
refers to capture of all of the available radar data to a mass storage device,

MSDA This is an abbreviation for Medinm Speed Data Acquisition, In this report this
refers to capture of a subset of the available radar data.

Parargeters The term parameters refers to individual data items, such as sum channel

voltages, or antenna azimuth position. A complete set of each parameter
selected is obtianed for each transmitted pulse of the radar. In the
specification of functional processing of parameters, each parameter is
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conceptually an array containing pulse by pulse samples of the RDO data
parameter of the same name, eg. I, where individual samples are referred
to as I{i}. This would be the 1 channel voltage, '

Radar Data Stream This refers to the digital data siream from which redar data is
captured for processing. The stream is a pre-defined set of radar
parameter samples passed to the capture and pfocessing system by
the_ radar monoi:ulse-video processor and controller. There are 60
word or integer componenté representing either radar target
information (such as azimuth, range or signal amplitude), 6:' radér
status indicators and set points, In the exlstmg radar system this
data set is also called RDO.,

Radar System In all occurrences, unless otherwise indicated the terms radar or radar
systeint refer specifically to the experimental, monopulse, tracking radar
systsm of Aerotek of the CSIR for which the data mcquisition and
-processing system has been developed. - | |

* Real Time This term refers to the standard interpretation of the phraée, where the real
time action occuts whilst and in pace with the co'nsfrainihg action of some
piece of equipﬂlent.

Senu-real Time This term refers specii™s ."v .u this documcnt where data is captured

in real time and analysis ang dlsplay takes place withih 2 maximum -
time of 5 mioutes from the data capture,

Vectoring A term used liy the SAAF to refer to guidance of aircraft under radar cotitrol.
The radar operator gives course correction information to the pilot to assist
- him in traversing a specified path.
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